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ABSTRACT 

Wendy Hudson 

The Evolution and Palaeobiogeography of Mesozoic Planktonic Foraminifera 

In the 1960s Oberhauser and Fuchs (palaeontologists working at the Geologische 

Bundesanstalt in Vienna) described a range of new taxa from the Triassic of Austria that 

were thought to be the earliest planktonic foraminifera. The first reactions of the 

palaeontological community were negative but in the subsequent forty years our 
knowledge of Jurassic planktonic foraminifera has expanded considerably. 

A thorough re-evaluation of the Oberhauser and Fuchs collections in Vienna has shown 

that these species are probably not planktonic and that the first planktonic taxa appeared in 

the Toarcian. This origination in the centre of Western Tethys was followed by a rapid 

expansion of planktonic foraminifera throughout Peri-Tethys. This expansion is dominated 

by the genera Conoglobigerina and Globuligerina and while some believe that their 

separation is straightforward (based on apertural characters) analysis of large assemblages 

shows that this differentiation is not reliable and requires further analysis not only of 
holotypes, paratypes and topotypes but of large assemblages. 

In Southern Poland, Middle Jurassic limestones in the Pieniny Klippen Belt are described 

as foraminiferal packstones and represent the first evidence of a foraminiferal ooze on the 

ocean floor. This indicates that, by the mid-Jurassic, there was an oceanic stratification of 
the Aragonite and Carbonate Compensation Depths and that the modem ocean system had 

developed, although the depths of these various layers may have been different to those of 
the present day. 

By the Oxfordian a relatively diverse planktonic fauna had expanded throughout Peri- 

Tethys and, probably, around the globe in the tropics. The fauna expanded further in the 

early Cretaceous as Gondwana fragmented but data across the important Jurassic to 

Cretaceous transition is extremely limited and requires further investigation. 
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CHAPTER 1 

INTRODUCTION 

1.1 MESOZOIC OCEANS AND THE EVOLUTION OF MODERN 
PROTISTA 

Planktonic foraminifera are marine protozoans that form part of the ocean plankton drifting 

in the upper layers of the water column. In modern oceans, they have distinctive 

distributions governed by combinations of abiotic and biotic factors, including 

temperature, salinity, pressure, light penetration, ocean currents, nutrients, interspecific and 

intraspecific competition. Occupying an important niche in pelagic ecosystems, planktonic 

foraminifera are extremely abundant, although the number of species recorded at any given 

time in geological history has never been very large. They act as a sink for calcium 

carbonate and the carbonate oozes that have accumulated on the ocean floor over the past 

130 million years consist largely of their skeletons (Be, 1977). 

The Mesozoic was an era of evolutionary adaptation for the marine protists. The first 

planktonic foraminifera evolved from benthonic ancestors probably in the Toarcian or 

Bajocian (approximately 173 million years ago), although the exact date has still not been 

established (Simmons et al., 1997; Wernli and G6rög, 1999,2000). All known Palaeozoic 

foraminifera were benthonic, as are 99% of Recent foraminifera (Knoll and Lipps, 1993). 

Their migration into the water column might have been an evolutionary adaptation to 

oceanic stagnation, possibly related to massive methane hydrate releases (Hesselbo et al., 

2000; Hart et al., 2003). So far, the earliest examples of planktonic taxa have been 

recorded from NW Europe (Wernli and G6rög, 1999,2000). The new species evolved 

very slowly with only 16 new taxa recorded from the following 40 million years and the 

areal distribution remaining centred on NW Europe and Western Asia (Hart, 2000). Their 

radiation resulted from a combination of factors and is probably the most comprehensively 
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recorded protistan radiation into pelagic zones. 

As the North Atlantic, South Atlantic, Indian and Antarctic Oceans began to form, 

following the fragmentation of Pangaea (approximately 130 million years ago), the 

planktonic foraminifera adapted to this changing palaeoceanography, rapidly evolving into 

over 130 species in more than 30 genera. This first evolutionary phase was terminated by 

the Cretaceouslrertiary Boundary Event (65 million years ago) which only 3 species 

survived. The second evolutionary radiation occurred in the earliest Cenozoic 

(Blow, 1979; Hart, 1980). 

As in the Palaeozoic, planktonic, benthonic and nektonic diversifications and extinctions 

tended to coincide, possibly as a result of palaeoceanographical circulation, sea-level 

changes, oxygen profiles in the water column or variations in primary production. During 

marked heterogeneity of water masses or high productivity, many specialised species lived 

for part of their life-cycles, at least, within narrow environmental parameters. When 

oceanic water masses became more homogeneous and less stratified, or productivity 

dropped, specialised species disappeared. Planktonic foraminifera radiated at least three 

times from simple, trochospiral ancestors to diverse faunas, dominated by morphologically 

complex species including flattened, spheroidal or irregularly-shaped forms with keels, 

elongate chambers, additional apertures and spines (Hart, 1980; Caron and Homewood, 

1983; Premoli Silva and Sliter, 1999; Hart, 1999). Recent planktonic foraminifera with 

complex adult morphologies reproduce at varying depths in the water column. Particular 

morphologies have evolved to enable foraminifera to exploit specific characteristics of 

water masses, including distinct ranges of temperature, salinity, pressure, density and 

nutrient availability. Isotopic analysis of tests has indicated that fossil foraminifera with 

complex morphologies were similarly specialised for the various strata of vertically 

structured oceans (Emilani, 1954; Huber et al., 1999). 
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The earliest Jurassic planktonic foraminifera probably first appeared as tiny, spherical 

forms with simple trochospiral tests composed of few chambers. These foraminifera 

continued into the Early Cretaceous, when many more species evolved with more complex 

tests characterised by keels, elongate chambers, apertural plates and similar structures 

(Caron and Homewood, 1983; Knoll and Lipps, 1993). The two general morphological 

groupings (simple trochospiral and more complex forms) alternated in importance 

throughout the Mesozoic (Caron and Homewood, 1983; Knoll and Lipps, 1993). During 

the mid-Cretaceous and at the Cretaceous-Tertiary boundary, high diversity planktonic 

foraminifera abruptly disappeared, with simple trochospiral species surviving to dominate 

post-extinction biotas. High-latitude modern oceans, characterised by relatively 

unstratified water columns, are dominated by morphologically simple species and 

geochemical evidence indicates that palaeoceans dominated by simple, trochospiral forms 

were also relatively homogeneous, although much warmer than present high-latitude seas. 

Ocean structure influences planktonic speciation and ecological interactions (not fully 

understood for extant plankton). According to Knoll and Lipps (1993), theories tend to 

concentrate on oceanographic changes known to correlate with stratigraphical changes in 

diversity. 

The aim of this study has been to understand the origin and early evolution of planktonic 

foraminifera and how the Jurassic fauna developed into that of the Cretaceous. To achieve 

this aim, the following objectives have been undertaken: 

1. the re-investigation of the Triassic/Jurassic fauna described by Oberhauser (1960) and 

Fuchs (1967,1970,1973); 

2. the investigation of faunas from Hungary, Poland, Switzerland, Sicily, Greece and 

Britain, in order to document changes during the Jurassic; and 

3. an attempt to reconstruct the palaeobiogeography of Jurassic planktonic foraminifera 

and their Cretaceous descendants. 
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1.2 THE PRECURSOR OF PLANKTONIC FORAMINIFERA 

In a review of Mesozoic planktonic foraminifera in 1977, Masters indicated that the 

earliest true planktonic forms were of Bathonian age. He indicated that pre-Bathonian 

strata should be investigated in search of their ancestors. Subsequent research (e. g. Wernli 

and Görög, 1999,2000) has indicated that the earliest holoplanktonic forms are Bajocian in 

age. Very small specimens attributed to the genus "Globigerina " have been found in an 

apparently neritic environment, in assemblages with distinctive fauna. The neritic zone, 

with the greatest environmental stress and species diversity of any marine habitat, is the 

most probable ancestral environment. Masters (1977) stated that extant planktonic species 

are less frequently found in shallow water than in deeper water. He proposed that the early 

planktonic foraminiferal life-strategy may not have included diurnal migration nor 

progressive sinking in the water column during ontogeny, due to the very small size of the 

adult, but an environment similar to that of its ancestor should be expected. 

Based upon test morphology, the discorbids were believed to be the possible ancestors of 

the planktonic taxa (Cushman, 1948). Loeblich and Tappan (1964) described the 

Discorbidae as being monolamellar although, according to an earlier study (Reiss, 1963), 

they are bilamellar, as are the Globigerinacea. According to Masters (1977), the 

evolutionary step would have been too great for the miliolids or agglutinated species to be 

potential ancestors and the Nodosariacea lacked the appropriate type of aperture and 

coiling. 

1.3 RECENT PLANKTONIC FORAMINIFERA 

1.3.1 HISTORICAL BACKGROUND OF RESEARCH 

Recent planktonic foraminifera are distributed throughout the major oceans of the world, 

including tropical, sub-tropical and polar water masses. One species has even been 
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discovered living in Arctic and Antarctic marine ice. There are more than forty Recent 

species, the precise number depending on the taxonomy used. Although planktonic 

foraminifera constitute a minor percentage of the total extant marine zooplankton 

(Hemleben et al., 1989), the constant deposition of empty shells on the ocean floor in 

regions of high productivity contributes substantially to the sediments and forms the 

"Globigerina ooze" (Murray and Reynard, 1891; Vincent and Berger, 1981). The remains 

of many other groups of zooplankton have not been preserved, due to their chemistry or to 

predation. 

Planktonic foraminifera were discovered in the first half of the nineteenth century and have 

been used extensively in palaeoceanography and for biostratigraphical analysis. D'Orbigny 

(1826,1839a, b) published the first significant descriptions of foraminifera from beach 

sands and marine deposits of the Canary Islands, Cuba and other localities but did not 

realise that they were planktonic. Later Ehrenberg (1861,1873), Carpenter et al. (1862), 

Wallich (1862), Parker and Jones (1865), amongst others, recorded the presence of 

planktonic foraminifera. shells in the deep-sea sediments from the northern Atlantic Ocean 

but assumed that all foraminiferal species inhabited the sea floor. In 1867, Owen 

discovered their planktonic life-strategy but this was overlooked until the Challenger 

expedition, when Brady (1884) reported that planktonic foraminifera could be readily 

collected in plankton samples. Murray and Renard (1891) established that many sea floor 

sediments are largely constituted of planktonic foraminiferal tests and, in 1897, Murray 

linked the distribution patterns of planktonic foraminifera. to climate. Since then, 

planktonic foraminiferal tests have been widely used for establishing the age of marine 

sedimentary facies and in palaeoclimatological reconstructions. Rhumbler (1901,1911) 

was the first to investigate the biology of planktonic foraminifera, determining the food 

preferences of spinose and non-spinose species (for copepods and diatoms or small 

radiolarians, respectively). In 1920, Lohmann described the distribution of plankton in the 
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Atlantic Ocean, including planktonic foraminifera, but the pattern was not investigated 

systematically for more than 30 years. 

Stable isotopes were used by Emiliani (1954,1955) to determine the palaeotemperature of 

the environment in which the foraminifera had lived, based on the oxygen isotope 

composition of the carbonate shell. Subsequently, this has been used extensively, 

particularly in palaeoecological investigations. Using this method, Emiliani was able to 

deduce the depth habitat of extant organisms (stratified plankton tows not being accurate at 

that time). From studies of Recent planktonic foraminifera, Emiliani (1971) and Be (1977) 

observed that diversified faunas occur in sub-tropical and tropical regions where there is a 

considerable temperature difference between the surface water and the deeper water. 

13.2 VERTICAL DISTRIBUTION 

In the marine environment, particularly in the photic zone where planktonic foraminifera. 

are most abundant, organisms avoid competition by horizontal and vertical migration. At 

various depths, they are subject to different horizontal currents (Seibold and Berger, 1996). 

For the Recent fauna, Be (1977) proposed three vertical zones within the water column 

(identifiable through oxygen isotopic analysis or stratigraphical data): 

f 0-50 in shallow-water fauna; 

f 50-100 in intermediate-water fauna; and 

f below 100 in deeper-water fauna. 

Using this zonation scheme, Hart and Bailey (1979) plotted the predicted water depth of 

mid-Cretaceous planktonic foraminifera onto their depth curve (constructed using 

planktonic to benthonic ratios). In all cases, they found that the evolutionary trends were 

either a continuation horizontally within the same depth zone or downward migration to a 

lower depth zone: no trends involved upward migration to a shallower depth zone. The 
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spatial and temporal distribution of an individual species was taken to be a function of the 

water depth. 

Emiliani (1971) had demonstrated that in regions with a thermocline, Recent species 

exhibit a depth migration during their life-cycle, with more complicated test morphologies 

(imperforate equatorial band, keel, double keel) occurring in progressively deeper water. 

Low diversity faunas, composed of simple, non-keeled (e. g. globose) forms occur in the 

uppermost parts of the water column in relatively cold waters (Arctic and Antarctic), 

shallow seas or even warm, deep seas when there is no thermocline, such as the Gulf of 

Aqaba - Elat (Reiss, 1977; Wonders, 1980). This model was used by Wonders (1980) to 

explain the occurrence and distribution of mid- and Late Cretaceous planktonic 

foraminifera and by Caron and Homewood (1983) for mid-Jurassic to Late Cretaceous 

planktonics. Stam (1986) felt that the model could explain several observations from his 

study of the Lusitanian Basin. 

1.3.3 MORPHOLOGY 

One evolutionary adaptation in early planktonic foraminifera was more globular chambers 

as, no longer requiring adherence to firm substrates, the flattened adherent side found in 

certain benthonic foraminifera lost its advantage (Simmons et al., 1997). According to 

Starr (1986), no planktonic foraminifera were known from the Jurassic with complicated 

test morphologies, such as raised sutures, keels and double keels. According to Hart 

(1980), keels appeared each time planktonic foraminifera radiated into deeper water 

habitats from surface waters. Through convergent evolution, similar types of test 

morphologies appeared repeatedly at each of the four major radiations (Leckie, 1989), 

probably evolutionary adaptations to recurring environmental changes. Peripheral canna 

or keels are believed to have evolved independently, not only at each radiation but also 

between radiations (Lipps, 1970; Hart, 1980; Caron and Homewood, 1983). Although the 
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majority of foraminifera have relatively simple skeletons, their keels are relatively complex 

and structurally diverse. Norris (1991) observed five distinct types of keel construction: 

1. an imperforate band around a perforate chamber wall; 

2. a muricate keel, formed by the growth of muricae over a perforate wall or narrow 

imperforate band; 

3. a masonry keel, formed by the deposition of nodes or sheets of calcite over an 

imperforate band; 

4. two masonry keels, formed at either edge of a wide imperforate band, creating a double 

keel; and 

5. an inflational fold, resulting from the primary organic membrane folding back on itself, 

followed by the preferential deposition of calcite over it. 

Double keels evolved repeatedly in the Cretaceous genera. The phylogenetic distribution 

of keel structural types suggested to Norris (1991) that parallel evolution of keels had 

occurred numerous times. Despite the variation in keel types, closely-related lineages 

evolved similar keel structures, suggesting an inherited bias from their common, unkeeled, 

ancestor. 

1.4 MESOZOIC PALAEOGEOGRAPHY 

1.4.1 TRIASSIC 

Although the supercontinent formed by the end of the Paleozoic Era was named "Pangaea" 

("all land"), it did not include all the landmasses existing at that time (Fig. 1.1). Continents 

separated from the supercontinent were Cimmeria (parts of Turkey, Iran, Afghanistan, 

Tibet, Indo-China and Malaya) and North and South China (Scotese, 2000). These Asian 

fragments were moving northwards towards Eurasia and it was only in the Late Triassic, 

following their eventual collision with the southern margin of Siberia, that all the 

landmasses were joined together. 
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Figure 1.1. The palaeogeography of the Early Triassic (Scotese, 2000). 
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The Mesozoic Era began with a gradual recovery and rediversification of flora and fauna 

following the mass extinction at the end of Permian (Ogg, 2004a). Faunal distribution 

appears to have been cosmopolitan, with aragonitic-secreting benthonic taxa becoming 

dominant and warm-water faunas spreading across Tethys (Scotese, 2000). Ammonites 

and conodonts are the principal proxies for the correlation of Triassic marine deposits. 

Terrestrial animals were able to migrate throughout Pangaea and, during the latest Triassic, 

dinosaurs began to dominate terrestrial ecosystems (Ogg, 2004a). 

1.4.2 JURASSIC 

During the Jurassic, Pangaea began to break up. Just as its formation had occurred in 

stages, so did its rifling apart. By the Early Jurassic (Fig. 1.2), south-central Asia had 

assembled. A wide Tethys ocean separated the northern continents from Gondwana. 

Pangaea's subdivision into smaller continental blocks occurred in three main episodes 

(Scotese, 2000). The first episode began in the Middle Jurassic. Following igneous 

activity along the coast of North America and the northwest coast of Africa, the Central 

Atlantic Ocean opened at the end of the Middle Jurassic (Ogg, 2004b), as North America 

moved to the northwest. The movement of North America away from South America 

resulted in formation of the Gulf of Mexico. Concurrently, extensive volcanic eruptions 

along the adjacent margins of East Africa, Antarctica and Madagascar resulted in the 

formation of the western Indian Ocean. By the Late Jurassic (Fig. 1.3), the Central 

Atlantic was a narrow ocean separating Africa from eastern North America. Eastern 

Gondwana had begun to separate from Western Gondwana by this time. The main fossils 

for correlating Jurassic marine deposits are ammonites. Dinosaurs spread across Pangaea 

and dominated the land surface (Ogg, 2004b). 
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1.4.3 CRETACEOUS 

The second episode in the break-up of Pangaea, into the modem drifting continents, began 

in the Early Cretaceous. North America was still connected to Europe and Australia was 

still joined to Antarctica (Scotese, 2000). Gondwana continued to fragment as South 

America separated from Africa, opening the South Atlantic Ocean. The entire South 

Atlantic Ocean was not formed at the same time but opened progressively from south to 

north, as evidenced by being wider in the south (Scotese, 2000; Pletsch et al., 2001). India, 

together with Madagascar, rifted away from Antarctica and the western margin of 

Australia, opening the eastern Indian Ocean. In the Cenomanian, the North Atlantic was 

connected to the Pacific through a series of >800 m-deep straits in the Caribbean and was 

also connected to the South Atlantic and Tethys (Scotese and Golonka, 1992). 

Other important plate tectonic events occurred during this time: 

f rifting commenced between North America and Europe; 

f Iberia rotated anti-clockwise from France; 

f India separated from Madagascar and moved rapidly northwards on a collision course 

with Eurasia; 

f Cuba and Hispaniola emerged from the Pacific; 

f the Rocky Mountains were uplifted; and 

f exotic terranes arrived along the western margin of North America. 

In the middle-Late Cretaceous, there was an increase in undersea volcanic activity and 

spreading-ridge formation, enhancing "super-greenhouse conditions" (Ogg et al., 2004). 

By the Late Cretaceous, the oceans had widened and India was moving closer to the 

southern margin of Asia (Figs 1.4,1.5). 

In the warm seas, there was an explosion of calcareous foraminifera. and nannofossils, 
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(Scotese, 2000). 
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Figure 1.4. The palaeogeography of the Late Cretaceous (Scotese, 2000). 

Figure 1.5. The palaeogeography of the Cretaceous-Tertiary Boundary 



resulting in massive chalk deposits. During the mid-Cretaceous, angiosperms evolved on 

the land, which was dominated by dinosaurs (Ogg et al., 2004). 

1.5 MESOZOIC SEA-LEVELS 

1.5.1 TRIASSIC 

Frakes et al. (1992) stated that several compilations of evidence for eustatic sea-level 

change (including Vail et al., 1977; Hallam, 1984; Haq et al., 1987) differed in detail but 

concurred in the general trends. In the Triassic, a "slow, slight and punctuated rise" from 

the latest Permian to the Norian was followed by a "slow, slight and punctuated fall" from 

the Norian to the Sinemurian. According to Ogg (2004a), the Triassic sea-level trend is 

dominated by one cycle, a progressive transgression, commencing in the latest Permian 

and peaking around the Anisian-Ladinian boundary, followed by a regression to the Late 

Norian. A second major transgression begins in the Rhaetian and peaks in the late 

Jurassic. The commencement of each major transgression coincides with a major mass 

extinction (end-Permian and end-Triassic) and widespread anoxic environments on the 

shelves (Hallam and Wignall, 1999). 

Triassic sea-level trends have been compiled for various regions, including, according to 

Ogg (2004a), Boreal basins (Embry, 1988; Mork et al., 1989; Skjold et al., 1998), the 

classic Germanic Trias (Aigner and Bachmann, 1992; Geluk and Röhling, 1997), the 

Dolomites and Italian Alps (de Zanche et al., 1993; Gaetani et al., 1998; Gianolla et al., 

1998). Many of these sea-level trends appear to correlate on an inter-basin to global scale 

(Haq et al., 1988; Hallam, 1992; Embry, 1997; Gianolla and Jacquin, 1998; Jacquin and 

Vail, 1998). 
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1.5.2 JURASSIC 

According to the general trends observed by Frakes et al. (1992), there was a "long, slow 

and punctuated rise" from the Sinemurian to the Kimmeridgian. According to 

Ogg (2004b), the main Jurassic sea-level trend is a progressive transgression from the 

latest Triassic to the latest Kimmeridgian, with a major regressive trend commencing in the 

Tithonian and reaching a minimum in the Berriasian. 

Jurassic sea-level trends have been compiled on a global scale (Hallam, 1978,1981,1988, 
, 

2001; Haq et al, 1988; Hardenbol et al., . 
1998) and for different basins (Partington et al., 

1993; Sahagian et al., 1996; Gygi et al., 1998; Hesselbo and Jenkyns, 1998). 

1.5.3 CRETACEOUS 

During the Cretaceous, global sea-levels were 100-200 metres higher than today (Hancock, 

1976,1989; Hancock and Kauffman, 1979; Scotese, 2000). Higher sea levels resulted 

partly from new rifts in the ocean basins that displaced water onto the continents. The 

Cretaceous was a time of rapid sea-floor spreading, during which sea-levels tend to rise. 

Due to the broad profile of rapidly spreading mid-ocean ridges, more water is displaced 

than by slow spreading mid-ocean ridges. Extensive areas of shallow seaways were an 

important contributory factor to moderate climates through increased evaporation and 

precipitation (Arthur et al., 1985). 

Warm water from the equatorial regions was transported northwards, warming the polar 

regions (Scotese, 2000). The oceans are believed to have been more stratified than at 

present, with little vertical mixing and the deposition of large quantities of organic rich 

sediments in anoxic bottom waters. Evidence of high-resolution biostratigraphical 

synchroneity of sequences in widely separated regions led Gale et al. (2002) to conclude 

that sea-level changes controlling sequence formation in the Cenomanian were eustatically 
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controlled. One of the possible causes they proposed for these rapid sea-level changes and 

extensive epicontinental seas was glacioeustacy, particularly the growth and melting of 

Antarctic ice-sheets. Restricted circulation occurred in the developing Atlantic Oceans, 

although by the latter part of the Cretaceous more open circulation was established and the 

deposition of black shales diminished. According to Norris et al. (2002) the passages 

between the basins (Scotese and Golonka, 2002) should have prevented evaporation from 

making the Atlantic Basin substantially more saline than the Pacific or South Atlantic. 

Mesozoic sea-levels reached their maximum in the late Cretaceous (Haq et al., 1987). 

During the latest Cretaceous the seas regressed, exposing larger continental areas and 

leading to the establishment of more seasonal climates (Hays and Pitman, 1973). 

1.6 MESOZOIC CLIMATE 

Within the generally warm Mesozoic Era, there appear to have been significant variations. 

The Jurassic and Cretaceous were regarded as very warm periods, with low temperature 

gradients, temperate conditions at high latitudes and extensive evaporite deposition. 

However, more recent work suggests that parts of the Earth may have been quite cool 

during this period (Frakes et al., 1992, Price, 1999). 

1.6.1 TRIASSIC 

According to Ogg (2004a), the supercontinent of Pangaea had no known glacial episodes. 

Its monsoonal climate, modulated by Milankovitch cycles, left a sedimentary record that is 

valuable for high-resolution correlation. From isotopic analysis and climatic proxies, 

Frakes et al. (1992) regarded the early Triassic as having been comparatively warm, 

without seasonal ice. Temperatures at low latitudes may have been high, subtropical 

marine surface temperatures having been estimated at -38°C (Karhu and Epstein, 1986). 

Seasonal surface air temperatures, sea ice coverage and snow depth for the Late Triassic 
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are illustrated from the climate models of Sellwood and Valdes (2007, in press, fig. 3) 

(Fig. 1.6). 

1.6.2 JURASSIC TO EARLY CRETACEOUS 

At the end of the Aalenian, there was significant cooling (Frakes et al., 1992) with 

subsequent ice-rafting at high latitudes (Frakes and Francis, 1988). From the Bajocian to 

the mid-Albian there appears to have been ice at high latitudes, at least seasonally. High- 

latitude ice-rafted deposits, at intervals during the Bajocian to Albian, suggest freezing 

conditions in Polar regions and temperate glaciers (Kemper, 1987; Frakes and Francis, 

1988,1990). The Equator-to-Pole temperature gradient appears to have steepened, with 

marked seasonality. Seasonal surface air temperatures, sea ice coverage and snow depth 

for the Late Jurassic are illustrated from the climate models of Sellwood and Valdes (2007, 

in press, fig. 5) (Fig. 1.7). 

1.6.3 MID- TO LATE CRETACEOUS 

Following a cool Early to mid-Cretaceous, temperatures increased (Frakes et al., 1992). 

The mid-Albian to the end of the Mesozoic was one of the warmest periods in the late 

Phanerozoic. There is a lack of ice-rafted deposits recorded for the latter half of the 

Cretaceous and, during the mid-Cretaceous, conditions globally appear to have been much 

warmer. The average global temperature is believed to have been about 6°C higher than at 

present (Barron, 1983; Hart, in press). Without permanent ice in the polar regions, forests 

and vertebrates were able to survive near both Poles. The absence of seasonal ice at high 

latitudes from the Cenomanian to the Maastrichtian is suggested by the lack of ice-rafted 

deposits, in contrast to the mid-Jurassic to early Cretaceous. However, Gale et al. (2002) 

have suggested that globally identified sequence boundaries and sea-level changes (based 

mainly in S. E. Britain and S. E. India) indicate the presence of ice controlled eustatic 

changes. The scale of these changes does not indicate a major ice-cap on both poles but a 
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"Greenland-sized" ice-sheet may have been present in the Antarctic. While this may have 

been the case in the Cenomanian, the Early Turonian seems to have been a warm (or even 

hot) greenhouse period (Huber et al., 2002; Norris et al., 2002). In the latest Cretaceous, 

Miller et al. (1999) have indicated that the simultaneous increase in benthonic and low- 

latitude planktonic foraminiferal 5180 values in the early Maastrichtian indicated a 

decrease in both deep-water and tropical sea-surface temperatures and/or an increase in the 

5180 value of the oceans due to increased continental ice volume. Such high 5180 values 

were regarded as incompatible with an ice-free world because they indicated cool 

conditions in the high-latitude source regions. Isotopic and sequence stratigraphical data 

suggested that an ice sheet equivalent to 25%-40% of the present Antarctic ice cap caused 

a 20-40 m glacioeustatic sea-level lowering. 

Distinct warmer and cooler phases within the warmer trend of the Mesozoic have been 

indicated by refined palaeotemperature data and revised thermal tolerances of flora. 

1.6.4 FLORA AS PROXIES FOR CLIMATE 

1.6.4.1 TRIASSIC TO MIDDLE JURASSIC 

For the terrestrial flora (valuable climatic proxies) this was a period of major change. The 

Gondwanan Glossopteris flora disappeared in the latest Permian, being succeeded during 

the Triassic by the Dicoidium flora which, was in turn succeeded by new forms in the 

Early Jurassic. Cycadophytes, ferns and conifers dominated the Euramerican 

palaeofloristic region during both the Triassic and Jurassic, indicating warm-temperate to 

subtropical climates, with some seasonal variation (Barnard, 1973). Growth rings in late 

Permian and early Triassic fossil wood from Antarctica display frost damage, indicating 

low temperatures at high latitudes for at least part of the year (Jefferson and Taylor, 1983). 

A gradual shifting northward of floral province boundaries in the former USSR has been 

suggested by progressive warming during the Jurassic (Vakhrameev, 1964; 
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Krassilov, 1981), coinciding with a marked 10° shift of the boundary between the Tethyan 

and the Boreal faunal realms in the Bathonian and the Callovian (Hallam, 1975). The 

progressive poleward shift of floral boundaries, evidenced by plant fossils in Asia and 

North America, might reflect precipitation rates as well as temperature. The early and 

middle Jurassic experienced progressively more widespread humid climates, which only 

reversed in the late Jurassic. 

Terrestrial flora are valuable, but not precise, proxies for the Jurassic climate, because 

physiognomic analysis of leaf margins, important for the late Cretaceous and Tertiary, 

cannot be applied to the non-angiosperm Jurassic plants (Frakes et al., 1992). 

1.6.4.2 LATE MIDDLE JURASSIC TO EARLY CRETACEOUS 

The distribution and thermal-tolerances of terrestrial flora provide a major source of 

climatic evidence for this period. Due to the presence of fossil floras at high latitudes, it 

has been assumed that polar climates were uniformly warm (Jefferson, 1982; Douglas and 

Williams, 1982). The assemblages appear to have consisted mainly of ferns, cycadophytes 

and conifers, which occurred across a large global area over a long period of time (at least 

throughout the late Jurassic and early Cretaceous). These assemblages are characteristic of 

high latitude regions and have been found in the Gondwanan continents of Antarctica, 

South America, Australia and India, as well as in northern regions (e. g. Europe - Harris, 

1975). The extinct conifer family Cheirolepidiaceae dominated the northern vegetation 

whereas the southern flora appear to have consisted mainly of types ancestral to the 

modern southern vegetation, such as the podocarp and araucarian conifers. Each 

hemisphere, however, contained elements of the other so, as a result of this lack of 

variation, the stratigraphy is poorly constrained and the climatic interpretations from the 

flora are broad, compared with the later Cretaceous (Frakes et al., 1992). 
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In mid-low latitudes, particularly in the northern hemisphere, the vegetation was 

dominated by the Cheirolepidiacean conifers which might have ranged from small bushes 

(Batten, 1974) to large forest trees (Francis, 1983). The percentage of Classopollis pollen 

in sediments has been correlated with the intensity of warmth and aridity during the late 

Jurassic to early Cretaceous (Vakhrameev, 1981). The abundance of Classopollis 

generally decreases away from the equator, probably due to wetter and possibly cooler 

climates at high latitudes. The late Jurassic has been considered the most arid, due to the 

maximum abundance of Classopollis in its sediments. A warm period in the Toarcian is 

indicated by an increase in Classopollis, followed by an abrupt decrease during the 

Aalenian to Bajocian. A simultaneous latitudinal expansion of coals has indicated that the 

climate became significantly cooler and wetter. During the Bathonian and Callovian, 

Classopollis increased in abundance again and reached a peak in the Oxfordian when it 

appears to have constituted over 90% of many pollen assemblages (Vakhrameev, 1981). 

During the latter part of the Jurassic, the abundance of Classopollis decreased slightly but 

was still high and Cheirolepidieaceaen conifers were still a dominant part of the flora in 

some areas (Francis, 1983). By the earliest Cretaceous, however, these conifers formed 

only a minor part of the vegetation (Batten, 1982). These floras, with a greater percentage 

of moisture-loving ferns, spread into lower latitudes as the climate, in many areas, became 

wetter. 

The distribution and movement of floral zones has been attributed to climate change. 

Vakhremeev (1964) divided northern hemisphere floras into a warmer Indo-European and 

a high-latitude Siberian-Canadian province. These zones separated a mid-latitude and 

region from subtropical humid climates to the south and temperate humid areas (possibly 

with winter temperatures below zero) to the north. The floral zones moved northwards 

across Eurasia during the late Jurassic and early Cretaceous, possibly reflecting a general 

warming trend. Using similar evidence, Krassilov (1981) proposed a late Jurassic 
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warming, having previously (Krassilov, 1973) suggested a temperature decrease in eastern 

Asia from the Berriasian to the Albian, based on the decline of cycadophytes. Many 

climatic interpretations of fossil floras have been based on the assumption that the 

cycadophytes required warm temperatures like their extant relatives, the cycads, yet their 

morphology had been shown to be different (Kimura and Sekido, 1975). Since they were 

common in Mesozoic high-latitude floras, they were probably well adapted to living in 

high latitude climates (Spicer and Parrish, 1986). 

During most of the Jurassic and early Cretaceous fern, conifer and cycad floras occurred at 

both high and low latitudes in both hemispheres, interpreted as representing warm 

temperate climates by their composition and latitudinal distribution (Smiley, 1967; 

Douglas and Williams, 1982; Jefferson, 1982). However, reinterpretations of floras in 

Australia suggest that the climate was cool temperate (Dettman, 1986; Drinnan and 

Chambers, 1986) and extremely seasonal to account for the occurrence of winter ice and 

forest floras which indicate warm summers (Frakes and Francis, 1988; Rich et al., 1988). 

These southern hemisphere floras, and possibly northern ones, may therefore represent 

warm summer climates, rather than year-round warmth. 

In the past, floral boundaries, including those delineated by Vakhrameev, were drawn 

parallel to lines of latitude, on the assumption that climate changes across continents were 

influenced mainly by latitudinal temperature gradients. However, the climate models of 

Sloan and Barron (1990) indicated that the interiors of such large continents would have 

experienced more seasonal extremes than marginal areas. 

The seasonality of late Jurassic to early Cretaceous climates has been recorded in the 

growth rings in fossil wood (Creber and Chaloner, 1985). Tree rings in Cretaceous conifer 

wood from Alexander Island, Antarctica (Jefferson, 1982) and the northern tip of the 
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Antarctic Peninsula (Francis, 1986a) show definite annual boundaries, indicating that 

growth ceased in winter, possibly due to a combination of low temperatures and low light 

levels at such high latitudes. During the latest Jurassic, southern Britain was forested 

(palaeolatitude approximately 35°N) and growth rings in the fossil wood, together with 

associated sedimentary evidence, indicate a Mediterranean-type climate, with warm, wet 

winters and hot, and summers (Francis, 1984,1986b), allowing growth during the wetter 

and cooler parts of the year. During the early Cretaceous in the same region, the climate 

remained seasonal though wetter, as reflected in fossil wood (Francis, 1987) and in the 

sediments (Allen, 1981). 

1.6.4.3 MID- TO LATE CRETACEOUS 

The mid- to late Cretaceous was a period of major changes in flora, due to the evolution of 

angiosperms and their increasing dominance. Their great diversification during the mid- 

Cretaceous corresponded with the onset of a warm interval and their expansion may have 

resulted from the favourable climatic conditions. In the past, late Cretaceous floras have 

been broadly interpreted in terms of temperate or tropical climates, supporting evidence 

from oxygen isotope data that the climate was warm and equable. However, analysis of 

the physiognomy of fossil angiosperm leaf assemblages has been used as a proxy to assess 

climate parameters in more detail (Wolfe, 1980,1985; Spicer and Parrish, 1986,1990; 

Spicer et al., 1993). Refined palaeotemperature data and reinterpretation of the thermal 

tolerances of the flora indicate that there were distinct warmer and cooler phases within the 

warm trend, particularly evident at high palaeolatitudes. Although floral evidence 

indicates frost-free conditions on the Antarctic Peninsula during the Albian-Cenomanian 

(Francis, 1986a), according to Gale et al. (2002), both oxygen isotopes and climate 

modelling support the possibility that limited high-altitude glaciation occurred episodically 

in the Antarctic during the Late Cretaceous. 
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Cretaceous palaeogeography and land connections, as much as climate, determined floral 

provinces, as indicated by global distribution of pollen (Batten, 1984). During the early 

Cretaceous, two or three broad floral zonations divided the globe into tropical/subtropical 

climates in the equatorial zone and warm temperate climates at higher latitudes. The 

northern hemisphere has been divided into a high latitude Siberian-Canadian province and 

a lower latitude Euro-Sinian province, with the remainder of the equatorial and southern 

hemisphere region in the Gondwanan floral province (Crane, 1987). 

The major Albian transgression isolated four major land provinces that existed until the 

end of the Maastrichtian: the northern high latitude province; Central Europe and North 

America; and the two Gondwanan zones. These boundaries were constrained by 

palaeogeography and marine seaways until a severe global regression in the late 

Maastrichtian exposed land connections, enabling floral migration and hybridisation, 

particularly in the northern hemisphere. At the Cretaceous-Tertiary boundary, the 

magnitude of the floral turnover appears to have varied between locations. The increased 

percentage of fern spores above the boundary (Tschudy et al., 1984) is comparable to 

modem recolonisation of devastated areas, including the aftermath of volcanic eruptions. 

1.7 SILICEOUS FLORAS AND FAUNAS 

From the mass extinctions at the end of both the Permian and the Cretaceous, high survival 

rates and blooms of at least regional magnitude have been recorded amongst siliceous 

groups (particularly radiolarians and silicisponges from the Permian and diatoms and 

radiolarians from the Cretaceous), with a corresponding decline of calcareous organisms. 

The Palaeozoic epicontinental seas were silica-enriched and oligotrophic, resulting from 

greatly increased volcanic or hydrothermal activity during major plate-boundary changes 

that triggered ecosystem perturbations globally. Combined factors favoured siliceous 
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rather than calcareous biotic growth, deposition and preservation: 

fa higher rate of input of silica and other nutrients, creating pulses of eutrophication; 

fa punctuated greenhouse climatic effect; and 

f vigorous oceanic circulation resulting from volcanogenic upwellings and turnovers. 

Siliceous communities, ' adapted to more eutrophic conditions, thrived in the stressed 

niches, although a stepwise loss of deep-water niches, together with a consequent selective 

decline of more specialised oligotrophic radiolarians and other pelagic organisms, may 

have resulted from expanding anoxia and nutrification. However, during the end-Permian 

mass extinction, driven by factors presumably unfavourable to radiolarian productivity, 

such as the combination of a drastic volcanic activity with expanding superanoxia, 

siliceous faunas experienced severe non-selective losses (Racki, 1999). Evolutionary 

adaptations in silica-secreting plankton have enabled them to use the decreasing dissolved 

silica in the surface waters of Cenozoic oceans more efficiently, as demonstrated by 

radiolarians and diatoms. 

1.8 OCEANIC ANOXIC EVENTS 

During the Mesozoic there are many examples of oceanic anoxia. In 1976, Schlanger and 

Jenkyns named the time-intervals during which widespread to global deposition of Co, g- 

rich sediments occurred "Oceanic Anoxic Events" (OAEs). Three of the Oceanic Anoxic 

Events (OAEs) were global, the Toarcian OAE, the Early Aptian OAEla and the latest 

Cenomanian OAE2, whereas OAElb, OAElc and OAEld were of regional significance 

(Jenkins, 1999; Erba, 2004). 

Carbon isotope excursions, anomalies in the ratios of 13C to 12C in inorganic and organic 

substances, are often associated with environmental catastrophes and mass extinctions 
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(Holser et al., 1989; Dickens et al., 1995, Gröcke et al., 1999; Hesselbo et al., 2000). In 

the Toarcian, massive volcanism, together with intensified rift-related tectonic activity, 

could have resulted in environmental changes of sufficient magnitude to cause methane- 

hydrate dissociation in continental margin sediments (Dickens et al., 1995) and a negative 

813C excursion. If so, this release occurred during a eustatic sea-level rise of 30-90 m over 

approximately 1.5 Ma (Hallam, 1997; Hesselbo and Jenkyns, 1998), increasing hydrostatic 

pressure and hydrate stability. 

Evolutionary changes have been related to OAE1a in the Early Aptian (Coccioni et al., 

1992; Bralower et al., 1994) and OAE2 in the latest Cenomanian (Wonders, 1980; Caron 

and Homewood, 1983). Both calcareous and siliceous plankton appear to have adapted 

their assemblage composition and abundance in response to these two major OAEs. The 

Selli and Bonarelli Levels, the two major episodes of C-org-rich black shale deposition, 

corresponding to the anoxic events OAEIa and OAE2, respectively, have been studied for 

their calcareous and siliceous planktonic content, to ascertain the changes in these extreme 

palaeoceanographic environments. Each episode had its own characteristics but, despite 

the different reactions of the two groups, similar palaeoceanographic reconstructions have 

been produced from the common trends of both events. 

The Selli Level is characterised by the temporary disappearance of some species of 

calcareous nannofossils and a decrease in diversity among the planktonic foraminifera and 

radiolarians. During the Selli Event, planktonic foraminfera decreased in diversity and 

abundance, with one species dominant at any given time. As the Selli perturbation was 

less intense overall and did not cause a turnover in the planktonic foraminifera, 

palaeoenvironmental conditions at the seafloor are inferred to have been merely dysoxic 

(Racki, 1999; Premoli Silva et al., 1999). Evolution continued without extinctions, 

assemblages being composed mainly of opportunistic species that subsequently recovered. 
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The more specialised morphotypes did not evolve until the Late Aptian, with assemblages 

including the highly specialised rotaliporids that became extinct at the onset of the 

Bonarelli Event (Jarvis et al., 1988). The Bonarelli Level coincides with a major turnover 

in the radiolarians and calcareous nannofossils, together with the extinction of the most 

specialised planktonic foraminifera, the rotaliporids, whereas the opportunist Heterohelix 

proliferates (Leckie, 1985; Leckie et al., 1998; Keller et al., 2004, fig. 7). Although 

planktonic foraminifera are the most susceptible to dissolution, resulting in sparse records, 

they also decrease in diversity associated with a relative increase in abundance of 

Leupoldina (Selli) and Schackoina (Bonarelli). While the decrease in radiolarian diversity 

occurs within the black shale levels, thechanges in turnover or abundance of calcareous 

nannoflora and, to a minor extent, of planktonic foraminifera, precede the maximum C-org 

accumulation (Schianger and Jenkyns, 1976). Impoverished radiolarian assemblages, 

characterised by the deeper-dwelling forms, tend to occur in association with maximum 

organic carbon values and S13C positive shift, but also occur in other organic-rich black 

shales back to the late Hauterivian. The changes in calcareous and siliceous plankton from 

the OAE levels indicate greater fertility in surface waters, possibly related to increased 

upwelling. The Bonarelli perturbation was much stronger, resulting in a major turnover in 

both siliceous and calcareous plankton and leading to anoxia at the seafloor (Premoli Silva 

et al., 1999). However, siliceous faunas experienced severe non-selective losses. Only the 

less specialised, more tolerant groups, including the whiteinellids and the more recent 

dicarinellids (Premoli Silva and Sliter, 1999), together with the opportunistic hedbergellids 

and heterohelicids, survived. 

The respective perturbation magnitude of the two Events is demonstrated by the rate of 

recovery of the assemblages, rapid after the Selli (with a doubling of species richness and a 

very high abundance of larger planktonic foraminifera) but much slower after the Bonarelli 

(with a scarcity or dominance of opportunistic heterohelicids) (Nederbragt and 
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Fiorentino, 1999). Unstable conditions continued after both events, demonstrated by the 

fluctuations in abundance from layer to layer. Above the Selli, the leupoldinids and the 

clavate group alternated with, or were associated with, very diverse assemblages. Above 

the Bonarelli, heterohelicids and whiteinelids (indicators of increased upwelling) 

proliferated, indicating that unstable conditions continued well into the Turonian 

(Nederbragt and Fiorentino, 1999). Palynofacies and organic geochemical data from the 

Selli confirm that the organic matter was related to pulses in primary production but it was 

preserved in dysoxic conditions (Erba et al., 1999). 

Benthonic foraminifera were present throughout the Selli, indicating that the seafloor was 

probably dysoxic, not anoxic as it was for most of the Bonarelli. The palaeoecology of 

benthonic foraminifera and stable carbon isotope variations have been used for 

reconstructing palaeoecological, palaeoceanographical and palaeoclimatological changes. 

Species morphologies, together with the ecology of morphologically similar recent forms, 

have been used to interpret the mode of life of fossil foraminifera, and to reconstruct their 

environments (Koutsoukos and Hart, 1990). 

0 

1.9 PLANKTONIC FORAMINIFERA 

Planktonic foraminifera, together with calcareous nannoplankton, were responsible for 

changing Palaeozoic oceans into the modern oceans with a carbonate-based plankton. In 

order to understand the dynamics of modem oceans, it is essential to establish the 

evolution and the major developmental steps of the plankton. The origin of planktonic 

foraminifera, is, therefore, fundamental to that process. This thesis will assess the evidence 

for the origin of planktonic foraminifera in the Jurassic, how the fauna expanded to create 

the Compensation Depths of the modem oceans and how the fragmentation of 

Gondwanaland in the Jurassic and Cretaceous led to the colonization of the world's oceans. 
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CHAPTER 2 

RE-ASSESSMENT OF THE POTENTIAL ANCESTORS 
OF PLANKTONIC FORAMINIFERA 

2.1 INTRODUCTION 

The planktonic foraminifera are a distinctive and abundant part of the modern oceanic 

fauna. They are particularly useful in reconstructing past environments and for 

biostratigraphical correlation. Despite their undoubted importance, the origin of the group 

is uncertain. In a review of the earliest planktonic foraminifera (Globigerinina) 

Simmons et al. (1997) reported that the origins of the group were "still shrouded in 

uncertainty". The key issue is the timing of the evolution of a benthonic ancestor into a 

partially planktonic (meroplanktonic) form and then into a holoplanktonic species/genus. 

Appendix I contains a chronological tabulation of the records of "planktonic" foraminifera 

in the Middle to Late Triassic and the Jurassic. 

In 1960, Oberhauser described 52 species of foraminifera from the Middle (Fig. 2.1) and 

Upper (Fig. 2.2) Triassic of the eastern Alps and north-eastern Iran. Between 1964 and 

1979, Fuchs described more than 20 species from the Triassic of Austria, northern Italy 

and the Jurassic of Poland, the majority of which were new. Fuchs considered the Triassic 

"Globigerina-like" forms to be planktonic but, after subsequent examination of his 

material, other researchers (e. g. Görög and Rögl, pers. comm. to Simmons et al., 1997) 

have concluded that it consists mainly of badly preserved and recrystallised benthonic 

specimens. Examination of Fuchs' figured foraminifera, with their flat ventral side, closed 

umbilicus and lack of planktonic adaptations, has given a strong indication that many of 

these species probably had a benthonic mode of life. According to Fuchs (1975), the 

Triassic genus Oberhauserella was the direct ancestor of the Jurassic Conoglobigerina 

and the Triassic genus Schmidita was the ancestor of the Callovian Mariannenina, the 
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latter genus then evolving into the holoplanktonic Hedbergella (Fig. 2.3). Conversely, 

Loeblich and Tappan (1987) classified both Oberhauserella and Schmidita as benthonic, 

belonging to the family Oberhauserellidae in the Suborder Robertinina. Whilst Simmons 

et al. (1997) acknowledged that Fuchs (1975) might have been partly correct about an 

oberhauserellid being the ancestor of Conoglobigerina, they pointed out that Mariannenina 

Fuchs (1973), classified by Loeblich and Tappan (1987) under "Genera of Uncertain 

Status", appeared to have a double peripheral keel, absent in all known Jurassic and Early 

Cretaceous planktonic foraminifera. 

Specimens from the Toarcian (Fig. 2.4) of Switzerland, have been identified by Wernli 

(1995) as Oberhauserella quadrilobata Fuchs, 1967 and as the genus Praegubkinella 

Fuchs, 1967. Wernli also included a new species in the latter, Praegubkinella racemosa 

n. sp. that he considered to be morphologically transitional to Conoglobigerina. With the 

extraction of foraminifera from Liassic marls having been recorded only rarely, he 

considered this to be an important landmark in the "phyletic trends of the first Jurassic 

Globigerinacea". According to Simmons et al. (1997), all the species named by Fuchs and 

most of the forms figured by Wernli (1995) appeared to have strongly concave or flattened 

ventral sides, reminiscent of the adherent sides of benthonic forms. However, they 

considered that P. racemosa Wernli was apparently free-living, probably with a convex but 

umbilicate ventral side, and that it might have been the Toarcian ancestor of the Bajocian 

Conglobigerina. 

In order to fully assess the taxonomic status of these Triassic and Jurassic taxa, a number 

of slides were borrowed from the Geologische Bundesanstalt in Vienna. In addition, 

Professor M. B. Hart has studied the whole of the Oberhauser and Fuchs collection in 

Vienna and provided notes and/or observations on its contents. The holotypes and 

paratypes borrowed from Vienna have been photographed, uncoated, using the 
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environmental scanning electron microscope in the Natural History Museum, London, by 

Dr John Whittaker. All of the forms Fuchs regarded as ancestral to the planktonic 

foraminifera. have been inspected and/or illustrated. This work is currently being prepared 

for publication (Hudson et al., in prep). Examination of Fuchs' figures, the specimens and 

the photographs shows that they all lack any adaptations that would be characteristic of a 

planktonic mode of life. 

2.2 CHARACTERISTICS OF BENTHONIC AND PLANKTONIC 

TAXA 

In modern oceans and other environments, there is a relatively clear view of the 

characteristics of benthonic and planktonic forms. While there are some exceptions to the 

normal rules, there is probably close agreement on the basic morphological features. 

Benthonic forms are normally characterised by: 

f infaunal, epifaunal or epiphytal mode of life; 

f flattened side or sides often present; 

f lack of delicate spines, especially on all sides; 

f lack of high test porosity with pores, when present, often being different on upper and 

lower surfaces; 

f often possess complex apertural systems; and 

f may have agglutinated, calcitic or aragonitic walls (Loeblich and Tappan, 1987). 

Planktonic foraminifera (see Be, 1977), which in modern oceans have a holoplanktonic 

existence, are characterised by: 

f globular chambers, although there are some well-known exceptions; 

f calcitic walls with a high density of pores; 1 

f presence of spines which may be' long and delicate; and 
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f relatively simple apertures, although in some taxa there are complex apertural 

modifications. 

Simmons et al. (1997) also used the term "meroplanktonic" for transitional forms that may 

have had a partially benthonic and partially planktonic mode of life. There is no indication 

as to whether this stage was present in the evolution from a benthonic to planktonic form 

and, if the juvenile stage was planktonic followed by an adult benthonic form, whether 

fossil material would preserve this in their visible test morphology. There is also a debate 

between those working on DNA sequencing (Darling et al., 1996,1999a, b) as to whether 

the planktonic foraminifera evolved once (and subsequently evolved from the one lineage) 

or whether the evolution of the planktonic taxa was polyphyletic. 

2.3 SYSTEMATIC DESCRIPTIONS 

In the following section is presented an extract of the key facts from the full descriptions 

provided by the authors, all of which were published in German. The comments are a 

combination of the published information about the original specimens, as well as 

interpretation of the material investigated. The materials used by Oberhauser and Fuchs 

are meticulously curated in the Geologische Bundesanstalt in Vienna. In many cases, the 

residues from which key specimens were picked are also curated and available for 

inspection, along with the original field notes. 

Oberhauser's material for his 1960 paper came from the Middle and Upper Triassic of the 

eastern Alps (Fig. 2.5) and north-eastern Iran. Fuchs (1967) also used a range of samples 

from central and eastern Austria, and the South Tyrol, northern Italy (Fig. 2.6). In a 

subsequent paper (Fuchs, 1970), new species of Oberhauserella were described from 

Hernstein, a small locality immediately south-west of Vienna. In a later paper 
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(Fuchs 1973), material from Poland was described. His samples came from Ogrodzieniec, 

between Czcstochowa and Krakow (Fig. 2.7). Ogrodzieniec is a very important location as 

Pazdrowa (1969) used material from this area to establish "Globigerina" bathoniana 

(Figs 2.8,2.9). Her material came from the Middle Bathonian ore-bearing clays of the 

Morrisceras morrisi Zone (Matyja and Wierzbowski, 2006, figs B I. 9, B1.10; Fig. 2.10). 

These clays (Bed 11) are reportedly -25 m thick in the area and range in age from early to 

middle Bathonian. 

The material used by Fuchs appears to have been collected by Dr M. E. Schmid (of the 

Geological Survey of Austria, Vienna) during the 10`h European Micropalaeontological 

Colloquium. These meetings often involved collecting trips in the host nation, in order that 

participants could see famous locations and, potentially, collect some topotype material. 

All the material described in the paper appears to come from a "glauconitic marl- 

sandstone" (Bed 21) and a "glauconitic marl" (Bed 26) from the area of Ogrodzieniec. 

Bed 21 appears to be of late Callovian age, while Bed 26 is recorded as Oxfordian. The 

Upper Callovian strata are quite condensed (1-4 m) and rich in glauconite (Fig. 2.11). 

Much of Fuch's material from Ogrodzieniec appears to be glauconitic infillings of 

foraminifera. In some cases, he refers to specimens as "glauconitkeme" and this mode of 

preservation is certainly clear from an inspection of the material. In almost all cases, 

specimens are glauconitic infillings of chambers with the septa between the chambers 

being shown as a dotted (or solid) pair of lines in the drawings that illustrate the various 

taxa. These septa show up white against the (generally) pale green glauconite. In some 

cases, this gives the impression of keels in the drawings but this is certainly not the case. 

External features, such as keels, would not be preserved in this type of material. 

The irregular shapes of some of the "taxa" may indicate that they are no more than 

mineralogical growths and may not even be foraminifera. Some are clearly foraminifera 
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Figure 2.7. Geological map of the Polish Jura Chain showing the position of Ogrodzieniec 

and Podzamcze, together with other quarries and clay-pits in the area (Matyja and 
Wierzbowski, 2006). 
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Figure 2.8. The type figures of Pazdrowa (1969, figs 1-4) include a range of 
morphological types, mostly high-spired but some are low-spired (e. g. fig. 3a- 
c). All seem to have an aperture that is a low arch. Fig. la-c was designated the 
holotype by Pazdrowa and should, therefore, be regarded as the form she 
identified as "the species". 
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Figure 2.11. Lithostratigraphy and chronostratigraphy of the Bathonian to lowermost 
Middle Oxfordian in the Ogrodzieniec Quarry: ranges of zones and subzones are 
indicated (Dembicz et al., 2006). The glauconitic marls (Beds 18 and immediately 
below) in the uppermost Callovian are the location of the important planktonic fauna 
described by Fuchs (1973) and discussed later (p. 91). 
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but preserve no details of the wall structure, surface textures or the apertural 

characteristics. New taxa (genera or species) described from glauconitic infillings and, 

therefore, lacking details of test walls, ornament, aperture and other features 

(e. g. presence/absence of keels) are potentially invalid although ICZN Article 72, 

Recommendation 72A, specifically allows for a type specimen to be "a natural 

replacement, natural impression, mould or natural cast of an animal or colony, or part of 

either". ICZN Article 73, Recommendation 73C (data on the holotype), does not 

specifically indicate what features must be displayed by a holotype. 

Samples from this area of Poland have been collected (some by Dr Kevin Page) during the 

7`h International Congress on the Jurassic System (Krakow, 2006) and that material is 

discussed in this chapter and Chapter S. 

2.3.1 EARLY DESCRIPTIONS OF THE FAUNA 

From his study of foraminifera from the Ladinian and Carnian of the eastern Alps and 

north-eastern Iran, Oberhauser (1960) described 52 species, of which 27 were new, 

together with two new genera. Of the two Globigerina species recorded, G. mesotriassica 

was described as having "bulbous" chambers and G. ladinica having "slightly inflated" 

chambers. Subsequently, these species were reclassified by Fuchs (1967), being attributed 

to his new genera Oberhauserella and Kollmannita, respectively. 

Between 1964 and 1979, Fuchs described more than 20 species from the Triassic of 

Austria and the Jurassic of Poland, the majority of which were new. He considered the 

Triassic "Globigerina-like" forms to be planktonic. 

Subsequently, the systematic position of the Triassic foraminifera has been in doubt. The 

genera "Globigerina ", Diplotremina, Kollmanita, Oberhauserella, Praegubkinella, 
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Schlagerina and Schmidita may not be planktonic but benthonic, possibly belonging to 

the conorboidid or epistominid groups (Fuchs, 1975; Grigelis and Gorbatchik, 1980a; 

Stam, 1986; Riegraf, 1987a, b). 

The Late Hettangian or Early Sinemurian Globuligerina geczyi, from the Ammonitico 

Rosso of Nagypisznice Hill in the Gerecse Mountains, Hungarian sector of the 

Transdanubian Central Range, was proposed by Görög (1994) as one of the earliest 

planktonic foraminiferal species recorded. Prior to this, from the middle of the nineteenth 

century, many papers had been published on early planktonic foraminifera but, in almost 

all cases, these species had been described using light microscopes. Often the specimens 

were in thin-sections or appeared to be internal moulds, so essential details for 

identification, including wall-structure, surface ornamentation, porosity and morphology of 

the aperture, could not be distinguished. Görög (1994) believed that a re-examination of 

these species using electron microscopy was essential for determining whether they really 

were planktonic. Similar examinations of a limited number of mid- and Late Jurassic 

species had already led to their reclassification (Masters, 1977; Grigelis and Gorbatchik, 

1980a; Stam, 1986; Riegraf, 1987). Using the Lethiers and Crasquin-Soleau (1988) 

concentrated acetic acid method of extraction, Görög (1994) was able to separate 

specimens previously unobtainable from the indurated Ammonitico Rosso limestone. 

However, this proposal was subsequently rejected, the species not being accepted as 

planktonic. 

The Sinemurian Oberhauserella crassa, Oberhauserella planiconvexa and Schlagerina 

orbis, from Lower Austria, were described as planktonic by Fuchs (1970) but later rejected 

(Riegraf, 1987a, b). The Pliensbachian "Globigerina-like" forms, from the Ammonitico 

Rosso of Bakonycsernye in the Bakony Mountains, Hungary, illustrated from thin-sections 

by Geczy (1961), were rejected by Görög (1994) as "not adequately described and 
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illustrated". The Late Pliensbachian Globigerina liasina from Lorraine, eastern France, 

described as planktonic by Terquem and Berthelin (1875), was regarded by Riegraf as 

probably an internal mould of a benthonic foraminifera, a pyritic concretion or "a 

contamination from younger horizons". Added to other discrepancies, Riegraf (1987a) felt 

that a revision of the entire Terquem collection was necessary. 

Further to re-sampling at Schick's (1903) locations in the Swabian Alps, South-West 

Germany (1979-1984), and finding no planktonic foraminifera present in the limestone, 

Riegraf (1987a) considered the Earliest Jurassic "Globigerina sp. " illustrated from a thin 

section, more likely to be a transverse section of a gastropod or juvenile ammonite. 

Seibold (1966) had stated that the original slide "seems to be lost". Similarly, Riegraf 

(1987a) considered Tamajo's (1960) Early Jurassic "Globigerinidi", from Sicilian 

limestones, to be illustrations of sections probably of rotaliid foraminfera. 

Toarcian and Aalenian "Protoglobigerinids" from the Ammonitico Rosso of Domuz Dag, 

Western-Taurus, Turkey, illustrated from thin sections by Wernli (1988), were rejected by 

Görög (1994) as "not adequately described and illustrated". According to Görög in 1994, 

"well documented planktonic foraminifera from the Lower Jurassic are not known at 

present", citing Masters (1977), Stam (1986), Riegraf (1987a, b), Loeblich and Tappan 

(1987). 

Until comparatively recently, some authors doubted that the Globuligerinidae had evolved 

before the Late Bajocian (Masters, 1977; Vincent and Berger 1981; Caron and Homewood, 

1983; Caron, 1985; Riegraf, 1987a, b). Following Stain's (1986) revision of the Jurassic, 

Riegraf (1987a) recognised only the genus Globuligerina as truly planktonic and three 

species: 

f Late Bajocian to Late Bathonian - Globuligerina balakmatovae (Morozova, 1961); 
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f Late Bathonian to Early Valanginian - Globuligerina oxfordiana (Grigelis, 1958) and 

Globuligerina bathoniana (Pazdrowa, 1969). 

Early planktonic foraminfera from the mid-Late Jurassic have been reviewed by various 

authors (Morozova and Moskalenko, 1961; Fuchs, 1973,1975; Grigelis, 1974; Masters, 

1977; Grigelis and Gorbatchik, 1980a; Gorbachik and Kuznetsova, 1983; Stam, 1986; 

Riegraf, 1987a, b; Loeblich and Tappan, 1987; Simmons et al., 1997). According to 

Riegraf (1987a, b) the majority of the well-dated occurrences of Globuligerinidae had been 

restricted to the Northern Hemisphere: 

f Bajocian to Callovian - palaeolatitudes 20-30°N; 

f Oxfordian - palaeolatitudes 10-40°N; 

f Kimmeridgian - palaeolatitudes 10-50°N; 

f Tithonian - palaeolatitudes 20-30°N. 

Whilst authors differ over systematics and the validity of species, the majority divide forms 

into two groups, high-spired and low-spired, using the height to diameter ratio (H: D) of the 

test morphology. Some classify the high-spired forms as Conoglobigerina and the low- 

spired forms as Globuligerina (Grigelis and Gorbatchik, 1980a; Loeblich and Tappan, 

1987). 

Exactly when the planktonic foraminifera evolved from their benthonic ancestors has not 

yet been established. Previous studies have suggested that this may have occurred during 

the Mid-Triassic (Oberhauser, 1960), Late Triassic (Kristan-Tollmann, 1964; Fuchs, 1967, 

1968,1969,1973,1975), Early Jurassic (Wernli, 1995) . or mid-Jurassic (Wernli and Görög, 

1999,2000). In addition, the cause of their evolution into a planktonic life-style has yet to 

be identified. Amongst the palaeoceanographical changes involved could be those due to 

an Oceanic Anoxic Event (OAE), possibly connected to a massive dissociation of gas 
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hydrates, such as that of the Toarcian. No longer requiring adherence to firm substrates, 

planktonic foraminifera tended to have tests with more globular chambers than those of 

their benthonic forebears, in which the more flattened adherent side was probably an 

evolutionary adaptation. 

2.3.2 TAXONOMY OF THE OBERHAUSER AND FUCHS COLLECTIONS 

With such a range of opinions on the first appearance of planktonic taxa, there-description 

of the Oberhauser and Fuchs collections has been undertaken to assess the status of the 

various species vis ä vis the origins of the lineage leading to a planktonic taxon. Data from 

Oberhauser (1960) and Fuchs (1967,1970,1973) have been incorporated with the 

Loeblich and Tappan (1987) classification wherever possible. In the following sections, 

the data provided for each species are a combination of direct translations from the 

original, somewhat obscure, Austro-German used by Oberhauser and Fuchs, plus 

"interpretation" of their meaning. The "Remarks" are mainly those of the original authors, 

in addition to which the "Comments" are based on Professor Hart's examination of the 

types in Vienna. While it is accepted that some of the diagnoses and descriptions read 

somewhat disjointedly and with strange terminology, it is hoped that they, nevertheless, 

convey the original intent of the authors. The related Plates are to be found in Appendix II. 
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Order FORAMINIFERIDA Eichwald, 1830 

Suborder ROBERTININA Loeblich and Tappan, 1984 

Superfamily DUOSTOMINACEA Brotzen 1963 

Family OBERHAUSERELLIDAE Fuchs 1970 

Genus OBERHA USERELLA Fuchs, 1967 

DERIVATION OF NAME: In honour of Dr R. Oberhauser (Geologische Bundesanstalt, 

Vienna) in gratitude. 

GENOTYPE: Oberhauserella mesotriassica (Oberhauser, 1960). 

GENUS DIAGNOSIS: Test free, a little to distinctly trochospiral, umbilical side 

conspicuously concave. Rounded periphery. All chambers of the spire are seen on the 

dorsal side, always including only approximately two whorls. On the ventral side only 

those of the younger whorls are visible. Sutures a little to markedly depressed, the outline 

at the suture junction mostly somewhat cut in. Umbilicus distinctly drawn inwards, narrow 

to fairly wide, roundish to oval, the minor bulges are mouth-relics of the older chambers. 

In the final whorl all chambers are obviously distended particularly on the ventral side. 

Aperture a long semicircular fissure, intruding more or less deeply from the chamber base 

in the ventral wall of the chamber, emphasized through the indentations of the surrounding 

chamber-wall surface. Shell hyaline and smooth. 

RELATIONSHIPS: This genus was thought to have evolved morphologically from 

Kollmannita, from which it is distinguished by the distended chambers that give the test a 

certain resemblance to the Tertiary genus Globigerina, through the deepened, pronounced 

and mostly fairly wide umbilicus and the simple slit-shaped mouth-opening. 

REMARKS: This genus displays a wide range of forms and evolutionary capacity, both of 

which, apart from the phylogenetic links indicated, perhaps may be of great stratigraphical 

usefulness. 

50 



RANGE: Range of occurrence known from the Upper Ladinian to Rhaetian. 

Oberhauserella mesotriassica (Oberhauser, 1960) 

Pl. 1, Figs la-c, 2a-d. 

Globigerina mesotriassica Oberhauser, 1960, pp. 42,43, pl. 5, figs 18a-c, 19a-c. 

DERIVATION OF NAME: In accordance with Oberhauser's view that this species 

represented the early occurrence of Globigerina in the Middle-Triassic. 

HOLOTYPE: Oberhauser, 1960, pl. 5, fig. 18a-c. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0104 (single form). 

PARATYPE: Oberhauser, 1960, pl. 5, fig. 19a-c. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0105 (single form). 

TYPE LOCALITY: St. Cassian, Settsass-Scharte, N. Richthofen-Riff (Fig. 2.5). 

TYPE STRATUM: Middle Triassic, Ladinian Stage, Upper Cassian Strata (very rare). 

DIAGNOSIS: A stockily built, four to five-chambered in the final whorl, species of the 

genus Globigerina Orbigny 1826. 

TRANSLATION OF ORIGINAL DESCRIPTION: The holotype shows, in the final whorl, 

a four-chambered morphology with elongated, bulbous chambers and a many-chambered 

Discorbis-like initial spiral. The last chamber appears distinctly stretched out underneath. 

The umbilical opening is simply round. With the reservation put here, the paratype (in the 

manner of internal moulds) is considerably larger and many-chambered (with respect to the 

holotype). Nevertheless the opinion is justifiable, that this larger form is just a different 

generation or growth form of our new species, particularly as the morphology in the 

chamber construction is very similar. The umbilicus is, however, in the case of the larger 

form, irregularly stellate like Globigerina ladinica. 

DIMENSIONS OF THE HOLOTYPE: Diameter approximately 0.25 mm. 

RELATIONSHIPS: Oberhauser appears convinced that this form was certainly referable to 

Globigerina (though not justifiable in an acid test in the case of the two existing 
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specimens) and looked very similar to the Cretaceous and Tertiary forms of this genus. 

Possibly established through the relatively large variability of our two Triassic forms, 

which even from the less available material distinctly appears, to allow easy distinction 

from the Cretaceous and Tertiary forms. Our Triassic forms also differ from the 

Cretaceous Rugoglobigerina and from the Tertiary forms of that genus through the lack of 

spines and fine sculpture. 

COMMENTS: The holotype (Slide 1960/4/106) is gold-coated and is a quite high spired 

form with globular chambers and depressed sutures. It is quite like the individual figured 

by Oberhauser (1960, pl. 5, figs 18,19) but it is very unclear as to what it represents. The 

slide [2/7 16], marked as "0. Ladin, Settsass" appears to contain no specimen. 

Oberhauserella alta Fuchs, 1967 

P1.1, Fig 3a-d. 

Oberhauserella alta Fuchs, 1967, pp. 150,151, pl. 4, figs 5,6; pl. 5, figs 3,7. 

DERIVATION OF NAME: Altus (Lat. ) = high. 

HOLOTYPE: Fuchs, 1967, pl. 5, fig. 7. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0310. 

TYPE LOCALITY: Hinterer Gosausee, Upper Austria (Fig. 2.6). 

TYPE STRATUM: Upper Triassic, Rhaetian. 

DIAGNOSIS: A species of the genus Oberhauserella, with the following distinctive 

features: spire distinctly drawn upwards, but consisting of approximately only two whorls; 

chamber ends extend differently, deep in the wide umbilicus. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, with circular-lobate 

outline. Dorsal side pointedly trochospiral, ventral concave and umbilicate. Rounded 

periphery. Both whorls show four chambers, however, later in time, specimens with 

somewhat more chambers in the whorls are seen (e. g. in Fuchs, 1967, pl. 5, fig. 3 this may 

already be the case, the initial part could not be undeniably resolved in its details even by 
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transmitted light examination). The hardly detectable sutures are barely depressed, 

inclined slightly to the back. The four most recent chambers, but also even the older ones, 

are strikingly inflated, arranged around a wide but - by deeply extending chamber ends - 

strongly divided umbilicus. Chamber growth in the final whorl noticeably more rapid. 

The aperture, open in all chambers surrounding the umbilicus, is poorly developed. Test 

hyaline and smooth. Common. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.15 mm. 

RELATIONSHIPS: The high spire and the divided umbilicus provide the essential 

characteristics of the species in comparison with the other species. 

OCCURRENCE: Aside from the Hinterer Gosausee type-locality, this species was also 

recorded in the marls of Plackles. 

REMARKS: This species forms a low trochospire with a slowly increasing number of 

chambers in each whorl. In some forms the umbilicus reduces in size, perhaps leading to 

the genus Praegubkinella Fuchs, 1967. 

COMMENTS: The holotype (No. 0310; also marked as [5/7 25]) is from Hinterer 

Gosausee and of Rhaetian age. The specimen has a very rough granular appearance and 

the spiral side has previously been gold-coated making it difficult to see the chamber 

arrangement. There are four chambers in the final whorl. 

The specimen in slide [4/5 28], from the Rhaetian at Plackles, is also gold-coated and now 

appears to be broken. The spire height is quite low, very like the holotype. There are two 

and a half whorls and all the chambers are inflated with depressed sutures. This specimen 

is slightly higher spired than the holotype and more inflated than illustrated by Fuchs 

(1967, pl. 4, figs 5,6). The specimen in slide [5/3 26] is also broken into two pieces and 

few features are visible. It is also from the Rhaetian of Hinterer Gosausee. 

53 



Oberhauserella crassa, Fuchs, 1970 

Oberhauserella crassa, Fuchs, 1970, p. 112, p1.9, fig. 10. 

1949 Discorbis cf dreheri Bartenstein - Cushman and Glazevski, p. 11, pl. 3, figs 6,7. 

1959 Discorbis dreheri Bartenstein - Cifelli, p. 336, p1.7, figs 23-25. 

1967 Reinholdella drehen (Bartenstein) - Störmer and Weinholz, p. 564, pl. 9, fig. 82. 

DERIVATION OF NAME: Crassus (Lat. ) = thick. 

HOLOTYPE: Fuchs, 1970, pl. 9, fig. 10. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0341. (1970/3/130) 

TYPE LOCALITY: Hernstein, Lower Austria. 

TYPE STRATUM: Lower Jurassic, Lias alpha, Fleckenmergel. Lower Liassic, a3. 

Associated with this material are three slides labelled "Plö. Hernstein". As the samples 

used by Fuchs were collected by H. Mostler, R. Oberhauser and B. Plöchinger (in 1967) it 

is quite likely that these are the samples from which the types were extracted. All three 

slides (9.6.66. /2; 14.6.66. /1; 7.6.66. /1) contain lenticulinids, Cyclogyra spp. and the 

distinctive ostracod Ogmoconcha. This agrees with comments in the paper on the 

Hernstein locality (Fuchs, 1970). 

DIAGNOSIS: A species of the genus Oberhauserella Fuchs, 1967, with the following 

distinctive features: test biconvex with narrow, deeply depressed umbilicus. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, the nearly circular outline 

somewhat constricted by the sutures only between the youngest chambers. Dorsal side 

strongly curved, spire unstressed, all chambers visible; ventral side faintly convex and 

umbilicate, only the last four to five chambers visible. Periphery round. Globular 

proloculus, followed by nine gradually expanding chambers in approximately two whorls. 

Sutures indistinct, slightly depressed between the final chambers, otherwise smooth, 

slightly inclined backwards. Umbilicus very narrow and deep, lobate in the region of the 

base curvature of the final chambers (see Fuchs, 1969). Aperture, situated on the bottom 

of the distal chamber segment, concealed by a sediment plug in the umbilicus. Smooth 
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shell, rather poorly preserved. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.35 mm, height 0.15 mm. 

RELATIONSHIPS: Fuchs thought that this taxon was probably derived from 

Oberhauserella alta Fuchs, 1967, separated from it by the divided outline at the suture 

joins and the wide umbilicus. Oberhauserella alta Fuchs, 1967, is distinguished by its 

distinctly constricted test outline in the area of the sutures and the large umbilicus. It is 

also similar to Discorbis tyoplovkaensis Dain, 1948, from the Russian Callovian. The 

distinctly constricted test outline, expanded chambers and depressed sutures allow it to be 

separated from this species. The concave ventral side, the broad, obviously depressed 

sutures between the youngest chambers and the sharp-edged periphery separate this species 

from Conorboidespaulus Pazdro, 1969, from the Bathonian of Poland. 

COMMENTS: The specimen is definitely recrystallised but appears biconvex, deeply 

umblicate and with a spiral view identical to that shown by Fuchs (pl. 9, fig. 10, left). 

Oberhauserella karinthiaca Fuchs, 1967 

Pl. 2, Fig. 1 a-c. 

Oberhauserella karinthiaca Fuchs, 1967, pp. 149,150, p1.3, fig. 3. 

DERIVATION OF NAME: First found in the Province of Kärnten. 

HOLOTYPE: Fuchs, 1967, p1.3, fig. 3. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0308. 

TYPE LOCALITY: Eisenkappel, Kärnten. 

TYPE STRATUM: Upper Triassic, Lower Carman, lower Julian, Raibl strata. 

DIAGNOSIS: A species of the genus Oberhauserella with the following distinctive 

features: in the older whorl only four chambers; umbilicus somewhat broader; the aperture 

more distinct and moved away a short distance from the middle of the chamber base. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, with strongly lobed 

but still circular outline, dorsal side curved without apparent disruption of the older part, 
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ventral side concave and umbilicate. Periphery rounded. Both whorls have only four 

chambers visible. Sutures indistinct, slightly inclined to the rear and hardly depressed. 

Umbilicus somewhat wider and open. The slightly bulbous chambers expand rapidly on 

the perimeter. The aperture, moved away from the middle of the chamber base, is a larger 

opening lying in a depression. So far as the poor state of preservation allows, the apertural 

openings of the preceding chambers can also' be observed. Shell hyaline and smooth. 

Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.10 mm. 

RELATIONSHIPS: This species differs from O. mesotriassica (Oberhauser) through the 

number of the older chambers reduced to four, the widening of the umbilicus and the larger 

asymmetrically situated aperture. 

COMMENTS: The holotype (No. 0308 [3/3 17]), from the Upper Karnian of Eisenkappel, 

has previously been gold-coated. The spiral side is quite inflated, probably more than 

indicated by Fuchs (1967, pl. 3, fig. 3). There are four to four and a half chambers in the 

final whorl, ten to eleven chambers in total in the two whorls. The appearance is very like 

that shown by Fuchs in his lower figure but it appears to have a higher spire than indicated. 

Oberhauserella norica Fuchs, 1967 

Pl. 2, Fig. 2a-d. 

Oberhauserella norica Fuchs, 1967, pp. 151,152, pl. 3, fig. 7; pl. 6, figs 2,6. 

DERIVATION OF NAME: From its first appearance in the Upper Norian of Rossmoos. 

HOLOTYPE: Fuchs, 1967, pl. 3, fig. 7. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0311. 

TYPE LOCALITY: Rossmoos, Upper Austria. 

TYPE STRATUM: Upper Triassic, Upper Norian, lower Sevat, Zlambach marl. 

DIAGNOSIS: A species of the genus Oberhauserella with the following distinctive 

features: rapid chamber growth in the final whorl; aperture distinct and deeply depressed in 
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the chamber wall, asymmetrically situated. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, broad-oval, deeply 

lobate outline. Dorsal side a little curved, spire inconspicuous, ventral side concave and 

umbilicate. Periphery rounded. Four to five chambers in each whorl; in the second the 

size increases strikingly rapidly. The delicate backward-inclined sutures more or less 

clearly apparent and somewhat depressed. On the umbilical side the bulbous chambers 

surround a fairly wide, open umbilicus. The large, broad, semicircular aperture extends 

asymmetrically, and often very strikingly, into the part of the chamber adjacent to the older 

part of the test. The open apertures of the preceding chambers give the umbilicus the 

slightly lobate appearance. Shell hyaline and smooth. Rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.10 mm. 

RELATIONSHIPS: The rapid enlargement of the chambers of the second whorl and the 

large, distinct asymmetrically-positioned aperture distinguish the species from O. 

quadrilobata. 

OCCURRENCE: Aside from the type-location of Rossmoos the species has also been 

recorded in residues from Hinterer Gosausee and Xanten. 

REMARKS: Fuchs also noted that the gradual increase in the number of chambers from 

4: 4 in the Upper Norian, to 4: 5 in the Rhaetian of Hinterer Gosausee and to 5: 5 at the 

Rhaetian level from Xanten could be analysed stratigraphically in the future. 

COMMENTS: The specimen (No. 0311 [3/7 27]), from the Upper Norian of Rossmoos, is 

quite domed in appearance, much more than indicated for the holotype in Fuchs (1967, pl. 

3, fig. 7). 

There are four plus chambers in the final whorl, with only slightly depressed sutures. The 

final whorl occupies most of the spire height. The apertural face has previously been gold- 

coated and the specimen illustrated by Fuchs (1967, pl. 3, fig. 7, left-hand illustration) is an 

accurate representation, with the last chamber quite inflated and extending right along the 

left margin of the test as viewed. The centre of the umbilical depression may have some 
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material in it. 

A specimen from the Upper Rhaetian at Xanten [6/6 29] is gold-coated and broken with 

only half of the specimen remaining. In this fragment the chambers appear inflated and the 

sutures are quite depressed. 

Oberhauserella ovata Fuchs, 1967 

Oberhauserella ovata Fuchs, 1967, pp. 154,155, p1.4, fig. 7. 

DERIVATION OF NAME: Ovatus (Lat. ) = egg-shaped. 

HOLOTYPE: Fuchs, 1967, pl. 4, fig. 7. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0314. 

TYPE LOCALITY: Plackles, Höhe Wand, Lower Austria. 

TYPE STRATUM: Upper Triassic, Rhaetian. 

DIAGNOSIS:. A species of the genus Oberhauserella with the following distinctive 

features: egg-shaped outline of the test, with hollows in the region of the suture junctions; 

chambers on the ventral side distinct, on the dorsal side a little inflated; fairly obvious, 

narrow, slit-shaped aperture in the proximity of the final suture. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, with egg-shaped, 

undivided outline. The older part of the shell, consisting of the spherical proloculus and 

approximately four chambers, lying in a depression and surrounded by the second whorl 

which is composed of about seven chambers that expand rapidly. The chambers are 

particularly inflated on the ventral side. Umbilical side concave and umbilicate. Periphery 

rounded. Sutures indistinct, inclined to the rear and hardly depressed. Umbilicus 

moderately broad. The striking, narrow, slit-shaped aperture lies near the septum of the 

final chamber, the larger part of which is deeply depressed and so characterises the ventral 

view of this species. The relict apertures of the earlier chambers surrounding the umbilicus 

can still be observed. Shell hyaline and smooth. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.05 mm. 
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RELATIONSHIPS: The egg-shaped outline, the long, narrow aperture of the final chamber 

and the moderately broad umbilicus separate this species from O. rhaetica (Kristan- 

Tollmann, 1964) and O. parviforamen. 

REMARKS: Fuchs appears to have been convinced that the three described species of 

Oberhauserella might eventually be of significance as ancestors of the first representatives 

of the Ceratobulimininae Cushman, 1927, members of which appear in the Jurassic. It 

was suggested that examination of the inner construction of the test of the Triassic forms 

might provide the necessary evidence. 

COMMENTS: The holotype (No. 0314 [4/7 35]), from the Rhaetian at Plackles, has 

previously been gold-coated and the final chamber broken. It is, therefore, impossible to 

see the extended chamber shown in Fuchs (1967, pl. 4, fig. 7). The other chambers are not 

really inflated and the sutures are only very slightly depressed. 

Oberhauserella parviforamen Fuchs, 1967 

Oberhauserella parviforamen Fuchs, 1967, pp. 153,154, p1.5, fig. 2. 

DERIVATION OF NAME: Parvus (Lat. ) = small, foramen (Lat. ) = opening. 

HOLOTYPE: Fuchs, 1967, p1.5, fig. 2. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. -No. 0313. 

TYPE LOCALITY: Plackles, Höhe Wand, Lower Austria. 

TYPE STRATUM: Upper Triassic, Rhaetian. 

DIAGNOSIS: A species of the genus Oberhauserella with the following distinctive 

features: the chambers are inflated on both sides of the test, as a result of which the small 

spire of the older section of the test appears to be nearly submerged in the later chambers; 

insignificant slit-shaped aperture occurring close to the preceding chamber; umbilicus very 

wide. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, outline broad to narrow 

oval, barely lobate outline. Sutures only deeply indented between the last chambers. 
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Older part of the spire lying deeply embedded surrounded by the rapidly enlarging 

chambers, both dorsally and ventrally. Chambers bulbous, umbilical side concave and 

umbilicate. Periphery rounded. On the umbilical side seven chambers are always 

observable while on the dorsal side the round proloculus and four chambers are visible in 

the inconspicuous initial part of the shell. The slightly inclined sutures, apart from in the 

early whorl, are always distinct and slightly depressed. From the broad, open umbilicus 

the inconspicuous slit-shaped aperture penetrates only slightly into the chamber wall, 

always situated near to the suture separating the earlier chamber. With only slight 

difficulty the apertures of the earlier chambers can also be seen. Shell hyaline and smooth. 

Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.30 mm, height 0.10 mm. 

RELATIONSHIPS: The small lobate circumference, the bulbous chambers on both sides, 

the nearly concave dorsal view and the small aperture allow this species to be separated 

easily from O. rhaetica (Kristan-Tollman, 1964). 

COMMENTS: The holotype (No. 0313 [5/2 34]), from the Rhaetian at Plackles, is quite a 

large specimen that has previously been gold-coated. There appear to be seven chambers 

in the final whorl, all of which expand in size slowly. The chambers are less well-defined 

on the apertural side. There is a deep umbilicus with little sign of an aperture. Fuchs 

(1967, pl. 5, fig. 2, left) shows the final chamber dominating the specimen with the others 

less well-defined. 
6 

Oberhauserella planiconvexa Fuchs, 1970 

Oberhauserellaplaniconvexa Fuchs, 1970, p. 113, pl. 9, fig. 7. 

DERIVATION OF NAME: Named after the curved dorsal side and flat ventral side. 

HOLOTYPE: Fuchs, 1970, pl. 9, fig. 7. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0342. (1970/3/131) 

TYPE LOCALITY: Hernstein, Lower Austria. 
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TYPE STRATUM: Lower Jurassic, Lias alpha, Fleckenmergel. Lower Liassic, a3. 

DIAGNOSIS: A species of the genus Oberhauserella Fuchs, 1967, with the following 

distinctive features: curved dorsal side, flat ventral side, sharp-edged test periphery, narrow 

umbilicus. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, outline a broad-oval and 

not divided by the suture joins. Dorsal side strongly curved with all chambers seen, on the 

smooth spire; on the flat, umbilicate ventral side only approximately six chambers of the 

final whorl are identifiable. Periphery distinct, sharp-edged. Spherical proloculus and 

eight additional chambers are seen in approximately one and a half whorls. Distinctive 

size increase of the chambers. Sutures clearly visible, not depressed, strongly curved 

backwards. Umbilicus narrow and deep, filled with sediment. Only the arch of the last 

chamber is seen, that separates the last part of the chamber base, extending down into the 

umbilicus, here part of the chamber base from the previous chambers. Aperture at the base 

of the last chamber area is concealed by sediment (regarding the latest details see Fuchs, 

1969). The poorly preserved test is smooth. Rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.40 mm, height 0.15 mm. 

RELATIONSHIPS: Conorboides marginata Lloyd, 1962, differs by the round periphery, 

divided on the suture joins, the broad sunken sutures as well as the distinct, submarginal 

rib on the ventral side. Rosalina paraspis Schwager, 1867, has a narrow-oval outline, 

rounded test margin, only slightly less curved dorsal side and concave inclined ventral 

side. Depressed sutures and the obviously divided test outline are used to separate this 

species from the otherwise very similar form Discorbis speciosus Dayn, 1958, from the 

Oxfordian of Ukraine. Oberhauserella ovata Fuchs, 1967, possesses a narrow-oval 

outline, round periphery somewhat indented in the area of the sutures and displays a 

conspicuously rapid increase in the chamber size. 

COMMENTS: The specimen is now broken and fixed onto the slide which is marked "not 

for removal". It appears cemented to a glass shard or solidified glue. There is an almost 
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glassy appearance and it is also transparent. Being unable to do more than tilt the whole 

slide there appears to be a faint edge or keel but this cannot be checked. The chambers are 

impossible to identify. It is impossible to confirm the type figure, although the sutures do 

appear to be curved. 

Oberhauserella praerhaetica Fuchs, 1967 

Oberhauserellapraerhaetica Fuchs, 1967, pp. 152,153, pl. 3, fig. 8; pl. 5, figs 5,6. 

DERIVATION OF NAME: Presumed to be the, precursor of O. rhaetica (Kristan- 

Tollmann, 1964). 

HOLOTYPE: Fuchs, 1967, pl. 5, fig. 6. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. -No. 0312. 

TYPE LOCALITY: Hinterer Gosausee, Upper Austria. 

TYPE STRATUM: Upper Triassic, Rhaetian. 

DIAGNOSIS: A species of the genus Oberhauserella with the following distinctive 

features: gradual increase in the number of rapidly enlarging chambers of the second 

whorl; in the region of the aperture distinctly lobed umbilicus. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small; broad oval, outline 

indented by the sutures. Dorsal side delicately curved, spire however unmarked, ventral 

side concave and umbilicate. Periphery rounded. In the older whorls three to four 

chambers are present whilst in the younger whorl there are five to six chambers that 

become strikingly larger, divided by inconspicuous, shallow and backward-inclined 

sutures. The large last chamber dominates, particularly the view on the umbilical side. 

Apertures are seen as slits more or less deeply extending into the chamber wall-around the 

umbilicus. Ventral side has distinctive bulbous chambers. Shell hyaline and smooth. 

Rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.05 mm. 

RELATIONSHIPS: Separated from O. norica through a lower number of chambers in the 
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first whorl, and an increase in the number of chambers in the second whorl. 

OCCURRENCE: Besides the type-locality at Hinterer Gosausee it is also known from 

Rossmoos (Upper Norian). 

REMARKS: The forms from Rossmoos and Hinterer Gosausee represent morphologically 

the intermediate forms from O. norica to O. rhaetica (Kristan-Tollmann, 1964). For 

future purposes of stratigraphical evaluation, the presence of up to five chambers in the 

final whorl in the Upper Norian and of up to six chambers in the final whorl in the 

Rhaetian may be useful. 

COMMENTS: The holotype (No. 0312 [J/6 32]), from Hinterer Gosausee, has previously 

been gold-coated and broken in half. The fragments show the inflated chambers and 

depressed sutures but that is all. The margin appears less indented than shown in Fuchs 

(1967, pl. 5, fig. 7). 

A specimen in slide [5/5 31], also from Hinterer Gosausee, has four to four and a half 

chambers in the final whorl and is inflated both spirally and dorsally. The final chamber 

comprises almost 40% of the umbilical view and no aperture is visible. This specimen has 

a quite granular appearance and is probably re-crystallised. 

The paratype figured by Figured by Fuchs (1967, pl. 3, fig. 8) from Rossmoos, central 

Austria. Upper Norian. Geologische Bundesanstalt, Vienna, no. 1967/5/32 was also 

borrowed but the specimen was found to be badly broken, most of the test being missing. 

Oberhauserella quadrilobata Fuchs, 1967 

Pl. 2, Fig. 3a-d. 

Oberhauserella quadrilobata Fuchs, 1967, p. 150, pl. 3, figs 5,6; pl. 4, fig. 8; pl. 6, figs 1, 

7. 

1964 Globigerina cf mesotriassica Oberhauser - Kristan-Tollmann, p. 167, p1.39, fig. 16. 

DERIVATION OF NAME: The open umbilicus and the quadruple-lobed appearance are 

characteristic of this species. 
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HOLOTYPE: Fuchs, 1967, pl. 4, fig. 8. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0309. 

TYPE LOCALITY: Plackles, Höhe Wand, Lower Austria. 

TYPE STRATUM: Upper-Triassic, Rhaetian. 

DIAGNOSIS: A species of the genus Oberhauserella with the following distinctive 

features: the four most recent, ventrally inflated chambers, dominate the appearance; the 

wide, open umbilicus displays four distinct lobes, as a result of the apertures of the final 

chambers. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, the circular outline in 

the area of the sutures are more or less deeply incised. Dorsal side low, curved, with an 

insignificant spire; ventral side concave and umbilicate. Periphery rounded. As a rule, the 

four chambers per whorl are divided from one another by quite indistinct sutures, which 

are inclined slightly backwards and only a little depressed. The inflated chambers become 

rapidly larger in the final whorl, surrounding a wide and depressed umbilicus. Aperture an 

oval-semicircular terminal slit, lying either in the middle of the chamber base or varyingly 

strongly asymmetrically. The open apertures of the final chambers give the umbilicus a 

quite characteristic appearance. Test hyaline and smooth. Common. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.10 mm. 

RELATIONSHIPS: Easily separable from O. karinthiaca as a result of the wide umbilicus 

and the very characteristic apertural view. 

OCCURRENCE: Aside from the type-locality at Plackles, this species has already been 

found in the Upper Norian of Rossmoos and in the Rhaetian strata from Hinterer Gosausee 

and Xanten. 

REMARKS: The Norian forms show a strikingly deep aperture in the final chamber. The 

representatives of "Discovery Site 7" (Xanten) show five chambers in both whorls. The 

striking, morphological similarity of these tests towards Oberhauserina Fuchs, 1967, 

discovered in the upper part of the Lower Cretaceous in Holland is noted. 
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COMMENTS: The holotype (No. 0309) from the Rhaetian of Plackles has been gold- 

coated but only on the apertural face. The specimen clearly shows four inflated chambers 

in the final whorl and all the sutures are depressed (possibly more than illustrated). The 

spiral side, which is not gold-coated has a granular appearance and may be re-crystallised. 

A specimen in slide [3/5 19] has very inflated chambers and markedly depressed sutures. 

The specimen in slide [6/1 21] is also granular in appearance but has four distinct 

chambers in the final whorl. The specimen has a quite high spire of two to two and a half 

whorls with the final whorl making up most of the spire. This specimen is marked as being 

of Rhaetian age and from Hinterer Gosausee. 

The specimen from the Upper Rhaetian of Xanten [6/7 22] has five chambers in the final 

whorl, all of which are inflated with depressed sutures. There are 12 chambers visible on 

the spiral side of the specimen. 

The specimen (Slide 25) from Schichte (Bed) 26 of the Oxfordian of South Poland is very 

small and preserved as a mineral steinkern. It may possibly be an Oberhauserella but the 

range of the taxon cannot be extended into the Oxfordian on the basis of this specimen, 

Oberhauserella rhaetica (Kristan-Tollmann, 1964) 

Oberhauserella rhaetica (Kristan-Tollmann, 1964), p. 153, pl. 5, fig. I. 

1964 Globigerina rhaetica Kristan-Tollmann, p. 166, pl. 39, figs 13-15. 

DIAGNOSIS: A species of the genus Oberhauserella with the following distinctive 

features: moderately trochospiral form with seven, particularly on the ventral side, 

markedly inflated chambers, surrounding a fairly wide umbilicus and in the last of which a 

large, slit-shaped aperture intrudes, moved more closely to the older parts of the shell. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, from broad to slender-oval 

outline, in the sutures appearing strikingly lobed. The small spire somewhat raised up, 

ventrally concave and umbilicate. Round shell rim. On the umbilical side, as a rule, seven 

chambers are countable, as well as approximately a further four in the initial section 
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(without the round proloculus). Sutures at the start less, then, however, very distinct, 

somewhat deepened and from time to time inclined strongly backwards. Umbilicus wide 

and open, surrounded by bulbous chambers, becoming rapidly voluminous, of which the 

last dominates particularly ventrally. Aperture a distinct slit, situated in the half of the 

chamber base turned away from the ventral wall. Through small lobes of the wide 

umbilicus, the mouth-openings of the older chambers are also still to be seen. Shell 

hyaline-smooth. Rare. 

RELATIONSHIPS: The multi-chambered nature of the final whorl, looked at ventrally, the 

large aperture and the high spire are the essential distinguishing features compared with O. 

praerhaetica. 

OCCURRENCE: So far only discovered in the Rhaetian of Fischerwiese and of Plackles. 

REMARKS: The detailed description of this species given in 1964 by Kristan-Tollmann 

was only to be corrected, i. e. completed slightly as a result of the better state of 

preservation of the specimens to hand. Their illustrations inform about the outline- 

variation. 

COMMENTS: The specimen in slide [5/1 33], from the Rhaetian at Plackles, is difficult to 

reconcile with Fuchs (1967, pl. 5, fig. 1) as it is now broken in half. 

Genus DIPLOTREMINA Kristan-Tollman, 1960 

Diplotremina multiirmbriata Fuchs, 1967 

Diplotremina multifimbriata Fuchs, 1967, pp. 141,142, p1.1, fig. 1. 

DERIVATION OF NAME: multus (Lat. ) = many, fimbriatus (Lat. ) = frayed; so named 

owing to the strongly lobed umbilical view. 

HOLOTYPE: Fuch, 1967, pl. 1, fig. 1. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. -No. 0300. 
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TYPE LOCALITY: Seelandalpe, Prags Dolomites, South Tyrol. 

TYPE STRATUM: Middle-Triassic, Upper Ladinian, Upper Cordevolian, Upper Cassian 

Strata. 

DIAGNOSIS: A species of the genus Diplotremina Kristan-Tollmann, 1960, with the 

following distinctive features: small test with an intensely furrowed umbilicus. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, low trochospiral: outline 

broad-oval on the suture joins faintly hollowed. Umbilical side only slightly convex. 

Shell-rim rounded. Dorsally all the whorls, always more than two, can be seen, ventrally 

only the seven chambers of the final whorl. Gradual and regular increase in the chamber- 

size; the youngest chambers, first and foremost the end chamber on the ventral side, not 

infrequently somewhat distended. In the dorsal view, only sutures of the final chambers 

rather obvious, normally merely a moderate indication of them can be observed. The 

umbilical side displays uneven, strongly lobed termination of the chamber ends, in the 

course of which parts often appear already completely isolated from the centre of the 

umbilicus. About half the chamber length in front of a hollow deepening this furrowing 

ends. From the divided base of the final chamber stretch ventrally the two approximately 

oblong and semicircular ending apertures separated by a fairly broad lobe, from which 

slight hollows extend up the chamber wall. Shell granular-rough. Rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.35 mm, height 0.15 mm. 

RELATIONSHIPS: Closely related to D. astrofimbriata Kristan-Tollmann, 1960, 

distinguished however from this species through the moderate size of the low trochospiral 

test and the more accentuated divided umbilicus. 
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Genus KOLLMANNITA Fuchs, 1967 

DERIVATION OF NAME: Dedicated to Dr. K. Kollmann (Rohöl-AG. ) in gratitude 

GENOTYPE: Kollmannita ladinica (Oberhauser, 1960) 

GENUS DIAGNOSIS: Test free, only slightly trochospiral, umbilical side slightly to 

markedly concave, periphery rounded. On the spiral side all the chambers of about two 

whorls are recognisable. On the ventral side only those of the final whorl are visible. 

Sutures mostly depressed, the outline distinctly lobate. With increasing evolution the ends 

of the chambers extend more, and become more simple and less divided up into the 

shallow umbilicus. The final chambers, in particular the youngest on the ventral side, are 

slightly distended. The double aperture situated on the ventral side is more or less clearly 

developed. Shell calcareous, granular to hyaline and smooth. 

RELATIONSHIPS: The small test, with a very low spire, its distinctive two whorls and the 

shallow, slightly concave umbilicus, allows this new genus to be separated without 

difficulty from Diplotremina Kristan-Tollmann, 1960. Schmidita differs in having 

distended chambers in the final whorl and the shape and position of the umbilicus and 

aperture. 

REMARKS: Fuchs suggested a transition running from the granular calcareous 

Diplotremina to the hyaline calcareous Kollmannita. This was based not only on 

morphology but also based on the shell composition. 

RANGE: As yet, only known from the Upper Ladinian. 

Kollmannita ladinica (Oberhauser, 1960) 

Pl. 2, Figs 4a-c, 5a-e. 

Globigerina ladinica Oberhauser, 1960, pp. 43,44, pl. 5, figs 12a-c, 14a-c, 16a-c. 

DERIVATION OF NAME: Named after this species' occurrence in the Ladinian Stage of 

the southern Alpine Middle Triassic. 
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HOLOTYPE: Oberhauser, 1960, pl. 5, fig. 14a-c. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0106. 

PARATYPE: Oberhauser, 1960, pl. 5, figs 12a-c, 16a-c. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0107,0108. 

TYPE LOCALITY: St. Cassian, Settsass-Scharte, N. Richthofen-Riff (Fig. 2.5). 

TYPE STRATUM: Middle Triassic, Ladinian Stage, Upper Cassian Strata (rare). 

0 

DIAGNOSIS: A Discorbis-like, intensely flattened species of the genus Globigerina 

Orbigny, 1826. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test free, calcareous hyaline (quickly 

dissolving in acid with little residue). Rounded to slightly lobate outline. The test consists 

of a low trochospiral of slightly inflated chambers, of which five to six lie in the final 

whorl. The test shows no visible spines or other fine sculpture. The umbilicus, in the case 

of the smaller forms, tends to be large and generally lobed in the direction of the chamber 

sutures, so that an irregular, stellate appearance evolves. Additional apertures are not 

detectable. One paratype (fig. 16) shows a slit running into the wall of the final chamber, 

which was interpreted as damage. 

DIMENSIONS: Maximum diameter approximately 0.25 to 0.5 mm. 

RELATIONSHIPS: Oberhauser certainly questioned the possibility of this' being a 

precursor of Globigerina close to the genus Discorbis; a transition only previously known 

from the Upper Jurassic. In spite of their rare occurrence the appearance of these forms in 

Triassic samples is not doubted. In addition, Oberhauser knew of small Globigerina-like 

forms from the Rhaetian Zlambach strata. Discorbis pristina Tappan, 1951, from the 

Triassic of Alaska was thought to be this form, although it does not show Globigerina-like 

inflation of the chambers. Several Liassic forms (cf. Usbeck, 1953) known under names 

such as Trochammina globigeriniformis (Parker and Jones) were also thought to be 

related. 

COMMENTS: The holotype (Slide 1960/4/108 is gold-coated, large and looks to be the 
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specimen illustrated by Oberhauser (1960, pl. 5, fig. 16). 

The specimen in slide [2/5 7], from the Upper Ladinian of Settsass, appears to be missing. 

A specimen in slide [3/2 9] from the Upper Karnian of Eisenkappel, has four to four and a 

half chambers in the final whorl, all of which are quite inflated with slightly depressed 

sutures. The specimen seems to have a slightly higher spire than the figure given by Fuchs 

(1967). 

Slide [2/6 8] in the Fuchs (1967) collection (with similar writing to the other slides) is 

marked as Kollmannita ladinica (Oberhauser). It is also marked in red as K tirolica 

Fuchs n. sp. (1975). The specimen is quite robust with four and a half chambers in the 

final whorl visible on the apertural side. The sutures are quite depressed, giving an almost 

star-shaped appearance. The umbilicus contains a sediment infilling which obscures any 

features. 

Kollmannita cordevolica, Fuchs, 1967 

Kollmannita cordevolica, Fuchs, 1967, p. 146, pl. 2, fig. 3. 

DERIVATION OF NAME: After the first find in the Upper-Cordevol. 

HOLOTYPE: Fuchs, 1967, pl. 2, fig. 3. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0305. 

TYPE LOCALITY: Seelandalpe, Prags Dolomites, South Tyrol. 

TYPE STRATUM: Middle Triassic, Upper Ladinian, Upper Cordevolian, Upper Cassian 

Strata. 

DIAGNOSIS: A species of the genus Kollmannita with the following distinctive features: 

in the final whorl ventrally only four chambers, umbilicus not denticulate and only one slit- 

shaped aperture developed. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, of approximately 

circular outline, the suture joins are only a little indented. Spiral side somewhat curved, 

without the spire itself appearing particularly in evidence; ventral surface concave. 
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Rounded periphery. Ventrally only four chambers are to be seen, dorsally another seven 

can be made out, without the initial chamber, after immersing in water. The indistinct 

sutures more or less inclined backwards. In the second, the younger whorl, the chambers 

become suddenly larger and are fairly slightly bulbously curved on the umbilical side. 

Umbilicus shallow and not lobate. Of the two slit-shaped mouth-openings of this genus, 

here only one has developed, the other has become completely suppressed. A shallow 

hollow in the ventral wall of the end chamber somewhat continues the aperture and extends 

the apertural area. Shell calcareous-granular to hyaline-smooth. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.10 mm. 

RELATIONSHIPS: This species provides the connecting link between the genera 

Kollmannita and Oberhauserella. 

COMMENTS: The holotype (No. 0305 [2/3 12]), from the Upper Ladinian of Seelandalpe, 

is partly gold-coated. This is a small form with four to five chambers visible. There is a 

rather sunken umbilicus, the margin of which is raised making chambers difficult to see. 

This species appears quite different from the other species of Kollmanita. The spiral side 

is quite inflated and sutures depressed. The chambers do not appear to be accurate in 

shape. 

Kollmannita diplotreminaeforniis, Fuchs, 1967 

Kollmannita diplotreminaeformis, Fuchs, 1967, pp. 142,143, pl. 1, fig. 2. 

DERIVATION OF NAME: The great resemblance to Diplotremina suggested this name. 

HOLOTYPE: Fuchs, 1967, pl. 1, fig. 2. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0301. 

TYPE LOCALITY: Seelandalpe, Prags Dolomites, South Tyrol. 

TYPE STRATUM: Middle Triassic, Upper Ladinian, Upper Cordevolian, Upper Cassian 

Strata. 

DIAGNOSIS: A species of the genus Kollmannita with the following distinctive features: 
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Diplotremina-like; chambers deeply slit; umbilicus narrow and hardly sunken in. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, extremely low 

trochospiral; outline broad-oval, at the junction points with the sutures slightly indented. 

The umbilical side flat or insignificantly inclined inwards. Periphery rounded. Ventrally 

seven chambers visible, dorsally in the older shell section a further seven identifiable after 

immersing in water. Chambers gradually becoming larger, the youngest on the ventral side 

somewhat distended. Sutures approximately radial and, apart from the oldest rather 

distinct. The furrowing of the chamber ends towards the narrow umbilicus markedly more 

insignificant than in Diplotremina multifimbriata. In front a small hollow after about half 

the length the chambers are linked again close to one another). A part, separated from the 

chamber base, sits, like a plug, the middle of the umbilicus. Aperture completely identical 

with that of Diplotremina, ventrally two longish slit-shaped apertures, separated by a broad 

lobe, in the extension of which a slight hollow extends up the ventral wall of the end 

chamber. Shell granular-rough. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.10 mm. 

RELATIONSHIPS: A certain resemblance to Diplotremina separates this form from all 

other species of the genus Kollmannita. The modest test-size, the flat to slightly concave 

umbilicus and the very low spire, always limited to two whorls, distinguish it obviously, 

however, from Diplotremina. 

COMMENTS: The holotype (No. 0301 [1/2 2]), from the Upper Ladinian of Seelandalpe, 

has been gold-coated on the umbilical side. The chambers are quite distinct (perhaps six to 

seven) with the sutures only slightly depressed. The margin is almost smooth in outline, as 

indicated by Fuchs (1967, pl. 1, fig. 2, left). The specimen appears more piano-convex 

than indicated in Fuchs (1967, pl. 1, fig. 2). The spiral side is gold-coated and chambers 

appear much less distinct than shown by Fuchs (1967, pl. 1, fig 2, right). 
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Kollmannita gemmaeforntis, Fuchs, 1967 

Kollmannita gemmaeformis, Fuchs, 1967, p. 145, pl. 1, figs 5,6. 

DERIVATION OF NAME: Gemma (lat. ) = gem. 

HOLOTYPE: Fuchs, 1967, pl. 1, fig. 6. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0304. 

TYPE LOCALITY: Seelandalpe, Prags Dolomites, South Tyrol. 

TYPE STRATUM: Middle Triassic, Upper Ladinian, Upper Cordevolian, Upper Cassian 

Strata. 

DIAGNOSIS: A species of the genus Kollmannita with the following distinctive features: 

broad, stocky test, denticulate umbilicus with "plug" and gradual reduction of the mouth to 

a crack 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, with stocky, broad- 

oval outline, only a little divided on the suture positions. Spire somewhat high-curved. 

Ventral side slightly concave. Shell-rim rounded. About seven chambers compose the 

first whorl, the round proloculus not included in the calculation, always six in the second 

whorl. The sutures inclined backwards and in the initial area indistinct. The younger 

chambers gaining rapidly on the perimeter and are on the umbilical side moderately 

curved. Below the small hollow, the septae divide without complication, the chamber ends 

extend markedly forward in the shallow and narrow umbilicus, an isolated piece of which 

is always found in the centre ("plug"). A well-developed slit-shaped aperture, oblong, 

semicircular enclosed, separated by a more or less broad inter-lobe, from the second most 

inconspicuously developed aperture. Shell calcareous-granular to hyaline-smooth. Very 

rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.10 mm. 

RELATIONSHIPS: The stocky shape, the reduction in the chamber number and the 

simpler umbilical situation separate this species from K diplotreminaeformis from which 

it is certainly derived, and from K. multiloculata. 
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COMMENTS: The holotype (No. 0304 [1/6 11]), from the Upper Ladinian of Seelandalpe, 

is partly gold-coated. There appears to be five chambers in the final whorl with depressed 

sutures. The margin is undulating, giving a quite "lumpy" appearance. The umbilicus is 

slightly depressed, with nothing visible. 

A specimen in slide [1/S 10], from the Upper Ladinian of Seelandalpe, appears to be 

missing. 

Kollmannita multiloculata, Fuchs, 1967 

Kollmannita multiloculata, Fuchs, 1967, pp. 143,144, pl. 1, figs 3,4. 

DERIVATION OF NAME: Ventrally in the final whorl up to eight chambers visible. 

HOLOTYPE: Fuchs, 1967, pl. 1, fig. 4. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0302. 

TYPE LOCALITY: Seelandalpe, Prags Dolomites, South Tyrol. 

TYPE STRATUM: Middle Triassic, Upper Ladinian, Upper Cordevolian, Upper Cassian 

Strata. 

DIAGNOSIS: A species of the genus Kollmannita with the following distinctive features: 

umbilical side distinctly concave, umbilicus faintly divided and narrow. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, with broad-oval 

outline, on the suture joins obviously constricted. Spire hardly noticeably raised up, 

ventral side hollowed in the region of the umbilicus. Shell-rim rounded. On the umbilical 

side six to eight chambers can be counted, dorsally, sometimes even without examination 

of the older whorls in transmitted light, still a further seven to eight also. The chambers 

following the globular proloculus, separated by poorly to easily visible, approximately 

radially running septae, becoming gradually, but steadily larger, the youngest are 

somewhat curved on the ventral side. The small, moderately sunken umbilicus in a simple 

way only reaches up to the dimple approximately halfway up the chamber length, yet in its 

middle is still found the "plug"-like detached part of a chamber base. The aperture evolved 
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from the Diplotremina-like (fig. 3) to one in which one apertural slit gets obviously more 

and more suppressed and pushed out towards the periphery (fig. 4). Also here hollows, 

continuing the apertural grooves in the chamber wall, accentuate the aperture area. Shell 

granular-rough to hyaline-smooth. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.10 mm. 

RELATIONSHIPS: Considered purely morphologically, this species leads to K. 

praeladinica, though it is probably also to be considered simultaneously as the ancestral 

form of the genus Schmidita appearing in the Lower Carnian. 

COMMENTS: The holotype (No. 0302 [1/4 4]), from the Upper Ladinian of Seelandalpe, 

is gold-coated. The apertural view agrees with the figure of Fuchs (1967, pl. 1, fig. 4, left) 

and the number of chambers is in agreement with the other figures. The sutures are 

depressed and slightly curved. The apertural face is slightly depressed but the aperture is 

not visible. 

A specimen [1/3 3], also from the Upper Ladinian of Seelandalpe, appears to be missing. 

Kollmannita praeladinica, Fuchs, 1967 

Kollmannitapraeladinica, Fuchs, 1967, p. 144, pl. 2, figs 1,2. 

DERIVATION OF NAME: The precursor of K ladinica (Oberhauser, 1960). 

HOLOTYPE: Fuchs, 1967, pl. 2, figs 1-2. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0303. 

TYPE LOCALITY: Seelandalpe, Prags Dolomites, South Tyrol. 

TYPE STRATUM: Middle Triassic, Upper Ladinian, Upper Cordevolian, Upper Cassian 

Strata. 

DIAGNOSIS: A species of the genus Kollmannita with the following distinctive features: 

umbilical side concave, chamber ends extending only slightly lobed, wedge-shaped into 

the umbilicus, which does not exhibit a "plug" anymore. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, broad-oval outline, 
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indented in the area of the sutures. Spire only insignificantly raised up, ventral side 

concave. Periphery rounded. The final whorl is formed, from the umbilical view, of five 

to seven chambers, dorsally seven further chambers can be identified after immersing in 

water in the older section of the whorl. Sutures rather indistinct, inclined backwards. 

Chamber size increase within the younger whorl more rapid, the final chambers ventrally 

slightly bulbous. Below the dimple the septae divide in a simple way, the bases of the 

chambers penetrate wedge-shaped moderately deeply into the umbilical region, isolated 

parts missing (no "plug"). Mostly one slit-shaped aperture always obviously developed, 

while the other, often separated by very broad inter-lobe, is less easily seen. Shell 

calcareous-granular to hyaline-smooth. Rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.10 mm. 

RELATIONSHIPS: Distinguished rather easily from the forms so far described by the 

simple shape of the umbilicus, the lack of a "plug", the reduction in chamber number of the 

end whorl and the further development of the mouth. 

COMMENTS: The holotype (No. 0303 [2/2 5]), from the Upper Ladinian of Seelandalpe, 

has been partly gold-coated. It is a flattened specimen with a quite irregular margin. The 

sutures are depressed but the specimen appears to lack any of the characteristics associated 

with a planktonic mode of life. 

A slide marked [2/1 6], from the Upper Ladinian of Seelandalpe, contains no specimen. 

Genus PRAEGUBKINELLA Fuchs, 1967 

DERIVATION OF NAME: Probably the precursor of Gubkinella Suleymanov, 1955, 

which first appears in the Dogger (Middle Jurassic). 

GENOTYPE: P. kryptumbilicata Fuchs, 1967. 

GENUS DIAGNOSIS: Test free, dorsal distinctly trochospiral, ventral obviously concave 
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and more or less narrowly umbilicate. Rounded periphery. On the spiral side all chambers 

become gradually larger and increase in number in more than two whorls, on the ventral 

side only the last four to five are seen. Outline markedly lobate, the clearly visible sutures 

are somewhat inclined to the back and only a little depressed. All chambers, but 

particularly those of the last whorl, are inflated. Umbilicus narrow to almost disappearing 

and distinctly drawn inwards. Amongst the early forms indications of the slit-shaped 

apertures of the final chambers are still observable, with the more highly evolved almost 

totally reduced and transition to a slightly inclined slit-shaped aperture running almost 

parallel to the end of the chamber. Test hyaline-smooth. 

RELATIONSHIPS: Praegubkinella was thought to have developed from Oberhauserella 

alta, with which it appears related through morphological transitions. This new genus was 

also thought to be the link to Gubkinella Suleymanov, 1955, which Fuchs regarded as the 

first true Middle Jurassic planktonic form. 

REMARKS: Fuchs thought that the chamber arrangement of Praegubkinella indicated a 

free-floating lifestyle in the sea. He thought that the palaeoecology of sample-point 6, 

Hinterer Gosausee, pointed to its planktonic nature, suggesting the conquest of the open 

sea already by a representative of Oberhauserella. 

RANGE: So far only recorded in the highest Rhaetian. 

Praegubkinella kryptumbilicata Fuchs, 1967 

Pl. 5, Fig. la-c. 

Praegubkinella kryptumbilicata Fuchs, 1967, p. 159, pl. 7, fig. 3. 

DERIVATION OF NAME: Kryptos (Gk. ) = hidden, umbilicatus (Lat. ) = umbilicate. 

HOLOTYPE: Fuchs, 1967, pl. 7, fig 3. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0320. 

TYPE LOCALITY: Xanten, Salzburg. 

TYPE STRATUM: Upper Triassic, higher Rhaetian. 
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DIAGNOSIS: The type-species of the genus Praegubkinella with the following distinctive 

features: umbilicus close to disappearing; aperture a slightly curved slit, more or less 

parallel to one of the chamber bases. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, outline almost 

circular, somewhat lobate by the sutures. The high dorsal spire allows all the gradually 

increasing chambers, in somewhat more than two whorls, to be identified. Umbilical view 

concave, four to five particularly inflated chambers can be counted. Test margins rounded. 

Sutures nearly radial, distinct and hardly depressed. Umbilicus very narrow, aperture a 

slender, slightly inclined slit situated on the base of the last chamber. The aperture of the 

penultimate chamber may also be seen. Shell hyaline and smooth. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.25 mm. 

RELATIONSHIPS: The strikingly narrow umbilicus and the apertural slit parallel to the 

chamber base mark this species compared with P. turgescens. Fuchs thought that P. 

kryptumbilicata was probably only a small step away from Gubkinella Suleymanov, 

1955. 

REMARKS: The strong septa with the wall surfaces lying in between are a distinct 

ornamentation of the initial part of the spire. 

COMMENTS: The holotype is a very conical form with four rounded chambers in the final 

whorl. The high spire has a quite prominent ornamentation, with raised sutures. The 

proloculus and early chambers are hidden by the ornamentation. The chambers in the last 

whorl are quite different, appearing rounded with depressed sutures. In Fuchs' illustration 

(1967, pl. 7, fig. 3) the middle illustration shows the raised sutures indicated by a dotted 

line but these are much more prominent in the specimen. 

Praegubkinella turgescens Fuchs, 1967 

P1.5 , Fig. 2a-c. 

Praegubkinella turgescens Fuchs, 1967, pp. 158,159, p1.6, figs 4,5,8; pl. 7, figs 1,2. 
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DERIVATION OF NAME: Turgescens (Lat. ) = swelling-up, because of the distinctly 

inflated chambers, arranged in a raised-up spiral. 

HOLOTYPE: Fuchs, 1967, pl. 7, fig 2. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0319. 

TYPE LOCALITY: Xanten, Salzburg. 

TYPE STRATUM: Upper Triassic, Upper Rhaetian. 

DIAGNOSIS: A species of the genus Praegubkinella with the following distinctive 

features: umbilicus narrow, but still distinct; by the open slit-shaped apertures of the older 

chambers that are quite prominent. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, the circular outline 

only slightly indented at the suture joins. Dorsally a raised-up spiral, containing somewhat 

more than two whorls, ventrally only the last four to five particularly bulbous chambers 

can be made out. Umbilical side concave and umbilicate. Round periphery. The 

chambers, moderately increasing in volume, are separated by somewhat inclined to the rear 

and only slightly deepened sutures. Umbilicus narrow, however still open and divided by 

the slit-shaped apertures of the surrounding chambers. The aperture itself is a short, 

inconspicuous slit at the base of the last chamber. Test hyaline and smooth. Common. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.20 mm. 

RELATIONSHIPS: Distinguishable from their probable ancestral form Oberhauserella 

alta through the higher spire, the more strongly inflated chambers (which also includes 

those of the older whorls) and the narrower umbilicus. 

REMARKS: Fuchs reported that the tests of these forms are no longer uncrystallised. The 

"ornamentation" of the initial sections of the spire in some specimens proved to be a 

special state of preservation. In these cases the thin chamber walls are apparently worn 

away, while the thicker, and more rigid, septa have put up greater resistance to the wearing 

away. 

In some shells the spherical proloculus is large, while in the majority of forms it is small, 
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which perhaps suggests the presence of both generations. 

COMMENTS: The holotype (Fuchs, 1967, pl. 7, fig. 2) shows that all the chambers are 

inflated, although the sutures do not all appear to be depressed (especially in apical view). 

The holotype has, unfortunately, been coated in gold for S. E. M. analysis. It is a conical 

form with a depressed apertural face, although the aperture is not visible. It has to be 

assumed that it sits in the depressed area. Another slide in the collections marked [6/8 47] 

contains a specimen that is very rounded in appearance and high spired. Another specimen 

in slide [6/4 44] is also gold-coated but is lower in terms of spire height. The chambers are 

rounded and with depressed sutures the specimen is approaching the appearance of a low- 

spired Oberhauserella. Slide [6/5 45] appeared to be empty. The specimen in slide [7/1 

46] is very rounded, inflated with the sutures in the early whorls not depressed, although 

the chambers are clearly visible. The outline looks like that illustrated by Fuchs as (1967, 

pl. 6, fig. 5) and which shows there are probably three whorls present. 

P. kryptumbilicata appears to be a high-spired ornamented form with P. turgescens being 

of similar proportions but lacking the strong ornamentation. P. turgescens includes a range 

of forms with variable spire height, probably merging with O. alta, which itself is 

transitional to 0. quadrilobata. This range of morphotypes may well have led Loeblich 

and Tappan (1987) to place Praegubkinella in synonymy with Oberhauserella. 

P. kryptumbilicata is recorded as present in the uppermost Rhaetian, probably derived from 

P. turgescens. Professor A. von Hillebrand (pers. comm. to Professor Hart) has indicated 

the presence of transitional forms with P. turgescens, although P. kryptumbilicata is 

always less common. Records of Praegubkinella in Jurassic strata all appear to be the 

form identified as P. turgescens (Wernli, 1995). 

ril1 
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Genus SCHLAGERINA Fuchs, 1967 

DERIVATION OF NAME: Dedicated to Senior Teacher Dr. M. Schlager (Salzburg) in 

gratitude. 

GENOTYPE: S. angustiumbilicata Fuchs, 1967. 

GEN-US DIAGNOSIS: Test free, mostly low trochospiral, umbilical side slightly concave 

to slightly convex, rounded periphery. On the spiral side all chambers of the two whorls 

are seen, while ventrally only those of the last whorl are visible. The slightly depressed 

sutures only divide the circumference a little. Umbilicus very narrow, slit-shaped, partially 

cut off or already closed and separated by the open, slit-shaped, apertures. Chambers 

somewhat distended. Aperture a slit starting at the umbilicus, rarely separated by the 

complete closing of the umbilicus and lying in a distinct indentation. Shell hyaline and 

smooth. 

RELATIONSHIPS: The present genus could very well have evolved from Oberhauserella 

norica through the gradual narrowing down and eventual complete closure of the 

umbilicus. 

REMARKS: The most highly developed link in this lineage appears in the aperture-to- 

umbilicus ratio, which is highly reminiscent of that in the case of Epistomininae 

Wedekind, 1937, which are recorded in the Jurassic. 

RANGE: Only found in the Rhaetian. 

Schlagerina angustiun: bilicata Fuchs, 1967 

Pl. 6, Figs la-c, 2a-c. 

Schlagerina angustiumbilicata Fuchs, 1967, p. 155, pl. 3, figs 9,10; pl. 6, fig. 3. 

DERIVATION OF NAME: Angustus (Lat. ) = narrow, umbilicatus (Lat. ) = umbilicate. 

HOLOTYPE: Fuchs, 1967, pl. 3, fig. 9. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0315. 
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TYPE LOCALITY: Plackles, Höhe Wand, Lower Austria. 

TYPE STRATUM: Upper Triassic, Rhaetian. 

DIAGNOSIS: The type-species of the genus Schlagerina with the following distinctive 

features: through the development at the end of each chamber of a slit-like constricted, but 

still open umbilicus, with a distinct slit-shaped aperture emerging from it. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small with an almost circular 

outline, lobate at the suture intersections. Dorsally, weakly domed, with approximately 

two whorls each containing from four to six moderately increasing chambers, that are 

ventrally somewhat bulbously distended. Umbilical side concave and with umbilicus. 

Rounded test margin. The slightly backward inclined sutures in the initial section hardly 

visible, otherwise rather distinct and slightly depressed. The umbilicus owing to step by 

step penetration of the chamber ends very narrow and irregularly formed, however still 

entirely or at least partially open. The distinct slit-shaped aperture, beginning in the 

umbilicus, lies in a conspicuous depression. Indications of the apertures of the older 

chambers also still exist. Shell hyaline and smooth. Rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.05 mm. 

RELATIONSHIPS: This form appears to be derived morphologically from Oberhauserella 

norica. 

OCCURRENCE: Besides the Plackles type-locality it is also known from the Upper 

Rhaetian locality at Xanten. 

REMARKS: This species shows a distinct increase in the number of chambers with higher 

spire development in forms of a younger stratigraphical age. This may be interesting for 

future stratigraphical resolution. 

COMMENTS: All the slides in the collection are marked as coming from Plackles, 

Rhaetian. The slide containing the holotype (No. 0315) contains a specimen in at least two 

fragments. The broken edges appear granular and recrystallised. The chambers are 

rounded and the sutures depressed. The final chamber appears to have been quite large, 
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possibly more inflated than indicated in Fuchs (1967, pl. 3, fig. 9). Slide [3/90 37] 

contains a more normal specimen with rounded chambers, all of which are inflated. The 

trochospire is clearly visible with four to five chambers in the final whorl. The earlier 

whorls on the spiral side are "glassy" calcite and it is quite difficult to count the number of 

chambers. 

The specimen in slide [6/3 38] has been gold-coated. The sutures in this specimen are 

quite depressed as indicated in Fuchs (1967, pl. 3, figs 9,10). 

Schlagerina altispira Fuchs, 1967 

P16 , Fig. 3a-c. 

Schlagerina altispira Fuchs, 1967, p. 156, pl. 4, fig. 1. 

DERIVATION OF NAME: Altus (Lat. ) = high. 

HOLOTYPE: Fuchs, 1967, p1.4, fig 1. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0316. 

TYPE LOCALITY: Plackles, Höhe Wand, Lower Austria. 

TYPE STRATUM: Upper Triassic, Rhaetian. 

DIAGNOSIS: A species of the genus Schlagerina with the following distinctive features: 

approximately two whorls in the pronounced trochospiral; the chambers are dorsally 

somewhat inflated; umbilicus to a large extent narrow, still open, but already reduced by 

the slit-shaped apertures. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, roundish perimeter, 

slightly lobate. Dorsally the conspicuously raised spire consists of approximately two 

whorls, the number of chambers in the initial part not clear but at least four. On the ventral 

side of the last whorl four chambers can also be counted; umbilical side concave and 

umbilicate. Rounded test margin. The noticeably increasing chambers dorsally and 

ventrally bulbous. Sutures only visible if the specimen is placed in water or immersed in 

oil, inclined to the back and not depressed. The umbilicus through the projection of the 
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chamber ends already markedly narrowed down, in the area of the older chambers, seen 

from the ventral side, isolated but still open slit-shaped apertures are present. From this 

bulged umbilicus in the end chamber a elongated, slender slit-shaped aperture comes off, 

resting in a conspicuous depression. Shell hyaline and smooth. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 nim, height 0.15 mm. 

RELATIONSHIPS: The high spire and the more advanced reduction of the umbilicus are 

the characteristic features of this species when compared with S. angustiumbilicata. 

COMMENTS: The holotype (No. 0316) from the Rhdtian at Plackles has been gold- 

coated. It has a medium to high spire but not as its specific name implies. The pattern on 

the apertural face is difficult to reconcile with the illustration in Fuchs (1967, pl. 4, fig. 1). 

Schlagerina orbis Fuchs, 1970 

Pl. 6, Fig. 4a-c. 

Schlagerina orbis Fuchs, 1970, p. 114, pl. 9, fig. 9. 

DERIVATION OF NAME: Orbis (Lat. ) = disc 

HOLOTYPE: Fuchs, 1970, p1.9, fig. 9. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0343. (1970/3/132) 

TYPE LOCALITY: Hemstein, Lower Austria. 

TYPE STRATUM: Lower Jurassic, Lias alpha, Fleckenmergel. Lower Liassic, a3. 

DIAGNOSIS: A species of the genus Schlagerina Fuchs, 1967, with the following 

distinctive features: umbilicus still open owing to two narrow slits, into which the apertures 

of the last chambers are seen to open. The aperture of the final chamber already 

completely independently in marginally situated hollow. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, with circular margin, 

hardly indented at the suture joins. Dorsal side slightly curved, ventral side nearly flat. 

The spire is constructed of approximately two whorls, of which the second contains 

approximately eight chambers. Distinct increase in chamber size. Rounded periphery. 
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Sutures dorsally are identified with difficulty, on the ventral side clearly defined, not 

depressed and inclined backwards. Umbilicus open only owing to two narrow fissures, in 

which the apertures of the older chambers are embedded. The aperture of the final 

chamber is situated in a long, hollow parallel to the margin, isolated from the umbilical 

region. Shell smooth. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.30 min, height 0.10 mm. 

RELATIONSHIPS: Fuchs (1970) derived this species from the upper Triassic form 

Schlagerinasubcircularis Fuchs, 1967. 

COMMENTS: On the apertural face the sutures are curved backwards as indicated in the 

drawing of Fuchs (1970, pl. 9, fig, 9, right). The broken last chamber is also shown in the 

drawing. The other side of the specimen appears to have an overgrowth of calcite on the 

surface. 

Schlagerina scisswnbilicata Fuchs, 1967 

Pl. 7, Fig. 1 a-c. 

Schlagerina scissumbilicata Fuchs, 1967, p. 157, p1.4, fig. 2. 

DERIVATION OF NAME: Scissus (Lat. ) = split, umbilicatus (Lat. ) = umbilicate. 

HOLOTYPE: Fuchs, 1967, p1.4, fig. 2. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0318. 

TYPE LOCALITY: Plackles, Höhe Wand, Lower Austria. 

TYPE STRATUM: Upper Triassic, Rhaetian. 

DIAGNOSIS: A species of the genus Schlagerina with the following distinctive features: 

the closed, slightly convex surface of the former umbilicus is only in the older parts 

interrupted by close to the sutures, in the younger sections by slit-shaped apertures directed 

towards the periphery. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, perimeter a broad- 

oval, a little inflated. On both sides slightly convex. The dorsal low spire displays roughly 
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four to five chambers in the first whorl, while in the second whorl, looked at from the 

ventral side, six chambers that are rapidly increasing and only a little inflated. Test margin 

rounded. Sutures indistinct, inclined backwards and not depressed. Umbilicus closed due 

to the advance of the ends of the chambers, only isolated by the short slit-shaped apertures 

which in the older part run roughly parallel to the sutures and which are still open. The 

deep depression in S. subcircularis extending out from the aperture as far as the chamber 

wall is here in the two youngest chambers already the aperture, but likewise detached from 

every link to the original umbilicus. Test hyaline and smooth. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.10 mm. 

RELATIONSHIPS: The completely closed umbilicus and the peculiar arrangement of the 

open slit-shaped apertures separate this species from S. subcircularis. 

REMARKS: The architecture of the umbilicus and aperture points perhaps in the direction 

of representatives of the Epistomininae Wedekind, 1937, which definitely appears only in 

the Jurassic. 

COMMENTS: The holotype (No. 0318) from the Rhdtian at Plackles has a more rounded 

outline than the type figure and also appears to have a higher spire. 

All the species of Schlagerina appear to be variable in terms of spire height, although all 

appear to have a rounded outline and inflated chambers. All of the species in the collection 

are quite close to the definition of Oberhauserella. 

Schlagerina subcircularis Fuchs, 1967 

Pl. 7, Fig. 2a-c. 

Schlagerina subcircularis Fuchs, 1967, pp. 156,157, pl. 4, fig. 4; pl. 5, fig. 4. 

DERIVATION OF NAME: Because of the almost circular outline. 

HOLOTYPE: Fuchs, 1967, pl. 4, fig. 4. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0317. 

TYPE LOCALITY: Plackles, 1-16he Wand, Lower Austria. 
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TYPE STRATUM: Upper Triassic, Rhaetian. 

DIAGNOSIS: A species of the genus Schlagerina with the following distinctive features: 

conspicuous increase in the number of chambers in the second whorl; curved slit-shaped 

umbilicus already with partially isolated apertural slits. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small to small, nearly 

circular and with only a slightly indented perimeter. Dorsal side a little to somewhat 

curved, the umbilicate ventral side a little concave to nearly flat. The spire contains 

approximately five chambers in the first whorl, in the second up to seven with a marked 

increase in size, ventrally slightly inflated. Periphery round. Sutures indistinct, inclined 

backwards and not deepened. Umbilicus extensively restricted due to the advance of the 

chamber ends, so that the older slit-shaped apertures are already isolated. Aperture a short 

conspicuous fissure starting at the umbilicus, which extends in a deep depression far up the 

chamber wall. In the umbilicus, the small bulges of the apertures of the older chambers are 

always apparent. Test hyaline and smooth. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.10 mm. 

RELATIONSHIPS: Different from the so far described species of this genus by the 

number of chambers in the final whorl and the peculiar umbilical arrangement. 

OCCURRENCE: Besides the Plackles type-locality it has also been detected in the 

Rhaetian marls of the Hinterer Gosausee locality. 

COMMENTS: The holotype (No. 0317), from the Rhaetian at Plackles, has an outline very 

like that shown in Fuchs (1967, pl. 4, fig. 4). The margins are only slightly indented and 

the specimen appears slightly more domed than in the figures. The sutures are only faintly 

depressed and it is difficult to judge if more than two whorls are present. A specimen in 

slide [5/4 41] has three to four chambers in the final whorl and has a higher spire than 

indicated in the figures. Again, only two whorls appear to be present and the outline of the 

specimen is quite circular, as the name implies. There is a very flat apertural face and the 

sutures are barely visible, possibly as a result of re-crystallisation. 
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Genus SCHMIDITA Fuchs, 1967 

DERIVATION OF NAME: Dedicated to Dr M. E. Schmid (Geol. B. -A., Vienna) with 

thanks. 

TYPE SPECIES: Schmidita hedbergelloides Fuchs, 1967. 

GENUS DIAGNOSIS: Test free, a little to slightly trochospiral, ventral side more or less 

rounded, distinctively deep umbilicus. Test margin round. On the spiral side all the 

chambers of the two whorls are recognisable, while on the ventral side only those of the 

last whorl are visible. Sutures slightly depressed, the perimeter of the test slightly lobate. 

The splitting up of the sutures of the chambers towards the umbilicus can only still be 

noticed amongst the primitive forms, otherwise the observable, minor "denticulatiolf' of 

the chamber ends can be put down to the apertures of the older chambers still partially 

lying open. The chambers of the final whorl ventral and also dorsal markedly inflated. 

The aperture is a more or less conspicuously developed, long, semi-circular slit extending 

from the middle of the base to less high in the ventral wall of the final chamber. Test 

hyaline and smooth. 

RELATIONSHIPS: Purely based on external characteristics, the possibili ty emerges that 

Schmidita can be regarded as the natural development from the architecture of Kollmannita 

multiloculata. However, an analysis of the exact shell composition and the internal 

structure of more specimens of these such baffling Hedbergella-like foraminiferal tests 

will confirm these relationships. 

RANGE: So far detected from the Lower Camian into the Rhaetian. 

Schmidita hedbergelloides Fuchs, 1967 

Pl. 7, Figs. 3a-c. 

Schmidita hedbergelloides Fuchs, 1967, pp. 147,148, pl. 3, fig. 4; pl. 4, fig. 3 

DERIVATION OF NAME: Because of the great resemblance to Hedbergella. 
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HOLOTYPE: Fuchs, 1967, pl. 4, fig 3. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0307. 

TYPE LOCALITY: Plackles, 1-16he Wand, Lower Austria. 

TYPE STRATUM: Upper Triassic, Rhaetian. 

DIAGNOSIS: The type-species of the genus Schmidita with the following distinctive 

features: distinctive inflated chambers; narrow, deepened umbilicus; aperture a very short 

slit situated approximately in the middle of the chamber base. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, outline almost 

circular, conspicuously indented at the suture joins. The older part of the spire barely 

standing out. Dorsal side slightly convex, ventral concave with narrow, open umbilicus. 

Rounded periphery. On the umbilical side seven chambers are visible, from the other side 

in the first whorl again roughly seven. Sutures more or less distinct, somewhat inclined 

backwards and barely depressed. Umbilicus narrow, open, without chamber projections, 

the dimple at half the chamber-length however still detectable, only the remaining relict 

apertures of the older chambers divide its outline a little. The inflated chambers increase in 

size uniformly and without haste. From the middle of the chamber base extends a very 

short semicircular bordering slit-shaped aperture, not depressed. Test hyaline and smooth. 

Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.05 mm. 

OCCURRENCE: Apart from that of the type-location Plackles, a rather poor-quality, 

crumpled specimen with perhaps an even narrower umbilicus turned up in the sieved 

residue of the Upper Norian site of Rossmoos Upper Austria, but which is included in this 

species owing to the limited material. 

REMARKS: Fuchs thought that the appearance of forms, that anticipate the structure of 

Hedbergella, in broad outline, already in the Upper Triassic, deserved special interest. 

How wide the family connection extends, or can be verified, the future will show. 

COMMENTS: The holotype (No. 0307 [4/3 15], from the Rhaetian of Plackles has an 
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apertural view that has been gold-coated. The end of the last chamber is broken and this 

shows that the specimen is probably re-crystallised. There are six to seven chambers in the 

final whorl on the umbilical side. The umbilicus appears to be complicated but no details 

are visible. The simple chamber appearance shown by Fuchs (1967, pl. 4, fig. 3, left) is 

not evident. 

The chambers are inflated, giving a quite "robust" appearance, rather than the quite thin 

drawing indicated in Fuchs (1967, pl. 4, fig. 3, middle). The spiral side is also gold-coated 

and, although the early whorls are indistinct, the chambers look as illustrated by Fuchs 

(1967, pl. 4, fig. 3, right). 

A slide marked [3/4 14] appears to have no specimen present. This was reportedly from 

the Upper Norian of Rossmoos, and may have been the specimen noted by Fuchs. 

Schmidita inflata Fuchs, 1967 

Pl. 7, Fig. 4a-d. 

Schmidita inflata Fuchs, 1967, p. 147, pl. 3, fig. 1. 

DERIVATION OF NAME: Inflatus (Lat. ) = inflated. 

HOLOTYPE: Fuchs, 1967, pl. 3, fig. 1. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0306. 

TYPE LOCALITY: Eisenkappel, Kdmten. 

TYPE STRATUM: Upper Triassic, Lower Camian, lower Julian, Raibl strata. 

DIAGNOSIS: A species of the genus Schmidita with the following distinctive features: 

slightly inflated chambers in the final whorl, distinctly depressed narrow umbilicus with 

traces of overlapping of the chamber ends, a slit-shaped aperture. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, with an approximately 

circular outline, noticeably indented at the position of the sutures. The older parts of the 

spire on the dorsal side are virtually embedded in the younger chambers. Ventral side 

concave with distinct, narrow umbilicus. Shell margin rounded. On the ventral side, eight 
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chambers can be counted, the first whorl still contains seven, although these are only 

identified after immersion in water. Sutures roughly radial, barely depressed. The 

chamber ends in this species extend only a little into the umbilicus, the division of the 

chamber septa is visible only below the dimple here described. Rather, it is the remains of 

the apertures of preceding chambers that are responsible for the denticulate appearance of 

the umbilicus. Chamber-growth gradual and uniform, the younger chambers are 

conspicuously inflated on both sides. A slit-shaped aperture extends from the middle of 

the chamber base less high up the ventral wall, no pronounced indentation is found in the 

aperture space. Test hyaline and smooth. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.05 mm. 

RELATIONSHIPS: Fuchs thought it easy to separate from its probable ancestral form, 

Kollmannita multiloculata, based on the more distinctly distended chambers, the 

simplification of the aperture and the less deep denticulation of the umbilicus. 

OGRODZIENIEC 

The following taxa were described by Fuchs (1973), following examination of samples 

collected near Ogrodzicnicc in Poland. It is not clear as to whether Dr M. E. Schmid 

(Geological Survey of Austria, Vienna) was asked by Fuchs to collect specific horizons 

(e. g. the Morissi Zone clays from which "Globigerina" bathoniana Pazdrowa, 1969, was 

first described) or just collect what was part of the Colloquiurn itinerary. The area near 

Ogrodzieiec contains a range of important Jurassic sections, including the massive 

limestones of the Upper Oxfordian (Fig. 2.12). As part of the Field Excursion associated 

with the Th International Congress on the Jurassic System (Wierzbowski et aL, 2006), the 

important Bathonian-Oxfordian succession in Ogrodzieniec Quarry (Fig. 2.11) was re- 

opened. In the upper part of the Ogrodzieniec Glauconitic Marls Formation (uppermost 

Callovian) are two distinct glauconitic horizons. These are, almost certainly, the horizons 
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collected by Schmid and used by Fuchs in his 1973 paper. Residues from these beds 

contain, especially Bed 18, an abundant fauna of foraminifera, all of which is preserved as 

glauconite infillings (glauconitkerne of Fuchs). Planktonic foraminifera are extremely 

abundant, especially in the-250-150 gm size fraction. All specimens lack shell material 

and preserve no record of ornamentation, aperture (type and location) and 

presence/absence of a keel. The spiral sides of almost all specimens preserve details of the 

number of whorls, number of chambers and spire height. A number of benthonic taxa are 

also recorded (e. g. Mariannenina), some of which are probably epistominids. Other taxa 

are certainly present but cannot be identified. There are also abundant "specimens" of 

potential planktonic foraminifera that may, in fact, be no more than clusters of glauconite 

grains. 

In the following pages, the new genera and species identified by Fuchs (1973) are reported 

and discussed. Some of the "new" taxa may be planktonic, while others (reported as 

planktonic) are clearly benthonic. Most, if not all, of the new genera/species may be 

invalid, even though the ICZN rules do allow moulds to be type specimens. Many of these 

glauconitic infillings have been identified and illustrated (PIs 8,9,10). In none of the 

planktonic foraminifera can an aperture be seen and the identification (following 

Simmons et aL, 1997) to genus is impossible. Fuchs (1973, pl. 2, figs 4,6) did illustrate 

forms with loop-shaped apertures indicated but the illustrations in Plates 8 and 9 show that 

such details are not preserved. 

Genus GLOBULIGERINA Bignot and Guyader, 1971, emend 

GENOTYPE: Globuligerinafrequens Fuchs, 1973. 

GENUS DIAGNOSIS: Test free, dorsally trochospiral, ventrally more or less concave, 
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with or without umbilicus. Round, lobate periphery. On the dorsal side all chambers 

visible, arranged in two to three whorls; on the ventral side only the last four chambers are 

observed. Sutures at the beginning hardly depressed and difficult to see, later however 

distinct and depressed, dorsally always slightly inclined backwards, ventrally straight- 

radial. Initial whorl low, inconspicuous, then sudden enlargement of the chambers, with 

almost globular shape. Aperture, according to Bignot and Guyader, 1971, Virgulina-like 

with small lip, according to the interpretation of Fuchs an arch (see Fuchs, 1969) or at least 

relics of it could be hidden in it. Shell surface, according to scanning photographs by the 

two French researchers, covered with very small pustules, numerous fine pores lying 

between them. 

RELATIONSHIPS: Morphologically, Fuchs related this genus to the Triassic 

"Globigerines" with upper Rhaetian representatives of the form Oberhauserella norica 

Fuchs, 1967. 

REMARKS: Bignot and Guyader (in 1971) placed their finds from the Oxfordian of North 

West France in the new sub-genus Globuligerina of the genus Globigerina Orbigny. At 

the species level they traced Globigerina back to G. oxfordiana Grigelis. Fuchs, however, 

indicated that the Jurassic "Globigerines" show no link to the Tertiary genus Globigerina 

and that the species "Globigerina " oxfordiana Grigelis on the generic level has to be 

defined in a totally different way. The form portrayed by the two French authors is, 

therefore, a new species of the sub-genus Globuligerina, which is raised to genus by 

Fuchs. Its appearance is restricted to the Jurassic. 

It is clear from the comments of Fuchs that he thought that Bignot and Guyader (197 1), in 

the emendation of their new genus, had moved away from what Grigelis (195 8) intended in 

his definition of Globigerina oxfordiana, which was the type species of their new genus. 

This is why he created Globuligerina frequens, including within its synonymy all 

references to Globigerina oxfordiana by Bignot and Guyader. 
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RANGE: Proven so far from the French Oxfordian and the Polish Upper Callovian to 

Lower Oxfordian. 

At this time (1973), Fuchs seems to be unaware of the many references to 

Callovian/Oxfordian planktonic foraminifera in the earlier literature. It is difficult to 

understand why he had not looked at some of this literature (see Chapter 9). 

Glohuligerinafrequens Fuchs, 1973 

Globuligerinafrequens Fuchs, 1973, pp. 465,466, pl. 2, fig. 6: pl. 5, fig. 2. 

1966 Globigerina oxfordiana Grigelis - Bignot and Guyader, p. 105, pl. 1, figs 3-10. 

1971 Globigerina (Globuligerina) oxfordiana Grigelis - Bignot and Guyader, p. 80, pl. 1, 

figs 1-4; pl. 2, figs 3,4. 

DERIVATION OF NAME: Frequens (Lat. ) = frequent. 

HOLOTYPE: Fuchs, 1973, pl. 5, fig. 2. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. -No. 0411. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 26, Lower Oxfordian, Malm. 

DIAGNOSIS: The type-species of the genus Globuligerina Bignot & Guyader, 1971, with 

the following distinctive features: moderately trochospiral, relatively strong test. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small with round, strongly lobate 

periphery. Dorsal side moderately raised-up trochospirally, all chambers of the two to 

three whorls are seen. Ventral side slightly concave, composed of the four final chambers, 

without umbilicus. Septa in the inconspicuous initial whorl determinable with difficulty, 

later clear and lying in depressions, dorsally somewhat bent backwards, ventrally radial. 

Chambers of the final whorl globular, distended and distinctly larger than the preceding 

ones. Apertural region Virgulina-like, according to the French authors (however Fuchs 

believed, that behind it hides an arch or yet at least remains of it), terminated by narrow lip. 
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Shell surface pustulose, fine pores lying in between. Very frequent. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, Height 0.20 mm. 

RELATIONSHIPS: Fuchs indicated that the wide and large umbilicus and the broad 

crescent-shaped high aperture separate this species from Globigerina oxfordiana Grigelis. 

He regarded this species as different from the new species Globuligerina parva and G. 

umbilicata, due do the relatively coarse test and the lack of an umbilicus, respectively. 

OCCURRENCE: Apart from the Oxfordian of North-West France, frequent in the Upper 

Callovian and very frequent in the Lower Oxfordian of Poland. Fuchs' view that this 

species occurs frequently in the samples from Ogrodzieniec: is certainly true. 

Globuligerinids (or conoglobigerinids) are certainly abundant in the glauconitic marls but 

all are glauconitic infillings. 

COMMENTS: The holotype (No. 0411, Slide 19) from Schichte (Bed) 26 of the Lower 

Oxfordian is preserved as a mineral infilling. It is a high spired form but, because of the 

preservation, there is no aperture visible: certainly not as indicated by Fuchs (1973, pl. 5, 

fig. 2, left). The apertural view shows the typical four-chambered appearance with no sign 

of an aperture. 

The specimen in Slide 18 (? ) from Schichte (Bed) 21 of the Upper Callovian at Wiek 

seems to be that illustrated by Fuchs (1973, pl. 5, fig. 2, left) as there is a distinctive groove 

up the face of the last chamber. ' This is thought to be a result of the preservation and, 

therefore, of no taxonomic significance. 

Globuligerinaparva Fuchs, 1973 

Globuligerinaparva Fuchs, 1973, p. 466, p1.4, fig. 6. 

DERIVATION OF NAME: Parvus (Lat. ) = small. 

HOLOTYPE: Fuchs, 1973, p1.4, fig. 6. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0412. 

TYPE LOCALITY: Wick Limestone Quarry near Ogrodzieniec, Poland. 
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TYPE STRATUM: Stratum 26, lower Oxfordian, Malin. 

DIAGNOSIS: A species of the genus Globuligerina Bignot & Guyader, 1971, with the 

following distinctive features: small, very fragile and flat trochospiral. test. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, outline round and distinctly 

lobate. Dorsal side very low trochospirally coiled in approximately two and a half whorls. 

Ventral side a little concave, showing four chambers, without umbilicus. Septa initially 

faint, later distinctly visible and depressed. Chambers at first very small and gradually 

increasing, in the final whorl becoming rapidly larger and spherical. "Virgulina'ý-like 

aperture (see above remarks in the Genus Diagnosis). Common. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.15 nim. 

RELATIONSHIPS: The fragile small test distinguishes this species from G. frequens 

Fuchs, 1973, the lack of an umbilicus from G. umbilicata Fuchs, 1973. 

OCCURRENCE: Frequently found in the Upper Callovian and Lower Oxfordian of the 

Polish type-locality. 

COMMENTS: The holotype (No. 0412, Slide 20) from Schichte (Bed) 26 of the Lower 

Oxfordian is preserved as a mineral infilling. It is broken but may have looked like Fuchs' 

illustration. In the samples from Ogrodzieniec, there are many examples of small forms, 

many of which are probably juveniles. The illustration of Fuchs (1973, pl. 4, fig. 6 lower) 

is shown to have almost an extra-umbilical apertural position. Specimens similar to this 

have been illustrated in Plate 9, Figures 9-11 and ascribed to Haeuslerina helvetojurassica. 

Globuligerina umbilicata Fuchs, 1973 

Globuligerina umbilicata Fuchs, 1973, pp. 466,467, pl. 2, fig. 4. 

DERIVATION OF NAME: Umbilicatus (Lat. ) = umbilicate. 

HOLOTYPE: Fuchs, 1973, pl. 2, fig. 4. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0413. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 
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TYPE STRATUM: Stratum 2 1, Upper Callovian, Dogger. 

DIAGNOSIS: A species of the genus Globuligerina Bignot & Guyader, 1971, with the 

following distinctive features: fragile test with small umbilicus. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small. Periphery round and 

drawn into constrictions at the suture junctions. On the dorsal side low trochospiral, 

roughly two and a half whorls. Ventral side slightly concave, the four final globular 

chambers surround a small open umbilicus. On the spiral side, the sutures are 

determinable with difficulty in the inconspicuous juvenile stage, but then distinct and 

depressed, on the ventral side radial. Initially, the chambers become only gradually larger, 

but in the end their volume increases quite considerably. As to the "Virgulina'ý-like 

aperture, Fuchs refers once again to his generic diagnosis. Rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.15 mm. 

RELATIONSHIPS: Fuchs noted that this umbilicate species of the genus Globuligerina 

particularly impressively showed the morphological descent from the forms of 

Oberhauserella norica Fuchs, 1967, found in the Upper Rhaetian locality of Xanten in 

Salzburg. The coarse test distinguishes it from Globuligerinafrequens and the lack of the 

umbilicus from G. parva. 

OCCURRENCE: Only recorded in the Upper Calloviah of the Polish type-locality. 

COMMENTS: The holotype (No. 0413, Slide 21) from Schichte (Bed) 21, of the Upper 

Callovian of Wiek is comparable to the form illustrated by Fuchs (1973, pl. 2, fig. 4, right) 

in umbilical view. The final chamber is quite extended. The preservation as a mineral 

infilling of the chambers makes it impossible to see any features of the aperture. There is a 

moderate spire with two whorls visible. 

98 



Genus POLSKANELLA Fuchs, 1973 

DERIVATION OF NAME: In honour of the host-country of the Tenth European Micro- 

Colloquium, Poland (= Polska). 

GENUS TYPE SPECIES: Globigerina oxfordiana Grigelis, 1958 

GENUS DIAGNOSIS: Test free, moderate to high trochospiral, ventral side concave and 

distinctly umbilicate. Perimeter round and lobate. On the dorsal side all chambers are 

visible, arranged mostly in two and a half to three whorls. Initial whorl flat, the following 

chambers globular. On the ventral side there are four chambers around large and deep 

umbilicus. Septa at the start less pronounced, not depressed, in later test stages, however, 

distinctly depressed, on the dorsal side slightly curved, ventrally straight. Aperture a large, 

semicircular, interiornarginal umbilical arch, according to Grigelis provided with slender 

lip. 

RELATIONSHIPS: Fuchs suggested that Polskanella arises morphologically from the 

Upper Rhaetian Triassic "Globigerind" genus Praegubkinella Fuchs, 1967, and evolves by 

distension of the chambers of the juvenile test section in the Cretaceous to Iuliusina Fuchs, 

1971. This genus is no longer used but, when first described, was restricted to the 

Barr6mian. The umbilicus, described as narrow to not existing at all, and the lower, less 

conspicuous aperture were the differentiating characteristics from Conoglobigerina 

Morozova, 1961. A distinctly developed tegillum distinguishes Tectoglobigerina. The 

Virgulina-like aperture looks, in many cases, to be the remains of an arch, which separates 

this form from Globuligerina Bignot and Guyader, 1971. In none of the specimens from 

Ogrodzieniec can the form of the aperture be identified. Many have a quite large, open, 

umbilicus in which an arch (Conoglobigerina) or a loop-shaped aperture (Globuligerina) 

could be accommodated without difficulty. 

RANGE: So far reported from the Upper Callovian to Lower Oxfordian. 
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Polskanella altispira Fuchs, 1973 

Polskanella altispira Fuchs, 1973, p. 457, pl. 2, fig. 5. 

DERIVATION OF NAME: Named on account of the high spire. 

HOLOTYPE: Fuchs, 1973, pl. 2, fig. 5. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0404. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 21, Upper Callovian, Dogger. 

DIAGNOSIS: A species of the genus Polskanella, with the following distinctive features: 

conspicuously high and slender spire with three whorls, the two younger of which are 

characterised by spherical chambers. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small; with indentations where 

the sutures join the lobate outline. Dorsal side very high-spired and slender, three whorls 

identifiable, the first flat and inconspicuous, both the others always consisting of four 

spherical chambers, at first abruptly, then gradually becoming larger. Four chambers 

surround the large and wide umbilicus on the umbilical side. The sutures in the younger 

stages recognizable with difficulty, separating approximately five chambers, later distinctly 

picked out by constrictions, on the spiral side bent slightly backwards, on the ventral side 

almost radial. Large high arched, umbilical aperture, the mouth openings of both the 

penultimate chambers may remain open. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.30 mm. 

RELATIONSHIPS: It is distinguished from Polskanella megastoma by its fragile and 

slender test, by four chambers in the end whorl and by the uniformly gradual increase in 

the volumes of the globular chambers. 

OCCURRENCE: As yet only known from the Upper Callovian of the type-locality. In the 

material collected from the glauconitic marls at Ogrodzieniec, such high spired forms have 

not been recorded. Fuchs indicates that it was very rare in his material. 

COMMENTS: The holotype (Slide 4,0404), from Schichte (Bed) 21 of the Upper 
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Callovian, is a dark grey/green mineral infilling (steinkem). The specimen is very 

irregular in form and it is difficult to see if it is partly an artifact of the preservation. 

Polskanella bisphaerica Fuchs, 1973 

Polskanella bisphaerica Fuchs, 1973, p. 458, pl. 3, fig. 5. 

DERIVATION OF NAME: Named on account of the test consisting of only two chambers. 

HOLOTYPE: Fuchs, 1973, pl. 3, fig. 5. 

DEPOSITORY: Geologische Bundesapstalt, Vienna, Inv. No. 0405. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 26, lower Oxfordian, Malm. 

DIAGNOSIS: ýk species of the genus Polskanella, with the following distinctive features: 

test consists of merely two relatively large globular chambers. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, consisting of merely two 

relatively large spherical chambers, outline at the suture distinctly indented. Mouth area of 

the younger chamber concave, aperture an almost semi-circular, high arch in 

interiornarginal umbilical position. Rare. 

DIMENSIONS OF THE HOLOTYPE: Length 0.35 mm, breadth 0.20 mm, thickness 0.15 

mm. 

OCCURRENCE: Quite often encountered in the lower Oxfordian (Stratum 26), only very 

rarely in the upper Callovian of Stratum 21. 

REMARKS: Fuchs regarded his new species as problematic. He placed it in Polskanella 

on the basis of its large aperture. In the material collected from the glauconitic marls at 

Ogrodzieniec, one finds a great many different aggregates of "globular" glauconite. Some 

may have been foraminifera and had additional growths of mineral during diagenesis. 

Others, much like this "species", comprise one or two grains joined together, as shown by 

Fuchs (1973, pl. 3, fig. 5). The so-called aperture illustrated by Fuchs is thought to be an 

artefact. 
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COMMENTS: The holotype (No. 0405, Slide 5), from Schichte (Bed) 26 of the Oxfordian 

is a green/grey steinkern. It is probable that this may not even be a foraminiferid. 

Polskanella megastonia Fuchs, 1973 

Polskanella megastoma Fuchs, 1973, pp. 458,459, pl. 5, fig. 5. 

DERIVATION OF NAME: Mega (Gk) = large, stoma (Gk) = opening. 

HOLOTYPE: Fuchs, 1973, pl. 5, fig. 5. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0406. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 26, lower Oxfordian, Malm. 

DIAGNOSIS: A species of the genus Polskanella, with the following distinctive features: 

high, broad-conical test with wide, open umbilicus and crescent-shaped aperture. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, outer rim round and lobed. 

Spiral side high and broad-conical, approximately three whorls identifiable. Initial whorl 

flat and inconspicuous, consisting of around five chambers, possessing sutures only a little 

depressed and distinguishable with difficulty. Later however, the chambers inflate rapidly, 

become noticeably larger and globular, sutures in deep grooves, curved slightly backwards. 

Ventral side concave, the wide and deep umbilicus surrounded by three and a half 

chambers, separated from one another by depressed, almost radial running septa. The 

aperture a crescent-shaped arch, reaching up high in the chamber-wall, the mouth-opening 

of the penultimate chamber remains likewise still visible. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.30 mm, height 0.35 mm. 

RELATIONSHIPS: Fuchs easily distinguished this species from Polskanella altispirq by 

its broad-conical test and the high apertural arch. Globuligerina conica Iovcheva and 

Trifonova, 1961, from the Bulgarian Tithonian, possesses no umbilicus. Material from 

Ogrodzieniec shows no apertural features, certainly not as indicated in the type figure. 

OCCURRENCE: Only detected in the lower Oxfordian of the type-locality as yet. 
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COMMENTS: The holotype (No. 0406), from Schichte (Bed) 26 of the Oxfordian is a 

mineral steinkern. It is an irregular conical form that is clearly illustrated by Fuchs (1973, 

pl. 5, fig. 5, middle). 

Polskanella oxfordiana (Grigelis, 1958) 

Polskanella oxfordiana (Grigelis, 1958), pp. 458,459, pl. 1, fig. 7; pl. 5, fig. 1. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small with round and lobate 

periphery. Low trochospiral dorsal side coiled in two and a half to three whorls of which 

the first whorl is hardly visible. The four chambers of the final whorl, however, larje and 

spherical, surround a wide, open umbilicus on the faintly concave curved ventral side. 

Septa in the younger section difficult to recognize, later clear and depressed, dorsally 

somewhat inclined backward, on the ventral side straight-radial. Aperture broadly curved, 

situated interiomarginal umbilical, the opening of the preceding chambers still being 

visible. Common. 

RELATIONSHIPS: Fuchs identified this species by its low spire, which is different from 

the other species of the genus Polskanella. Fuchs related it to the ancestral form the 

Cretaceous genus Miusina Fuchs, 197 1. 

OCCURRENCE: First reported from the Lower Oxfordian of Lithuania, now also the 

occurrence in the Upper Callovian to Lower Oxfordian of Poland is proved. 

In the material collected from Ogrodzieniec, this is the most common morphotype (Pls 8, 

9,10). In many cases, the spire is low but there is a complete range through to forms with 

very high spires in which it is quite easy to count a large number of chambers (9-12). 

REMARKS: The multiple discoveries published from Western European researchers on 

"Globigerina oxfordiana Grigelis" refer to morphologically completely diverse type- 

forms (without umbilicus, different apertural proportions; cf Premoli-Silva, 1966; Bignot 

and Guyader, 1966 and 1971). 

COMMENTS: The specimen in "Slide 7", from Schichte (Bed) 21 of the Upper Callovian, 

103 



is preserved as a grey/green mineral steinkern. The sutures show as white mineral and are 

indicated by Fuchs (1973, pl. 5, fig. 1) with a faint line. The specimen is higher spired 

than illustrated by Fuchs. The apertural side shows four clearly marked, inflated chambers. 

The apertural area is broken and, in any case, no aperture would be visible without the 

original test wall being preserved. 

The specimen in "Slide 8" from Schichte (Bed) 26 of the Oxfordian shows the same 

preservation andthe same four chambers in apertural view. 

Genus EOHETEROHELIX Fuchs, 1973 

DERIVATION OF NAME: Ancestral form of" the Cretaceous genus Heterohelix 

Ehrenberg. 

GENUS TYPE SPECIES: Eoheterohelix prima Fuchs, 1973. 

GENUS DIAGNOSIS: Test free, periphery round and somewhat lobate. Trochospiral test- 

section low, dorsal consisting of one to one and a half whorls, chambers subspherical, 

indistinctly separated from each other. Ventral side faintly concave and non-umbilicate, 

surrounded by approximately four chambers. Size increase of the chambers very gradual. 

In the end, and out of the coiling-plane, three globular, distinctly larger, biserially arranged 

chambers, separated by distinctly sunken in sutures, detach from the spirally constructed 

test. Aperture most probably an interiomarginal slit but not locatable in more detail. 

RELATIONSHIPS: Fuchs thought that this genus has its ancestry in Woletzina, as is 

suggested by the observed irregularities in the construction of the final whorl. It is 

distinguished from Woletzina by the small, but clearly developed biserial test-section. At 

the Jurassic-Cretaceous transition, this morphological group evolved into the Cretaceous 

genus Heterohelix Ehrenberg, from which it is separated by the dominant alternate biserial 

chamber-succession and the later barely planispirally constructed or completely suppressed 
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juvenile stage. 

REMARKS: The apparent irregularities of the chamber arrangement in the final whorl, 

however, suggest that it seems more reasonable to derive Eoheterohelix morphologically 

and phylogenetically from Woletzina than from Mariannenina. The specimens in the 

collections of the Geologische Bundesanstalt attributed to this genus are clearly 

Conoglobigerina or Globuligerina, with two highly inflated final chambers. Fuchs 

records that the morphotype is rare or very rare and this is a further pointer to the 

specimens being "deformed". The forms illustrated by Fuchs as Eoheterohelix prima have 

nothing in common with Cretaceous Heterohelix which appear in the Albian. 

RANGE: For the time being, only found in the type-locality in Poland (lower Oxfordian). 

EoheteroheUrprinia Fuchs, 1973 

Eoheterohelix prima Fuchs, 1973, p. 464, pl. 3, fig. 4: pl. 4, fig. 3. 

DERIVATION, OF NAME: Primus (Lat. ) = the first. 

HOLOTYPE: Fuchs, 1973, pl. 4, fig. 3. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0410. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 26, lower Oxfordian, Malm. 

DIAGNOSIS: The type-species of the genus Eoheterohelix, with the following distinctive 

features: in the adult stage three biserial alternately arranged chambers breaking away from 

the trochospiral test by a change of the coiling-plane. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, perimeter round and faintly 

lobed. Initial section low trochospiral, size increase of the chambers slight, approximately 

one and a half whorls are seen on the dorsal side, sutures flat and indistinct, on the ventral 

side somewhat concave and without umbilicus. The last three chambers markedly larger 

than the others, globular and asymmetrically removed from the coiling-plane, forming a 

biserial alternate chamber succession. Sutures clear and somewhat depressed. Aperture an 
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interiomarginal, not precisely definable slit. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Length 0.25 mm, breadth 0.20 mm, thickness 0.15 

n1m. 

RELATIONSHIPS: Fuchs thought that this genus/species showed a transition to a biserial 

growth form and could, therefore, be separated from other taxa such as Woletzina. These 

are regarded as aberrant forms and not a new taxon. 

OCCURRENCE: Only known from a few specimens recorded in the lower Oxfordian of 

the type-locality. 

COMMENTS: The holotype (No. 0410, Slide 17) from Schichte (Bed) 26 in the Lower 

Oxfordian is preserved as a green mineral (glauconite? ) infilling. The chamber pattern is 

less clear than Fuchs' illustration and it is impossible to suggest any affinities other than it 

is probably a deformed Globuligerina. 

Genus JURASSOROTALIA Fuchs, 1973 

DERIVATION OF NAME: Name combination, that should recall the occurrence of the 

Globorotalian-like relatives of the "Globigerines" in the Jurassic. 

GENUS TYPE SPECIES: Jurassorotalia grandis Fuchs, 1973. 

GENUS DIAGNOSIS: Test free, low trochospiral, with lobate periphery, rounded off in 

the suture joins, ventrally narrowly umbilicate. On the spiral side all chambers of the two 

to three whorls are seen, the size increase taking place gradually. Septa, apart from the 

juvenile section, easily observable, slightly depressed and somewhat inclined backwards. 

On average six chambers surround the narrow umbilicus, separated by distinct, radial, but 

slightly curved sutures. Chambers on the dorsal side almost flat, on the ventral side a little 

distended. Aperture an interiomarginal extraumbilical-umbilical slit. 

RELATIONSHIPS: Phylogenetically, Jurassorotalia is separated from Mariannenina 
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through relocation of the aperture slit to the extraumbilical umbilical position probably in 

the upper Lias to lower Dogger. 

REMARKS: In 1953 forms of this kind were presented for the first time by Balakhmatova 

as Globorotalia sp. from the Upper Bajocian to the Bathonian of Turkmenia and in 1961 

were assigned to the genus Planorotalia Morozova, 1957, by Morozova in Morozova and 

Moskalenko. Fuchs thought that these "interesting Jurassic foraminifera7' had a direct 

relationship to the Tertiary genus Globorotalia Cushman, 1927 (Planorotalia is 

synonymous with it according to Loeblich and Tappan, 1964), as the Jurassic 

"Globigerines" to Globigerina Orbigny. Single-keeled planktonic foraminifera appear in 

the mid-Cretaceous and, after the end-Cretaceous extinction event, re-appear in the 

Cenozoic. There is no evidence of any keeled planktonic taxa in the Jurassic and, indeed, 

the forms illustrated by Fuchs as species of this genus do not have a keel despite an "edge" 

being illustrated in his plates. 

RANGE: From the Upper Bajocian in Russia to the Bathonian of Turkmenia, now also 

described from the Upper Callovian to the Lower Oxfordian of Poland. 

Jurassorotaliagrandis Fuchs, 1973 

Jurassorotalia grandis Fuchs, 1973, pp. 473,474, pl. 1, fig. 1. 

1953 Globorotalia, (? ) sp. Balakhmatova, p. 88, fig. 3. 

1953 Globorotalia sp. Balakhmatova, p. 89, fig. 4. 

1961 Planorotalia sp. Morozova - Morozova and Moskalenko, p. 22, fig. 9, fig. 1-6. 

DERIVATION OF NAME: Grandis (Lat. ) = large. 

HOLOTYPE: Fuchs, 1973, pl. 1, fig. 1. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0420. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 21, Upper Callovian, Dogger. 

DIAGNOSIS: The type-species of the genus Jurassorotalia with the following distinctive 
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features: striking Globorotalian-like appearance. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, low trochospiral, with 

rounded periphery, that appears indented at the suture joins, very narrow umbilicus. On 

the dorsal-side roughly two whorls are visible, chambers flat, continuously increasing in 

size, septa at first poorly, then easily detectable, slightly depressed and somewhat inclined 

backwards. Around the narrow umbilicus are to be found six chambers, triangular, here 

faintly distended, separated by clear, depressed, less curved radial sutures. Aperture 

distinctly interiomarginal extraumbilical - umbilical, slit-shaped. Rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.3 5 mm, height 0.15 mm. 

OCCURRENCE: Fuchs lists this taxon from the Upper Bajocian of Russia to the 

Bathonian of Turkmenia and from the Upper Callovian of Poland. 

REMARKS: Fuchs claims that these glauconitic moulds differ conspicuously from such 

genera as Epistomina, Garantella, etc. However, it is quite clear that this, and all the other 

jurassorotalids are benthonic taxa and that Epistomina or Garantella are the most likely 

genera in which to place them. Samples of comparable age from the Dorset Coast contain 

pyrite infillings of Epistomena, together with the pyrite steinkems of planktonic 

foraminifera. 

COMMENTS: The holotype (No. 0420 [32]), from the Upper Callovian, is damaged with 

only 30% of the original specimen present. It appears to be a mineral infilling 

(glauconite? ) with the sutures looking white between the dark infilling material. This 

would have been a large specimen if complete and probably high spired. It is difficult to 

reconcile this fragment with the figure of Fuchs (1973, pl. 1, fig. 1). 

Jurassorotalia curva Fuchs, 1973 

Jurassorotalia curva Fuchs, 1973, p. 473, pl. 5, fig. 3. 

DERIVATION OF NAME: Curvus (Lat. ) = curved. 

HOLOTYPE: Fuchs, 1973, pl. 5, fig. 3. 
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DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0419. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 26, lower Oxfordian, Malm. 

DIAGNOSIS: A species of the genus Jurassorotalia, with the following distinctive 

features: chambers of the final whorl becoming suddenly somewhat larger in comparison 

with the others, the outline is irregularly deeply lobate. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, low trochospiral coil. 

Outer rim pointed, but rounded, in the suture areas increasingly deeply indented, narrow 

umbilicus. The chambers of the dorsal side becoming at first only gradually larger, those 

of the final whorl, however, increase rapidly. Septa in the initial section indistinct, but 

then clear, slightly depressed, and somewhat inclined backwards. The narrow umbilicus is 

surrounded by five to six chambers with depressed curved sutures running radially. 

Chambers on the dorsal side flat, on the ventral side, however, somewhat distended. 

Interiomarginal, extraumbilical - umbilicate slit-shaped mouth. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.30 mm, height 0.10 mm. 

OCCURRENCE: Only known so far from the Lower Oxfordian of the Polish type-locality. 

COMMENTS: The holotype (No. 0419 [3 1]) is in a marked slide with a "red dot"but there 

are two fossils on the slide. The green mineral infilling appears similar to many of the 

other specimens in the collection for this locality. It does, however look nothing like the 

published figure (Fuchs, 1973, pl. 5, fig. 3) unless the last chamber has been broken off, 

thereby explaining the two "fossils" on the slide. 

Jurassorotalia muldspiralis Fuchs, 1973 

Jurassorotalia multispiralis Fuchs, 1973, p. 474, pl. 4, fig. 5. 

DERIVATION OF NAME: Named owing to the multi-coiled spiral side. 

HOLOTYPE: Fuchs, 1973, pl. 4, fig. 5. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0421. 
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TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 26, lower Oxfordian, Malm. 

DIAGNOSIS: A species of the genus Jurassorotalia, with the following distinctive 

features: the spiral side displays three whorls. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, I. ow trochospirally 

constructe , perimeter pointed, but rounded, in the suture areas slighty indented, very 

narrow umbilicus. On the dorsal side the chambers become only very gradually larger, 

arranged in three whorls, flat and enclosed by septa that are slightly depressed and inclined 

backwards. Six to seven chambers surround the very narrow and small umbilicus, here 

bulbous and separated by radially curved, somewhat depressed sutures. Slit-shaped 

aperture interiomarginal extraumbilical. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.10 mm. 

OCCURRENCE: Only known up to now from Lower Oxfordian of the Polish type- 

locality. 

COMMENTS: The holotype (No. 0421 [33]) is a green mineral (glauconite? ) infilling with 

a spiral view indicating two to three whorls. The sutures are slightly depressed. The edge 

of the specimen appears sharp, as if there could have been a keel present on the specimen. 

There are six chambers visible on the apertural side but the sutures appear to be straighter 

than indicated by Fuchs. 

Looking almost like a globorotalid, there are no other species like this in the Jurassic 

planktonic foraminifera. As a biconvex form there are few benthonic species in the 

Callovian that are possibly related to this taxon. 

110 



Genus MARIANNENINA Fuchs, 1973 

DERIVATION OF NAME: Intended for my dear mother Marianne in grateful admiration. 

TYPE SPECIES: Mariannenina pulchra Fuchs, 1973. 

GENUS DIAGNOSIS: Test free, low trochospiral, with rounded, lobate periphery, 

ventrally umbilicate. On the spiral side all chambers in two to three whorls are visible, 

while on the ventral side barely those of the last whorl. Septa slightly depressed, a little 

distinct in the early stage. Chamber size increases very gradually, on the umbilical side 

always even more distended than on the dorsal side (compare with Schmidita Fuchs, 

1967). Aperture an interiomarginal umbilical to umbilical-extraumbilical slit. The internal 

architecture is not thought to be preserved. 

RELATIONSHIPS: In 1967 Fuchs had discovered in the upper Triassic Hedbergella-like 

representatives of the Triassic "Globigerines" (Schmidita Fuchs) and already at that time 

referred to their phylogenetic significance for the Cretaceous genus Hedbergella 

Br6nnimann and Brown. Now with his discovery of Mariannenina Fuchs, 1973, he 

thought that the evolutionary missing link was fortunately found, after Fuchs already in 

1971, on the grounds of the marked, generic differentiation of the genus Hedbergella in 

the lower Middle Barremian, had drawn attention to its many earlier appearances, which he 

considered necessary. The new genus is distinguished from Schmidita by the obvious lack 

of external characteristics, which could indicate still existing remains of an internal 

structure, from Hedbergella through the partial still purely umbilical aperture and the little 

distended chambers on the spiral side. 

OCCURRENCE: Found in Poland in the Upper Callovian to Lower Oxfordian. 

REMARKS: In thin-sections Hedbergella-like cross-sections were repeatedly encountered 

by Fuchs, yet only in the Russian literature had such fort-ris been introduced, in three 

dimensional preservation as Globorotalia sp. (Balakhmatova, 1953) and Planorotalia sp. 

(Morozova in Morozova and Moskalenko, 1961) respectively. Mariannenina, like 
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Jurassorotalia, is quite clearly a benthonic taxon probably related to forms of Epistomina 

or Garantella. In material from Ogrodzieniec, benthonic taxa form about 20-25% of the 

assemblage which is dominated by planktonic foraminifera. 

Marianneninapulchra Fuchs, 1973 

Mariannenina pulchra Fuchs, 1973, p. 472, pl. 2, fig. 1. 

DERIVATION OF NAME: Pulcher (Lat. ) = beautiful. 

HOLOTYPE: Fuchs, 1973, pl. 2, fig. 1. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0418. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 21, Upper Callovian, Dogger. 

DIAGNOSIS: The type-species of the genus Mariannenina with the following distinctive 

features: slit-shaped aperture situated entirely interiornarginal umbilical. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, low trochospiral, narrowly 

umbilicate, lobate rounded periphery. On the spiral side approximately two and a half 

whorls are observed, chambers flat, gradually becoming larger. Sutures slightly depressed. 

The narrow umbilicus is surrounded by six bulbous chambers on the ventral side, deep 

sutures, straight to slightly curved. Slit-shaped aperture interiornarginal umbilical. Rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.10 mm. 

RELATIONSHIPS: Fuchs certainly thought that this species displays the morphological 

features linking the characteristics of Schmidita from the Rhaetian to the Cretaceous 

Hedbergella. It is, however, almost certainly an epistominid and not a planktonic taxon. 

OCCURRENCE: Only known from the Upper Callovian of the Polish type-locality. 

COMMENTS: The holotype (No. 0412, Slide 30) from Schichte (Bed) 21, Upper 

Callovian from Wiek is a biconvex form with a distinct edge (keel? ). It is not a planktonic 

taxon and is preserved as a mineral infilling. 
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Mariannenina multiloculata Fuchs, 1973 

Mariannenina multiloculata Fuchs, 1973, p. 470, pl. 2, fig. 2. 

DERIVATION OF NAME: Named as a result of the high number of chambers. 

HOLOTYPE: Fuchs, 1973, pl. 2, fig. 2. 

DEPOSITORY: Gcologische Bundesanstalt, Vienna, Inv. No. 0415. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 21, Upper Callovian, Dogger. 

DIAGNOSIS: A species of the genus Mariannenina with the following distinctive 

features: in three whorls there are numerous chambers following each other. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small with low spire, rounded, 

barely lobate periphery and narrow umbilicus. On the dorsal side all chambers visible, 

sutures clear, a little depressed, inclined somewhat backwards; on the ventral side seven to 

eight chambers are visible, distinctly inflated. Increase in chamber size is gradual. Slit- 

shaped aperture interiornarginal extraumbilical. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.15 mm. 

RELATIONSHIPS: The large number of chambers distinguishes this species from others 

of the genus. Epistominids rarely bave this number of chambers but, as Fuchs records this 

species as very rare, it mayjust be an exceptional form. 

OCCURRENCE: Only known so far from the Upper Callovian of the Polish type-locality. 

COMMENTS: The holotype (No. 0415, Slide 26) from Schichte (Bed) 21 of the Upper 

Callovian is a very large biconvex form preserved as a mineral filling. The sutures may 

have been depressed and the specimen may originally have had a keel, although this could 

be an artifact of preservation. Two whorls are visible on the spiral side, which is quite 

high. The specimen looks like that illustrated by Fuchs (1973, pl. 2, fig. 2) but it is almost 

certainly not a planktonic form. 
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Mariannenina nitida Fuchs, 1973 

Mariannenina nitida Fuchs, 1973, p. 471, pl. 3, fig. 3; pl. 4, fig. 1. 

DERIVATION OF NAME: Nitidus (Lat. ) = dear little, sweet. 

HOLOTYPE: Fuchs, 1973, pl. 3, fig. 3. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0416. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 26, lower Oxfordian, Malm. 

DIAGNOSIS: A species of the genus Mariannenina with the following distinctive 

features: small and very fragile test. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small to small, almost flat to 

very low trochospiral, narrowly umbilicate, the barely lobate outer margin pointed, but 

rounded. All the chambers on the spiral side visible, arranged in two to two and a half 

whorls, sutures clear, somewhat depressed and curved backwards. Six chambers surround 

the open umbilicus, also only the ventral-side chambers are inflated. Chamber size 

increasing gradually. Aperture is an interiornarginal umbilical slit. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.10 mm. 

RELATIONSHIPS: The smallness of the test, the relatively low chamber number and the 

almost flat spire are the distinguishing features of this form compared with the other 

species. This makes it more typically epistominid in character. 

OCCURRENCE: So far only described from the Lower Oxfordian of Poland. 

COMMENTS: The specimen (no. 0416, Slide 28) from Schichte (Bed) 26, Lower 

Oxfordian at Wiek is preserved as a mineral infilling but is broken. It is probably that 

figured by Fuchs (1973, pl. 3, fig. 3). 

Mariatineninapseudoplanispiralis Fuchs, 1973 

Mariannenina pseudoplanispiralis Fuchs, 1973, pp. 471,472, pl. 2, fig. 3. 

DERIVATION OF NAME: So named owing to the almost planispiral coiling of the test. 
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HOLOTYPE: Fuchs, 1973, pl. 2, fig. 3. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0417. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 21, Upper Callovian, Dogger. 

DIAGNOSIS: A species of the genus Mariannenina with the following distinctive 

features: test almost planispirally coiled. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, with almost planispiral 

evolute coiling, pointed, however rounded and lobate periphery, with wide, flat umbilicus. 

On the spiral side all chambers are seen, the size of which gradually increases, sutures 

depressed, somewhat inclined backwards, indistinct in the Juvenile stage. The umbilical 

view is characterised by six chambers with clear, slightly curved sutures. Chambers on the 

ventral side slightly curved. Apertural slit interiornarginal, extraumbilical. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.30 mm, height 0.10 mm. 

RELATIONSHIPS: Fuchs records that the almost planispirally constructed test clearly 

separates this species from the rest of the genus. 

OCCURRENCE: Only known from the Upper Callovian of the Polish type-locality. 

COMMENTS: The holotype (No. 0417, Slide 29) from Schichte (Bed) 21, Upper 

Callovian from Wiek, looks like Fuchs' figure (1973, pl. 2, fig. 3) but is less obvious than 

the drawing. It is a mineral infilling and almost certainly not planktonic 

Genus TECTOGLOBIGERINA Fuchs, 1973 

DERIVATION OF NAME: Tectus (Lat. ) = covered; named on account of the covered 

umbilicus and the Globigerine-like appearance of these forms. 

GENUS TYPE SPECIES: Tectoglobigerina calloviana Fuchs, 1973 

GENUS DIAGNOSIS: Test free, trochospiral. dorsal side, ventrally flat concave, umbilicus 
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covered by tegillum. Lobate, round periphery. On the spiral side two and a half whorls, 

all chambers visible. First whorl low, inconspicuous; septa indistinct, later the chambers 

increase rapidly and become globular, sutures clear and depressed, somewhat inclined 

backwards. Four chambers, separated by straight sutures, surround the umbilicus, which is 

covered by a tegillurn starting at the base of the end chamber. Aperture concealed. 

RELATIONSHIPS: Fuchs records that this new genus goes back, morphologically, to the 

Upper Rhaetian "Globigerine" genus Praegubkinella Fuchs, 1967. 

REMARKS: Fuchs was convinced that the "flap" of glauconite over where the aperture 

would have been was evidence of a tegillum or some form of apertural modification. He 

reports that the development of apertural coverings can be seen in many planktonic 

foraminifera. Bars and Ohm (1968) had already described forms like this from the upper 

Bajocian to Lower Bathonian of the Trient province as Globigerina spuriensis. 

RANGE: Only reported from the type-locality of the Upper Callovian of Poland for the 

time being. I 

Tectoglohigerina calloviana Fuchs, 1973 

Tectoglobigerina calloviana Fuchs, 1973, p. 460, pl. 1, fig. 4. 

DERIVATION OF NAME: Named after its occurrence in the Callovian. 

HOLOTYPE: Fuchs, 1973, pl. 1, fig. 4. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0407. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 2 1, Upper Callovian, Dogger. 

DIAGNOSIS: The type-species of the genus Tectoglobigerina with the following 

distinctive features: relatively large, flat trochospiral coiled test, umbilicus completely 

covered by broad tegillum. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small; outer-rim round and 

deeply indented in the suture-joins. Dorsal side low trochospiral, roughly two and a half 
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whorls recognisable. Initial whorl flat, inconspicuous, the chambers hardly sub-spherical, 

subsequently rapidly becoming larger and conspicuously globular. Umbilicus wide, in its 

entirety covered by broad tegillurn and surrounded by four chambers. On the spiral side 

septa at first a little depressed and with difficulty detectable, later embedded in 

constrictions, always somewhat inclined backwards, on the ventral side depressed, straight- 

radial. Aperture concealed under the tegillum. Common. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.35 mm, height 0.25 mm. 

RELATIONSHIPS: Fuchs regarded the development of a tegillum as clearly separating 

this from otherwise morphologically similar Jurassic taxa. He was certain that this form 

was related to Globigerina spuriensis Bars and Ohm, 1968, from the upper Bajocian and 

lower Bathonian of the vicinity of Trient. 

OCCURRENCE: Quite frequently to be found in the Upper Callovian of the type-locality. 

In the lower Oxfordian, however, this species is observed no more. 

COMMENTS: The holotype (slide 0407), from Schichte (Bed) 21 of the Upper Callovian 

looks identical to that figured by Fuchs (1973, pl. 1, fig. 4). It is a very irregular form and 

may not even be a foraminiferid. If it is a genuine taxon then it is possible that some 

additional "chambers" may have been added by the mineralisation. It is very difficult to 

imagine an internal mould replacing a tegillum. Fuchs claims that this feature is found 

quite frequently, although this is not the case in the material from Ogrodzieniec that we 

have studied. 

Genus WOLETZINA Fuchs, 1973 

DERIVATION OF NAME: Dedicated to Dr Gerda Woletz (Geologische Bundesanstalt, 

Vienna) in gratitude. 

GENUS TYPE SPECIES: Woletzinajurassica (Hofinan, 1958). 
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GENUS DIAGNOSIS: Test free, dorsal side more or less high trochospiral, ventral side 

concave to convex, without umbilicus. Periphery always round, in the suture joins more or 

less lobate. On the spiral side all chambers in approximately two and a half to three whorls 

detectable, the first always very low and inconspicuous, the following chambers then 

rapidly gaining size and spherically shaped. Septa at first flat, identifiable with difficulty, 

later depressed and a little bent backwards. On the ventral side always four chambers to be 

seen, the arrangement of which shows certainly irregularities, the sutures here straight and 

distinct. No or at least no clearly developed umbilicus existing. Aperture interiornarginal 

slit-shaped, not to be observed. According to Hofman, 1958, the shell is microporous. 

RELATIONSHIPS: Praegubkinella Fuchs, 1967, is also assessed as the ancestral form for 

this genus. Fuchs used the features of his generic diagnosis to separate this from 

Conoglobigerina, although subsequent authors (e. g. Simmons, et al., 1997) regard it as 

synonymous. The relationship with Eoheterohelix, also suggested by Fuchs, is again 

unlikely. 

REMARKS: The species Globigerina jurassica Hofinan, 1958, and G. gaurdakensis 

Balakhmatova and Morozova, 1961, were, on the basis of their distinctive trochospiral 

form, classified by Morozova in her sub-genus Conoglobigerina. 

RANGE: In Russia and now also recorded in Poland, occurring stratigraphically from the 

Upper Bajocian to the Lower Oxfordian. 

Woletzinajurassica (Hofinan, 1958) 

Woletzinajurassica (Hofinan, 1958), p. 463, pl. 2, fig. 7; pl. 5, fig. 4. 

1958 Globigerinajurassica Hofinan, p. 125, fig. 1. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small with round outer rim deeply 

indented in the suture joins. Dorsal side high spired, composed of two and a half to three 

whorls. Initial section small, flat, with the following chambers becoming inflated. Septa 

in the juvenile section not depressed and identifiable with difficulty, then depressed and 

118 



clear, always somewhat bent in the direction of the proloculus. Ventral side concave, 

consisting of four roughly equal large and globular chambers not quite regularly situated in 

their position, which surround an insignificant umbilicus. Sutures depressed and straight. 

Aperture probably an interiomarginal slit, not observable. According to Hofinan the shell 

wall is matt and microporous. Common. 

OCCURRENCE: Described from the Bathonian to the Lower-Callovian of the Crimea, 

detected in the Upper-Callovian and the Lower Oxfordian in Poland. 

COMMENTS: The specimen in Slide 14 from Schichte (Bed) 21 of the Upper Callovian is 

a mineral infilling and, while it looks like Fuchs' illustration its affinity is not known. 

The specimen in Slide 15 from Schichte (Bed) 26 in the Lower Oxfordian may be 

planktonic but is more akin to an irregular cluster of infilled chambers. It is probably the 

individual illustrated by Fuchs (1973, pl. 5, fig. 4) but does not have such a distinctive 

shape. All of the specimens are unlikely to be Conoglobigerinajurassica of Hofinan. 

Woletzina cylindrica Fuchs, 1973 

Woletzina cylindrica Fuchs, 1973, pp. 461,462, pl. 3, fig. 2; pl. 4, fig. 4. 

DERIVATION OF NAME: Cylindricus (Lat. ) = cylinder-shaped. 

HOLOTYPE: Fuchs, 1973, pl. 3, fig. 2. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0408. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 2 1, Upper Callovian, Dogger. 

DIAGNOSIS: A species of the genus Woletzina with the following distinctive features: 

high-spired, cylinder-shaped test, end chamber lying in the coil axis. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small with round, faintly lobed 

periphery. Dorsal side pronounced trochospiral raised up in somewhat more than three 

whorls. First whorl hardly visible, low, sutures indistinct, flat, later, however, the 

chambers become gradually larger, dilating, and the sutures distinctly depressed, are 
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always slightly inclined backwards. On the ventral side four chambers visible, while the 

final chamber is almost or directly lying in the coil axis. Suture here straight and sunken 

in. No umbilicus. Aperture an indistinct interiomarginal slender slit, drawn to the outer- 

rim. In Fuchs (1973, pl. 4, fig. 4) the portrayed specimen shows shell preservation, white, 

calcareous and finely porous. In the aperture area, the shell is broken open and the 

glauconite-core visible. Rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.25 mm, height 0.30 mm. 

OCCURRENCE: Proved in both the Upper Callovian as well as in the Lower Oxfordian of 

Wiek near Ogrodzieniec. 

COMMENTS: The holotype (No. 0408), from Schichte (Bed) 21 of the Upper Callovian, 

is preserved as a mineral steinkern. It appears to be the specimen illustrated by Fuchs 

(1973, pl. 3, fig. 2) but it may not be a foraminiferid. 

The specimen in "Slide I I" from Schichte (Bed) 26 of the Oxfordian could not be 

examined properly as it was stuck to the slide cover slip by static. It is another mineral 

steinkern that appears as a globular "lump" with a crazed surface. 

Woletzina gaurdakensis (Balakhmatova & Morozova, 196 1) 

Woletzina gaurdakensis (Balakhmatova & Morozova, 1961), p. 462, pl. 3, fig. 1. 

1953 Globigerina sp. Balakhmatova, p. 88, fig, 2. 

1961 Globigerina (Conoglobigerina) gaurdakensis Balakhmatova and Morozova - 

Morozova and Moskalenko, p. 25, fig. 6, fig. 1-3 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small with round, broad, faintly 

lobate periphery. On the dorsal side a high trochospiral consisting of approximately two 

and a half whorls, juvenile section low and inconspicuous, the -sutures flat and hardly 

distinguishable, chamber size increase gradual. In the end whorl rapid increase in the 

volume of the chambers, conspicuously lengthened and distended in the direction of the 

coil-axis, 'septa depressed and clearly apparent. The convex arched ventral side is fon-ned 
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by the four narrow, final chambers expanding only slightly, separated from each other by 

straight sutures. Aperture presumably an interiomarginal slit, spreading outwards from the 

centre. Shell, according to Balaklimatova and Morozova, calcareous, finely porous, matt 

and somewhat rough. Very rare. 

OCCURRENCE: Fuchs described this form as wel I known from the Upper BaJocian to 

Lower Bathonian in Russia, appearing as single specimens in the Upper Callovian and in 

the Lower Oxfordian in his Polish material. 

COMMENTS: The specimen in "Slide 12" from Schichte (Bed) 21 of the Upper Callovian 

is a mineral steinkern. It is impossible to reconcile this with the chambered form 

illustrated by Fuchs (1973, pl. 3, fig. 1). Globigerina gaurdakensis Balakhmatova and 

Morozova was originally claimed to be of Late BaJocian age but its surface morphology 

indicates a Cenozoic age. (Simmons et al., 1997, p. 20). In the material from 

Ogrodzieniec, forms were found that probably represent the taxon described by Fuchs. On 

the basis of these internal moulds. On the basis of these internal moulds, identification is 

impossible. 

Woletzina irregularis Fuchs, 1973 

Woletzina irregularis Fuchs, 1973, pp. 462,463, pl. 1, fig. 6. 

DERIVATION OF NAME: Irregularis (Lat. ) = irregular. 

HOLOTYPE: Fuchs, 1973, pl. 1, fig. 6. 

DEPOSITORY: Geologische Bundesanstalt, Vienna, Inv. No. 0409. 

TYPE LOCALITY: Wiek Limestone Quarry near Ogrodzieniec, Poland. 

TYPE STRATUM: Stratum 2 1, Upper Callovian, Dogger. 

DIAGNOSIS: A species of the genus Woletzina with the following distinctive features: the 

final chambers gradually breaking away from the coiling-plane in a very twisted spiral; 

small, indistinctly developed pseudoumbilicus. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test very small, with round, somewhat 
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lobed outline. Dorsal side low trochospiral in two detectable whorls. First whorl flat, 

chambers a little distended, the sutures between them unclear and not depressed. In the 

second whorl the chambers are inflated, but extended somewhat in the direction of the 

coiling axis, sutures here distinctly depressed, in the entire spiral. section always slightly 

inclined backwards. The chambers of the final whorl are markedly out of the coiling-plane, 

the "ventral" view shows four chambers, one of which, however, belongs to the first whorl. 

Chamber septa lying deep and clear, with a small inconspicuous pseudoumbilicus in their 

midst. Aperture probably interiomarginal slit-shaped, not visible. Very rare. 

DIMENSIONS OF THE HOLOTYPE: Maximum diameter 0.20 mm, height 0.15 mm. 

RELATIONSHIPS: Fuchs records that this species appears to be close to Woletzina 

gaurdakensis (Balakhmatova and Morozova), but is distinguished from it by the final 

whorl being out of alignment with the coiling-plane and the development of a small 

pseudoumbilicus. 

OCCURRENCE: So far only reported in single specimens from the type location. 

COMMENTS: The holotype (No. 0409, Slide 13) from Schichte (Bed) 21 of the Upper 

Callovian appears to be a "hooked shaped" cluster of infilled chambers. It may not be a 

Foraminiferid, although it may be a "defon-ned" intemal mould of a benthonic taxon. 

Genus CONOGLOBIGERINA Morozova, 1961, emend. 

GENOTYPE: Globigerina (Conoglobigerina) dagestanica Morozova, 1961. 

GENUS DIAGNOSIS: Test free, dorsally moderately to pronouncedly trochospiral, 

ventrally more or less concave, narrow umbilicus, frequently also non-umbilicate. Round 

periphery. On the spiral side all chambers visible, in two and a half to three whorls 

partially even arranged in rows, on the ventral side barely the last three to four chambers 

observable. Sutures in the initial stage only a little deepened, therefore in most cases 
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poorly perceptible, later however situated in distinct constrictions, dorsally slightly 

inclined, ventrally approximately radial. The first whorls being not much in evidence, 

arranged flat trochospiral, chambers hardly sub-spherical, gradually becoming larger. The 

chambers of the end whorl (in the case of high-spired forms those of the last two whorls 

also) abruptly increasing in size and globular. Mouth-opening a simple, narrow to 

moderately curved slit, interiomarginal umbilical to extraumbilical. Shell, according to 

Morozova, thin, finely porous; its upper surface smooth to slightly wrinkled. 

REMARKS: Fuchs records that Morozova interpreted Conoglobigerina only as a sub- 

genus of Globigerina Orbigny and assembled into it all high-spired forms not only of the 

Jurassic, but also the morphologically similar true globigerinids of the Cenozoic. Fuchs, 

therefore, raised the, sub-genus Conoglobigerina Morozova, 1961 to a genus and restricted 

it chronologically to the Jurassic. In addition only forms with very narrow or no umbilicus 

at all and more or less faintly curved apertural-arch belong to this genus. 

RELATIONSHIPS: Fuchs, in a lengthy exposition, outlined how Conoglobigerina was 

derived from the upper Rhaetian genus Praegubkinella Fuchs, 1967, by adapting the 

Lower Jurassic shell architecture to new ecological conditions. He also explained the 

relationship to the Cretaceous genera Guembelitria Cushman, 1933 and Gubkinella 

Suleymanov, 1955. He distinguished Polskanella from Conoglobigerina by its wider 

umbilicus and the distinct, high aperture. Tectoglobigerina was identified by the tegillum 

that covered the umbilicus. Fuchs also noted that the Virgulina-like aperture of 

Globuligerina was distinctive, as was the irregular chamber arrangement of Woletzina. 

RANGE: Recorded from the Upper Bajocian to the Tithonian. 

Conoglobigerina dagestanica (Morozova, 1961) 

Conoglobigerina dagestanica (Morozova, 1961), pl. 1, fig. 5. 

1961 Globigerina (Conoglobigerina) dagestanica Morozova - Morozova and 

Moskalenko, p. 26, pl. 1, figs 13-15; pl. 2, figs 14-19; t. fig. 7, figs 1-24. 
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1969 Globigerina bathoniana Pazdrowa, pars, p. 45; p. 47, fig. 5. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, high-spired with mostly 

flat beginning, ventrally concave, hardly umbilicate. Lobate and'round periphery. The 

first whorl lies around the proloculus in about five hardly distended chambers, the second 

and third whorls contain approximately three each, more rarely four chambers of distinctly 

globular forrn, increasing rapidly in volume compared with those of the initial whorl, but 

only gradually one beneath the other. Septa initially slightly sunken-in, later clearly 

deepened. Aperture crescent-shaped situated on the umbilical side of the chamber base, 

that of the penultimate chamber occasionally still remains visible. 

OCCURRENCE: Reported for the first time from the Upper BaJocian and Bathonian of 

Russia, now also recorded in the Upper Callovian of Poland. 

COMMENTS: The specimen in "Slide 3" from Schichte (Bed) 21 in the Upper Callovian 

has quite globose chambers but these may be accentuated as a result of the steinkern 

preservation. It is quite comparable to the form illustrated by Simmons et al. (1997, pl. 

2.3, figs 5,8). 

Conoglobigerina avarica (Morozova, 1961) 

Conoglobigerina avarica (Morozova, 1961), pl. 3, fig. 6. 

1961 Globigerina (Conoglobigerina) avarica Morozova - Morozova and Moskalenko, 

p. 28, pl. 2, figs 1-13,20; t. fig. 8, figs 1-21. 

1971 "Globigerina " avarica Morozova - Br6nnimann and Wernli, p. 123, pl. 2, figs 1-4; 

pl. 4, figs 3,4 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, high conical high spiral 

side, ventral side hardly umbilicate. Outline indented at the suture positions. Dorsally the 

initial chamber is clearly evident, the chambers following immediately afterwards of the 

first whorl low, poorly recognisable owing to the shallow-lying sutures, the chambers of 

the second and third whorls gaining rapidly in size and becoming increasingly more 
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1ý 11 globular. Ventrally only the last three chambers visible. Sutures initially poorly, later 

rather well distinguishable and sunken, on the spiral side always a little inclined, ventrally 

almost radial. Aperture a narrow, hardly definable, interiornarginal umbilical slit. Very 

rare. 

OCCURRENCE: Observed in single specimens both in the Upper Callovian and also in 

the Lower Oxfordian. Known in Russia from the upper BaJocian. 

COMMENTS: The specimen, from Schichte (Bed) 26 in the Oxfordian, is preserved as a 

mineral infilling. It is a very conical form (fide. Simmons et al., 1997, pl. 2.4, fig. 1) and 

the chambers are inflated. The triangular shape is quite angular in appearance. The 

sutures have been given a double line in the illustrations of Fuchs, just as in those of 

Jurassorotalia. 

Conoglobigerina bathoniana (Pazdrowa, 1969) 

Conoglobigerina bathoniana (Pazdrowa, 1969), pl. 1, fig. 2. 

1969 Globuligerina bathoniana Pazdrowa, pars, p. 45: p. 46, figs 1,2,4. 

TRANSLATION OF ORIGINAL DESCRIPTION: Test small, with high, truncated 

conical spire and concave ventral side. On the suture joins the round periphery is distinctly 

lobate. The first whorl surrounding the proloculus is very flat, the chambers only a little 

spherical, the chambers of the following two whorls rapidly increasing in size and 

globular. Ventrally barely the last three and a half chambers recognizable. Sutures at the 

beginning shallow and indistinct, slightly inclined, in the adult stage in deep constrictions 

and nearly straight. Aperture relatively large, almost semicircular, situated 

interiomarginally umbilicate. The aperture of the penultimate chamber remains visible. 

Rare. 

REMARKS: In 1969, Pazdrowa obviously brought together morphologically diverse types 

into her species, amongst them low-spired or high-spired and almost conical fonns. Fuchs 

confined the species to specimens corresponding to the holotype. It is clear that Pazdrowa 
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(1969) included a complete spectrum of fon-ns in her definition of Globigerina bathoniana. 

Fuchs is quite correct in drawing attention to this and in wishing to limit the concept of 

bathoniana to the holotype., It is clear, however, that the Morissi Zone clays of 

Ogrodzieniec, from which the species was described, contains a diverse assemblage with a 

variety of morphotypes. This should be fully investigated and a view taken on the range of 

taxa present. One of the forms illustrated by Pazdrowa has a loop-shaped aperture and, 

following Simmons et al. (1997), extends the range of Globuligerina into the mid- 

Bathonian. This requires further clarification if the stratigraphy of the Jurassic planktonic 

foraminifera is to be ftilly understood. 

RELATIONSHIPS: Fuchs reports that this taxon is very similar Globigerina conica 

lovcheva and Trifonova, 1961, but differs in the higher spire, beginning pointedly, and the 

high-curved aperture. Globigerina avarica Morozova, 1961, has apart from the distinctly 

prominent initial stage of the test a clearly constructed aperture. Globigerina dagestanica 

Morozova, 1961, has somewhat more chambers in the initial whorl and in most cases an 

already pronounced serial arrangement of chambers on the dorsal side. 

OCCURRENCE: Fuchs described this species for the first time from the Bathonian of 

Poland and also recorded it from the Upper Callovian and Lower Oxfordian (here certainly 

somewhat rarer). 

COMMENTS: The specimen in "Slide 2", from Schichte (Bed) 21 in the Upper Callovian 

is preserved in the same mineral infilling with no external wall visible. The aperture is not 

as clear as indicated by Fuchs (1973, pl. 1, fig. 2). It is a high-spired form but the 

appearance is irregular, possibly due to it being a steinkern. 
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2.4 IMPLICATIONS FOR JURASSIC MICROPALAEONTOLOGY 

The investigation and (re)-illustration of the Oberhauscr and Fuchs collections housed in 

the Geologische Bundesanstalt (Vienna) has clarified several aspects of Triassic and 

Jurassic micropalaeontology. 

Previous investigations of the collections (e. g. Dr F. R8gl, formerly of the Natural History 

Museum, Vienna) have concluded that all the Triassic forms had a benthonic mode of life, 

which this investigation has confirmed. Using the data in Fuchs (1967), it is possible to 

plot an evolutionary pathway (Fig. 2.3) that explains most of the relationships. Many of 

Fuchs' taxa are reportedly rare or very rare and the subdivisions of Kollmannita and 

Oberhauserella may be excessive. Despite the name, Schmidita hedbergelloides does not 

develop into Hedbergella. Although there is some uncertainty, the present evidence 

suggests that Oberhauserella quadrilobata evolved into 0. alta and Praegubkinella 

turgescens. Wemli (1995) demonstrated that, in the Toarcian sediments of Teysachaux 

(Switzerland), a diverse assemblage of Oberhauserella and Praegubkinella morphotypes 

show transitional characters with Conoglobigerina. The problem with this transition is that 

it has to be decided at what point the morphology is that of a planktonic foraminiferid, and 

this is not straightforward. Many of the forms illustrated by Wernli (1995, pls 1,2) appear 

to have concave or flattened ventral sides, which were probably the attached sides of 

benthonic taxa. P. racemosa Wernli, however, does appear to have been (potentially) 

free-living. If this is true, then the origin of the planktonic foraminifera may have been in 

the Toarcian and occurred in the area of Western Tethys (see Chapter 9). The relationship 

to the Toarcian Oceanic Anoxic Event and/or the sea level changes at this level is difficult 

to assess. 

If the earliest planktonic foraminifera. are of latest Toarcian age then the migration 

throughout Western and Peri-Tethys of the early conoglobigerinids by the BaJocian was 
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quite rapid and well within the time frame of more recent migration events (Kucera and 

Malmgren, 1988; Kim, 1999; Olsson et al., 2001), some of which appear to require times 

of only >I 00 Ka to expand distributions over several degrees of latitude and longitude. 

Fuchs' (1970) paper on the Hernstein succession shows that Hettangian strata contained no 

planktonic taxa, being characterised by an oberhauserellid fauna. Fuchs' (1973) paper on 

the material from Ogrodzieniec, collected by a colleague, is problematic. Fuchs created a 

number of new species and genera on the basis of glauconitic casts -a dubious practice. In 

some cases Fuchs recognised that these were steinkems, yet illustrates features 

(e. g. apertures) that could not be preserved without the calcite or aragonite test. In this 

paper Fuchs does seem to recognise a problem in the status of Globuligerina and its type 

species G. oxfordiana. The designation of Polskanella, however, did not resolve the issue. 

According to Simmons et al. (1997), the aperture is the key to generic discrimination with 

Conoglobigerina having an interiornarginal low arch while Globuligerina has a high, loop- 

shaped, aperture. This, apparently simple, separation of the genera is slightly problematic. 

The holotype of Globuligerina (given by Simmons et al. 1997) is Globigerina oxfordiana 

Grigelis, 1958 and the three views given by the author in the original figures (especially 

fig. Ic) shows four gradually expanding chambers in the final whorl with an 

interiomarginal low arch for an aperture. In a later paper, Grigelis (1985) re-figured the 

holotype and the drawings do seem to represent the same specimen (and views). The 

aperture remains a low arch, but is shown with a bordering lip. Later Bignot and Guyader 

(1966) illustrated forms of Globuligerina oxfordiana with more elongate chambers and a 

more loop-shaped aperture which looks quite different from that in the original figure of 

Grigelis (1958). These later interpretations of Globuligerina oxfordiana by Bignot and 

Guyader (1966,1971) are a significant problem, according to Huddleston (1982). In a 

probing taxonomic analysis, Huddleston (op. cit. ) argues that the majority of workers have 
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overlooked the fact that "... Bignot and Guyader (1971) specifically designated 

Globuligerina oxfordiana Grigelis, 1958 emend. Bignot and Guyader 1966, emend. 1971, 

and not Globigerina oxfordiana Grigelis, 1958" as the type species of Globuligerina. If 

this is correct, then it calls into question the current interpretation of G. oxfordiana (and, 

perhaps, its relationship with G. bathoniana) as well as the status of the genus 

Globuligerina. In their analysis of Globuligerina, Simmons et al. (1997) appeared to have 

been unaware of the views presented by Huddleston in 1982, which also considered the 

status of the genus Polskanella Fuchs and the Family Favusellidae. Starn (1986) also 

attempted an emendation of Globuligerina that was not fully endorsed by Simmons et al. 

(1997). In 1984, Bignot and Janin described the planktonic foraminifera found in the 

BaJocian of the Falaise des Hachettes (Normandy) succession. While some of the fauna is 

illustrated in thin section, a few isolated specimens are figured (Bignot and Janin, 1984, 

pl. 1, figs 3,5-8). These individuals (especially figs 3,8) show the four chambers in the 

final whorl (which expand slowly and are not elongated) and an aperture that is more like 

the low arch of the original G. oxfordiana. Bignot and Janin (1984) appear to equate 

G. oxfordiana with G. bathoniana of Pazdrowa (1969). With this level of confusion, it is 

not surprising that the separation of G. oxfordiana from G. bathoniana in thin-section is 

almost impossible, with only'a slightly higher spire being the discriminating feature. 

During the examination of the thin-sections of the Polish samples (see Chapter 5), these 

two taxa could not be separated, therefore, nor the position adjudicated on of G. 

calloviensis, which may be the ancestor of G. oxfordiana or an ecophenotype of sub- 

specific taxonomic status. It would be expected that the specimens seen in the sample 

from the Lower Bathonian of the Niedzica Limestone Formation should be closely related, 

if not identical, to those of the type G. bathoniana of Pazdrowa (1969). In some of the thin 

sections, high-spired forms were occasionally observed. 

While some of Fuchs' conclusions may have been inaccurate (in hindsight), many of his 

129 



species and genera are valid taxa and remain well-curated in the Geologische 

Bundesanstalt (Vienna). In subsequent chapters, faunas from Poland, Hungary, 

Switzerland, Italy, Greece and the British Isles have been investigated and slotted into the 

overall evolution of the planktonic foraminifera. In Chapter 9, the information on the 

whole of the Jurassic planktonic fauna is summarised in a series of palaeobiogeographical 

maps that detail the migration of various taxa as Gondwana firagmented during the Jurassic 

and Cretaceous. 
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CHAPTER 3 

THE TOARCIAN 

3.1 TOARCIAN OCEANIC ANOXIC EVENT 

Mero-planktonic foraminifera may have resulted from the perturbation caused by the Early 

Toarcian gas hydrate dissociation and the ensuing Oceanic Anoxic Event (OAE) 

(Hart et al., 2002,2003), from which the planktonic foraminifera. themselves later evolved 

(Wernli, 1995). The timing is certainly suggestive of a relationship. 

The Early Toarcian Oceanic Anoxic Event appears to be associated with high 

palaeotemperatures, significant mass extinction and exceptionally high rates of organic 

carbon burial (Jenkyns, 1988; Vakhrameev, 1991; Jenkyns and Clayton, 1997; Harries and 

Little, 1999). Despite this, from carbon-isotope analyses of fossil wood, Hesselbo et al., 

(2000) reported that isotopically light carbon dominated all the upper oceanic, atmospheric 

and biospheric carbon reservoirs. Over a period of -80 Ka, the negative 813 C,,,, b excursion 

varied in size, recorded in marine carbonate as a 2%o to S%o negative shift and in marine 

and terrestrial organic matter as a 4%o to 7%o shift. They proposed that this resulted from 

voluminous and extremely rapid release of methane from the dissociation of hydrate 

contained in marine continental-margin sediments. Extensive carbonate dissolution during 
I 

the negative excursion was considered to result from oxidation of this released methane. 

Massive volcanism, together with intensified rift-related tectonic activity, could have 

resulted in environmental changes of sufficient magnitude to cause methane-hydrate 

dissociation in continental margin sediments (see Jenkyns, 1988; Dickens et al., 1995; 

Hesselbo et al., 2000) and a negative 813C excursion. If so, this release occurred during a 

eustatic sea-level rise of 30-90 m over approximately 1.5 Ma (Hallam, 1997; Hesselbo and 
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Jenkyns, 1998), increasing hydrostatic pressure and hydrate stability. Hydrate dissociation 

is believed to have been triggered by raised sea-floor temperatures and consequent 

realignment of the temperature gradient in the fault-disrupted sediment. A change in 

global thermohaline circulation may have increased bottom-water temperatures, with a 

shift in bottom-water formation from high to low latitudes, and governed the flow through 

the north-western European seaway. With the low-latitude deep-water formation driving 

the southward flow, its salinity has been calculated as 3-5%o less than that of the northward 

flow. North-West European data indicate that salinity reduction is synchronous with the 

start of both black-shale deposition and the negative carbon-isotope excursion (Hesselbo et 

aL, 2000). The introduction of cool, nutrient-ricb, northern bottom waters could have been 

an influencing factor in the organic enrichment in the north-west European seaway. The 

release and oxidation of methane in large quantities would have reduced oceanic oxygen, 

promoting organic-carbon burial regardless of nutrient redistribution. The oceanic 

carbonate balance would have been disrupted, increasing carbonate solubility. In deep- 

water Tethyan locations, the absence of primary carbonates with the negative carbon- 

isotope signal is a predicted consequence of gas-hydrate dissociation. 

3.2 THE POSIDONIENSCHIEFER, SOUTH-WEST GERMANY 

The Posidonienschiefer, near the village of Holzmaden in Baden Wfirttemberg, South- 

West Germany is a Toarcian laminated, oxygen-depleted, black shale famous for its 

64 stagnation Lagerstdtten", the preservation of its marine fossils in the shale sequence. 

According to Hartgers et al. (1995), the Posidonian shale was deposited in an 

epicontinental sea'under exaerobic conditions (dysaerobic/anaerobic boundary at the 

sediment-water interface; Bottjer and Savrda, 1993) over much of northwest Europe and 

southwards to the margins of the Tethys Ocean. There was substantial regional extinction 

in the early Toarcian, contemporaneous with a global transgression and the onset of black 
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shale deposition. A positive carbon excursion in the shallow marine carbonates indicates a 

change in carbon cycling in the oceans, probably resulting from the widespread storage of 

carbon in bottom sediments: Despite decades of intensive studies, it is still uncertain 

whether conditions in the bottom waters were oxic or anoxic. Various theories have been 

advanced, including: 

* anoxia in the bottom waters, evidenced by the exceptional fossil preservation 

(Seilacher et al., 1985), together with the geochernistry (a high pyrite and organic 

content <15%) of the finely laminated sediment r undisturbed by burrowers; 

a boundary between anoxic and oxic conditions close to the sediment-water interface, 

with oxic bottom waters prevailing for long periods (Kauffman, 198 1); and 

*a sea-floor affected at intervals by storm-generated currents but with anoxic bottom 

conditions prevalent. 

According to Brenchley and Harper (1998), on balance, the geochemical and much of the 

biotic evidence suggest that anoxia generally prevailed but the environment was 

episodically disturbed by more dysaerobic events. 

3.3 TOARCIAN FAUNAL CHANGE IN BRITISH "JET ROCIC' 

The British Jurassic contains three major sequences of organic-rich shales. 

1. The Jet Rock Formation (Lower Toarcian), with the highest organic carbon content, 

was probably deposited in very poorly oxygenated bottom waters. Within the 

sediment, reducing conditions extended up to the sediment surface, thereby preserving 

a higher organic carbon content. The changes to the foraminiferal assemblage across 

this stratigraphical interval have been described by Hilton and Hart (2000). In the Port 

Mulgrave succession, there is a "flood" of inflated Oberhauserella in the base of the 

Falciferum Subzone, just above the anoxic layer and the negative 813 C excursion 
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(Fig. 3.1). The same changes were also reported in the Tilton and Holwell successions, 

though not at the famous Toarcian succession at Dotterhausen, Germany (see Hylton, 

2000). 

2. The Lower Oxford Clay (Callovian), with the lowest average organic carbon content, 

was probably deposited in mildly oxygenated bottom waters. The sediment profile 

consists of a thin upper oxidizing layer, with reducing conditions occurring a few 

centimetres below the sediment surface. 

3. The Kimmeridgian Clay (Kimmeridgian) has a much wider variation in organic carbon 

content than the two other sequences, indicating accumulation in an environment which 

fluctuated periodically between mildly oxygenated and totally anoxic. 

In addition, minor sequences are found in the Blue Lias Formation and the Shales-with- 

Beef Fonnation (Hettangian-Sinemurian) (Morris, 1980). 

r 3.4 PREALPES MtDIANES, SOUTH-WESTERN SWITZERLAND 

Wernli (1995) studied the Lower Toarcian of the Pr6alpes N16dianes, south-westem 

Switzerland (see Chapter 2, section 2.1). His material came from an excavation on a 

forestry road near Teysachaux (Fribourg Alps), just above the anoxic event in the 

Falciferum Zone of the Toarcian and, therefore just above the negative carbon isotope 

excursion. The Creux de I'Ours section of Teysachaux is a famous fossil locality 

(including a specimen of a nearly complete ichthyosaur in the Bern Natural History 

Museum). Following a summer storm, a large number of trees had to be felled and, in 

order to access the woodland (Fig. 3.2a), the forestry road was widened. The fossiliferous 

sample studied by Wernli (1995) was collected by colleagues of Dr M. Weidmann 

(Lausanne Museum of Geology) and the site has now degraded. A section was opened up 

near to the "anoxic event" exposed in the river section (Fig. 3.2b) but samples from this 

trench proved to be barren (Fig. 3.2c). 
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(a) View of the Fribourg Alps near 
Teysachaux. The river section up to the 
Toarcian "anoxic event" is in the wooded 
valley in the distance between the two 
buildings. 

(b) Black mudstone of the Torcian "anoxic event" is localised mi dic bmik ol ffic Creux de I'Ours 
(coordirlalc, s '; 65,0" 1 ý4, 'O oii Tfiý, I" 000 (-ýý, olo, -, 

ical 111,11) ot, ( III-Itc! -, ýl lilt 

4 

(c) Trench section excavated from the level of the "anoxic event" in the Falciferum Subzone. 
Samples proved to be barren. 

Figure 3.2. Teysachaux location from which Wernli's (1995) samples were collected 
(Hart, 2001). 
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Wernli (1995) illustrates a number of Oberhauserella quadrilobata comparable to 

specimens in the Geologische Bundesanstalt, Vienna (see Chapter 2). He also illustrates 

(Wernli, 1995, pls 1,2) a number of forms of Praegubkinella turgescens, some of which 

are not as inflated or developed as Oberhauserella alta (Pl. 1, Fig. 3a-d) or Praegubkinella 

turgescens (Pl. 5, holotype Fig. 2a-c and paratypes Figs 3a-c, 4a-c). 

All of this information clearly indicates that, in the samples just above the Falciferurn 

Subzone "anoxic evenf', the Oberhauserella and Praegubkinella faunas diversify, develop 

more inflated chambers and produce forms very similar to high-spired Conoglobigerina. 

The_question remains, however, are these inflated oberhauserellids developing a planktonic 

mode of life or are they still benthonic? In the British Isles, at exactly the same level, there 

is a flood of inflated Oberhauserella quadrilobata immediately above the black 

mudstones of the Falciferum. Zone (Hylton, 2000). Wcrnli (1988) described the same 

transition to a "protoglobigerinid" in the Toarcian-Aalenian in the Taurus Mountains, 

Turkey. 

Prior to these changes in the mid-Toarcian, there are no records of definite planktonic 

foraminifera. Some early records are in doubt (sample contamination) and the specimens 

described by G6r6g (1994) as Globuligerina geczyi are also thought to be Cenozoic 

contaminants (see Simmons et al., 1997, p. 20). Detailed work by Hillebrandt et al. (2006) 

in the Northern Calcareous Alps has described a Hettangian fauna that includes 

Oberhauserella and Praegubkinella turgescens but no other planktonic taxa (Fig. 3.3). 

Current evidence, therefore, suggests that it is in the Toarcian where the first changes to a 

planktonic mode of life occurred within the foraminifera, although the direct association 

with the anoxic event has yet to be tested (Hart et al., 2003). 
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CHAPTER 4 

SOMHEGY, BAKONY MOUNTAINS, 
NORTH-WESTERN HUNGARY 

4.1 GEOLOGICAL SETTING 

Since the mid-nineteenth century, studies of the Bajocian outcrops and excavations of Som 

Hill (Somhegy) (Fig. 4.1), in the northern Bakony Mountains, have appeared in the 

Hungarian literature (Wernli and G6r6g, 1999). The Bakony Mountains, at the edge of the 

Pannonian Basin, are a continuation of the Alps towards the inner West Carpathians and 

are believed to have been a transitional area between Tethys and the epicontinental region 

(Galdcz, 1976; Monostori, 1995). The Jurassic sediments were deposited on oceanic 

heights and inter-seamount grabens, each having disfinct lithological, stratigraphical and 

palaeontological characteristics (Wernli and G6r6g, 1999). Somhegy belongs to a group of 

discontinuous or "searnount" sequences (Galdcz, 1976). Detailed geological and 

palaeontological studies have been undertaken, particularly of molluscs (Galicz, 1976; 

Szab6,1990; Szente, 1995). 

The oldest rock on Somhegy, the Hettangian, yellow, oolithic, Dachstein-type Kardosr6t 

Limestone Formation, is overlain by red, nodular, Bajocian Ammonitico Rosso limestone, 

clearly dated by the ammonite fauna. Within the former, there are "gradually attenuated 

S-fissures parallel to the bedding, approximately 180 cm thick, filled with reddish, 

manganiferrous, micritic limestone", containing BaJocian fossils (Wemli and G6r6g, 

1999). Szab6 (1990) distinguished six beds in the fissure-infilling. Using the ammonite 

zonation, Galicz (1976) established that the lower three beds belonged to the 

Humphriesianurn Zone (Lower Bajocian) and the upper three to the Niortense Zone (Upper 

Bajocian) (Fig. 4.2). According to Wendt (1971), a submarine dyke was suggested by the 

faunal assemblages and their state of preservation. A relatively deep-water environment 
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on a "submarine high" during the Bajocian is indicated, according to Wernli and G6r6g 

(1999), by: 

* the hiatuses at various time intervals; 

* the reduced thickness of the rock succession for the age represented; 

+ the particular facies - "Ammonitico Rosso"; 

* the lack of radiolarites, present in most Jurassic sections of the Bakony Mountains; 

* ostracod studies (Monostori, 1995); and 

* mollusc studies (Galdcz, 1976; Szente, 1995). 

Jurassic globigerine-like foraminifera, "protoglobigerinids", have long been studied in 

sections from indurated limestones or extracted from shaly rocks but, in the latter, they are 

relatively scarce and records for the Liassic and Early Dogger are very poor (Gar6g, 1994; 

Wernli, 1995; Wernli and G6r6g, 1999). Wernli and G6r6g (1999) observed that the most 

abundant protoglobigerinid assemblages occur in the limestones, particularly the indurated 

Ammonitico Rosso facies. Some of these limestones are extremely rich in specimens, 

which often appear as "blooms". The Bajocian Ammonitico Rosso of Somhegy is, 

therefore, well dated by an important assemblage of "protoglobigerinids" well constrained 

by the ammonite zonation. 

4.2 AMMONITICO ROSSO 

Arnmonitico Rosso is the term applied to carbonate rocks of a nodular structure, containing 

ammonite moulds, which are widespread in the Tethyan Jurassic and, in places, the Lower 

to mid-Cretaceous. According to Cecca et aL (1992), Ammonitico Rosso developed 

during the rifting of the continent margins and is an indicator of the various phases during 

the opening of Tethys. It developed particularly in areas of complex palaeogeography, 

being found on the tops and slopes of tilted-blocks, and in the related basins. Their 
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palaeoenvironmental reconstructions indicated that the Ammonitico Rosso disappeared in 

the late Berriasian. Despite having some common properties, these facies differ in various 

significant respects (di Stephano et aL, 2002). Typically red, Ammonitico Rosso may also 

be grey or green, often as a result of late diagenesis. The nodular structure is composed of 

rounded pieces of almost pure limestone in a matrix of dark red marls or marly limestone. 

Ammonitico Rosso is typically pelagic, often lacking the carbonate grains indicative of a 

shallow-water platform environment and terrigenous sediments. Sedimentation rates are 

very low, most of the sediment being biogenic, with frequent stratigraphical 

discontinuities. 

Aubouin (1964) used the relative proportions of the nodules and matrix to differentiate 

initially between basinal, marly Ammonitico Rosso and more calcareous, swell-zone 

facies, the latter being further differentiated into "flaserkalke", indicating slow, continuous 

sedimentation, modified by late diagenesis, and "knollenkalke", indicating discontinuous 

sedimentation, evidenced by hardgrounds. 

The differing natures and origins of nodules have been the subject of various studies. The 

nodular structure can result from a combination of factors, including bioturbation, 

winnowing, early cementation and pressure dissolution (di Stcphano et aL, 2002). Based 

on an assumption that the prc-Ammonitico Rosso sediment was a fairly homogeneous 

mixture of clay minerals, calcareous nannofossil ooze and aragonite, Jcnkyns (1974), from 

his study of Western Sicily, proposed that nodules were formed by calcite precipitation 

through the dissolution of the Icss-stable aragonite grains, during a period of minimal 

sedimentation rates and "in an environment that is not commonly found today". 

According to di Stephano et aL (2002), points on which authors agree include: 

* in its more calcareous facies, Ammonitico Rosso tends to result from sedimentation on 

top of fault blocks resulting from the rifling and drowning of carbonate platforms; 
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* detached from the continent and surrounded by deeper basins, the only source of 

sediments, apart from a benthonic component, is slow pelagic sedimentation, typically 

resulting in condensed facies; 

* currents were intermittently active, 'as evidenced by intraclasts, taphonomically 

reworked ammonites, frequent erosional discontinuity surfaces and traction laminae 

preserved within neptunian dykes; and 

* bottom conditions were highly oxygenated, indicated by the red colouration of the 

rock. 

Conversely, the depth at which Ammonitico Rosso sediments were deposited is 

controversial. Winterer and Bosellini (1981) estimated a depth of approximately 1000 m 

for the Ammonitico Rosso Veronese in their study of the Southern Alps. More recent 

studies in this region and the Central Apennines, however, have suggested relatively 

shallow depths, on the basis of sedimentological and palaeontological evidence. 

Hummocky cross-stratified beds, interbedded within various Ammonitico Rosso facies of 

differing ages have been described by Cecca et al. (1990), Monaco (1992), Santantonio 

(1993) and Zempolich, (1993). Ammonitico Rosso sedimentation could have occurred at a 

wide range of depths, including the photic zone, as is the case with other typical Tethyan 

Jurassic pelagic lithofacies. 

Martire (1996) distinguished eight facies in the Ammonitico Rosso Veronese of north- 

eastern Italy, differing from each other in structure, (bedding, style, presence and type of 

nodularity) and texture (nature of components, compaction). He subdivided it into three 

units: 

* lower Ammonitico Rosso (Upper Bajocian-Lower Callovian), massive and nodular; 

* middle Ammonitico Rosso (Upper Callovian-Middle Oxfordian), well-bedded, non- 

nodular and cherty; and 

* upper Ammonitico Rosso (Lower Kimmeridgian-Tithonian), richer in clay and 
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typically nodular. 

Cecca et aL (2001) distinguished three subfacies within the Ammonitico Rosso of Western 

Sicily: nodular, pseudo-nodular and intraclastic nodular. The latter two suggest formation 

by hydrodynamic processes, since their characteristic intraclasts are principally formed by 

mechanical abrasion. 

According to G6r6g and Wernli (2002), Bathonian Ammonitico Rosso facies occur in two 

"megatectonic" units of Hungary, the Transdanubian Central Range of the Pelso Unit and 

the Meesek Mountains (Southern Hungary) of the Tisia Unit. During the mid-Jurassic, 

these areas belonged to different provinces of the Tethyan Realm, the Transdanubian 

Central Range to the Mediterranean Province and the Mecsek Mountains (like North-West 

Europe) to the Submediterranean Province. Bathonian and Callovian Ammonitico Rosso 

facies are rare in the Mediterranean Province because of the prevalence of radiolarites 

during these stages. In the Transdanubian Central Range, the only series of Bathonian 

Ammonitico Rosso so far discovered is in the Gyenespuszta area (Galacz, 1980). Its rich, 

diverse protoglobigerind assemblages contrast with a lack of protoglobigerinids in the 

marly limestone Ammonitico Rosso series of the Middle Jurassic in the Mecsek Mountains 

(G6r6g, 1995). Apart from Gyenespuszta, similar facies are known only from Southern 

Poland (Wierzbowski et al., 1999) (see Chapter 5) and Sicily (G6r6g and Wernli, 2002) 

(see Chapter 6). 

4.3 EARLY RECORDS OF PLANKTONIC FORAMINIFERA 

Although the occurrence of Jurassic planktonic foraminifera has been known since the 

middle of the nineteenth century, there were few studies undertaken until recent years, 

when more material became available for analysis. Details of the test sculpture and 

porosity for each species were not visible using light microscopes in the earlier studies but, 
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since the advent of electron microscopes, important new distinguishing features have been 

observed. As a result, Grigelis and Gorbatchik (1980a) believed that the holotypes or 

topotypes of all previously identified species of globigerine-like foraminifera needed to be 

studied by electron microscopy. Due to the comparative scarcity of protoglobigerinids, the 

stratigraphical ranges are not well-established and the taxonomy at both specific and 

generic level is unsatisfactory, the definitions of taxa in the literature varying considerably. 

G6r6g and Wernli (2002) considered a good knowledge of these to be fundamental, with 

accurate diagnostic keys being required to define evolutionary trends in the first planktonic 

foraminifera and their phyletic relationships with the Cretaceous groups whose expansion 

appears to have begun in the Barremian. 

Phyletic relationships have been challenged following the discovery of large and "giant" 

species in the BaJocian by Wemli and G6r6g (1999), contradicting the usual evolutionary 

pattern, where small species generally precede the larger ones. This occurrence of very 

large and thick-walled species early in the evolution of the protoglobigerinids, at present 

apparently restricted to the Mediterranean Province, is believed to be due to the 

palaeogeography (Fig. 4.3) and palaeoceanographical conditions. The protoglobigerinid 

assemblages also vary considerably in morphology, the majority of taxa demonstrating a 

range of transitional forms, and there tends to be ambiguity in the features of the 

"globigerine" morphology. Many extant rotaline genera become planktonic just before and 

during reproduction, in order to disperse their water-bome gametes over greater areas 

(Simmons et aL, 1997). Wernli and G6r6g (1999) queried whether the considerable 

intraspecific variability (general morphology, size, etc. ) observed in the well-diversified 

Early BaJocian protoglobigerinid assemblages of Somhegy resulted from evolutionary 

adaptation to ecological factors or from generational dimorphism. Despite details of the 

juvenile stages being insufficiently visible in their thin sections to determine the existence 

of generational dimorphism, they subsequently confinned (G6r6g and Wernli, 2002) that 
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the small species present were not juvenile forms of the larger ones. 

The specimens in all these sections differed distinctly from those of the Toarcian 

(Praegubkinella spp. described by Wernli, 1995), in size, wall-thickness and general 

characteristics but the phyletic relationships with earlier forrns are unknown and, even with 

the slightly better documented later Jurassic, they are uncertain. However Praegubkinella 

is now believed to have been benthonic and the probable cause of the transition to a mero- 

planktonic life-style was the perturbation caused by massive underwater gas hydrate 

dissociation in the Early Toarcian (Hesselbo et al., 2000) and the ensuing Oceanic Anoxic 

Event (Hart et al., 2002,2003). The earliest known typically planktonic foraminfera are 

probably the Bajocian Conoglobigerina which, up until now, have apparently only been 

recorded from eastern Europe (northern and central Tethys): Conoglobigerina avariformis 

Kasimova, 1984, C balahmatovae (Morozova, 1961), C dagestanica Morozova, 1961, 

and, possibly, C avarica Morozova, 1961 (Simmons et aL, 1997). 

Using the biostratigraphical subdivisions and level notations of Galdcz (1976 and 1980, 

respectively), Wernli and G6r6g (1999) studied layers from the Humphriesianum to 

Niortense zones (latest Early BaJocian to earliest Late Bajocian) at Somhegy and then the 

Subcontractus to Hodsoni zones (mid Bathonian to Late Bathonian) at Gyenespuszta 

(Figs 4.4,4.5) (G6r6g and Wernli, 2002). The interval between the Niortense and 

Subcontractus zones (earliest Late Bajocian to mid-Bathonian) had yet to be investigated 

for protoglobigerinids. 

4.4 MATERIALS AND METHODOLOGY 

Samples of limestone from the Humphriesianum, Niortense and Parkinsoni zones of 

Somhegy were collected by Professor M. B. Hart, under the guidance of Professor 
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R. Wernli and J. Szab6. Present outcrops of limestone are very poorly exposed in quite 

dense, tick-infested woodland at the top of the hill (Fig. 4.6), much of it in the remains of a 

trench excavated in the 1990s. The samples used by Wernli and G8r8g (1999) were 

collected from this trench. Much of this excavation is now overgrown but parts can still be 

uncovered. The section illustrated in Wernli and G6r6g (1999, fig. 2) is not really visible 

and the succession is difficult to piece together. Ammonites are abundant and can be used 

for age correlation. 

Thin sections from the three zones were examined under an Olympus Vanox Universal 

Research Microscope fitted with a biological stage. Using the "Provisional Determination 

Key" established by Wernli and G6r6g (2000), the planktonic foraminifera. present were 

identified (see Appendix III). The maximum diameters and test thicknesses of the 

specimens were measured using a calibrated graticule. For each layer, the number of 

chambers visible for each specimen was plotted against its maximum diameter. The data 

were then separated into two categories, for thick-walled and thin-walled specimens, 

respectively. For each category, the abundance of specimens was plotted against 

maximum diameter and the results of the two categories compared. 

4.5 RESULTS AND DISCUSSION 

4.5.1 ANALYSIS OF THIN SECTIONS 

While "larger" foraminifera are frequently analysed in thin-section and subjected to 

biometric analysis, this is not normally the case for "smaller" benthonic foraminifera or 

planktonic foraminifera. In the case of protoglobigerinids, most sections are random slices 

through the approximately four chambers that form the final whorl of the test. The 

interpretation of such data is, therefore, rather subjective. 

In many of the thin-sections from Somhegy, the planktonic foraminifera are noted as 
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Figure 4.6. Somhegy sampling location (Hart, 2001). 
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having both thin-walled and thick-walled fonns while all other characters appear 

comparable. This was also noted by G6r6g and Wernli (2002) and is discussed in a later 

section (4.6) 

4.5.1.1 LATE EARLY BAJOCIAN: HUMPHRIESIANUM ZONE 

From the Humpriesianum Zone, thin sections from four layers were examined (Figs 4.7, 

4.8). 

HUMPHRIESIANUM: BASAL LAYER 

In this sample, taken from the lowest level of the Humphriesianurn Zone, planktonic 

foraminifera were sparse, so comparison between thick- and thin-walled specimens could 

only be superficial. Maximum diameters ranged from 150-337.5 gm, the thick-walled 

specimens ranging from 175-325 gm and the thin-walled specimens present throughout the 

total range. The maximum number ofIchambers visible was 7, at maximum diameters of 

175 pm and 200 pm, both relating to thin-walled specimens. Whilst the thick-walled 

specimens had slightly less variation in their maximum diameters, there tended to be more 

individuals per diameter, with a maximum at 275 ýtm. Conversely, the thin-walled 

specimens had slightly more variation in diameter. The percentage ratio of thick-walled 

specimens to thin-walled specimens was 63%: 37%. 

HUMPHRIESIANUM: LAYER I 

This sample demonstrated a marked increase in abundance. Maximum diameters ranged 

from 75-262.5 pm, with the thick-walled specimens again having a reduced range of 100- 

225 gm. The maximum number of chambers visible was 7, at maximum diameters of 

125 gm, 150 gra and 200 gm, all of which related to thin-walled specimens. In addition to 

this reduced range, the thick-walled specimens were an order of magnitude lower in 

abundance, the maximum number of individuals occurring at a diameter of 150 pm, 
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whereas the maximum abundance for the thin-walled specimens occurred at a diameter of 

125 pm. The percentage ratio of thick-walled specimens to thin-walled specimens was 

6.5%: 93.5%. 

HUMPHRIESIANUM: LAYER 2 

Maximum diameters ranged between 62.5-400 pm and, in this sample, the ranges of the 

two forms overlapped, the thick-walled specimens ranging from 100-400 ýtrn and the thin- 

walled specimens from 62.5-350 pm. The maximum number of chambers visible was 7, at 

maximum diameters of 175 prn and 225 pm, both relating to thin-walled specimens. 

Again, there was a marked difference in the abundance of thick and thin-shelled 

specimens. Whereas the peak abundance occurred at 225 pm in the thick-walled 

specimens, the peak abundance in the thin-walled specimens occurred at 175 pm. The 

percentage ratio of thick-walled specimens to thin-walled specimens was 8%: 92%. 

HUMPHRIESIANUM: LAYER 4 

In the uppermost sample from the Humphriesianum. Zone, maximum diameters ranged 

from 112.5-350 pm, the thick-walled specimens ranging from 125-350 gm and the thin- 

walled specimens ranging from 112.5-312.5 pm. The maximum number of chambers 

visible was 8, at a maximum diameter of 200 gm, but, at this level, relating to thick-walled 

specimens instead. There was greater parity between the abundances of the two forms, the 

maximum for the thick-walled forms occurring at 200 prn and for the thin-walled forms at 

175 pm. The percentage ratio of thick-walled specimens to thin-walled specimens was 

52%: 48%. 

4.5.1.2 EARLY LATE BAJOCIAN: NIORTENSE ZONE 

From the Niortense Zone, thin-sections from two layers were examined (Figs 4.9,4.10). 
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NIORTENSE: LAYER I 

Maximum diameters ranged from 75-362.5 prn in the lower sample from the Niortensc 

Zone, the thick walled specimens ranging from 100-362.5 prn and the thin-walled 

specimens ranging form 75-350 gm. The maximum number of chambers was 7, at 

maximum diameters of 75 gm, 100 gm and 250 pm, all relating to thin-wallcd specimens. 

A maximum abundance occurred at 225 gm in the thick-walled specimens whereas, in the 

thin-walled specimens, the maximum abundance occurred at 125 gra, followed by 100 Pm. 

The percentage ratio of thick-walled specimens to thin-walled specimens was 34%: 66%. 

NIORTENSE: LAYER 2. 

Maximum diameters ranged from 75-400 ptrn in the upper sample from the Niortense 

Zone, the thick-walled specimens ranging from 100-300 grn and the thin-walled specimens 

ranging from 75400 jim. The maximum number of chambers was 8, at maximum 

diameters of 150 gm, 162.5 pm, 200 prn (all thin-walled) and 225 prn (thick-walled). This 

was the widest range of diameters found at any of the levels. Maximum abundance for the 

thick-walled specimens occurred at a diameter of 150 gm. and for the thin-walled 

specimens at a diameter of 125 pm. The percentage ratio of thick-walled specimens to 

thin-walled specimens was 19%: 81%. 

4.5.1.3 LATEST BAJOCIAN: PARKINSONI ZONE 

From the Parkinsoni Zone, thin sections from only one layer were examined (Figs 4.9, 

4.10). At this most recent level, the maximum diameters ranged from 100-375 9m, the 

thick-walled specimens ranging from 162.5-375 gm and the thin-walled specimens ranging 

from 100-375 jim. The maximum number of chambers was 7, at maximum diameters of 

262.5 pm, 275 pm, 287.5 pm, 300 gm (all thick-walled) and 325 pm (thin-walled). For 

the thick-walled specimens, the maximum abundance occurred at a diameter of 275 gm 

whilst, for the thin-walled specimens, it occurred at a diameter of 225 gm. The percentage 
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ratio of thick-walled specimens to thin-walled specimens was 73%: 27%. 

4.5.2 GENERAL TRENDS 

There appears to be a disparity in maximum abundance peaks between thick-walled and 

thin-walled specimens. The lower parts of the Humphriesianum. Zone have the narrowest 

range of sizes and, in general, tend to be smaller (Figs 4.7,4.8). In the upper part of the 

Humphriesianum Zone and in the Niortense and Parkinsoni zones, there is a wider range of 

overall size, while the maximum numbers vary in their size. In the Niortense Zone Layer 

1, the maximum numbers of thick and thin-walled forrns show their widest divergence and, 

while this is coincident with the lowest percentages of protoglobigerinids (Wernli and 

G6r6g, 1999), no explanation for this can be offered. Graphs of the mean and range of size 

of planktonic foraminifera, were attempted on the basis of thin sections from seven 

stratigraphical levels but failed to show any meaningful relationship to BaJocian sea-level 

changes. Sea-level changes in the Bajocian are well known and are discussed in a later 

section (4.8). 

4.5.3 SPECIES PRESENT 

In many thin sections it is almost impossible to identify the taxa involved, unless presented 

with a full view through the spire. Dr Agnes G6r6g spent many months experimenting 

with acid reductions using the acetic acid method of Lethiers and Crasquin-Soleau (1988) 

and Lirer (2000). Using isolated specimens, Wernli and Gbr6g (1999) identified the 

following taxa: 

Conoglobigerina avariformis Kasimova, 1984; 

Conoglobigerina aff. dagestanica Morozova, 196 1; 

Globuligerina bathoniana gigantea ssp. nov.; 

Globuligerina aff. bathoniana (Pazdrowa, 1969); 

Globuligerina oxfordiana (Grigelis, 1958). 
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In particular, Wernli and G8r8g (1999) noted the large size of many of the specimens, 

identifying a new sub-species of G. bathoniana gigantea. This is particularly interesting in 

that the BaJocian limestones are considerably older than the Bathonian type horizon of G. 

bathoniana as well as being significantly older than the type level of G. oxfordiana, Aýhich 

is also identified(? ) in the ? succession (Wemli and G6r8g, 1999, pl. 1, figs 1-4,7-10). 

4.5.4 CAUSES OF DISCREPANCY 

With the intermediate sizes, it was often difficult to differentiate between species with 

similar outlines. For instance, it was difficult to distinguish Globuligerina oxfordiana 

(Grigelis) medium forms (Wernli and G6r6g, 2000, pl. 1, figs 5 and 8) from 

Conoglobigerina aff. dagestanica (Morozova) (pl. 1, fig. 21) or Globuligerina aff. 

bathoniana (Pazdrowa) (pl. 1, fig. 25). Similarly, it was difficult to distinguish 

Globuligerina oxfordiana (Grigelis) medium form (pl. 1, fig. 7) from Conoglobigerina aff 

dagestanica (Morozova) (pl. 1, fig. 20). 

However, this is in accordance with Wernli and G6r6g! s (2000) "Provisional Determination 

Key", in which they state that, generally, only axial sections give sufficient information 

and that the medium sections (180-250 pm) with thin-walled, tests "can not be surely 

determined. They can belong to either to C aff. dagestanica, G. aff. bathoniana, or G. 

oxfordiana, but also to juvenile forms of the previous species". They also attributed: 

* large sections (300-320 pm) with thin-wallcd, apparently consecutively-built tests to 

Globuligerina bathoniana gigantea; 

* very large sections (300-320 pm) with thick-walled, concurrently-built tests to 

Conoglobigerina avariformis sensu lato, the two forms (sphaerica and alta) being 

indistinguishable in oblique sections. 
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4.5.5 VARIATION IN TEST SIZE 

Bradshaw (1957) discovered that both temperature and salinity affect the rate of growth 

and reproductivity in benthonic species but this has been found to be equally applicable to 

planktonic taxa (Bijma et al., 1990). According to Masters (1977), the final size of an 

individual is limited by its death or its reproduction. In species or individuals where the 

supply of protoplasm is exhausted during reproduction, the parent test is discarded, thereby 

terminating growth. Unlike most other organisms, foraminifera may become larger under 

less favourable environmental conditions. If environmental parameters delay onset of 

reproduction, the individual will continue to grow until either those parameters become 

more suitable for reproduction or they kill the organism. The size of an individual is not, 

therefore, necessarily directly related to reproductive maturity but more likely to the 

amount of food consumed by the organism during its lifetime (B6,1982). 

4.6 THICK AND THIN TESTS ' 

4.6.1 CONSECUTIVELY- AND CONCURRENTLY-BUILT TESTS 

Test thickness appears to be a significant feature in the planktonic foraminifera from the 

BaJocian of Somhegy. Wernli and G6r6g (2000) believed that wall thickness, of both the 

septum and the external wall of the juvenile whorls, was an important diagnostic 

characteristic. The taxonomic importance of test growth, concurrently or consecutively, 

needed to be evaluated. In concurrently-built tests, the wall of each new chamber is added 

on top of the previously built test, whereas in consecutively-built tests this does not occur. 

The difference can only be clearly identified in axial or sub-axial sections because, in 

transverse sections, the thickness of the external wall only increases slightly from chamber 

to chamber (Wernli and G8r6g, 2000). Both types of test building and wall thickness were 

visible amongst the Bajocian protoglobigerinids from Somhegy examined. Only 

Conoglobigerina avariformis sensu lato clearly demonstrates a concuffently-built test, 
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with a relatively thin septum (-8 pm) but a very thick external wall (-40 Rm) on the 

juvenile whorls, through ontogenic additions. Conoglobigerina aff. dagestanica, 

Globuligerina bathoniana gigantea, G. aff. bathoniana and G. oxfordiana, however, have 

relatively thin walls throughout their tests, which therefore appear to be consecutively- 

built. 

4.6.2 WALL STRUCTURE 

Opinions have differed as to whether structural differences are taxonomic or due to the 

state of preservation of the tests. Reiss (1957) had recognised a two-layered wall structure 

in most planktonic groups, both extinct and extant. He stated that the chamber walls were 

double, "formed by an outer lamella, one per instar (new chamber) covering the whole test, 

and by an inner one, lining each chamber and confined to if'. This "bilamellar" test 

structure was subsequently recorded by various authors, including Reiss (1958,1963), B6 

and Ericson (1963), B6 and Lott (1964), B6 (1965,1977), Premoli Silva (1966), 

McGowran (1968), Pessagno and Miyano (1968), Hemleben (1969), B6 and Hemleben 

(1970). 

B6 and Lott (1964) illustrated differences in wall thickness in cross-sections of 

Globorotalia truncatulinoides specimens of approximately equal size, one with a calcite 

crust and one without (Fig. 4.11). The thin-walled specimen has a bilamellar test and is in 

the first phase of calcification, whereas the thick-walled specimen demonstrates a clear 

structural difference between the bilamellar test and the calcite crust in the second phase of 

calcification. The calcite crust can add more than 50% CaC03 by weight to the tests of 

Globorotalia truncatulinoides, G. menardii and other species (B6,1977). 

With the use of scanning electron microscopy, B& and Hemleben (1970) discovered that 

the outer and inner lamellae were composed of many more layers than first described by 
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Reiss (1957). This was also confirmed for some of the Cretaceous planktonic foraminifera 

(136,1977). Contrary to Reiss' observations, B6 and Hemleben suggested that chamber 

calcification occurred continually and independently of a new chamber being formed. 

They believed that a lamina was deposited in patches, rather than being a continuous sheet 

over the last whorl. In either case, the wall thickness of the earlier chambers in the last 

whorl became thicker than that of the later ones. This is marked in species such as 

Globigerina washitensis Carsey, which has a rather thick primary organic membrane 

separating the outer and inner lamellae. 

4.6.3 TEST GROWTH 

In 1965, B6 had discovered what he and Hemleben (in B6 and Hemleben, 1970) referred to 

as the two main phases of wall calcification during the test growth of most species of 

Recent planktonic foraminifera. The first phase consisted of the bilamellar growth of the 

entire test to normal adult size and the second phase was the superimposition of a calcite 

crust over the adult test, concealing surface ornamentation. The development of a calcite 

crust was not, at that time, recognised in Mesozoic planktonic species. From further 

observations during his comprehensive study of Recent planktonic forarninifera, B6 (1977) 

put forward his hypothesis on test growth. 

CALCIFICATION PHASE I 

Calcification is primarily involved in rapid test construction during which the walls of the 

previous chambers thicken slightly. In the final chamber, two main structural units, 

separated by a primary organic membrane (POM), are visible in the bilamellar wall. From 

the existing test, protoplasm is exuded to create a new chamber. The POM is produced just 

outside the cytoplasm, followed by an outer and inner organic layer on the distal and 

proximal sides of this membrane. These three organic layers govern calcification and the 

shape of the test wall, constituting the organic matrix "compartment" within which calcite 
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is secreted. The initial chamber wall consists of two thin calcite layers, which are secreted 

between the central POM and the outer and inner organic layers respectively. 

Calcification "episodes" on both the distal and proximal sides of the new chamber wall 

increase its thickness. With the fon-nation of each new chamber, an additional calcite layer 

is secreted from an organic layer present on both the outer and inner test surfaces. This 

calcite layer is deposited upon the organic outer surface of the earlier chambers of the test, 

resulting in alternate thin organic layers and thicker calcite layers. Wall thickening is 

considerably greater on the outer side of the POM than on its inner side so, as the test wall 

thickens, the POM is increasingly proximal. In many species, this distinct organic layer is 

located in the inner third or quarter of the chamber wall. 

CALCIFICATION PHASE 2 

A thick calcite crust and, in some species, an'additional cortex over the entire outer surface 

of the bilamellar test is formed. This wall-thickening over the chambers oithe last whorl 

occurs, in mature individuals, with few, if any, new chambers being added. 

4.7 WATER DEPTH 

Test thickness often appears to be an indicator of the depth in the water column at which 

the organism lived, the thickening process, in many species, being an adaptation to 

increasingly deeper habitats (B6 and Ericson, 1965). Whilst investigating vertical 

distribution, B6 (1977) delineated three depth zonations for Recent planktonic 

foraminifera: 

* 0-50 m shallow water fauna; 

* 50-100 m intennediate water fauna; and 

* below 100 m deep water fauna (but with the juveniles inhabiting the surface waters). 
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Those inhabiting the surface waters tended to smaller and thinner-walled than those living 

further down in the water column. Those from deeper water usually possessed a thicker, 

calcite test, whilst those from the bathypelagic zone usually showed an overgrowth of 

calcitic material over an initially thick-walled test. This could be due to their life-cycles, 

as many species are believed to inhabit the epipelagic zone during their juvenile stages, 

migrating to deeper habitats in their later stages (136 and Ericson, 1963; B6,1965). In 

addition, many species migrate diurnally within the water column. 

Modem oceanic sediments do not provide a record of the habitat depth of the species 

contained in them, whereas shelf sediments may, since deeper-water species can only 

invade an extensive shelf area when there is sufficient water depth (Hart and Bailey, 1979). 

From their studies of the vertical distributions of Albian to Santonian planktonic 

foraminifera. in North-Western Europe, they believed that a species which is abundant in 

deep water during its adult stages is unlikely to be found frequently in shelf sediments 

deposited at much shallower depths. Juveniles carried onto a shelf by surface water 

currents were unlikely to attain full maturity, as at least part of their life-cycle would be 

curtailed by the insufficient depth. This reflected Murray's (1976) demonstration of the 

inability of Recent planktonics to cross the present North West European Continental 

Shelf. 

Hart and Bailey (1979) concluded that depth, together with water temperature, were the 

principal controls on distribution for mid-Cretaceous planktonic foraminifera, amongst 

other influencing factors. Prior to their study, there had been little investigation into 

control by water depth but they believed that the implications were very important in 

stratigraphical correlation. If species are geographically restricted by water depth, then the 

appearance in the succession of many species might be due to water depth not evolution. 

Tracing evolutionary developments more accurately would require sediment from oceans, 
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in which the evolution of species had been unrestricted spatially and temporally. They 

further believed that depth control on distribution has taxonomic implications. With a slow 

and progressive evolutionary trend to a deeper water habitat, problems arise with 

morphological boundaries and the reliable subdivision of lineages, usually resulting in 

multiple names being proposed and adopted. 

This migratory trend in mid-Cretaceous planktonic foraminfera was confirmed by Hart 

(1980) in his water depth model, with evolution either proceeding horizontally within the 

same depth zone or migrating downwards to a deeper zone but with no known upward 

migration to a shallower zone. The conservative shallow-water taxa hardly changed 

throughout the Cretaceous, implying that this could have been the case with their Jurassic 

ancestors (Hart, 1999). From their studies of planktonic foraminiferal evolution during the 

Cretaceous, Premoli Silva and Sliter (1999) stated that the various depth preferences were 

characterised by distinct changes in morphology and surface ornamentation. They 

believed that shell calcification occurred mainly in the upper hundred metres, although it 

continued with growth whilst sinking deeper than 100 metres, even below the thermocline. 

4.8 SEA-LEVEL FLUCTUATION 

The correlation between sea-level fluctuations and major evolutionary changes has been 

suggested by various authors, including Hallam and Wignall (1999), O'Dogherty et al. 

(2000), Sandoval et al. (2001). In the absence of many modem plankton groups in the 

early to mid-Jurassic, the data on ammonite distribution and evolution may provide an 

indication of what is occurring in the water column of the oceans/seas. From their study of 

ammonites in the Betic Cordillera, southern Spain (westernmost Tethys), O'Dogherty et al. 

(2000) proposed that extinction events might be the result of eustatic falls, whereas 

diversification and radiation might result from eustatic rises. Their ammonite turnover 

166 



curve (Fig. 4.12) is very similar to Hallam's (1988) curve of eustatic fluctuations and 

largely coincides with the higher-order cycles of the Exxon curve (Haq et al. 1987,1988). 

4.8.1 EARLY BAJOCIAN 

Between the Aalenian and the earliest Bajocian, one of the most important Mesozoic 

ammonitic turnovers occurred (O'Dogherty et al., 2000). An extinction apparently affected 

all of the dominant ammonite groups in the Aalenian and has been linked to a eustatic sea- 

level fall. This was followed by a phase of appearances and radiations of new groups, 

corresponding to a eustatic rise (Hallam, 1988, Embry, 1993) during the earliest Bajocian. 

A progressive increase in diversity (eustatic rise) was terminated near the boundary 

between the Propinquans and Humphriesianum zones by a turnover identified as important 

by Sandoval et al. (2001). This turnover was attributed to an abrupt eustatic fall followed 

by a considerable rise, Hallam's (1988) eustatic curves and the Exxon curve (Haq et al., 

1988) indicating eustatic rises almost to the Humphriesianum. Zone. Near the boundary 

between Early and Late Bajocian (Humphriesianum-Niortense zones), there was another 

significant turnover, again corresponding with a eustatic fall followed by a considerable 

rise to the maximum eustatic level of the mid-Jurassic. 

4.8.2 LATE BAJOCIAN 

Hardenbol et al. (1998) identified a regressive interval which includes the upper part of the 

Humphriesianum. Zone and the lower part of the Niortense Zone, with a relative 

transgressive maximum in the middle of the Niortense Zone. In some sectors of the 

Subbetic, these changes resulted in a stratigraphical break, with Upper Bajocian rocks 

lying directly above the sedimentary rocks of the Propinquans Zone (O'Dogherty et aL, 

2000). According to Sandoval et al. (2001), a discontinuity occurs in many areas of the 

Subbetic swells which, depending on the palaeogeography, ranges from the upper part of 

the Humphriesianurn Zone to the lower part of the Niortense Zone, whereas the remainder 

of the Niortense and part of the Garantiana Zone are transgressive. They felt that this 
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Figure 4.12. Graphs comparing the proposed ammonite turnover curve, interpreted as a 
curve of global sea-levcI changes (A), with that previously proposed for relative sea-lcvcl 
curves for the Betic Cordillera (B) (Vera 1988). In B tile thin grey line corresponds to the 
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curve (D) (Haq ci al. 1988). (E) Second-order cycles of tile Exxon curve (Haq et al. 1988). 
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transgressive phase would help to explain the connecting of the Central European Basins 

with Tethys (and Tethys with the Eastern Pacific, via the Hispanic Corridor), which 

permitted frequent migration between the palaeobiogeographical realms and provinces. 

During the remainder of the BaJocian and throughout the Bathonian, eustatic falls were the 

general trend (O'Dogherty et al., 2000). However, according to Hardenbol et al. (1998), a 

transgressive phase occurred in the lower part of the Parkinsoni Zone. The extinctions and 

appearances or radiations of the ammonites also indicated that one of the most significant 

turnovers within the Late BaJocian to Bathonian occurred in the Parkinsoni Zone. 

From their comparisons of the temporal distribution of ammonite families and subfamilies, 

O'Dogherty et aL (2000) showed that there was only a slight increase in numbers with time 

from the Humphriesianum to the Parkinsoni zones. In each case, the majority of the 

families were shown as "Abundant" but there appeared to be a slight increase in diversity 

within the abundance, with more "Common" and "Scarce" families in the Parkinsoni. 

Comparing the number of genera, they observed relative maxima at both the 

Humphriesianum, and Niortense zones but, when comparing the number of species, there 

was only a relative maximum at the Niortense Zone. 

4.9 SUMMARY 

The considerable diversity of the specimens from Somhegy, possibly amongst the earliest 

recorded fully-planktonic foraminifera, suggests their evolution must have occurred earlier 

in the BaJocian or pre-Bajocian. While it is difficult to be absolutely certain that any 

organism had a planktonic mode of life, the appearance of these forms in thin section (and 

the acid reductions illustrated by Wernli and G6r6g, 1999) indicates that these were 

genuinely holoplanktonic fonns. The marked variation in size, wall thickness and 
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consecutively- or concurrently-built tests indicates evolutionary adaptations to expand into 

a range of niches, particularly those deeper in the water column. This could have been in 

response to changing palaeoceanographical conditions and possibly to the connection of 

the Central European Basins with Tethys which enabled subsequent migration between the 

palaeobiogeographical provinces (see Chapter 9). There would appear to be a correlation 

between sea-level fluctuations and faunal turnovers. Conoglobigerina avariformis and 

Globuligerina bathoniana gigantea are recognisable in thin-sections and could possibly be 

selected as reliable biomarkers. 
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CHAPTER 5 

THE PIENINY KLIPPEN BELT, 
SOUTHERN POLAND AND WESTERN SLOVAKIA 

5.1 GEOLOGICAL SETTING 

The Carpathians form part of the mountain arc that extends from the Eastern Alps to the 

Balkan chain (<1300 km) (Fig. 5.1). The Pieniny Klippen Belt (PKB) is situated in the 

Northern Carpathians, along the boundary between the older Inner Carpathians and the 

younger Outer (Flysch) Carpathians (Ksiqtkiewicz, 1977). Following the Carpathian 

suture, it is a narrow, elongated tectonic unit, approximately 800 km in length and from 

1-20 km in width (Oszczypko et aL, 2004). The present confines of the Pieniny Klippen 

Belt are strictly tectonic (Krobicki and Golonka, 2006). The Pieniny range consists of- 

+ Spig Pieniny, highest point 879 rn (Zar); 

* Pieniny sensu stricto (Pieniny proper), highest point 982 rn (Okrqglica, Trzy Korony); 

* Male Pieniny (Small Pieniny), highest point 1052 rn (Wysoka). 

The Polish sector extends from west of the River Orva, via the Spi§ Pieniny, the Czorsztyn 

Pieniny and the Pieniny sensu stricto, to the Male Pieniny. The Slovakian sector is 

comprised of the northern and central parts of the Klippen Belt to the east of the Pieniny 

sensu stricto, from near the River Biala Woda, east of Szczawnica (Birkenmajer, 1976). 

5.1.1 STRUCTURE 

One of the most complex tectonic structures in the Carpathians, the Picniny Klippen Belt is 

composed of several successions of mainly deep- and shallower-water limestones, ranging 

in age from Early Jurassic to Late Cretaceous (Andrusov, 1938,1959; Birkenmajer, 1958, 

1976,1977,1986,1988; Andrusov et al., 1973; MiNk, 1994; Golonka and Krobicki, 2001, 

2004; Krobicki and Golonka, 2006). Due to Late Cretaceous and subsequent orogenic 

movements, most of the successions constituting the various tectonic units were uprooted 
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from their pre-Liassic or pre-Dogger basements, making reconstruction of the Lias 

transgression and the development of its sediments in the various Klippen successions 

extremely difficult. 

5.1.2 TRIASSIC ROCKS 

As a result of the above, Triassic rocks in situ are apparently absent from the records of the 

Polish sector of the Pieniny Klippen Belt (and the Flysch Carpathians), although exposures 

of Triassic rocks occur as isolated klippen in the Slovakian section, at Haligovce and in the 

Vdh valley. In the Haligovce Klippe, just beyond the border in the Dunajec Gorge, Lower 

and Middle Triassic limestones and dolomites are overlain by Lower Liassic rocks. Early 

studies of these Triassic exposures include those by Uhlig (1890,1906), Horowitz and 

Rabowski, (1924,1929), Horowitz (1937), Andrusov (1931,1934,1959), Birkenmajer 

(1958,1960) and Kotafiski (1963). In the Wh valley are situated Upper Triassic (Keuper) 

klippen (Birkenmajer and Kotafiski, 1976). 

Triassic pelagic limestones do, however, occur in the Polish sector as exotic pebbles in 

younger sediments (Birkenmajer, 1976; Birkenmajer et al., 1990). Fragments of dolomites 

discovered in Li4ssic and Dogger limestones have been dated to the Middle Triassic. 

According to Birkenmajer (1958,1960) fragments of red shales found in the Bajocian of 

the Czorsztyn succession might belong to the Upper Triassic. 

5.2 THE PIENINY KLIPPEN BASIN 

5.2.1 FORMATION 

The Pieniny Klippen Basin (Fig. 5.2) was formed by rifling and spreading in the Alpine- 

Carpathian area during the mid-Late Jurassic, with rapid subsidence and very condensed 

sedimentation. In the trough itself, the first deposits were believed to be clastic sediments 
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of the Gresten facies that were subsequently replaced by facies of limestone and spotty 

marls as the basin became deeper and the Lias transgression became more widespread. 

Seafloor movements in the Lower Dogger may have resulted in euxinic clayey sediments 

containing carbonate and sulphate ferruginous concretions. The abrupt change in the 

sedimentary conditions between the Murchisonae Beds and the white crinoid limestone 

could have been the result of the collapse of part of the Klippen Basin along a system of 

dislocations parallel to its axis. The Jurassic transgression may not have occurred until the 

Late Bathonian or Callovian (Fig. 5.3), when the sea encroached onto denuded Triassic 

rocks. The appearance of red nodular limestone was connected with the further deepening 

of the sea which, considering the wide expanse of the Callovian transgression, may have 

been an indicator of eustatic sea-level change (Birkenmajer, 1976). 

5.2.2 DEEPENING OF THE BASIN 

The appearance of red crinoid limestone was associated with the deepening of the Klippen 

Basin and the northward shift of the northern coastal zone. The "Pieniny Ocean" was 

subsequently divided into two sub-basins by the Czorsztyn Ridge, the north-westem 

Magura Basin and the south-eastern Pieniny Basin. Sequences were deposited on the 

slopes below the ridge. The deepest parts of both basins are documented by deep water, 

extremely condensed, Jurassic - Early Cretaceous pelagic limestones and radiolarites 

(Sikora, 197 1; Golonka and Sikora, 198 1; Golonka et al., 2002). The deposition of black 

shales, marls and turbidites (Birkenmajer, 1986; Tyszka, 1994) during the Early Jurassic 

and the Albian-Cenomanian (Oszczypko et al., 2004) indicate anoxic conditions in this 

restricted basin. 

The Czorsztyn succession zone was subjected to vertical movements, which probably 

accounts for gaps in the sedimentation, hardgrounds and sedimentary breccias at the 

transition from the mid-Late Jurassic, mainly in the Callovian. In the sedimentary zone of 
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the Klippen trough, these movements were hardly perceptible at all (Birkenmajer, 1976; 

Krobicki and Golonka, 2006, and references therein). Shaly-marl and calcareous rocks, 

mostly dark coloured, were deposited during the Bajocian and the Bathonian, in a spotty 

limestone facies resembling that of the Lower Jurassic. Conversely, the mid-Jurassic rocks 

of the Haligovce succession, where crinoid limestones with cherts were deposited, indicate 

shallower sedimentation. 

At the beginning of the Late Jurassic, the Klippen basin -reached its greatest depth, 

indicated by the appearance of radiolarites. At the end of the Oxfordian (Fig. 5.4) and 

more markedly in the Kimmeridgian (Fig. 5.5), when the radiolarian sediments 

disappeared to be replaced by nodular limestones, tectonic movements reduced the depth 

of the Klippen basin (Birkemnajer, 1976; Krobicki and Golonka, 2006, and references 

therein). These movements are most obvious in the Czorsztyn succession where, during 

the Tithonian (Fig. 5.6) and Early Cretaceous, a variety of organogenic sediments, strongly 

influenced by bottom currents, were formed. Horsts and grabens were also formed at this 

time. These events occurred in several stages at the boundary between the Jurassic and the 

Cretaceous, whilst the tectonics affected the sedimentation in the Czorsztyn zone and 

adjacent zones of the Czertezik and Niedzica successions (causing gaps in sedimentation), 

sometimes right up to and including the Late Cretaceous. In other parts of the basin, 

especially in its southern part, open sea sedimentation continued and, by the beginning of 

the Cretaceous, the basin was clearly tending to become deeper, as indicated by the 

formation of thick complexes of cherty limQstones. 

5.3 KLIPPEN SUCCESSIONS 

During the Jurassic, the SW-NE trending Klippen successions were deposited in the 

marine basin situated south of the main basin of the Flysch Carpathians and north of the 
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basin of the Sub-Tatra successions and High Tatra succession (Birkenmajer, 1976). 

Between the Orava Valley and the Poprad Valley (the Pieniny sector sensu stricto), the 

sequence of the Klippen successions from north to south is: 

* Czorszt , the shallowest ridge sequence, displaced and thrust over the Grajcarek Unit 

(Ksigkiewicz, M., 1977; Golonka and Rqczkowski, 1984; Jurewicz, 1997). 

* Czertezik, a transitional slope sequence between the basinal and ridge units 

(Wierzbowski et al., 2004; Krobicki and Golonka, 2006); 

* Niedzica, deposited in the trough and thrust over the Czorsztyn Succession 

(Ksi#kiewicz, M., 1977; Golonka and Rqczkowski, 1984; Jurewicz, 1997); 

* Branisko-Kvsuc a somewhat shallower sedimentary zone deposited in the trough and 

located close to the central furrow (Krobicki and Golonka, 2006); 

* 1! ieniny, like the Branisko Succession, also a somewhat shallower sedimentary zone 

deposited in the trough and located close to the central furrow (Krobicki and Golonka, 

2006); 

* Haligoyc ,a shallower succession that formed the southern rim of the trough, near the 

soutbem "exotid" Andrusov Ridge (Birkemnajer, 1977,1986,1988: Aubrecht et aL, 

1997). 

DIFFERENTIATION 

The differentiation of the Klippen successions was first recognised by Neumayr (1871) 

who found that the Middle and Upper Jurassic rocks of this part of the Carpathians formed 

two separate groups: 

1. poor in fossils - cherty limestones and shales with Aptychi ('fibssilarme, 

hornsteinreiche Schichten - hochkarpathische Facies "); 

2. rich in fossils - shales, marls, ammonite and crinoid limestones, etc. 

("versteinerungsreiche Facies - subkarpathische Facies "). 

In the fossil-rich facies he distinguished a type specific to the Klippen Belt - the 
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"subkarpathische Cephalopodenfacies ". 

Uhlig (1890) recorded the differences between these facies. Tectonic significance was 

given to this division in 1902-3, when Lugeon introduced his nappe theory to explain the 

geological structure of the Tatras and the Pieniny Mountains. Apart from the "sub-Pieniny 

Series" (the Czorsztyn succession, corresponding generally to Uhlig! s fossil-rich facies) 

and the "Pieniny Series" (forming part of Uhlig's cherty limestone facies), Andrushov 

(1927) introduced a "Transition Series", based on the facies passages between the Jurassic 

sediments already ascertained by Uhlig. Andrushov differentiated several types of facies 

that were subsequently regarded as independent successions. From studying the Orava 

Klippen, Oppenheimer (1926-7) believed that only one Klippen succession had been 

deposited originally, separated into different Klippen successions as a result of subsequent 

foldings. Further to Andrusovs "Transition Series", Birkenmajer (1953,1954) introduced 

a new division of the Klippen Belt in Poland into Klippen successions. 

The Klippen successions are distinguished by stratigraphical succession and facies 

differences (Fig. 5.7), particularly towards the end of the mid-Late Jurassic, when the 

Klippen basin was at its deepest (Birkenmajer, 1953-1965), and correspond to the varying 

facies and depths of the marine sediments - the ridges and troughs of the sea floor. Each of 

these successions represents a section of the sedimentary basin but the facies are both 

parallel to the axis of the basin and transverse, the Czorsztyn succession being the best 

documented differentiation (Birkenmajer, 1963). 

The later tectonic units, however, do not necessarily correspond to these successions and 

not all the successions recorded in the Polish Klippen Belt have exact equivalents in the 

remaining sections of the Carpathian Klippen Belt (Birkenmajer, 1976). The Western 

Slovakian sector, whilst sharing many common features with the Polish sector, does differ 
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(Albrecht et aL, 1997). The successions mainly correspond to those on the Polish side, 

apart from minor differences (the Kysuca Succession/Unit corresponding to the Branisko 

Succession, etc. ). However, some successions or units do not have counterparts, as with 

the Orava (Podbiel) Succession (Podbiel-Cerveni Skala and Orava Castle), characterised 

by the occurrence of nodular limestones from the latest Pliensbachian to the Toarcian 

(Adnet Formation). Some outcrops in Western Slovakia display a full sequence of deposits 

that are usually poorly or incompletely exposed in Poland, as evidenced by the Bajocian to 

the Oxfordian of the deep-water Pieniny Succession at Halezkovd Klippe (Krobicki and 

Golonka, 2006). According to Krobicki and Golonka (2006), the Western Slovakian sector 

is essential to the palaeogeographical and sedimentological reconstruction of some of the 

unusual deposits attributed to the Czorsztyn Succession, including: 

* the coral biotherms from the early Middle Jurassic, only located in Vr9atec Klippen; 

* the stornatactis mud mounds from the late Middle Jurassic in the Slivnick6 Podhorie 

Klippe; 

* cross-bedded crinoidal limestones from the Bajocian in Hatn6 Klippe. 

5.4 SAMPLING LOCATIONS 

5.4.1 NIEDZICA SUCCESSION - NIEDZICA LIMESTONE FORMATION 

The dominant lithology is dark red nodular limestone, often with an admixture of 

haematite-rich marl. Thin red crinoid limestone intercalations occur sometimes in the 

lowest part of the Formation. Limestone pebbles with algae (possibly Anisian) have been 

discovered in the Niedzica succession, including in the Bathonian of the Czajakowa Skala. 

Grey dolomites (Ladinian) also occur (Birkenmajer and Kotafiski, 1976). 

5.4.1.1 NIEDZICA PODMAJERZ (BED 2- LOWER BATHONIAN) 

The western klippe displays an almost complete sequence of the Jurassic deposits of the 
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Niedzica Succession (Birkenmajer and Znosko, 1955; Birkenmajer, 1977; 

Wierz-bowski et aL, 1999). Being one of the most important sites of the succession (Figs 

5.8,5.9,5.10), this is the type-locality of the nodular limestones (formerly known as 

"lower nodular limestone") of the Niedzica Limestone Formation and of the Podmajerz 

Radiolarite Member, both typical of the Niedzica Succession (Birkenmajer, 1977). The 

sequence is exposed in both a north-western and a south-eastern section of the klippe. The 

north-western section displays the older strata of the sequence in the normal order and 

inclined towards the north-east, whereas the south-eastern section displays the younger 

strata inverted. The deposits of the two parts of the klippe are in contact along a fault 

plane steeply inclined to the north-west (Birkenmajer and Znosko, 1955). 

5.4.1.2 CZAJAKOWA SKAt. A (BED 4- UPPERMOST CALLOVIAN/OXFORDIAN) 

The Czajakowa Skala Klippe near Jaworki is the type location for the Czajakowa 

Radiolarite Formation, as the Formation is well exposed there (Fig. 5.11). The Klippe 

displays a complete sequence of the Jurassic deposits of the Niedzica Succession 

(Birkenmajer, 1977; Wierzbowski et aL, 1999). The dominant lithology consists of 

radiolarian cherts (either calcareous or non-calcareous) and siliceous radiolarian 

limestones, in bands 3-20 cm thick, alternating with argillaceous or marly shales usually 

thinner than the cherts. The predominant colouration of either red or green was used to 

differentiate the three members into which the formation has been subdivided 

(Birkenmajer, 1977). 

5.4.2 CZORSZTYN SUCCESSION - CZORSZTYN LIMESTONE FORMATION 

The Czorsztyn succession was deposited in the shallowest part of the marine basin, on the 

shelf and submarine slope of a landmass that, in the mid-Jurassic, extended further north. 

It contains the shallowest ridge sequences, in which fragments of red shales found in the 

Bajocian (Birkenmajer, 1958,1960) may belong to the Late Triassic. Spotty-marl facies 

185 



ui 
Cl) 

(: Coý 

S. 
'S 

S. 
S. 

.5 
'S 

z 

--S 
- 

CO t4 

Qi 

CD 

%: 4 
ýr» Uý "a -0 . 

cu CD -� - 0 CZ V 3 Gn 0- rn 

. - CD "Ci u-0 
t; 

ce 
-5 - r . 01 

-2 
G 

' ýý 0 ;4E .0 

CD ce NU 
c> -ci 
rq 

CD - 0 tý t. ýZ -0 ; iý 

m0, U. r. 
1. = ce a0 

8-. pý u 

vi 

n. ,4 In -v 0 0- 

1. 't - 

c, 3: �, s -5 E 0 -- - .- gz., -ý 44 
N 

oo 

210112 

C) 

CD 

CD *a 2 %. < 
0 
0U. ý -0 

rA 

,2-, D 
017. -5 2*N Vý -U- 

g -0 0w 13 0Eu 
ýö 0 

iz ýE 3 --9 p211 ý9 
' 

186 



Niedzica-Podmajerz 
Klippe 
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Figure 5.9. Lithostratigraphical column of the Niedzica Succession, Niedzica-Podmajerz 
(after Krobicki et aL (2006), modified from Birkenmajer (1977)). 
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Niedzica-Podmajerz (Niedzica Succession) with change of microfacies record (after 
Krobicki ct al. (2006). supplementing Wierzbowski et al. (1999)). 
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Czajakowa Skala Klippe (Niedzica Succession) with change of microfacies record (after 
Krobicki ct al. (2006). based on Wierzbowski ct al. (1999)). 
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lasted until the end of the Aalenian. Dark grey Lower Jurassic deposits and Bositra 

("Posidonia") marls, are overlain by mid-Jurassic to lowermost Cretaceous crinoidal and 

nodular limestones and Upper Cretaceous pelagic, variegated marl facies (Birkenmajer, 

1976; Golonka et aL, 2002). 

5.4.2.1 CZORSZTYN CASTLE KLIPPE (BED 5- OXFORDIAN 

Czorsztyn Castle was built in medieval times as an important fortification guarding the 

Polish-Hungarian Border. The Czorsztyn Castle Klippen group includes one of the most 

famous geological sites of the Pieniny Klippen Belt, with a full sequence of the Czorsztyn 

Succession from the Middle Jurassic to Upper Cretaceous (Fig. 5.12). The significance of 

the Czorsztyn Castle Klippen was recognised in the 19 th century when these deposits, 

amongst which nodular Ammonitico-Rosso limestones occur, were studied by many 

authors, including Zittel (1870), Neumayr (1871a, b) and Uhlig (1890). Birkenmajer 

(1963) provided a full description of the section. Regrettably, due to the construction of 

dams across the DunaJec River to form the Czorsztyn Lake reservoirs, the majority of this 

sequence was drowned (the lower Middle Jurassic and the Upper Cretaceous), leaving only 

the BaJocian to Berriasian interval exposed (Figs 5.13,5.14). 

The Czorsztyn Castle Klippen group gave their name to the Czorsztyn Limestone 

Formation and to the Czorsztyn Succession (previously referred to as the "Czorsztyn 

Faciee' or the "Czorsztyn Series"), representing the Jurassic and Cretaceous deposits of the 

northern ridge of the Pieniny Klippen Basin (Birkenmajer, 1977,1986; Mi§ik, 1994). The 

deposits are rich in invertebrate fossils, including ammonites, brachiopods, crinoids, 

calpionellids and foraminifera. These fossils had been described and illustrated by various 

authors since the beginning of the 19th century, including Staszic, Zejszner, Suess, 

Neumayr, Zittel and Uhlig, 1890; Birkenmajer, 1963,1977,1979,1983; Barczyk, 1972a, b; 

Gluchowski, 1987; Wierzbowski and Remane, 1992; Krobicki, 1994,1996; Wierzbowski 
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Figure 5.13. Lithostratigraphical column of the Czorsztyn Succession, Czorsztyn Castle 
Klippe (after Krobicki et aL (2006), modified from Birkenmajer (1963,1977)). 
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et aL, 1999, Krobicki et aL, 2006). 

5.4.2.2 STANKOWA SKALA (BED 2- PROBABLY OXFORDIAN) 

The Stankowa Skala Klippe, located in the higher part of the Homole Gorge is a famous 

fold structure of the Pieniny Klippen Belt (Birkenmajer 1970,1979). The Niedzica Nappe 

is thrust over the thick Czorsztyn Unit. Several beds of both nodular limestones of the 

Niedzica and Czorsztyn Limestone Formations and the intercalated Kadiolarites of the 

Czajakowa Radiolarite Formation are strongly internally folded (Birkenmajer, 1970; 

Jurewicz, 1994). This is the stratotype of the latter unit. 

5.4.2.3 KRUPIANKA CREEK (BED 6- KIMMERIDGIAN) 

The klippen on both sides of the Krupianka stream near Jaworki are the type locality of the 

Krupianka Limestone Formation (named after them), due to the best exposures of the 

limestone. 'Me dominant lithology is fine to medium-grained crinoidal limestone, usually 

distinctly bedded, predominantly red in colour but sometimes yellowish or greenish and 

sometimes shaly. Also present are clastic fragments of quartz and finer-grained Triassic 

carbonates (as in the Smolegowa Limestone Formation), with the concentration of 

haernatite pigment increasing towards the top of the Formation (Birkenmajer, 1977). 

Although in the neighbouring units both the BaJocian white crinoidal limestones of the 

Smolegowa Limestone Formation and the overlying BaJocian red crinoidal limestones of 

the Krupianka Limestone Formation have thicknesses of up to 100 m, the equivalent strata 

in the Krupianka stream are only up to 10 m thick (Krobicki and Wierzbowski, 2004). 

These drastic variations in thickness indicate morphological variation on the sea-floor 

following Meso-Cimmerian tectonic movements (Golonka et al., 2003; Golonka and 

Krobicki, 2004). 
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5.5 MATERIALS AND METHODOLOGY 

Thin sections from the Lower Bathonian to the Oxfordian of the Niedzica Succession and 

the Oxfordian to the Kimmeridgian of the Czorsztyn Succession were examined under an 

Olympus Vanox Universal Research Microscope fitted with a biological stage. The 

maximum diameters and test thicknesses of the specimens were measured using a 

calibrated graticule (see Appendix III).. For each layer, the number of chambers visible for 

each specimen was plotted against its maximum diameter. The data were then separated 

into two categories, for thick-walled and thin-walled specimens, respectively. For each 

category, the abundance of specimens was plotted against maximum diameter and the 

results of the two categories compared. The thin sections for the Niedzica Succession 

(Pls 14,15) and the Czorsztyn Succession (Pls 16,17) were also photographed, using a 

Nikon Coolpix 4500 camera mounted on the microscope. 

5.6 RESULTS AND DISCUSSION 

5.6.1 ANALYSIS OF THIN SECTIONS 

5.6.1.1 NIEDZICA SUCCESSION: NIEDZICA LIMESTONE FORMATION 

From the Niedzica Succession, thin sections from two sampling locations were examined 

(Figs 5.15,5.16). 

NIEDZICA PODMAJERZ - SAMPLE NP - B/2 

Maximum diameters ranged from 112.5-275 pm, the thick-walled specimens ranging from 

125-262.5 pm and the thin-walled specimens present throughout the total range. The 

maximum number of chambers visible was 6, at a maximum diameter of 150 pm, in a thin- 

walled specimen. Whilst the thick-walled specimens had slightly less variation in their 

maximum diameters, they had the highest abundance, at 175 pm. Conversely, the thin- 

walled specimens had slightly more variation in diameter and there tended to be a greater 
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number of individuals at more diameters, the maximum abundance being at diameters of 

150 pm, 162.5 pm and 175 pm. The percentage ratio of thick-walled specimens to thin- 

walled specimens was 45%: 55%. 

CZAJAKOWA SKALA - SAMPLE Cs 4- 0A 

Maximum diameters ranged from 112.5-337.5 pm, the thick-walled specimens ranging 

from 112.5-325 pm and the thin-walled specimens from 125-337.5 pm. The maximum 

number of chambers visible was again 6, at a maximum diameter of 225 Itm, in a thick- 

walled specimen. The maximum abundance occurred at 250 pm, followed by 225 Pm and 

200 pm, all in thick-walled specimens, the highest abundance in thin-walled specimens 

being at 150 pm. The percentage ratio of thick-walled specimens to thin-walled specimens 

was 63%: 37%. 

5.6.1.2 CZORSZTYN SUCCESSION: CZORSZTYN LIMESTONE FORMATION 

From the Czorsztyn Succession, thin sections from three sampling locations were 

examined (Figs 5.17,5.18). 

CZORSZTYN CASTLE KLIPPE - SAMPLE CzZ 5b 

Maximum diameters ranged from 150-337.5 pm, the thick-walled specimens ranging from 

162.5 - 337.5 jim and the thin-walled specimens present throughout the total range. The 

maximum number of chambers visible was 5, at maximum diameters of 275 pra and 337.5 

pm in thick-walled specimens and at maximum diameters of 212.5 pm, 225 Pm, 237.5 pm, 

250 pm, 250 pm, 262.5 prn and 300 pm in thin-walled specimens. The highest abundance 

was at 250 pm, followed by 225 pm, in the thin-walled specimens, the maximum for thick- 

walled specimens being at 250 gm. The percentage ratio of thick-walled specimens to 

thin-walled specimens was 50%: 50%. - 
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OXFORDIAN: STANKOWA SKALA - SAMPLE SkS 2 

Maximum diameters ranged from 125-300 ýtm, the thick-walled specimens ranging from 

137.5-300 prn and the thin-walled specimens ranging from 125-225 [tm. The maximum 

number of chambers visible was 6 at 200 tim in a tbin-walled specimen. The maximum 

abundance occurred at 150 prn in the thin-walled specimens, the maximum for the thick- 

walled specimens being at 175 pm. The percentage ratio of thick-walled specimens to 

thin-walled specimens was 36%: 64%. 

KRUPIANKA CREEK - SAMPLE KM 6 

Maximum diameters ranged from 100-226.5 jim, the thick-walled specimens ranging from 

137.5-225 gm and the thin-walled-specimens present throughout the range. The maximum 

number of chambers visible was 8 at 212.5 pm in a thin-walled specimen, with a maximum 

of 6 chambers visible in a thick-walled specimen. The maximum abundance occurred at 

162.5 jim in the thin-walled specimens, the highest abundance in thick-walled specimens 

being at 187.5 gm. The percentage ratio of thick-walled specimens to thin-walled 

specimens was 23%: 77%. 

5.6.2 GENERAL TRENDS 

Globuligerina oxfordiana (Grigelis, 1958) and G. bathoniana (Pazdrowa, 1969) were 

recorded from all five sampling locations but the distinction between them in thin-sedion 

is extremely difficult, so the identification of these species is therefore speculative. A third 

species, G. bathoniana gigantea, was identified from all of the locations except Stankowa 

Skala. From the two locations in the Niedzica Succession, Niedzica Podmajerz and 

Czajakowa Skala, a fourth species was identified, Conoglobigerina aff. dagestanica. In 

all the samples, in addition to the planktonic foraminifera, Bositra were abundant. 
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5.7 BOSITRA 

From the Czorsztyn Succession, during their study of the early stages of the development 

of the Carpathian Basins, Golonka et al. (2006) described "Early Jurassic Bositra 

("Posidonia") marls", followed by Middle Jurassic to lowennost Cretaceous crinoidal and 

nodular limestones and the Late Cretaceous pelagic marl facies. From the Babiarzowa 

Klippe at Maruszyna village near Nowy Targ, one of the most famous Jurassic localities in 

the Polish Pieniny Klippen Belt, Wierzbowski et al. (2004) reported the red limestone as 

being filamentous wackestones to packstones. "Apart from thin Bositra shells, there are 

numerous crinoidal and bivalve fragments, smooth-shelled ostracods and benthic 

foraminfers. " From the High Tatric Succession, Luczyfiski (2002) described the micritic 

parts of*the Smolegowa Formation as containing "the so-called filaments, interpreted as 

scattered fragments of thin-shelled Bositra bivalve (Oschmann, 1994, Wierzbowski, 1994) 

and rare foraminifere'. 

Bositra (originally Posidonia) are characteristically present in black shales but may also 

occur in shallow-water limestones that were deposited in sufficiently fine grains to 

preserve the shells. They are thin-shelled with only two shell layers and there has been 

considerable controversy regarding their life strategy. It has been proposed that Bositra 

and their relatives may have been nektoplanktonic, the absence of a byssal notch during 

their ontogeny being advanced as evidence that they were never attached at any stage of 

their life cycle (Clarkson, 1998). Specimens are usually preserved with both valves open, 

which Jefferies and Minton (1965) demonstrated could only happen if their normal 

opening angle exceeded 60' between swimming contractions. Further experiments and 

calculations indicated that such a swimming bivalve would not have sunk rapidly. Their 

arguments for the "earlier Jurassic thin shelled, equivalve bivalve Bositra", together with 

"marked anterior and posterior gapes in Bositra, suitable for the expulsion of water jets", 

were subsequently referred to by Kelly and Doyle (1991) in suggesting that the bivalve 
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Aulacomyella from the Early Tithonian of Antarctica was free-swimming. Bositra may 

have exploited an ecological niche by being nektoplanktonic which, following the 

extinction of this genus in the Cretaceous, later bivalves have failed to do (Clarkson, 

1998). 

Dense bedding plane assemblages of Bositra have been recorded during the intensive 

studies of the Posidonienschiefer. Oschmarm (1994) reinterpreted these assemblages as 

being opportunistic benthonic colonisation, not accumulations of pseudoplankton. In 

subsequent analyses of the life strategy of Bositra, it was observed that, in addition to the 

accumulation of large specimens, in some parts of the sequence there were accumulations 

of only small specimens. These were interpreted as pelagic larval forms which 

precociously matured sexually, remaining pelagic and escaping the bottom water 

conditions unfavourable to a benthonic lifestyle. From the Toarcian Posidonia Shale of 

southern Gennany, Hartgers et al. (1995) observed "abundant fossils of the bivalves 

Posidonia (=Bositra) radiata and Pseudomytiloides dubious that are typically assigned to a 

benthic life habit. " From his studies of the Aalenian Opalinium. Clay of Northem 

Switzerland, Etter (1995,1996,2004) described the fauna as "dominated by ammonites 

and small epibenthic bivalves (Bositra buchi) and of low diversity". In their study of the 

same area, Favre et al., (1996) also re-evaluated the life-style of Bositra buchi. Based on 

their statistical analyses, it appeared that this species was "truly benthic and probably 

byssally attached to the substrate". They dismissed previous suggestions of a 

chemosymbiotic life style for Bositra, concluding that it was "an erratic opportunist 

capable of rapidly colonising a variety of fine-grained sediments and reached its peak 

abundances in severely oxygen-depleted palaeo-environments". Etter's (1996) conclusion, 

based on non-random specimen distribution and taphonomic evidence indicative of in situ 

preservation of Bositra, was that they were benthonic, highly tolerant to low oxygen levels 

and employed opportunistic dispersal strategies to rapidly colonise severely dysoxic 
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environments. The distribution of Bositra shell pavements along a palaeo-oxygenation 

gradient in the Yukon, Canada was thought by Clapharn et al. (2002) to support this 

hypothesis. 

Numerous fossil impressions of Bositra buchi (Rbmer) were observed by Steiner et al. 

(1998), previously identified by Rothe (1968) as Posidonia bronni. The fossil impressions 

usually displayed separated valves lying horizontally with the concave side facing down. 

They were 2-10 mm. long and only 0.05 mm thick. They displayed "neomorphic syntaxial 

rims that grew perpendicularly (less often tangential) to the shell, thus reflecting the 

structure of the prismatic and respectively lamellar layers of the Bositra shells (e. g. Kalin 

and Bernoulli, 1984, plate 1)". The shells were closely packed (up to 80% of the thin 

section) and were found in both the calcareous and argillaceous beds. 

OCCURRENCE 

The occurrence of Bositra has been recorded in the literature from various locations 

including Poland, Southern Germany, Switzerland, Italy, Turkey, Bulgaria, Portugal, the 

Canary Islands, Morocco and Canada. 

In their study of a Lower BaJocian - Kimmeridgian hiatus in the Umbria-Marche 

Appenines, Bartolini and Cecca. (1999) recorded that the microfacies which preceded the 

break, of which the start coincided with a positive 613C peak, were characterised by 

66oligotypical associations at high density, alternatively dominated by Bositra buchi, 

crinoids and protoglobigerinids". Occurrences of Bositra at several levels of the Monte 

Inici Formation, Western Sicily, were recorded Savary et al. (2003). "Red clasts of Bositra 

de Gregorio, 1886" were found in orange micritic sediment, unspecified Bositra in 

wackestones and, in the Ammonitico Rosso, "the valves of the Bositra, not flattened by the 

compaction". Amongst grey calcareous pseudo-nodules of the lower to middle Callovian 
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level, they observed Bositra, "of which the concentric arrangement is an index of 

bioturbation". The lower middle Oxfordian level of calcareous pseudo-nodules was again 

"rich in Bositra of which the arrangement indicates an important bioturbation of the 

sediment". At the middle Oxfordian level, Savary et al. (2003) recorded that "the Bositra 

disappear and are replaced by the protoglobigerinids in infillings frequently mineralised". 

From the Bey§ehir-Hoyran Nappe of the Taurus tectonic units, Turkey, Varol and Tunay 

(1996) recorded that the Jurassic was represented by "filament-type and ammonite bearing 

limestones". The filament-bearing limestones were described as red, sandy, soft and 

having a "matrix appearance". At the beginning of the condensed sequences, wackestone- 

packstone-bearing filament limestone microfacies were dominant. The filaments as 

44massive files" were deposited along the layers and filaments also filled the "micro-cracks 

surrounded by iron and manganese". Varol and Tunay (1996) commented that so far there 

had been no palaeontological description of these filaments but some similar forms had 

been defined as shell fragments of Bositra species by Jenkins (1971). In their studies of 

the limestones of Western Bulgaria, Koleva-Rekalova et al. (2002) recorded that those of 

the Callovian at Gorni Lozen, south-east of Sofia, consisted of filamentous wackestones 

and packstones, the filaments aligned parallel to the bedding plane and comprising about 

10% of the wackestones and 75-80% of the packstones. The authors described the 

filaments, often broken, as thin-shelled bivalves of the genus Bositra and noted, "Bositra 

buchi (Romer) is a pectinacean of Toarcian to Oxfordian age (Jefferies and 

Minton, 1965)". They did not record Bositra from their studies of the Upper Jurassic- 

Lower Cretaceous sections of the Glozhene Formation, to the north-west of Sofia. 

During their studies of the Lower Jurassic marly limestones of the S. Gido Formation, 

northern sector of the Lusitanian Basin, Portugal, Duarte et al. (2003) recorded that the 

maximum flooding surface of a Toarcian transgressive event (top of the Levisoni Zone) 
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was shown by "thin-shelled, bivalve-rich (Bositra sp. ) horizons". Also from the Coimbra 

area, in the Maria Par6s section, Gahr, (2005) noted that further evidence for oxygen 

deficiency was provided by the "Bositra buchi-assemblage" occurring in the Bifrons 

Subzone (Middle Toarcian). From their study of sea-floor spreading in the central 

Atlantic, Steiner et aL (1998) used Bositra as a biostratigraphic marker for the Toarcian to 

Oxfordian in Fuerteventura. It is found in large quantities only in a few typical facies, 

including lower Toarcian bituminous shales, (Jefferies and Minton, 1965; Bernoulli and 

Kdlin, 1984) and Aalenian to upper. Bajocian bioclastic facies, (Baumgartner et al., 1995). 

In the Ketama unit of the external Rif and in the Eastern High Atlas of Morocco, limestone 

beds with an identical filament microfacies occur as a very distinct interval dated by 

ammonites as middle Aalenian to middle Bajocian age (Favre, 1992), constrained by 

Bajocian - mid-Callovian Posidonia marlstones (Choubert and Faure-Muret, 1962; 

Favre, 1992). 

From the Laberge Group of the northern Whitehorse Trough, Yukon, Canada, 

Clapharn et al. (2002) observed that shell pavements of "closely packed, articulated 

Bositra buchii specimens" had a spatially widespread, but temporally limited, distribution 

(Middle and Upper Toarcian or Early Aalenian strata), suggesting that periodic, basin-wide 

anoxia was prevalent. These Bositra shell pavements suggested that anoxia and decreased 

sediment supply might possibly be linked to a rapid transgression. 

5.8 SUMMARY 

Planktonic forarninifera (including Compactogerina and Globigerina) are extremely 

abundant in some of the limestones of the Pieniny Klippen Belt. In places, they are >95% 

of the foraminiferal assemblage, the sediments almost being referable to a "foraminiferal 

ooze" (Globigerina Ooze sensu Murray and Reynard, 1891). While Wierzbowski et al. 

(1999) refer to these sediments as the "Globuligerina microfacies", they do appear to 
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represent a genuine oceanic/foraminiferal ooze. Normally, in the modem oceans, 

fOraminiferal ooze forms in water depths greater than (? )500 rn down to the level of the 

carbonate lysocline and compensation depth. The situation in the mid-Late Jurassic is 

more complicated. If planktonic foraminifera are composed of aragonite, rather than 

calcite, then the aragonite compensation depth (ACD) would have been much higher in the 

water column. This makes depth calculation almost impossible. Deeper water, more 

basinal areas, are reportedly (Wierzbowski et al., 1999) characterised by radiolarian-rich 

sediments. This would be predicted but the aragonite to silica transition would have been 

at an indeterminate depth in the mid-Jurassic ocean. The nature of the mid-Jurassic ocean 

is discussed in a later section (Chapter 8). 
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CHAPTER6 

TETHYS AND PERI-TETHYS 

6.1 INTRODUCTION 

Records of Jurassic planktonic foraminifera are known from various locations in Tethys 

and Peri-Tethys including: 

* Germany; 

* Switzerland and Northern Italy; 

* Sicily-, 

* Greece; 

* Turkey; 

* Balearic Islands; 

+ Morocco; 

* Canary Islands; 

* Portugal; 

* Newfoundland. 

Material from some of these locations (e. g. Switzerland, Northern Italy, Sicily, Greece) has 

been investigated while others (e. g. Morocco, Fuerteventura) are known only from a very 

limited literature base. It has not been possible to obtain samples from all these sites. 

Material from all these locations would be useful, especially those where the published 

information is quite general in nature (e. g. Fuerteventura). 

The Globuligerinidae had originally inhabited the marginal Tethyan regions (see 

Chapter 9), where they were abundant in pelagic areas unaffected by detritus. Their tests 

have been discovered in assemblages that included abundant radiolarians, algal filaments, 

calpionellids and ostracods in marly limestones (Cita and Pasquare, 1959; Colorn and 
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Rangheard, 1966; Migik, 1966; Beaudoin, 1967; Fenniger and Holzer, 1972). Apart from 

some patchy occurrences in the southern hemisphere, at palaeolatitudes of 10'-40'S, they 

were restricted to the northern hemisphere, mainly at latitudes of 20'-30'N but sometimes 

extending to W-500N. They are very rare in sediments from the Jurassic deep ocean 

basins, suggesting that planktonic foraminifera had not normally inhabited the surface 

waters of the open seas or were incapable of being preserved in such environments. 

During the Bajocian and Bathonian, then the Kimmeridgian to Berriasian, planktonic 

foraminifffa had mainly occupied the marginal Tethys regions. During the Callovian- 

Oxfordian transgession they had expanded over the adjacent shelf areas. The northward 

expansion of these sub-tropical to tropical planktonic foraminifera from Tethys was 

assisted by wann currents during transgressions (Gordon, 1970, Riegraf, 1987a, b) and 

upwelling from the marginal Tethys, as indicated by the abundance of radiolarians, even in 

the shallow shelf basins. The distributions of the planktonic foraminifera are patchy and 

non-continuous but often abundant, followed stratigraphically, or replaced, by radiolarian 

assemblages (Colom, 1955; Cita et al, 1959). If the majority of Jurassic oceans and shelf 

seas were of uniform salinity, temperature may have controlled the distribution of the 

globuligerinids (Gordon, 1970). During extensive regressions, the globuligerinids were 

restricted to the marginal Tethys. 

6.2 GERMANY 

From his comprehensive compilation of the global distributions of the Globuligerinidae, 

ranging from the Bajocian to the Barremian, Riegraf (1987a) reported that Jurassic, 

Globuligerinidae were known from the Callovian and lower Oxfordian of North-West and 
South-West Germany and Franconia (Fig. 6.1). Their most frequently recorded 

occurrences were associated with the Callovian/Oxfordian transgression. Callovian 
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occurrences have been recorded in studies of Lower Saxony (Bartenstein and Brand, 

1937), Baden-Wilrttemberg (Riegraf, 1987a) and Franconia (Munk, 1978). Oxfordian 

occurrences have also been recorded from the same regions: Lower Saxony (Bartenstein 

and Brand, 1937), Baden-Wilrttemberg (Str6bel, 1944; Buck, 1951; Seibold and Seibold, 

1960a, b; Riegraf, 1987a) and Franconia (Groiss, 1966; Knitter, 1980; Flilgel and Steiger, 

1981). In addition, occurrences have been recorded from the Bavarian Alps in the 

Oxfordian (Diersche, 1980) and the Tithonian (Eggert, 1977). Reigraf (1987a) regarded 

Globuligerina Bignot and Guyader, 1971, emend. Stam, 1986, as the only valid genus of 

the family Globuligerinidae Loeblich and Tappan, 1984, in the Jurassic and Early 

Cretaceous. 

During the Callovian-Oxfordian transgression, planktonic foraminifera had expanded over 

the adjacent shelf areas, including those of Germany to the north. Here they exhibit a 

typically patchy, non-continuous distribution but abundant occurrences. The concurrent 

occurrence of Tethyan radiolarians and widespread coral-reef facies in the middle and late 

Jurassic appeared to confirm that these assemblages were sub-tropical to tropical (Riegraf, 

1987b). In general, each expansion of planktonic foraminifera onto the shelf areas of 

Germany was followed, or accompanied, by the occurrence of radiolarians (in the 

Callovian, Barremenian, Albian, Santonian and Campanian). Reigraf (1987b) suggested 

that the marked contrast between the low diversity recorded from the late Jurassic to early 

Cretaceous and the occurrence of abundant planktonic foraminiferal taxa in the late 

Cretaceous might explain the restricted geographical distribution in the late Jurassic and 

early Cretaceous seas. 

6.2.1 NORTH-WESTERN GERMANY 

Jurassic planktonic foraminifera were recorded from both the Callovian and Oxfordian of 
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Lower Saxony by Bartenstein and Brand in 1937. Subsequently, there appears to have 

been less Jurassic data recorded for Northern Germany than for Southern Germany. 

However, in his comparisons between the distribution of planktonic foraminifera in the 

Jurassic and the Cretaceous, Reigraf (1987b) used examples from North-West Germany to 

support the hypothesis that their occurrences were principally governed by temperature and 

only to a minor degree by bathymetry or facies. In the Ruhr region and in the Baumberge 

area north-west of Munster, Westphalia, Globotruncana and Heterohelix were recorded in 

sandstones deposited in a Late Cretaceous shallow-water environment. In the Campanian, 

particularly the lower part, the shallow-water of Westphalia was characterised by relatively 

large planktonic foraminiferal tests, with a planktonic to benthonic percentage ratio of at 

least 90%: 10%. These faunas were found in assemblages with Mediterranean 

rhyncholites, frequent radiolarians and scattered larger foraminifera. 

6.2.2 SOUTHERN GERMANY 

In Southern Germany, planktonic foraminifera range from the Callovian to the Oxfordian 

(Macrocephalus to early Bimammatum zones). During the Callovian, their frequent 

occurrence is accompanied by a highly diverse Tethyan radiolarian fauna and abundant 

sponge spicules. As the earliest genera of planktonic foraminifera originally had aragonite 

tests, these assemblages were discovered as pyritized tests or internal moulds preserved in 

phosphoritic concretions. The most important factor in the environmental conditions that 

facilitated this preservation through pyrite segregation and phosphate enrichment was 

probably enriched organic matter (Reigraf, 1987b). In rare cases, glauconitic internal 

moulds have been recorded in Callovian to Oxfordian deposits. Calcite test preservation is 

extremely rare. 

Callovian (Jason to Lamberti zones) phosphoritic concretions from South-West Germany 

contained well-preserved specimens of Globuligerina bathoniana (Pazdrowa). The tests, 
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of which the most important structures were visible, were pyritised or baritized and 

accompanied by a rich Tethyan radiolarian assemblage (Reigraf, 1987a, b). Although well, 

preserved, these Callovian tests were not in as good a state (Riegraf, 1987a) as those 

known from French samples (Bignot and Guyader, 1971) and Russian samples (Grigelis 

and Gorbachik, 1980b; Gorbachik, 1983). Previously, frequent but badly preserved 

glauconitic internal moulds of Globuligerinidae had been discovered in the Callovian 

claystones of eastern Franconia and in the Lower Oxfordian (Cordaturn to Transversarium 

zones) marlstones of South-West Germany. 

6.2.3 PRESERVATION 

With the exceptions of Str8bel (1944) and Seibold (1960a, b), in previous studies the 

German Jurassic assemblages had not been illustrated due to the poor state of preservation. 

The tests of the German Jurassic Globulidgerinidae appear to have been preserved only 

under special diagenetic conditions, such as those that led to the formation of the Callovian 

phosphoritic nodules (Reigraf, 1987a). Phosphoritic nodules seem to preserve microfossils 

which are dissolved in other sediments and those of South-West Germany have yielded a 

large number of species of agglutinated foraminifera, pyritized sponge spicules and 

radiolarians (Riegraf, 1986) that were not known previously from the pyritic claystone 

enclosing the nodules. Before being enclosed in phosphoritic nodules, calcitic tests were 

replaced by pyrite and later by barite (Berger, 1976). In the parent rock (fine-clastic, 

pyrite-rich, dark claystones), the aragonitic shells of gastropods and cephalopods were 

compressed and dissolved by early diagenesis, so it has been assumed that the tests of 

Globuligerinidae were chemically dissolved, in contrast to the preservation of the 

benthonic foraminifera. Knitter (1980), for instance, had found no planktonic foraminifera 

in the Oxfordian marls of Franconia, probably because the tests were dissolved, yet he 

obtained internal moulds from limestones of the same interval. Since the Callovian 

phosphoritic nodules were investigated by Kdss (1954), there appears to have been little 
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data published. 

Preservation of globuligerinids as pyritized or baritized tests or glauconitic internal moulds 

is known from a few Callovian beds in South-West Germany and also from Franconia 

(Munk, 1978) but layers of phosphatic nodules are restricted to a few horizons in the 

Callovian in South-West Germany and are very rare in Bajocian or Bathonian clays and 

marls. Whether Globigerinidae appeared in Germany for the first time in the Callovian or 

existed much earlier is uncertain due to the preservation conditions. For this reason, 

Riegraf (1987a) stated that all Globuligerinidae so far known from Germany insufficiently 

represent their true stratigraphical and geographical distribution. 

6.3 SWITZERLAND AND NORTHERN ITALY 

6.3.1 GEOLOGICAL SETTING 

In the Oxfordian, Laurasia and Gondwana finally separated significantly, opening a 

seaway through the proto-Atlantic between the equatorial Tethyan and the Panthalassan 

Oceans. Padden et aL (2001,2002) studied the bulk-carbonate and bulk-organic records 

from the northern continental margin of the Tethyan Ocean, including sections along a 

carbonate-ramp transect in Switzerland. In the Transversarium Zone of each of their four 

studied sections, including Auenstein and Nissibach (Fig. 6.2), they found negative 813C carb 

excursions. Regarding this excursion as "widespread and short-lived", they attributed it to 

a sudden addition of isotopically-light carbon to the global carbon cycle. Increasing 

atmospheric C02 levels in the Oxfordian are also indicated by the expansion of conifer 

forests (van Aarssen et aL, 2000). Following a period of deep-water anoxia, rapid oceanic 

turnover might have repartitioned 12 C-enriched waters from the deep-water to surface 

waters and the atmosphere but there was a lack of evidence for extensive anoxia in the 

Tethyan-Atlantic Ocean of the Oxfordian. 

214 



U, 

> 

0 
2 

0 
0 
(I) 

0 

.0 

z 

r_ 
a) 

CD 

rc- 

UelpiqX0 ale] 
Lr) co 
LO LO 

(8A) q6v 

215 

C2 
CN Go 

m 

ý ýlo 

CIO 

C-4 

n (-) 
ý2 

C, 4 (, 0 

T- 

C13 
W) >ý 
cz > 

C3 

7; ' r- 

C, z 
ol 

tf) C, 
-2 
-Z-, u 

CZ rA 

cz cz C- 

cr, 

E 

C, - 
x 

(z) 



As the Toarcian and Aptian Events, which were of similar duration and magnitude to the 

Oxfordian negative excursion, had previously been attributed to a massive release of 

frozen methane hydrate along continental margins, Padden et al. (2001) felt that this was 

also the most reasonable explanation for the findings from their locations. Hesselbo et al. 

(2000) had attributed extensive carbonate dissolution during the Toarcian negative 813Ccab 

excursion to the oxidation of this released methane. Finding no decrease in the carbonate 

content across the Late Jurassic negative 813 C,,,, b excursion at any of their study sites, 

Padden et aL (2001) observed that the negative excursion at Auenstein occured in a very 

condensed interval and that Oxfordian pelagic deposits tended to be siliceous. 

6.3.2 CANTON AARGAU 

A number of localities in Canton Aargau, northern Switzerland, are important in any 

discussion of Jurassic planktonic foraminifera. Haeusler (1881a, b) described a new 

species of Jurassic planktonic foraminiferid as Globigerina helvetojurassica, listing 

(Haeusler, 1881b) the type level as the zone of "Ammonites transversariqs" of the 

Birmensdorfer Schichten (Jurassic) near Bilren (Canton Aargau) (Fig. 6.3). In his doctoral 

thesis (Haeusler, 1881 a), however, no type locality was identified. Bilren is located north- 

west of Zilrich close to the town of M6nthal. One kilometre north-west of M8nthal, in a 

wooded, hilly area is the famous Eisengraben section which Oesterle (1968) designated the 

type locality for all of the species described in that area by Haeusler. As Bilren is also 

close to the Eisengraben section this is probably a reasonable suggestion. In 1969, Gygi 

designated the Eisengraben section as the type locality for the Birmensdorfer Schichten. 

Oesterle (1969) revised the work of Haeusler and, ý after re-sampling the Eisengraben 

succession, found only badly preserved (recrystallised? ) specimens of what was presumed 

to be Haeusler's "helvetojurassica ". In 1984, Starn re-sampled the Eisengraben 

succession using Oesterle's logs and sampling locations. Starn (1986, p. 111) found 
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numerous small specimens which he illustrated (Stam, 1986, pl. 7, figs 6-12, pl. 8, figs I- 

3). All of these show a low trochospire and are quite distinctly "spinose". Stam was 

convinced that these specimens from the Eisengraben succession were best placed in 

Globuligerina oxfordiana (Grigelis). Despite noting that the aperture was slightly 

different, Starn placed G. helvetojurassica in the synonymy of G. oxfordiana, despite the 

former taxon having been described by Haeusler in 1881, well in advance of the work of 

Grigelis in 1958. Starn justified this use of a later name by claiming that G. 

helvetojurassica should be regarded as a nomen oblitum (forgotten name, ICZN, Article 

23b). As far as is known (Simmons et aL, 1997, p. 29) this was never accepted as an 

argument by the ICZN and, as a result, the original name should stand. 

Oesterle (1969) re-described some of Haeusler's fauna by using comparable material from 

Liesberg (south-west of Basel) where clays of Oxfordian age are exposed in a series of 

quarries that are still being worked. Unfortunately the specimens of planktonic 

foraminifera from the Reuggeri Tonen (Liesberg) are pyrite steinkerns (internal moulds) 

and quite unsuitable for taxonomic work. Masters (1977, pp. 459,460, pl. 21, figs 2-4) 

discussed the problem of preservation of G. helvetojurassica and illustrated forms that 

were clearly re-crystallised (or steinkerns). 

Simmons et aL (1997, p. 29) are convinced that G. helvetojurassica, on the basis of Stam's 

well-preserved material, should be retained as a species and used as the genotype for the 

new genus Haeuslerina. Their generic diagnosis is based almost entirely on the position of 

the aperture (intraumbilical to extraumbilical) near the periphery of the penultimate whorl 

and the depressed sutures. The topotypes figured by Simmons et aL (1997, pl. 2.6, figs I- 

8) show the "spinose" surface, the intraumbilical-extraumbilical aperture and a low 

trochospiral coil with 4 chambers in the final whorl. In all the illustrated specimens the 

spire height appears to be low. 
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Riegraf (1987a, p. 192) followed Stam and listed G. helvetojurassica as a nomen oblitum 

while some later authors have also questioned the validity of the species and the genus 

Haeuslerina (e. g. Georgescu, pers. comm. to Professor Hart). Few micropalaeontologists 

have identified this species in their samples and it remains problematic. 

6.3.3 SAMPLING LOCATIONS 

Samples from the Oxfordian of three locations in Switzerland (Auenstein, Nissibach and 

Gantrisch) and one in Northern Italy (Madonna della Corona, Torre de' Busi) were kindly 
. 

provided by Dr. P. Rais from the Geological Institute/ETH, Zurich. 

The Auenstein and Nissibach sections formed along a carbonate-ramp transect, according 

to Padden et aL (2001,2002) who recorded bulk-carbonate and bulk organic 513C (813CO'g) 

data from the northern continental margin of Tethys. They found no decrease in carbonate 

content across the negative 513C excursion at either of these sections, although the negative 

excursion occurred in a very condensed interval at Auenstein. 

6.3.3.1 AUENSTEIN 

Situated in the Jura Mountains of Northern Switzerland (Aargau Canton) on an inner 

carbonate ramp, Auenstein is characterised by a series of marine hardgrounds follow6d by 

a thick series of alternating marl and thin micritic limestone beds. This section is well- 

dated, age being constrained by extensive ammonite assemblages (Gygi and Persoz, 1987). 

Within the Transversarium Zone, Padden et aL (2001,2002) observed a negative 813 Ccatb 

excursion from No to I%o which coincided with an episode of reduced carbonate 

sedimentation, the resulting decrease in platforrn growth being evidenced by several 

marine hardgrounds. A less precisely dated Oxfordian negative excursion is also found in 

the more continuous alpine section of Nissibach. 
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6.3.3.2 NISSIBACH 

Situated in the Helvetic Nappes of North-Eastern Switzerland (St Gallen Canton), 

Nissibach is characterised by outcrops of the hernipelagic Oxfordian Schilt Fonnation, 

deposited in an outer ramp environment (Kugler, 1987). According to Padden et aL (2001, 

2002), this consists of sandy limestone, succeeded by an extensive marly interval with 

isolated micritic limestone beds. Higher in the section, the marly intervals become thinner 

and less frequent, the uppermost Schilt Formation comprising thin-bedded micritic 

limestones with relatively few marl stringers. Biostratigraphic dating could only be 

tentative, due to the scarcity and poor preservation of indicator fossils. The most negative 

813CCalb value recorded at this site was 0.6%o (Padden et al., 2001,2002). 

6.3.3.3 GANTRISCH 

Gantrisch is situated in the Klippen of the eastern Pr6alpes Romandes, central Switzerland 

(Bem Canton). Also known as the Pr6alpes M6dianes, the Klippen are the largest and 

best-exposed unit of the Pre-Alpine nappes. During the Alpine orogeny, the Klippen 

nappe was incorporated into the accretionary wedge of the closing Piedmont Ocean, 

detached from the basement along an evaporite horizon and transported more than 100 km 

onto the foreland (Masson, 1976). The stratigraphy alters significantly parallel and 

perpendicular to strike, resulting in structural changes from mainly fold structures in the 

north to large imbricates in the south. Wissing and Pfiffner (2002) have described the 

structure of the Klippen between Gantrisch, Schwarzee and Spillgerte. 

6.3.3.4 MADONNA DELLA CORONA, NORTHERN ITALY 

Madonna della Corona is situated near Torre de' Busi (Province of Lecco, Lombardy) 

which is approximately II km south-east of Lecco, 20 km north-west of Bergamo and 40 

km north-east of Milan. 
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6.3.4 MATERIALS AND METHODOLOGY 

Thin sections ftom Auenstein, Nissibach, Gantrisch and Madonna della Corona were 

examined under an Olympus Vanox Universal Research Microscope fitted with a 

biological stage and then photographed using a Nikon Coolpix 4500 camera mounted on 

the microscope (Pls 18,19,20). The maximum diameters and test thicknesses of the 

specimens were measured using a calibrated graticule (see Appendix 111). For each layer, 

the number of chambers visible for each specimen was plotted against its maximum 

diameter. The data were then separated into two categories, for thick-walled and thin- 

walled specimens, respectively. For each category, the abundance of specimens was 

plotted against maximum diameter and the results of the two categories compared. 

6.3.5 RESULTS AND DISCUSSION 

6.3.5.1 ANALYSIS OF THIN SECTIONS 

From the Transversarium and Transversarium/Bifurcatus zones, thin sections from four 

sampling locations were examined (Figs 6.4,6.5). 

AUENSTEIN - SAMPLE Au26 

In this sample, planktonic foraminifera were sparse, so comparison between thick- and 

thin-walled specimens could only be superficial. Maximum diameters ranged from 90-255 

gm, the thick-walled specimens occurring at 135 gra and 170 pm, respectively, and the 

thin-walled specimens present throughout the range. The maximum number of chambers 

visible was 7, at a maximum diameter of 130 gm in a thin-walled specimen. The largest 

specimen, with a 255 jim maximum diameter, was something of an outlier, the next largest 

diameter being 170 pm, in a thick walled specimen. The maximum abundance occurred at 

a diameter of 125 gm in the thin-walled specimens. The percentage ratio of thick-walled 

specimens to thin-walled specimens was 12%: 88%. 
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NISSIBACH -SAMPLE Nil 0 

This sample demonstrated a marked increase in abundance but again, the majority of the 

planktonic forarninifera were thin-walled. Maximum diameters ranged from 80-330 gm, 

with the thick-walled specimens again having a range of 180-305 gm and the thin-walled 

specimens present throughout the range. The maximum number of chambers visible was 

8, at a maximum diameter of 215 pm. in a thin-walled specimen. The maximum abundance 

for the thick-walled specimens occurred at a maximum diameter of 275 Pm. The 

maximum abundance for the thin-walled specimens occurred at a diameter of 175 Pm. The 

percentage ratio of thick-walled specimens to thin-walled specimens was 18%: 82%. 

GANTRISCH - SAMPLE Ga8 

In this sample, as in that from Auenstein, planktonic foraminifera were sparse but here 

there were no thick-walled specimens present. Maximum diameters ranged from 85-175 

pm. The maximum number of chambers visible was 5, at maximum diameters of 105 pm 

and 122.5 pm. The largest specimen, with a 175 pm maximum diameter, was somewhat of 

an outlier, the next largest diameter being 135 pm. 

MADONNA DELLA CORONA - SAMPLE Mc3 

Maximum diameters ranged from 115-345 pm, the thick-walled specimens ranging from 

132.5-255 prn and the thin-walled specimens ranging from 115-345 pm. The maximum 

number of chambers visible was 6, at maximum diameters of between 180-330 gm in thin- 

walled specimens. The two largest specimens, both thin-walled with maximum diameters 

of 330 pm and 345 pm, were outliers, the next largest diameter being 255 pm, in a thick- 

walled specimen. Apart from these two specimens, both the thick-walled and thin-walled 

specimens had fairly similar ranges. The percentage ratio of thick-walled specimens to 

thin-walled specimens was 6%:, 94%. 
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6.3.4.2 GENERAL TRENDS 

There was a great variation in the occurrences of planktonic foraminifera between the four 

sampling locations. At Auenstein and Gantrisch, specimens were rare, whereas there was 

considerably more abundance at Nissibach and Madonna della Corona. Only one species 

of planktonic foraminifera was identified in the thin sections from Auenstein and 

Gantrisch, Globuligerina oxfordiana, whereas an additional species, G. aff. bathoniana, 

was identified at Nissibach and Madonna della Corona. 

6.4 MONTE KUMETA, WESTERN SICILY 

6.4.1 GEOLOGICAL SETTING 

Monte Kumeta is located in the central zone of the east-west trending Kumeta Ridge which 

extends for approximately 20 km in western Sicily (Fig. 6.6). This ridge belongs to a 

major structural unit of the Sicilian-Maghrebian chain in the southern sector of the Palermo 

Mountains (di Stefano and Mallarino, 2002). Amongst the Jurassic outcrops of the Trapani 

region of western Sicily, Monte Kumeta is a well-established example of complex 

synsedimentary dynamics along a stepped pelagic escarpment adjacent to a structural high. 

According to di Stefano and Mallarino (2002), due to an approximate correlation between 

the palaeoescarpment and the present southern slope of the mountain, the discontinuous 

Jurassic facies distribution on an articulate palaeotopography, continuously rejuvenated by 

tectonic and gravitational synsedimentary deformation, is exposed. Jurassic pelagic units 

are well-exposed in a relatively small area on top of Monte Kumeta and on its southern 

slope, most of these units tapering northwards. 

The Jurassic palaeogeographical history of western Sicily has been summarised by several 

authors, including Wendt (1964,1969a), Jenkyns (1970) and Jenkyns and Torrens (197 1). 

Wendt (1964,1969a) provided detailed information on the stratigraphy of the Jurassic 
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strata. During the mid-Jurassic, extending into the Callovian, a series of stratigraphically 

condensed limestones were laid down, including condensed calcareous "Ammonitico 

Rosso" (Wendt, 1964,1965). Monte Kumeta was one of the localities investigated by 

Jenkyns (1974) in his classic study of the origin of Knollenkalke Ammonitico Rosso in the 

Jurassic of the Mediterranean region. By the Late Jurassic, western Sicily was the 

depositional site of shallow-water pelagic oolites that were limited to a few structural highs 

(Jenkyns, 1972) and deeper-water facies, including red nodular limestones. 

Red nodular limestones are particularly widespread in the Jurassic pelagic deposits of the 

Alpine-Mediterranean region and the two principal characteristics are nodularity and the 

abundance of ammonites. They have been proposed as analogues of deep-sea sediments 

by some authors, including Garrison and Fischer (1969), Jenkyns (1974) and Winterer and 

Bosellini (1981). The nodules of the western Sicilian Ammonitico Rosso lie parallel to 

and elongated along the bedding, interleaved with more marly layers. Nodules may grade 

laterally into more continuous, irregularly-sculptured beds. The marly interstices of these 

rocks always seem to be richer in fauna than the nodules and fauna do not generally cross 

the nodule-matrix boundary. The marl matrix of the western Sicilian Ammonitico Rosso is 

crossed by thin red strands of ferruginous clay which trend roughly parallel to the bedding 

and are particularly dense where nodules are close together. The clay mineral assemblage 

of the western Sicilian nodular limestones is consistent with an open oceanic environment. 

6.4.2 MATERIALS AND METHODOLOGY 

Samples from the Bajocian of Monte Kumeta were collected by Dr Kevin Page during a 

field-trip organised in connection with the 6 th International Congress on the Jurassic 

System held in Palermo, Sicily. Thin sections from the samples were examined under an 

Olympus Vanox Universal Research Microscope fitted with a biological stage. The 

maximum diameters and test thicknesses of the specimens were measured using a 
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calibrated graticule (see Appendix III). For each layer, the number of chambers visible for 

each specimen was plotted against its maximum diameter. The data were then separated 

into two categories, for thick-walled and thin-walled specimens, respectively. For each 

category, the abundance of specimens was plotted against maximum diameter and the 

results of the two categories compared. 

6.4.3 RESULTS AND DISCUSSION 

6.43.1 ANALYSIS OF THIN SECTIONS 

From the BaJocian, thin sections were examined (Figs 6.7,6.8). 

MONTE KUMETA -I 

Maximum diameters ranged from 100-262.5 ýtm, the thick-walled specimens ranging from 

150-262.5 pm and the thin-walled specimens ranging from 100-237.5 gm. The maximum 

number of chambers visible was 6 at a diameter of 150 gm, in a thin-walled specimen. 

The maximum abundances occurred at 150 pm and 200ýtm, in thin-walled specimens. The 

percentage ratio of thick-walled specimens to thin-walled specimens was 12%: 88%. 

MONTE KUMETA -2 

The maximum diameters ranged from 112.5-275 gm, the thick-walled specimens ranging 

from 137.5-275 gm and the thin-walled specimens ranging from 112.5-237.5 gm. The 

maximum number of chambers visible was 4, at diameters ranging from 125-237.5 pra in 

both thick and thin walled specimens. The maximum. abundance occurred at a diameter of 

175 pm, in thin-walled specimens. Throughout their range, the thin-walled specimens 

considerably outnumbered the thick-walled specimens, except at a diameter of 225 Pm 

where the abundances were equal. The percentage ratio of thick-walled specimens to thin- 

walled specimens was very similar to that of Monte Kumeta 1, lI%: 89%. 
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MONTE KUMETA -3 

The maximum diameters ranged from 100-250 gm, the thick-walled specimens ranging 

only between 175-225 pm, whilst the thin-walled specimens were present throughout the 

range. The maximum number of chambers visible was 5 at a diameter of 150 ýtm, in a 

thin-walled specimen. The maximum abundances occurred at 150 Pm, followed by 175 

gm, both in the thin-walled specimens. The percentage ratio of thick-walled specimens to 

thin-walled specimens was 8%: 92%, the proportion of thick-walled specimens being even 

lower in this sample. 

6.4.3.2 GENERAL TRENDS 

Thin-walled specimens had a far greater abundance than thick-walled specimens at the 

majority of diameters up to 200 jim. At greater diameters, the thin-walled specimens at 

least equalled the abundances of the thick-walled specimens, or slightly exceeded them. 

The average percentage ratio of thick-walled specimens to thin-walled specimens was 10% 

: 90%. Only two species of planktonic foraminifera were identified in the thin sections 

from Monte Kumeta, Conoglobigerina aff. dagestanica and Globuligerina oxfordiana. 

6.5 EASTERN PELOPONNESUS, GREECE 

6.5.1 GEOLOGICAL SETTING 

Situated approximately 80 krn south-west of Athens, the Argolis Peninsula is the most 

easterly of the Peloponnesus (Fig. 6.9). Part of the internal Hellenides, the late Triassic to 

Oxfordian sedimentation which records the transition from shallow water to deep water 

facies indicates the drowning of a carbonate platform. The Upper Triassic to Middle 

Liassic shallow-water Pantokrator Limestone is overlain by pelagic limestones. 
I 

Hardgrounds below and above these record submarine hiatuses and periods of slow 

deposition. 
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The Peloponnesus, and specifically the Argolis Peninsula, has been the setting for various 

studies, including those of Renz (1906,1940,1955), Brunn (1956), Aubouin (1958,1973), 

Bender et al. (1960), Dercourt (1964,1970), Jacobshagen (1967), Silsskoch (1967), 

Bannert and Bender (1968), Aubouin et al. (1970), C16ment (1971), Celet and C16ment 

(197 1), Bernouilli and Laubscher (1972), Bernouilli et al. (1974), Celet et al. (1974,1976, 

1977), Bachmann and Risch (1976,1979), Baumgartner and Bernouilli (1976), Charvet et 

al. (1976), Jacobshagen et al. (I 976a, b), Kalkreuth et al. (1977), Celet and Ferri6re (1978), 

Vrielynck (1978ab, 1980), Baumgartner (1980,1984a, b, 1985) and Baumgartner et al. 

(1980). 

DHIDHIMI-TRAPEZONA COMPOSITE UNIT 

The Pantokrator Limestone of the Dhidhimi-Trapezona Basal Sequence extends to the 

Middle Liassic and is overlain by a hardground and, possibly, a few metres of condensed 

pelagic limestones topped by another hardground (Fig. 6.10). The Angelokastron Chert 

rests on top of the limestone, consisting of thin-bedded radiolarian chert, siliceous 

limestones and occasional limestone breccias containing clasts reworked from underlying 

formations. This formation, dated using radiolarians, is believed to be late Oxfordian-early 

Kimmeridgian in age (Baumgartner et aL, 1980; Baumgartner, 1984a, b). The overlying 

Dhimaina Formation is characterised by brittle clay-rich, siliceous radiolarian mudstones 

with interbedded fine-grained lithic arenites containing chrome spinel and volcanic debris. 

Graded volcanic arenites increase in abundance and thickness, formifig several coarsening 

and thickening-upwards cycles. Coarse ophiolite breccias interpreted as channel deposits 

occur in the topmost part of the formation (Baumgartner, 1985). 

6.5.2 SAMPLING LOCATIONS 

Samples from the Argolis Peninsula area were kindly provided by Professor A. 

Zambetakis-Lekkas from the Geological Department of the University of Athens. 
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SALAMIS ISLAND 

Samples AZ05 1, AZ05 2 and AZ05 27 were collected from Salamis Island but 

unfortunately, according to Professor Zambetakis-Lekkas, their stratigraphical position is 

uncertain because the outcrops are severely affected by faults. 

ARGOLIS PENINSULA 

The remainder to the samples were collected from the Argolis Peninsula itself Samples 

AZ05 45-56 were collected from a "continuous stratigraphic series", AZ05 56 being the 

oldest. According to Professor Zambetakis-Lekkas, it overlies a middle Liassic carbonate 

series, dated by Orbitopsella praecursor (Gijmbel) and Paleodasycladus mediterraneus. 

The same fossils are found in the overlying series, mainly in the breccia elements. Pelagic 

facies is also intercalated between the breccia elements. Rare protoglobigerinids are found 

in this facies with filaments, radiolarians and ammoniods. 

6.5.3 MATERIALS AND METHODOLOGY 

The thin-sections from Salamis Island and the Argolis Peninsula were photographed using 

a Nikon Coolpix 4500 camera mounted on an Olympus Vanex Universal Research 

Microscope fitted with a biological stage (Pls 21,22). Some of the thin sections contained 

very large Orbitopsella praecursor (Pl. 22), some of which were larger than the field of 

view. The overlying limestones contain rare protoglobigerinids with typical 4-chambered 

appearance. In the logs of the section (Fig. 6.10), there is some doubt about the age of the 

condensed pelagic limestones. The planktonic foraminifera are almost certainly BaJocian 

or Bathonian in age as no known Upper Lias succession contains this assemblage (Werrili, 

1995). 
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6.6 TAURUS MOUNTAINS, TURKEY 

The Ammonitico Rosso limestones of the Taurus Mountains of Turkey were described by 

Wernli (1988). This infrequently quoted paper is highly significant as the fauna is 

reportedly of Toarcian and Aalenian age. The material appears to have been discovered by 

Poisson (1977) and described only in a doctoral thesis of the University of Paris. The 

Middle Toarcian fauna (Wernli, 1988, fig. 1) contains a range of taxa illustrated in thin- 

section: 

1. the typical 3 or 4-chambered sections of protoglobigerinids; 

2. low-spired forms with rounded chambers; and 

3. high-spired forms with 3 or 4 whorls of chambers. 

In the Aalenian fauna there is a range of high to low-spired forms, but- many of the 

individuals appear to have a thicker wall. 

This Toarcian-Aalenian fauna does not appear to have been researched further since the 

work of Wernli (1988). This is surprising as Wernli (1995) was later to describe the 

evolution of Conoglobigerina from Praegubkinella in the early Toarcian, immediately 

following the Toarcian Oceanic Anoxic Event and the end-Pliensbachian extinction event. 

The high-spired fauna from the Toarcian of Turkey (Wernli, 1988, fig. 1.1-15) is very 

reminiscent of the Praegubkinella - Conoglobigerina transition. 

6.7 BALEARIC ISLANDS 

Oxfordian "protoglobigerinids" are known from the Ammonitico Rosso limestones of Ibiza 

and Majorca. Rangheard (1962) described a fauna from Ibiza, noting that this extended the 

range of planktonic foraminifera into the Jurassic of that area. Later Colom & Rangheard 

(1966) described a similar fauna from the Bathonian-Oxfordian of Majorca, as well as 

illustrating faunas from the Oxfordian of Ibiza and mainland Spain (Caravaca, Murcia). In 
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most cases the specimens illustrated are low-spired and thin-walled and are sometimes 

associated with bivalve "filamen&' (possibly Bositra, though they were identified as 

Halobia by the authors). The Ibiza fauna (Rangheard, 1962) was from the Transversarium 

Zone of the Oxfordian. In many of the samples described by Colom and Rangheard, there 

was an associated fauna of benthonic foraminifera, including Lenticulina, Lagena and 

Ophthalmidium. Colorn (1955, p. 5, fig. 13) also illustrated an abundant fauna of 

planktonic foraminifera of Tithonian age from "reddish limestones" in Majorca There 

appear to have been no further publications on these faunas. 

6.8 ALTAS MOUNTAINS, MOROCCO 

From the mountains south-east of Ouczzane, Wcrnli (1987) has described 

"protoglobigerinids" from the ammonitico rosso of the Lower Bajocian. While many of 

the thin-sections show the typical 4-chambered appearance (Wernli, 1987, fig. 2, pls 1,2), 

some of the specimens are clearly high-spired. This was particularly highlighted by 

Wernli, who also noted that some of the specimens had thicker walls (although they appear 

to have been recrystallised). Although Wernli (1987, fig. 2) describes the fauna as 

unidentifiable he compares it to Globuligerina oxfordiana or Globigerina bathoniana. 

6.9 FUERTEVENTURAXANARYISLANDS 

Fuerteventura, the largest of the seven islands of the Canary archipelago, is the closest to 

the mainland of Africa. Its present geological position results mainly from the opening and 

evolution of the central Atlantic. A first rifling phase from the Anisian to the Hettangian 

(Jansa and Wiedmann, 1982: Favre and Stampfli, 1992), created confined basins. 

Sinnemurian-Pliensbachian to earliest Toarcian deposits (transgressive carbonate platform, 

nodular limestones with black shales) indicate a sudden deepening of the depositional 
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environment (Jansa, 1986; Favre et. al, 1991), corresponding to a final stage of rifting 

(Lancelot and Winterer, 1980; Favre and Stampfli, 1992). Seafloor spreading in the central 

Atlantic is thought to have started during the Bajocian (Jansa and Wiedmann, 1982: 

Klitgord and Schouten,, 1986), preceded, or accompanied during the Toarcian, by the 

thermal uplift of the rift shoulders (Favre and Stampfli, 1992). 

The sediments of Fuerteventura have been studied since at least the middle of the 

nineteenth century (von Fritsch, 1868; Gagel, 1910). For age correlation and constraints 

on the opening of the central Atlantic Ocean, Steiner et al. (1998) compared the Mesozoic 

stratigraphy of Fuerteventura with existing palaeogeographical data from the northwestern 

African continental margin and the Tethyan basins. The Mesozoic sequence is strongly 

influenced by the proximity of the African continental margin and by sea level 

fluctuations. A considerable thickness of Jurassic and Cretaceous sediments is exposed, 

the succession extending from the Toarcian to the mid- and Upper Cretaceous. The 

Cretaceous sequences are biostratigraphically well dated and the Jurassic age is defined by 

the presence of the biostratigraphic marker Bositra huchi (R8mer) (Toarcian-Oxfordian) 

(Jefferies and Minton, 1965; Bernouilli and Kdlin, 1984). The Jurassic sedimentary 

succession consists of oceanic and clastic deposits, the latter derived from the southwestern 

Moroccan continental margin. At the base of the sequence, normal mid-ocean ridge basalt 

(N-MORB) flows and breccias indicate sea-floor spreading events in the central Atlantic. 

These N-MORB outcrops represent the only Early Jurassic oceanic basement described up 

until then in the central Atlantic. Steiner et al. (1998) proposed a Toarcian age for the 

Atlantic oceanic floor in this region, on the basis of clastic deposits reflecting tectono- 

eustatic events (e. g. late Toarcian to mid-Callovian erosion of the rift shoulder) and of the 

presence higher up in the sequence of the Bositra buchi filament microfacies (Aalenian to 

middle Bajocian). The latter were dated through comparisons with northwestern Atlantic 

deep-water limestone facies and identical filament microfacies, dated by ammonites, in the 
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Ketarna unit of the external Rif, Morocco (Favre, 1992). 

Within the sedimentary sequence, there is a pelagic bivalve limestone unit, the base of 

which consists of a pelagic limestone facies of alternate layers of shelly or nodular 

limestones and green marls. According to Steiner et al. (1998), the green colouration 

could indicate deposition in an oxygenated environment as the facies association is typical 

of open circulation in a deep-water, marine environment. The marls contain numerous 

fossil impressions of Bositra buchi (Mmer). In the lithological logs (Steiner et al., 1998, 

fig. 4), Bositra filaments are recorded from the BaJocian to Callovian strata whilst 

planktonic foraminifera are recorded from the Kimmeridgian to Berriasian although these 

have neither been described nor illustrated. 

6.10 PORTUGAL 

6.10.1 GEOLOGICAL SETTING 

Portugal rotated in an anti-clockwise direction during the mid-Cretaceous. In its pre- 

rotational position, the Iberian Meseta had sedimentary basins on its northwest-facing side 

and southwest facing side. In the Jurassic, these were the Lusitanian Basin and the 

Algarve Basin, respectively. 

6.10.2 LUSITANTAN BASIN 

The Lusitanian Basin, in western Central Portugal (Fig. 6.11), is one of the marginal basins 

associated with the development of the North Atlantic Ocean. It has an area of over 23,000 

kM2 and extends northwards along the coastline of Portugal for over 300 km, from the 

Serra da Arrdbida, south of Lisbon, to Aveiro, the northern margin being ill-defined. The 

major part is situated onshore with its eastern boundary coinciding with the Porto- 

Coimbra. -Tomar Fault (Pinheiro et al., 1996). The Basin is one of two structural settings in 
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Portugal where Lower Jurassic sediments outcrop and are bounded by the Iberian 

Hercynian Massif, the Algarve Basin being the other. Most of the basin fill is Jurassic in 

age but Upper Triassic sediments are known from a few areas. Lower and Upper 
I 

Cretaceous sediments are also known, overlain by a cover of Cenozoic continental 

sediments. The structural history of the basin is described by Ribeiro et al. (1979), Wilson 

(1988) and Proenga Cunha and Pena dos Reis (1995). 

The Lower Jurassic consists of a thick carbonate succession of dolomites, limestones and 

marly limestones that can exceed 500 m. The Toarcian is continuous and well-exposed at 

several locations in the basin (Duarte, 1997), notably at Peniche, a prominent headland just 

south of Nazar6 (Figs 6.12,6.13). The Toarcian. is mainly dominated by marl. or marly 

limestone alternating with limestone, usually characterised by necktonic and benthonic 

macrofauna (Duarte, 1995,1997; Duarte et aL, 2001). The succession studied by Duarte et 

al. (2004) outcrops in the northern part of the basin (Coimbra area) where the Toarcian is 

thicker. It is part of the S. Gi5o Formation (Duarte and Soares, 2002), ranging in age from 

the Early to Late Toarcian, and, based on the vertical arrangement of the facies and the 

stratigraphical distribution of the macrofauna, this unit can be divided into five members 

easily recognisable across a large area of the Lusitanian Basin. In the Thin Nodular 

Limestones Member (TNL), the facies of which are typical of the TNL Member 

throughout the Basin, tempestitic-turbiditic features were recorded which had previously 

been observed in other sections of the Basin and related to tectonic trigger mechanisms. 

(Duarte, 1997). 

With similar sediments, particularly in pelagic environments, carbon and oxygen stable 

isotope analyses have been widely used in stratigraphy and palaeoceanographical or 

palaeoclimatical. reconstructions (Scholle and Arthur, 1980; Shackleton and Hall, 1984; 

Weissert, 1989; F611mi et al., 1994; Weissert et al., 1998; Jenkyns et al., 2002). The 
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hernipelagic sediments of the Lusitanian Basin, well constrained by ammonite and 

calcareous nannofossil dating (Elmi et al., 1989; Perilli and Duarte, 2003), were subjected 

to isotopic analysis'to identify the major transgressive-regressive cycles and sequence 

evolution, through recognition of the main discontinuities and flooding surfaces (Duarte 

et al., 2003). The carbon-isotope (813 Q analysis confirmed the trends for other regions of 

the Basin (Duarte, 1998), with the isotopic variation curve showing noticeable changes at 

the boundaries between the depositional sequences. The large positive fluctuation 

corresponded to transgressive periods whereas the increase of the lighter 12C isotope in the 

carbonate sediments again confirmed the continentally-derived deposition of a regressive 

phase. There is a correlation between some of these events (positive and negative 

excursions) and those recorded in certain other European basins (Jenkyns and Clayton, 

1986: Jenkyns et al., 1994,2002; Jim6nez et al., 1996; Hesselbo et al., 2000; Beerling 

et al., 2002). Recent sampling of a Toarcian succession at Peniche should lead to a better 

understanding of the microfauna, although no planktonic foraminifera have ever been 

recorded in the area (Duarte, pers. comm. to Professor Hart). The most important 

successions are located immediately north of Figueira da Foz, at Cabo Mondego 

(Figs 6.13,6.14). Recent work in this area has focused on two successions; Murtinheira on 

the coast (of Aalenian age) and Brenha, an inland section 6 km to the east (of Middle 

BaJocian age) (Fig. 6.14). Starn (1986) studied both of these successions but did not record 

planktonic foraminifera from the Murtinheira section and only a "pyritized cast" from 

Brenha. Recent work by Henriques and co-workers (pers. comm. to Professor Hart) on the 

Aalenian succession has recorded no planktonic taxa. 

Approximately 50 krn north of Lisbon, an almost complete, but folded and faulted, 

sequence of Bathonian to Kimmeridgian marine sediments is exposed on the top and flanks 

of Montejunto, a 664 m high mountain (Fig. 6.13). From the samples collected from the 

Tojeiro Fonnation, Stam (1986) observed that the planktonic to benthonic ratio indicated 
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that planktonic foraminifera were relatively abundant throughout the Tojeira, I section and 

the upper part of the Tojeiro 2 section. The planktonic fauna had a low diversity (probably 

only a few species) and consisted entirely of simple globose forms "similar to the Recent 

genus Globigerina". Planktonic foraminifera very similar to "typical Globigerina 

bathoniana" (such as the one figured by Gradstein, 1978, pl. 3, fig. lab) were present 

throughout the Oxfordian to Kimmeridgian of both Tojeira sections (Stam, 1986). 

The Emiliani (1971) distribution model indicated to Starn (1986) either: 

*a boreal fauna, unlikely in view of palaeogeographical constructions and the Tethyan 

ammonite fauna; 

*a sub-tropical/tropical fauna inhabiting waters with no thennocline (which causes a 

deepening of the well-mixed upper water layer) or with restricted environmental 

conditions (Wonders, 1980). 

The absence of a thennocline or restricted enviromuental conditions indicated that water 

circulation was reduced at the very least. This reduction in circulation was most likely to 

have occurred in the deeper parts of the basin and it could have affected the occurrence and 

abundance of individual benthonic species but the relative diversity of the rich benthonic 

microfauna and the absence of lamination indicated that bottom conditions were not 

hostile. During periods of reduced water circulation, due to the increased food supply and 

the high reproductive potential of simple, globose planktonic foraminifera (Caron and 

Homewood, 1983), their abundance increased relative to benthonic foraminifera. An 

increase in the planktonic to benthonic ratio is linked to water depth and was seen by Stam 

(1986) to explain the positive correlation between the P: B ratio and the deep-water 

foraminifera recorded in his study. 

6.10.3 ALGARVE BASIN 

The Algarve Basin is an east-west elongated basin, stretching from Cape St. Vincent in the 
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West to near the Portuguese-Spanish border in the east and bordered to the north by the 

Iberian Meseta (Fig. 6.15). Lower, Middle and Upper Jurassic sediments are exposed. 

Like the Lusitanian Basin, the Algarve Basin originated in the Late Triassic as a result of 

movements along Hercynian basement faults. Based on the distribution of Jurassic 

sediments, three areas can be recognised: the western Algarve, west of Lagos; the central 

and eastern Algarve; and the north-central Algarve, between the Hercynian basement and 

the first strike-slip fault to the south. In the western Algarve, the Mareta Beach section 

was sampled in detail by Stam. (1986) and, in the central Algarve, the Albufeira section. 

Additional samples were collected from the eastern Algarve. 

Only the samples from the Mareta. Beach section were used by Stam. (1986) for 

quantitative foraminiferal analyses as the samples from the central and eastern Algarve 

contained too few foraminifera. The Mareta Beach section is exposed along the beach' 

directly south of Sagres and ranges from the Late Bajocian to Kimmeridgian. Pyritized 

casts of planktonic foraminifera were present in various samples from this section but in 

very low numbers, so Stam (1986) did not use the P: B ratio in his analyses. Planktonic 

foraminifera, very similar to "typical Globigerina bathoniana" (such as the one figured by 

Gradstein, 1978, pl. 3, figs. I a, b) were present throughout the Bathonian and Callovian of 

the Mareta Beach section (Stam, 1986). 

In the central and eastern Algarve, outcrops in the vicinity of Albufeira, Loule and Estoi 

were sampled because of the occurrence of pelagic Oxfordian and Kimmeridgian strata in 

these areas (Mouterde et al., 1972) although no exact localities were known. The 

microfauna from these samples were to be used in a comparison with the microfauna from 

the Oxfordian-Kimmeridgian strata of the Lusitanian Basin, particularly of the planktonic 

foraminifera. A pyritized cast of a planktonic foraminifera was recorded in the Albufeira 

section but no planktonic foraminifera were recorded from Loule or Estoi. 
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As planktonic foraminifera very similar to "typical Globigerina bathoniana" were present 

throughout the Bathonian and Callovian of the Mareta Beach section and in the Oxfordian 

to Kimmeridgian of both Tojeira sections, Gradstein's "Globigerina" bathoniana Zone 

was not recognised in the Portuguese sections (Stam, 1986). Only three of the species of 

Jurassic planktonic foraminifera so far described could be recognised by Stam (1986) in 

the Portugese and Grand Banks strata. 

1. Globuligerina bathoniana, ranging from the Late Bajocian to the Early Valanginian, 

occurred in Portugal at Brenha, both Tojeira sections and Mareta beach; and in the 

Grand Banks' wells Bittem M-62, Eider M-75, Cormorant N-83 and Murre G-67. 

2. Globuligerina oxfordiana, ranging from the Middle-Late Bajocian to the Early 

Valanginian, occurred in Portual in both Tojeira sections and in the Grand Banks' wells 

Bittem M-62 and Murre G-67. 

3. Globuligerina balakhmatovae, ranging from the Late BaJocian to the Late Bathonian or 

possibly the Early Kimmeridgian, occurred possibly in Portugal at Tojeira I section 

and in the Grand Banks' wells Eider M-75 and Murre G-67. 

The morphology of Globuligerina balakhmatovae, with its flattened chambers and 

occasional imperforate equatorial band, or even a weakly developed keel, was suggested 

by Starn (1986) as the first Jurassic sign pointing towards the occurrences of more 

complicated test morphologies in progressively deeper water. 

6.11 GRAND BANKS, NEWFOUNDLAND 

6.11.1 GEOLOGICAL SETTING 

The Grand Banks are situated off the south-east coast of Newfoundland (Fig. 6.16). More 

than 6,000 rn of Jurassic sedimentary strata accumulated in several grabens and half- 

grabens created by block faulting. There are five sub-basins: from east to west, the Carson, 

Jeanne d'Arc, Horseshoe, Whale and South Whale (Fig. 6.16). General tectonic and 
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lithostratigraphical overviews of the Grand Banks have been provided by various authors, 

including Bartlett and Smith (1971), and Jansa and Wade (1975a, b). Studies of the 

biostratigraphy include those undertaken by Bartlett (1969), Gradstein (1977,1978), Barss 

et al. (1979) and Jansa et al. (1980). Palaeogeographical reconstruction of the North 

Atlantic continental margins suggest that, prior to the commencement of seafloor- 

spreading, the Lusitanian and Algarve basins of Portugal, and the Grand Banks basin south 

of Newfoundland were in close proximity. Although the various reconstructions indicate 

different initial. distances between these basins, it is generally accepted that active 

spreading did not take place before the Early Cretaceous. The Algarve, Lusitanian and 

Grand Banks basins might therefore have a similar tectonic, sedimentary and faunal history 

during the Jurassic. Exton and Gradstein (1984) undertook a detailed study of the 

stratigraphical, sedimentary and biostratigraphical history of the Early Jurassic conjugate 

basin and concluded that the Triassic-Lower Jurassic lithostratigraphy of the Lusitanian 

and Grand Banks basins was very similar. They demonstrated that the foraminiferal and 

ostracod assemblages had a comparable composition, with three recognisable zones, 

allowing indirect integration of the Early Jurassic microfossil assemblages of the Grand 

Banks with the standard European ammonite zones. 

6.11.2 MIDDLE AND LATE JURASSIC FORAMINIFERA 

Starn (1986) studied the micropalaeontology of Middle and Upper Jurassic sections of the 

Grand Banks. Eighteen of the wells located in the five Grand Banks sub-basins were 

sampled, one in the Carson, thirteen in the Jeanne d'Arc, one in the Horseshoe, two in the 

Whale and one in the South Whale. In most wells, Upper Jurassic or Lower Cretaceous 

strata are unconformably overlain by Upper Cretaceous or younger sediments. This 

"Avalon unconformity" resulted from continental blocks tilting during the break-up of the 

Grand Banks from Portugal in the Albian (Stam, 1986). Simple, globose planktonic 

foraminifera, similar to those recorded in Portugal, were discovered from five of the wells. 
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* From the Murre G-67 and Cormorant N-83 wells in the Jeanne d'Arc sub-basin, 

planktonic foraminifera were recorded from the Bathonian to Callovian. The low- 

spired Globuligerina balakhmatovae and the higher-spired G. bathoniana were 

common in the deep-water Bajocian-Bathonian interval of Murre G-67 (Stam, 1986). 

* From the Bittern M-62 well in the Horseshoe sub-basin, planktonic foraminifera were 

recorded "sometimes in large numbers" in the Callovian to Oxfordian, indicating 

relatively deep water (Stam, 1986). A shallowing occurred during the Late 

Oxfordian/Kimmeridgian, indicated by the disappearance of planktonic foraminifera. 

* From the Eider M-75 and Razorbill F-54 wells in the Whale sub-basin, "many" 

planktonic foraminifera were recorded by Starn (1986) in an interval in the Eider M-75 

well dated as Bajocian-Bathonian (Gradstein, 1978; Barss et al., 1979). Again, the 

low-spired Globuligerina balakhmatovae and the higher-spired G. bathoniana were 

common in the deep water Bajocian-Bathonian interval of Eider M-75 (Stam, 1986). 

In the upper Bathonian level (Gradstein, 1978), planktonic foraminifera were rare, 

indicating a shallower water depth (Starn, 1986). Although Jurassic planktonic 

foraminifera were recognised in the Razorbill F-54 well, the interval in which they 

occurred could not be determined with any certainty due to considerable contamination 

(Stam,. 1986). 

Gradstein (1977,1978) recognised six informal foraminiferal zones in the Middle and 

Upper Jurassic sediments of the Grand Banks. The "Globigerina" bathoniana Zone (Late 

Bathonian) was based on the highest stratigraphical. occurrence of this species. In practice, 

this zone was recognised by the highest stratigraphical occurrence of high-spired 

planktonic foraminifera. An examination of BaJocian to Kimmeridgian planktonic 

foraminifera from Portugal, together with available Middle and Upper Jurassic material 

from other localities, in addition to a study of the relevant literature had shown that high- 

spired planktonic foraminifera could occur throughout the Middle and Upper Jurassic. 
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6.12 MEXICO 

Jurassic planktonic foraminifera have not been described from Mexico, although there has 

recently been a report of planktonic taxa in thin sections (Pl. 23) from the Oxfordian of an 

off-shore borehole in the Sonda de Campeche (Campeche Basin), South-East Mexico 

(Carmen Rosales Dominguez, pers. comm. to Professor Hart). 

6.13 SUMMARY 

Data from theýabove locations, plus others in the literature, 'have been used to construct the 

palaeobiogeographical. maps presented in Chapter 9. Some areas (e. g. Greece, Middle 

East, Indian Subcontinent) clearly need more research as information is currently limited 

or completely lacking. 
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CHAPTER7 

THE BRITISH ISLES 

7.1 INTRODUCTION 

Redcliff Point near Weymouth (Dorset, South-West Britain) exposes one of Europe's most 

complete Callovian/Oxfordian boundary sequences and has been the subject of rigorous 

multidisciplinary research (Figs 7.1,7.2). The boundary sequence, which has been 

proposed as a candidate GSSP (Global Stratotype, Section and Point) for the base of the 

Oxfordian Stage (Page et aL, 2007, in press), lies entirely within the clay facies of the 

Oxford Clay Formation. Ammonites, in particular, are conspicuous and in some cases 

retain their aragonite shell. By convention the stage boundary is drawn at the first 

occurrence of the genus Cardioceras, which has been interpreted as corresponding to the 

transition between "Quenstedtoceras" paucicostatum (Lang) and Cardioceras ex gr. 

scarburgense (Young and Bird), specifically at the first occurrence of C woodhamense 

Arkell sensu Callomon (non Marchand). This transition is recorded at Redcliff and 

provides the primary means through which the boundary can be correlated. 

Samples for micropalaeontological analysis were collected throughout the boundary 

sequence. Splits of these samples were provided to Dr Paul Bown (University College, 

London) for an investigation of the calcareous nannofossils while the bulk of these samples 

were prepared for an analysis of the foraminifera. and ostracoda by Professor Malcolm Hart 

at the University of Plymouth. All the samples were disaggregated using the "Solvent 

Method" described by Brasier (1980). This disaggregates the samples gently causing 

minimal (if any) damage to the fauna. Samples were washed on a 63 pm stainless steel 

sieve, dried in a cool (<40'C) oven and inspected in splits of >500 pm, 500-250 pm, 250- 

125 jim and 125-63 pm. 
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7.2 FORAMINIFERA OF THE OXFORD CLAY FORMATION 

The foraminifera of the Oxford Clay Formation have been investigated by a number of 

workers in recent years (Barnard, 1952,1953; Cordey, 1962; Gordon, 1965; Shipp, 1978, 

1989). More recently, PhD theses by Henderson (1997) and Oxford (2004) have up-dated 

much of the taxonomy. Page et aL, (2003, fig. 7) have illustrated some of the species of 

foraminifera and ostracoda recorded in a pilot investigation of the Redcliff succession. 

The fauna is quite well preserved although some of the epistominids (which have an 

aragonite test) show signs of dissolution and/or are infilled with pyrite. Many of the 

agglutinated taxa are compressed, the chitinous inner wall allowing the specimens to 

collapse during burial and compaction (Page et al., 2003). 

At the time of this pilot investigation of the Redcliff succession, no planktonic foraminifera 

were recorded, probably because the upper levels of the succession were not investigated at 

that time. None of the earlier workers on the Oxford Clay Formation in Britain had ever 

recorded the presence of planktonic foraminifera and, indeed, none had been expected 

during that research. However, in 2001, Melissa Oxford discovered an assemblage of 

planktonic foraminifera (preserved as pyrite steinkems) from the Furzedown Clays of the 

Mariae Chronozone exposed on the shore of the Fleet just west of Wyke Regis (see 

House, 1993; fig. 14). This assemblage was described by Oxford et al. (2002) and the 

problems of its preservation discussed. 

7.3 JURASSIC PLANKTONIC FORAMINIFERA 

Over the last 50 years, knowledge of early planktonic foraminifera has changed markedly. 

In their review, Simmons et*aL (1997) described 16 species from the late Bajocian to early 

Valanginian interval. The majority of these taxa were first described from Eastern Europe 

and parts of the Fonner Soviet Union (Grigelis, 1958,1974,1975; Hofinan, 1958; 
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Morozova and Moskalenko, 1961; Pazdrowa, 1969; Fuchs, 1967,1970,1973,1975; 

Grigelis et aL, 1977; Grigelis and Gorbatchik, 1980a; Kuznetsova and Gorbatchik, 1980, 

1985; Kasimova and Aliyeva, 1984; Gorbatchik, 1986). Globuligerina oxfordiana is, 

almost certainly, one of the most widely recorded of the Jurassic species, although this 

could be illusory as this is invariably the name used for almost "any" Jurassic planktonic 

forms. It was, therefore, something of an anomaly that Globuligerina oxfordiana was well 

known from the Marnes de Villers of the "Vaches Noires" cliffs of Normandy (Bignot and 

Guyader, 1966,1971; Samson et aL, 1992) and yet had not been found in coeval strata of 

similar facies in Britain. Work by Melissa Oxford (2004), Malcolm Hart and Matthew 

Watkinson on the Normandy coast sections between Villers-sur-Mer and Houlgate 

confirmed the presence of Globuligerina oxfordiana in the uppermost part of the Marries 

de Villers Formation, uppermost Scarburgense Subchronozone, Mariae Chronozone 

(Oxfordian). These specimens can be favourably compared with the illustrations of Bignot 

and Guyader (1971, figs 1-4) and Samson et aL (1992, pl. IV). It was this work in 

Normandy that prompted the sampling of the Mariae Chronozone of the Dorset Coast and 

led to the discovery of the fauna described by Oxford et aL (2002). It was, however, a 

surprise that this work recorded three possible species (Globuligerina oxfordiana, 

Haeuslerina helvetojurassica and Compactogerina stellapolaris) rather than the one 

species that was expected. None of the other taxa had been recorded by Bignot and 

Guyader (1966,197 1) and Samson et aL (1992) in the Normandy succession. 

In the Redcliff succession the planktonic foraminifera have been recorded as pyrite 

steinkerns and are mainly found in the lowermost part of the Mariae Chronozone 

(Scarburgense Subchronozone). This is slightly older than the records from the shores of 

the Fleet and in Normandy but is in line with other known 'floods' at, or about, this level 

(Fig. 7.3). In Poland, the glauconitic sands and clays exposed at Ogrodzieniec (north-west 

of Krakow) also record floods of such forms, although in that succession the preservation 
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of the fauna is in the form of glauconitic moulds (see Fuchs, 1973). 

The newly discovered Redcliff assemblage of planktonic foraminifera (Aze, 2005) is 

abundant and contains a variety of taxa (Pl. 11). Dominant are the typically 4-chambered 

Globuligerina oxfordiana morphotypes. The generic determination of this species is, 

however, problematic as a series of emendations by Bignot and Guyader (1966,197 1) have 

almost certainly changed the initial concept of the taxon, although Grigelis and Gorbatchik 

(1980a) have attributed this to the "better preservation of the French material". Simmons 

et aL (1997), following these emendations, identify Globuligerina on the basis of its loop- 

shaped aperture (as distinct from the low arch which is characteristic of Conoglobigerina). 

This separation is, however, only partly successful as any assemblage contains a range of 

forms with both arched and loop-shaped apertures as well as a range of spire heights. 

When dealing with the glauconitic moulds of Ogrodzieniec and the pyrite steinkerns of 

Redcliff this differentiation is impossible as the original test material is not present. Some 

of the Redcliff specimens are also irregular in form and this is probably a result of the 

preservation process. 

Some of the other Redcliff specimens are attributed to Compactogerina stellapolaris. This 

determination is following Simmons et aL (1997), despite some workers (e. g. Riegraf, 

1987a, b) placing this species in the synonymy of Globuligerina oxfordiana. The other 

Oxfordian species, Haeuslerina helvetojurassica, with its umbilical-extraumbilical 

aperture may also be present but the mode of preservation makes its identification very 

difficult. 

One problem that remains unresolved is the presence of some low trochospiral forms with 

5-7 chambers in the final whorl and an almost extraumbilical aperture. Such forms 

(Pl. 11, Fig. 6) arc almost hcdbergcllid in appearance and the nearest genus might be. 
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Praehedbergella. There are two problems in such a determination. Firstly, the specimen 

shown in Plate 11, Figure 6 shows a quite unusual surface ornamentation. This is, of 

course, not an 'external' feature but preserves an internal feature of the chamber wall, now 

lost in the steinkern preservation. Secondly, there is the problem of age. Praehedbergella 

appears in the early Cretaceous (Hauterivian) according to BouDagher-Fadel et aL (1997) 

and there are no confirmed records of any praehedbergellids being found in Jurassic strata, 

although a similar unidentified species has been found in the clays of the Wootton Basset 

Mud Springs by Dr A. Henderson (pers. comm. to Professor Hart). It is impossible to 

consider a change in the range of Praehedbergella on the basis of these few specimens as 

they do not show any of the typical morphology of the test. On the other hand the 

preservation does not allow for the creation of a 'new' taxon, as none of the generic and 

specific features of the calcareous (probably aragonite) test are preserved. This problem 

can only be resolved if an assemblage containing this fauna is discovered elsewhere in 

non-nal preservation. As planktonic foraminifera have not previously been reported from 

Jurassic strata in Southern Britain despite over a century of research, it is onlyjust possible 

that fresh material may be found elsewhere with the aragonite test preserved. Material 

from the Jurassic of Scotland described by Gregory (1986,1989) remains unpublished. 

7.4 SEQUENCE STRATIGRAPHY AND PALAEOGEOGRAPHY 

The occurrence of this planktonic fauna in the Scarburgense Subchronozone is distinctive 

and confinns the Mariae Chronozone as a flooding horizon across Dorset, Normandy and 

Bavaria. The Mariae Chronozone is close to the maximum sea-level highstand recorded 

within Jurassic Sequence 8 of Jacquin et aL (1988). This is also the same stratigraphical 

level as the abundant planktonic fauna at Ogrodzieniec (Poland). The sequence 

stratigraphy model of Emery and Myers (1996, fig. 6.14a) would predict that such 'floods' 

of planktonic taxa should be associated with maximum flooding surfaces (or events). The 
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sea level highstand in the Early Oxfordian is also supported by Pearce et al. (2005, fig. 2) 

who show the maximum sea levels in the Mariae Chronozone. This interpretation appears 

to be largely based on the work of Hesselbo and Coe (2000). This highstand event appears 

to conflict with the climate evidence provided by oxygen isotopes (Tremolada et aL, 2006) 

and the occurrence of glendonite in northeastern Asia (Chumakov and Frakes, 1997), both 

of which suggest a cooling at this time and the possible presence of polar ice. This 

evidence indicates that temperatures began to fall, in Europe, in the latest Callovian 

(Athleta Chronozone) and lasted into the earliest Oxfordian (Dromart et aL, 2003). The 

stable isotope data from belemnite guards indicate a cooling of some fft-76C in Russia, 

Poland and Britain (Podlaha et al., 1998; Barskov and Kiyashko, 2000; Jenkyns et aL, 

2002). Further evidence of a cooling at this time comes from cool gymnosperm floras in 

the upper Callovian and lower Oxfordian of Germany and France (Philippe and Thevenard, 

1996) and palynomorphs of cool aspect in the North Sea Basin (Abbink et aL, 2001). The 

most striking feature appears to be an influx of 'Boreal' ammonites (cardioceratids and 

kosmoceratids) in southeastern France (e. g. Fortwengler, 1989) and elsewhere in N. W. 

Europe (Page, pers. comm. to Professor Hart). The palaeogeography at the time (Fig. 7.4) 

certainly shows a connection between Britain, France, Germany, Poland and areas in 

Russia such as the Pechora Basin, from which Compactogerina stellapolaris was first 

described. Even if a cold-water connection to the north can be demonstrated at the time of 

the Callovian/Oxfordian boundary, this does not appear to support the view that the Mariae 

Chronozone marks a highstand which allows the migration of planktonic foraminifera into 

the Wessex Basin. In modem oceans, aragonite is preferentially preserved in cooler 

(glacial) intervals with, for example, floods of pteropods preserved in Marine Isotope 

Stages 2 and 6 (Chen, 1968; Gardulski et al., 1990; Wang et al., 1997). If there was a 

"cooling" episode associated with the latest Callovian and earliest Oxfordian then this 

might also account for the relatively widespread preservation of planktonic foraminifera at 

this stratigraphical level. 
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7.5 SUMMARY 

An assemblage of planktonic foraminifera is described and illustratdd for the first time 

from the Mariae Chronozone at Redcliff, Dorset. This is almost coeval with comparable 

faunas known from the banks of the Fleet (Oxford et al., 2002) and further away on the 

Normandy Coast (Bignot and Guyader (1971), Bavaria and in Poland (northwest of 

Krak6w). Its occurrence in the proposed GSSP succession for the base of the Oxfordian 

Stage is important, even though it exacerbates the dilemma between a cooling event and a 

sea level highstand at, orjust above, the Callovian/Oxfordian boundary. 
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CHAPTER 8 

THE ARAGONITE-CALCITE TRANSITION 

8.1 INTRODUCTION 

Early in the Mesozoic there was an aragonite-dominated ocean system and the early 

planktonic foraminifera were aragonitic. Precisely when the transition to calcitic 

planktonic foramifiifera occurred is uncertain. It has been assumed that most of the 

Jurassic forms were also aragonitic whereas Cretaceous taxa appear to be calcitic, as are all 

extant species. Because aragonite is relatively unstable and tends to dissolve or alter to 

calcite easily, it is not always apparent whether a fossil consisting of calcite originally 

consisted of calcite or aragonite. Studies have demonstrated a general, but not precisely 

time-constrained, change in the mid-Mesozoic from aragonite to calcite (Hardie, 1996; 

Stanley and Hardie, 1998; Stanley, 2006; Erba, 2006). 

8.2 ARAGONITE AND CALCITE INTERVALS 

In 1979, Sandberg proposed that the mineralogy of ancient oolites underwent a single 

transition from calcite to aragonite during the Phanerozoic, resulting from an increase in 

the Mg: Ca ratio of seawater during the Mesozoic. The rise of calcareous nannoplankton 

and planktonic foraminifera, secreting calcitic skeletons, was suggested as having caused 

the selective removal of calcium ions from the oceans. Subsequently, from more extensive 

data on the primary mineralogy of ancient marine oolites and early marine carbonate 

cements, Sandberg (1983) revised his proposition and divided the Phanerozoic into three 

intervals of "aragonite seas" and two intervals of "calcite seas" (Fig. 8.1): 
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Figure 8.1. Comparison of the temporal distribution of mineralogies for important 
hypercalcifying marine taxa and mineralogies for non-skeletal marine carbonates and 
evaporates. The large upper diagram shows nucleation fields with respect to the Mg: Ca 
molar ratio of seawater for low-Mg calcite, high-Mg calcite and aragonite. The graph at 
the upper right illustrates the incorporation of Mg in non-skeletal calcite as a function of 
the ambient Mg: Ca ratio at two temperatures (Filchtbauer and Hardie, 1976,1980). Also 
shown are the temporal oscillations in the geological record between calcitic and aragonitic 
non-skeletal carbonates and the temporal oscillations between KCI and MgS04 marine 
evaporates, which correlate with them. Both oscillations are predicted from estimates of 
global rates of ocean crust production and the effects of these rates on seawater chemistry 
(Hardie, 1996). (Stanley, 2006, modified from Stanley and Hardie, 1998,1999, 
Stanley et aL 2002). 
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1. Aragonite I Late Precambrian to at least Early Cambrian; 

2. Calcite I Cambrian to late Early Carboniferous; 

3. Aragonite 11 late Early Carboniferous to Late Triassic/Early Jurassic; 

4. Calcite II Late Triassic/Early Jurassic to early/middle Cenozoic; and 

5. Aragonite III early/middle Cenozoic to the present. 

On the basis of this oscillating pattern, plankton-driven changes in the Mg: Ca ratio of 

seawater were discounted as the controlling factor. Following the study by Mackenzie and 

Pigott, (1981), Sandberg (1983) suggested that the observed mineralogical oscillations 

were principally the result of tectonically induced changes in atmospheric PC02, as they 

correlated with first-order sea-level changes resulting from seafloor-spreading and with the 

"icehouse-greenhouse" cycles of Fischer (1981,1982). High mid-ocean ridge activity 

would have caused high PC02, resulting in greenhouse conditions. According to Berner 

(1994), however, the rate of ocean crust production did not appear to be the primary 

controlling factor OfPC02- Sandberg (1983) suggested that elevated pC02 would not only 

lower the carbonate concentration but could perhaps produce a marine system "below 

aragonite saturation but still supersaturated with respect to calcite". 

8.3 SEAWATER CHEMISTRY 

8.3.1 MID-OCEAN RIDGE (MOR) ACTIVITY 

Hardie (1996) explained the correlation between Sandberg's oscillations and those in the 

mineralogies of marine non-skeletal limestones and potash evaporites by secular shifts in 

the Mg: Ca ratio of seawater, governed by changes in spreading rates along mid-ocean 

ridges. He proposed that these coupled changes were the result of secular variation in 

seawater chemistry, controlled primarily by fluctuations in the mid-ocean ridge 

hydrothermal brine flux, which were in turn driven by fluctuations in the rate of ocean 
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crust production. 

Mid-ocean ridges act as vast ion exchange systems in which the conversion of basalt to 

greenstone releases Ca2+ into seawater and removes Mgý+ (Stanley and Hardie, 1998). 

Increases in the rate of ocean crust production therefore lower the Mg: Ca ratio of seawater, 

whilst simultaneously increasing the absolute concentration of Ca2+. During periods of 

low ocean crust production rates, as from the mid-Early Carboniferous to the mid-Jurassic 

(and at present), the Mg: Ca ratio was relatively high, the absolute concentration of Ca was 

relatively low and aragonite plus high-Mg calcite were precipitated (Stanley and Hardie, 

1998; Erba, 2006). At such times sea-levels were relatively low (Stanley, 2006). When 

ocean crust production rates were high, as from the mid-Jurassic to the early Paleogene 

interval, the Mg: Ca ratio decreased and low-Mg calcite was precipitated (Stanley and 

Hardie, 1998; Erba, 2006). At such times, sea levels rose substantially because igneous 

activity elevates the seafloor (Stanley, 2006). 

Significant variation in the overall rate of seafloor spreading with time was challenged by 

Rowley (2004) but, even without variations in the mean rate, fluctuations might have been 

large enough to influence seawater chemistry significantly. During the Mid-Cretaceous 

super-plume episode, greatly increased ocean crust production probably caused a major sea 

level rise that reached a maximum for the Mesozoic (Larson, 1991a, b). The super-plume 

episode also correlates with a minimum in the Mg: Ca ratio that, although not considered 

responsible for the middle Cretaceous crises in carbonate platform evolution, could have 

favoured calcite dominated biota when carbonate production resumed (Steuber, 2002). 

Kominz and Scotese (2004) demonstrated that spreading rates during the Cretaceous were 

substantially higher than at any time during the past 50 Ma. Seawater chemistry is 

influenced not only by spreading rates and sea-levels but also by the production of plateau 

basalts (Stanley, 2006). 
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83.2 MARINE EVAPORITES 

In the potash evaporites, intervals of aragonite seas were synchronised with magnesium 

sulphate (MgS04) evaporites and intervals of calcitic seas were synchronised with 

potassium chloride (KCI) evaporites. The major ion chemistry of seawater, rather than 

remaining constant, has oscillated significantly through geological time (Hardie, 1996). 

Using Hardie's model, the correlation between the observed and predicted intervals of 

aragonitic seas and calcitic seas has been extremely close. It also predicted that high-Mg 

calcite should precipitate with the aragonite, as it does in present oceans. 

8.3.3 DOMINANT REEF-BUILDERS 

The dominancy of particular groups of corals, sponges and algae as reef-builders appears 

to have been governed by the Mg: Ca ratio of the ambient seawater. During the calcite seas 

of the early and middle Paleozoic (Calcite I), reefs had been dominated by calcitic tabulate, 

heliolitid and rugose corals, together with calcitic stromatoporoids. During the aragonite 

seas of the late Paleozoic to early Mesozoic (Aragonite II), aragonitic groups of sponges, 

scleractinian corals and phylloid algae were the principal reef-builders, but also high-Mg 

calcitic red algae. The most obvious exception to the trend was the persistence of 

aragonitic scleractinian corals into the Late Jurassic and Early Cretaceous. This 

discrepancy might have resulted from the Mg: Ca ratio of seawater remaining close to the 

boundary between aragonite and calcite seas, in addition to the absence of serious 

competition early in Calcite 11 (Stanley, 2006). During the Late Cretaceous, at the peak of 

Calcite II, massive rudists displaced aragonitic hermatypic corals. In the present aragonitic 

seas (Aragonite III), scleractinian corals are again dominant reef-builders, together with 

high-Mg calcitic coralline algae. 

8.3.4 CALCAREOUSNANNOPLANKTON 

The appearance of nannofossils in the Camian (Late Triassic) is thought to have affected 
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the marine carbonate system, the global carbon cycle and ocean-atmosphere C02 

(Fig. 8.2). According to Erba (2006), their global distribution, production of calcite plates 

and ability to bloom in both coastal and oceanic waters makes this phytoplanktonic group 

the most effective producer of calcite on Earth. Since the Jurassic, the history of seawater 

composition has been influenced by the development and diversification of 

coccolithophores and, later, planktonic foraminifera. These groups produced vast 

quantities of biogenic CaC03 that was eventually buried in the deep sea (Erba, 2006). 

Following a decrease in the Mg: Ca ratio to a very low level and an increase in calcium 

absolute concentration to a very high level in the Late Cretaceous (Calcite II), calcitic 

nannoplankton formed massive coccoliths in the warm shallow waters (Stanley and Hardie, 

1998). Late Cretaceous chalks, which consist largely of coccoliths, are globally far more 

widespread and have a greater volume than chalks of any other interval in geological 

history. Late Cretaceous chalk accumulated at depths of -100-500 m in warm 

epicontinental seas (Scholle, 1977). 

The calcium carbonate compensation depth in the oceans was shallower during the 

Cretaceous than at present (van Andel, 1975) which, despite a warmer deep sea, might 

have reflected the high atmospheric concentration Of C02. Estimates of atmospheric PC02 

for the Late Cretaceous, based on stomatal densities of conifers, range from approximately 

twice to four times its present level (Haworth et al., 2005) (Fig. 8.3). Subsequently, as the 

Mg: Ca ratio of seawater rose, the volume of chalk production decreased, as did the size of 

individual coccoliths (Late Cretaceous species were approximately twice as large as extant 

species). Although some organisms have considerable control over their biomineralisation, 

seawater chemistry has affected the skeletal control of many taxa. Organisms that secrete 

high-Mg calcite in the modem aragonitic sea incorporate progressively less Mg into their 

skeletons with a reduction in the ambient Mg: Ca ratio, producing low-Mg calcite in 

"Cretaceous" seawater (Stanley, 2006). 
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8.4 TEST CHEMISTRY AND CRYSTALLOGRAPHY 

8.4.1 PALAEOCEANOGRAPHICAL AND PALAEOCLIMATICAL 
INDICATORS 

Changing palaeoceanographical and palaeoclimatical conditions can be inferred from 

various methods, including the abundance and diversity gradients of proxy species or their 

test chemistry. The composition can be established through oxygen or carbon isotopes, or 

through other chemical markers. Markers include both metals and certain organic 

compounds which are incorporated into tests or organic matter in different ways, 

depending on the palaeotemperature or productivity. Cadmium has been used for the 

reconstruction of nutrient patterns, as its concentration is correlated with that of phosphate 

and it is incorporated into foraminiferal shells in accordance with its abundance in 

seawater (Seibold and Berger, 1996). 

To a certain extent, there is a correlation between mineralology and temperature. In 

calcareous tests, magnesium tends to increase with temperature and, according to Seibold 

and Berger (1996), this correlation appears to be more pronounced in "lower organisms" 

such as foraminifera and calcareous algae than in "higher organisms" such as barnacles. 

Relatively more aragonite tends to be precipitated by benthonic organisms in warm waters 

than in cold waters, where calcite is more prevalent. Aragonite is the less stable form of 

calcium carbonate and changes to calcite during diagenesis. The aragonite content of 

calcareous sediments is largely a result of post-depositional alteration, rather than of 

conditions of formation. 

Changes in seawater chemistry might not have affected the biomineralization of all marine 

biota to a great extent because the degree of biological control over their skeletal 

minerology almost certainly varied between taxa, with some exerting considerable control. 

The skeletal mineralogy of biologically simple organisms might have been altered by 
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changes in the chemistry of the ambient seawater. The most likely alteration would appear 

to be a correlation between the Mg: Ca ratio of the ambient seawater and the percentage of 

magnesium substituted for calcium in a calcite skeleton (Stanley and Hardie, 1998,1999). 

According to Stanley, 2006, a shift from aragonite to calcite, or vice-versa, would be less 

likely. 

Foraminifera are complex biomineralisers and, in modem oceans, they exhibit many forms 

of calcification, altering their tests extensively (Lowenstam and Weiner, 1989; Stanley, 

2006). Martin (1995) suggested that the origins of foraminiferal taxa had entailled the 

evolution of test mineralogies reflecting those of contemporary non-skeletal marine 

carbonates. However, foraminifera have constituted major sediment producers in the 

Mesozoic and Cenozoic and yet their mineralogy does not correspond strongly to that of 

non-skeletal marine carbonates (van de Poel and Schlager, 1994). 

8.4.2 CRYSTALLOGRAPHY 

Hyaline foraminifera have tests composed of calcium carbonate crystals that build 

microgramiles, aligned into rows., According to BouDagher-Fadel et al. (1997), the 

crystallography, together with the understanding that the tests were calcitic, were the 

fundamental diagnostic criteria used by Loeblich and Tappan (1987) to define 

Globigerinina. In addition, Hemleben et al. (1989) either assumed or stated that all 

Globigerinina were calcitic. 

Analyses of the crystallography and chemical composition of the tests of early planktonic 

foraminifera have been very limited. Gorbachik and Kuznetsova (1986) X-rayed 

specimens of Hedbergella trocoidea (Gandolfi) and Conoglobigerina meganomica 

(Kuznetsova) from the Crimea, Globuligerina oxfordiana (Grigelis) from the Russian Plate 

and Favusella washitensis (Carsey) from Algeria. They found that H. trocoidea was 
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calcitic, G. oxfordiana was aragonitic and F. washitensis was a mixture of aragonite and 

calcite. In the latter, the aragonitic shells were partially infilled with secondary calcite, 

suggesting that the Favusellacea were aragonitic. BouDagher-Fadel et al. (1997) felt that 

this would confirm their distinction, based primarily on morphology, between the two 

Superfamilies. Accordingly, tests of Globuligerina oxfordiana (Grigelis) from Russia and 

France, and G. bathoniana from Poland were analysed by X-ray diffraction at the Natural 

History Museum, London. These were found to be aragonitic. Topotypical specimens of 

F. washitensis (Carsey) from Texas, regarded as recrystallised and with an internal 

infilling of secondary calcite, only gave results for calcite, which the authors attributed to 

inversion of the original aragonite to secondary calcite during the recrystallisation. 

Conoglobigerina dagestanica (Morozova) and C. avarica (Morzova) from Dagestan, and 

the topotype of Haeuslerina helvetojurassica (Haeusler) from the Starn. collection were 

calcitic but this again could have been secondary calcite, recrystallised from original 

aragonite during fossilisation. 

Fractured chamber walls of Globigerina oxfordiana from the Oxfordian of the Moscow 

region, the best preserved specimens, were studied using high-resolution scanning electron 

microscopy. BouDagher et aL (1997) observed that the aragonitic wall appeared to have 

66an innermost layer made with much smaller microgranules, and the perforations appear 

very thin and sinuous in vertical sectiorf'. Suggesting that the chemical composition and 

crystallographic structure of test walls could be the most fundamental criteria for 

classification, the authors stressed the need for further studies on better material from clays 

and marls, where recrystallisation could be discounted. 

From their results and those of Gorbachik and Kuznetsova (1986), BouDagher et al. (1997) 

formed the opinion that the Globigerinacea were calcitic whereas the Favusellacea were 

aragonitic. Due to the instability of aragonite, aragonitic fossils are highly susceptible to 
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dissolution and they are unlikely to be recovered unless there were high sedimentation 

rates or rapid sealing of sediments soon after deposition. BouDagher et al. (1997) 

suggested that. this could explain the relatively rare occurrence of Jurassic favusellian taxa. 

That many benthonic foraminiferal families are consistently calcitic whereas others are 

consistently aragonitic demonstrated that the preferred mineralogy was genetically 

controlled and not influenced by the environment they cohabited. In the mid-Late Jurassic, 

planktonic foraminifera are often associated with epistominids, which also have an 

aragonitic test. Preservation in, for example, the Oxford Clay Formation of Dorset, is often 

similar for both groups (pyrite steinkerns). In Britain and Poland (e. g. Ogrodzieniec), 

preservation as mineral infillings is quite normal, suggesting loss of the original test 

I 
material. 

They concluded that if Loeblich and Tappan's (1964,1987) system of classification were 

to be followed, aragonitic planktonic foraminifera would have to be diverted to a separate 

Suborder or Superfamily, as in the case of aragonitic benthonic foraminifera. Pending 

further studies, BouDagher et al. (1997) chose to, emend their definition of the 

Globigerinina, in the interim, to include both aragonitic and calcitic genera. 

8.5 IMPLICATIONS OF FORAMINIFERAL STUDIES 

In Palaeozoic oceans, the plankton was either organic-walled (chitinozoans, acritarchs, 

dinoflagellates) or silica-based (radiolaria). With high atmosphericC02 levels (Fig. 8.3), 

the oceans (aside from shelf-based carbonate "factories") were probably quite carbonate- 

deficient. Organic-rich sediments and radiolarites are known but no oceanic carbonate is 

recorded. 

In order to change the oceans into the carbonate-rich environment of the present day 
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required the evolution of the calcareous nannoplankton and the planktonic foraminifera 

(Prokoph et al., 2004). The calcareous nannoplankton appeared in the Camian (Triassic) 

and, despite a major extinction event in the end-Triassic, progressively expanded in 

diversity during the Jurassic (Bown et al., 1992). The first "foraminiferal oozd" is 

recorded in the Bajocian/Bathonian of Hungary (Chapter 4) and Poland (Chapter 5). The 

oldest planktonic foraminiferal packstone (sediment >95% planktonic foraminifera) is the 

"Globuligerina" microfacies of the Pieniny Klippen Belt (Wierzbowski et al., 1999). By 

this time in the evolution of the calcareous nannoplankton and planktonic foraminifera, the 

water column of the oceans must have developed the typical profile of. 

* Aragonite lysocline (ALy), where there is a marked increase in aragonite dissolution in 

the water column; 

* Aragonite compensation depth (ACD), at which level aragonite supply equals the rate 

of dissolution (1,000 - 3,000 in in modem oceans); 

* Carbonate lysocline (CLy), the level at which there is a marked increase in the rate of 

dissolution of biogenic carbonate (3,000 - 4,500 rn in modem oceans); and 

* Carbonate compensation depth (CCD), the level at which the rate of calcite dissolution 

equals the rate of supply (4,000 - 5,000 in in modem oceans). 

Below the CCD, there is a silica compensation depth (SCD). 

All of the carbonate and aragonite dissolution levels are complex, strongly influenced by 

oceanic fertility and productivity. In areas of high production, the CCD is depressed below 

the regional average. Estimating the ALy, ACD, CLy and CCD in the Jurassic is fraught 

with difficulty (Bosellini and Winferer, 1975; Winterer and Bosellini, 1981; 

Prokoph, et al., 2004). In the Tethys area, Bosellini and Winterer (1975) attempted to 

relate the ALy, ACD, CLy and CCD to the various facies of the Ammonitico Rosso 

(e. g. nodular/marly limestones deposited between the ALy and ACD). Winterer and 

Bosellini (1981, fig. 27) showed the Oxfordian ALy at -450 m and the ACD at -900m. 
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The Globuligerina microfacies'of the Pieniny Klippen Belt was clearly deposited above the 

ACD (and probably the ALy) but the depth of deposition at that time is uncertain. 

Arguments can be very circular but Dr Michal Krobicki (pers. comm. to Professor Hart) 

suggests that the nodular limestones of the Czorsztyn Succession may have been deposited 

near to 1000 m. The comparable strata in the Niedzica Succession is represented by 

radiolarites that must have been below the CCD. 

The vertical spacing of the ALy, ACD, CLy and CCD may have been very different from 

the present day, especially if all the planktonic foraminifera were composed of aragonite 

rather than calcite. The calcareous nannoplankton would be the only difference between a 

foraminiferal ACD and a coccolith controlled CCD. The estimates for the depth of the 

ALy and ACD (Winterer and Bosellini, 1981) before the evolution of the planktonic 

foraminifera. must be regarded as highly speculative. 

The problem facing those engaged in this work in Southern Poland, Hungary, Greece and 

Italy is that these are tectonically complex areas where the construction of 

depth/subsidence curves is extremely complex. What is clear is the fact that most of the 

work, to date, on this subject has not had information on the planktonic foraminifera to use 

in models, despite them being the main producers of oceanic aragonite. 
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CHAPTER 9 

THEPALAEOGEOGRAPHY 
OF EARLY PLANKTONIC FORAMINFERA 

9.1 INTRODUCTION 

Planktonic foraminifera are an extremely abundant, important and successful group of 

marine protists. They are especially useful in reconstructing ancient environments and for 

biostratigraphical correlation (both local, regional and global). Despite their undoubted 

importance, the origin of the group is uncertain. In a review of the earliest planktonic 

foraminifffa (Globigerinina), Simmons et aL (1977) reported that the origins of the group 

were "..... still shrouded in uncertainty". 

In 1960 Oberhauser described 52 species of foraminifera from the Middle and Upper 

Triassic of the eastern Alps and then, between 1967 and 1973, Fuchs described more than 

20 new species from the Triassic of Austria, northern Italy and Poland, the majority of 

which were new (Fig. 9.1). Fuchs considered his Triassic "Globigerina-like" forms to be 

planktonic but after subsequent examination of his material, other researchers (e. g. G6r6g 

and R6gl, pers comm. to Simmons et aL, 1997) have concluded that it consists mainly of 

badly preserved and recrystallised benthonic specimens. Over the last four years, all of the 

available type specimens in the Gcologische Bundesanstalt in Vienna have been examined 

and all the key specimens have been photographed using an environmental SEM at the 

Natural History Museum (London) (see Chapter 2). This work is currently being prepared 

for publication (Hudson et aL, in prep. ). Examination of Fuchs' figures, the specimens and 

the latest photographs shows that they all lack any adaptations that would be characteristic 

of a planktonic mode of life. 

According to Fuchs (1975), the Triassic genera Oberhauserella Fuchs and Schmidita Fuchs 
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Figure 9.1. Outline evolution of the Jurassic planktonic foraminifera. This proposed 
evolution of Oberhauserella - Praegubkinella - Conoglobigerina is different from that 
shown in Hart et al. (2003, fig. 2), as subsequent work from the Geologische Bundesanstalt 
has shown a more direct link from Oberhauserella to Praegubkinella and not from 
Oberhauserella to Conoglobigerina. 
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were the direct ancestors of the Jurassic Conoglobigerina and the ancestors of the 

Callovian Mariannenina, respectively, the latter genus then evolving into the 

holoplanktonic genus Hedbergella. Conversely, Loeblich & Tappan (1987) classified both 

Oberhauserella and Schmidita as benthonic, belonging to the family Oberhauserellidae in 
I 

the Suborder Robertinina. Whilst Simmons et al. (1997) acknowledged that Fuchs may 

have been partly correct about an oberhauserellid being the ancestor of Conoglobigerina, 

they pointed out that Mariannenina Fuchs (1973), classified by Loeblich & Tappan (1987) 

under "Genera of Uncertain Status", appeared to have a double peripheral keel, a feature 

that is notably absent in Jurassic and Early Cretaceous planktonic foraminifera. 

Specimens from the Toarcian of Switzerland were identified by Wernli (1995) as 

Oberhauserella quadrilobata Fuchs 1967 and as the genus Praegubkinella Fuchs 1967. 

Wernli also included a new species in the latter, P. racemosa, which he considered to be 

morphologically transitional to Conoglobigerina. According to Simmons et al. (1997), all 

the species named by Fuchs and most of the forms figured by Wernli (1995) appear to have 

strongly concave or flattened sides, reminiscent of the adherent sides of benthonic 

foraminifera. However, they considered that P. racemosa Wernli was apparently free 

living, probably with a convex but umbilicate ventral side, and that it might have been the 

Toarcian ancestor of the BaJocian Conoglobigerina (Fig. 9.1). Wernli's material came 

from an excavation on a forestry road near Teysachaux. (Fribourg Alps), just above the 

anoxic event in the Falciferum Zone of the Toarcian and, therefore, just above the negative 

carbon isotope excursion. In Britain, at exactly the same level there is a flood of inflated 

Oberhauserella quadrilobata immediately above the black mudstones of the Falciferum 

Zone (Hylton, 2000; Hart et al., 2003). Wemli (1988) described the same transition to a 

"protoglobigerinid" in the Toarcian - Aalenian succession in the Taurus Mountains of 

Turkey. 
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Prior to these changes in the mid-Toarcian, there are no records of definite planktonic 

foraminifera. Some early records are in doubt (sample contamination) and the specimens 

described by G8r6g (1994) as Globuligerina geczyi are also thought to be possible 

Cenozoic contaminants (see Simmons et aL, 1997, p. 20). Detailed work by 

Hillebrandt et aL (2006) in the Northern Calcareous Alps has described a Hettangian fauna 

that includes Oberhauserella sp. and Praegubkinella turgescens but no other potentially 

planktonic taxa. Current evidence, therefore, suggests that it is in the Toarcian when the 

first changes to a planktonic mode of life occurred within the foraminifera, although the 

direct association with the anoxic event has yet to be tested (Hart et al., 2003). 

9.2 PALAEOBIOGEOGRAPHICAL MAPS 

9.2.1 TOARCIAN 

The Toarcian palaeogeographical map of Europe (Fig. 9.2) shows an extended shelf, dotted 

with islands, and with no effective connection through the North Sea Basin to the north and 

the Atlantic Ocean to the west. To the east, the shelf area opens into the Tethys Ocean 

(Bassoullet et al., 1993; Thierry, 2000a). The two reference points from which the earliest 

Globigerina have been described were provided by Wemli (1988,1995), although Hylton 

(2000) recorded a dramatic influx of inflated Oberhauserella in the upper part of the 

Falciferum Zone immediately above the anoxic event (Hart et al., 2003, fig. 1, p. 341). 

Both Teysachaux and the Taurus Mountains in Turkey are located at the edge of the shelf 

area, on opposite sides of the western margin of Tethys and this would, on several grounds, 

appear to be a suitable location for the change to a planktonic mode of life, especially if 

associated with the formation of widespread anoxia in the Exartum Subzone 

(Hart et al., 2003, fig. 1, p. 341). 
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Figure 9.2. Toarcian palaeogeography of Peri-Tethys (after Bassoullet et al., 1993; 
Thierry, 2000a). I= Teysachaux (Fribourg Alps); 2= Taurus Mountains, Turkey; and 
3= Yorkshire Coast. 
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9.2.2 BAJOCIAN 

In the Aalenian there is little change in this distribution as the only record again comes 

from Turkey (Wernli, 1988). By the Bajocian, however, there are records from across the 

greater part of Europe, North Africa and the Fon-ner Soviet Union (Balakhmatova, 1953; 

Kaptarenko-Chemousova, 1954; Gianotti, 1958; Morozova and Moskalenko, 1961; Cita, 

1965; Radio6d, 1966,1996; Colom, 1967,1975; Perconig, 1968; Bosellini and Dal Gin, 

1968; Brun, 1969; Br6nnimann and Wernli, 1971; Gnaccolini and Martinis, 1974; Fill6p, 

1975; Gradstein, 1976,1978; Gorbachik and Kuznetsova, 1983; Bignot and Janin, 1984; 

Kasimova and Aliyeva, 1984; Baumgartner, 1985; Stam, 1986; Gorbachik, 1986; 

Giovagnoli and Schiavinotto, 1986,1987a, b, 1991; Wenli, 1987; Martire, 1996; Wernli 

and G5r6g, 1999,2000,2007; Sebane et al., 2002). The Bajocian map is based on 

Basoullet et al. (1993) and Thierry (2000a, b) and shows a similar palaeogeography to that 

of the Toarcian and Aalenian (Fig. 9.3). Connections, other than eastwards into Tethys, 

remain closed or only marginal at best. 

The BaJocian fauna is interesting, however, in that at certain locations (Hungary, Turkey, 

Italy, and Greece) there are records of early planktonic foraminifera that have both thick 

and thin walls. This has been fully discussed by Wernli and G6r6g (2000) who conclude 

that this wall thickening could be a response to a deeper water environment. It is certainly 

clear that the locations where the wall-thickening is recorded are found, off the shelf, in 

deeper water settings. 

The other distinctive feature of many Bajocian locations (e. g. Hungary, Poland) is the 

abundance of the planktonic foraminifera in the pelagic limestones (of Ammonitico Rosso- 

type) of the Middle (and Upper) Jurassic in different parts of European Tethys (e. g. 

Wierzbowski et al., 1999; Hudson et al, 2005). The evolution of the planktonic 

forarninifera (in the Toarcian? ) and their rapid expansion across Europe in the Bajocian 
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AUTHORS DATES LOCATIONS 
Balhakhmatova 1953 Dagestan, Azerbaijan, FSU 
Kaptarenko-Chemousova 1954 [taxonomic discussion] 

I Gianotti 1958 Sicily, Italy 
Morozova and Moskalenko 1961 Dagestan, FSU 

3 1 Cita 1965 Southern Alps, N Italy 
2 Radio6d 1966,1996 Dinarides, fonner Yugoslavia 

Colom 1967 [taxonomic discussion] 
Colom 1975 Mallorca, Balearic Islands 
Perconig 1968 Cantabrian Mountains, Spain 
Bosellina and Dal Cin 1968 Trento Plateau, Italy 
Brun 1969 Atlas Mountains, Morocco 
Br8nimann and Wernli 1971 Jura and Lorraine, France 
Gnaccolini and Martinis 1974 NE Italy 
Fill6p 1975 Gerecse Mountains, Hungary 
Gradstein 1976,1978 Grand Banks, Canada 
Gorbachik and Kuznetsova 1983 [taxonomic discussion] 
Bignot and Janin 1984 Normandy, France 
Kasimova and Aliyeva 1984 Azerbaijan, FSU 

51 Baumgartner 1985 Argolis Peninsula, Greece 
Starn 1986 Lusitanian Basin, Portugal 
Gorbachik 1986 Central Dagestan, FSU 
Giovagnoli and Schiavinotto 1986,1987ab, 

1991 
Central Apennines, Italy 

Wernli 1987 Rif, Morocco 
31 Martire 1996 Altopiano di Asigo, Italy 
4 Wernli and G6r6g 1999,2000 Somheg Hungary 

Wernli and G6r6g 2007 South Jura Mountains, France 
Sebane et aL 2002 Atlas Mountains, Algeria 
Apthorpe 2002,2003 Offshore NW Australia 

Table 1. Data used in the construction of the Bajocian palaeobiogeographical. map. 
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Figure 9.3. Bajocian palaeogeography of Peri-Tethys (after Bassoullet et al., 1993; 
Thierry, 2000a, b). The inner area shows the distribution of the planktonic foraminifera 
with thickened tests. I= Sicily (Gianotti, 1958); 2= Dinarides (Radio66,1966,1996); 
3=N. Italy (Cita, 1965; Martire, 1996); 4= Somhegy, N. W. Hungary (Werrill and G6r6g, 
1999,2000); 5= Peloponnesus, Greece (Baumgartner, 1985). 
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must also be set in a global context. If all the species of Oberhauserella, Kollmanita and 

Schmidita described by Fuchs (1967,1970) are not planktonic in life habitat and the 

Praegubkinella - Conoglobigerina transition described by Wernli (1995) marks the onset 

of the planktonic taxa, then the Toarcian map only has the two data points recorded on the 

European map. Unpublished work by Apthorpe (2003) suggests that a previously 

undescribed species of Conoglobigerina is present in Triassic sediments together with 

species of Oberhauserella. The specimens look like transitional forms between 

Oberhauserella and Praegubkinella, but further illustrations in a publication (rather than a 

thesis) are awaited. In the Early Bajocian, however, it is clear that planktonic taxa (e. g. 

Conoglobigerina and, perhaps, Globuligerina) are present off-shore N. W. Australia if the 

sediments are dated correctly. This indicates that planktonic foraminifera had spread 

throughout Tethys by this time, despite there being no records from the Middle East, India, 

Madagascar, etc. (Fig. 9.4). Even in the Bathonian there are no records from these areas, 

aside from a report in Glennie et aL (1974, p. 171, fig. 4.4.46) which is only listed as an 

64occurrence" in the upper Middle Jurassic. 

9.2.3 BATHONIAN 

In the Bathonian, the European palaeogeography (Fig. 9.5) has hardly changed on the large 

scale (Bassoullet et al., 1993; Enay et al., 1993; Thierry, 2000a, b) but there are many 

additional records of planktonic foraminifera (e. g. Terquem, 1886, Colom, 1947,1955; 

Zamnatti-Scarpa, 1957; Gianotti, 1958; Hofinan, 1958; Leischner, 1959; Wall, 1960; 

Pazdrowa, 1960,1967,1969; Tamajo, 1960; Szulczewski, 1963a, b; Colom and Rangheard, 

1966; Sid6,1966; Bismuth et al., 1967; Bars and Ohm, 1968; Borza, 1969; Wendt, 1969b; 

Ascoli, 1976; Masters, 1977; Bielecka et al., 1980; Alekseeva and Gorbachik, 1981; 

Kuznetsova et al., 1996; Hudson et al., 2005). Despite this further expansion of the fauna, 

there are only thin-walled taxa recorded. This is surprising in that the same deeper-water 

areas still existed in the Western Tethys. 
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Bajocian 169Ma mOý 

Figure 9.4. BaJocian distribution of planktonic foraminifera (map after Smith et al., 1994). 
The details of the Western Tethys distribution are shown in Figure 9.3. No records of 
planktonic foraminifera are known from the Atlantic Ocean (Fuerteventura, Mexico, etc. ) 
or the Far East, China and Japan. In the Southern Tethys, no planktonic taxa have been 
recorded from the Middle East, Madagascar, India (including Rajasthan) and Nepal. The 
only record is in the very north-westem comer of the Camarvon Basin in Australia 
(Apthorpe, 2002,2003). No other localities are known in Australia, despite well-exposed 
Middle Jurassic strata being known near Geraldton, Western Australia. 
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AUTHORS DATES LOCATIONS 
Terquem 1986 Southern Poland 
Colom 1947 Balearic Islands, Spain 
Colom 1955 Western Mediterranean 
Zanmatti-Scarpa 1957 Brescia, Italy 
Gianotti 1958 Sicilr, Italy 
Hofffian 1958 Crimea, Ukraine, FSU 
Leischner 1959 Salzburg Alps, Austria 
Wall 1960 Canada 
Pazdrowa 1960,1967,1969 Ogrodzieniec, Poland 
Tamajo 1960 Sicily, Italy 
Szulczewski 1963a, b Tatra Mountains, S Poland 
Colom and Rangheard 1966 Ibiza, Mallorca, Spain 
Sid6 1966 Zeng6rvarkony, Hungary 
Bismuth et al. 1967 Northern Tunisia 
Bars and Olim 1968 Central Italy 
Borza 1911, Western Carpathians, Slovakia 
Wendt 1969 Austria and Bavaria 
Glennie et aL 1974 Middle East [poor age control] 
Ascoli 1976 Scotian Shelf, Canada 
Masters 1977 [taxonomic discussion and 

maps] 
Bielecka et aL 1980 Southern Poland 

e se va and Gorbac 1 81 [taxonomic discussion] 
Kuznetsova et aL 1996 Eastern Mediterranean 
Hudson et aL 2005 Pieniny Klippen Belt, Poland 

Table 2. Additonal data used in the construction of the Bathonian palaeobiogeographical 
map. 
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Figure 9.5. Bathonian palaeogeography of Peri-Tethys (after Bassoullet et al., 1993; 
Enay et al., 1993; Thierry, 2000a, b). 
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In the Czorsztyn Limestone Formation (Birkenmajer, 1963; Hudson ct al., 2005) of 

Southern Poland, the limestones of the Pieniny Klippen Belt (Lcwandowski et al., 2005) 

contain an assemblage of foraminifera that is very close to being 99% planktonic in 

composition. Described as a Globuligerina packstone, this mid-Jurassic assemblage is 

almost monospecific, containing Globuligerina bathoniana (or G. oxfordiana) 

(Hudson et al., 2005). Modem foraminiferal ooze (Murray and Renard, 1891) relies on the 

production of foraminiferal tests at various levels in the water column (136,1977) in which 

the modem taxa are known to live. In the Jurassic the situation must have been quite 

different as the depth partitioning of the planktonic foraminifera is probably a feature of 

the post mid-Cretaceous (Hart & Bailey, 1979; Hart, 1999). While the Ammonitico Rosso 

limestones (with their rich planktonic assemblages) appear to be characteristic of the 

submarine swells, the coeval Middle and Upper Jurassic basinal deposits are dominated by 

radiolarites. 

This expansion of planktonic organisms during the Middle to Late Jurassic may be related 

to palaeobiogeographical changes in Tethys, such as the formation of narrow oceanic 

basins and submarine swells which might have resulted in a vigorous upwelling circulation 

making nutrients available in the surface waters. A marked palaeogeographical 

transformation of the European Tethys is known to have taken place during the Bajocian 

(Bill et al., 2001; P18ienka, 2003), with the origin of the mid-oceanic Czorsztyn Ridge in 

the Pieniny Klippen Basin during the Early Bajocian (Krobicki and Wierzbowski, 2004). 

9.2.4 CALLOVIAN 

By the Callovian (Fig. 9.6), the European and World maps are again relatively unchanged 

(aside from detailed issues of local palaeogeography) and the base map is provided by 

Enay et al. (1993) and Theirry (2000b). New records of planktonic foraminifera are 

provided by Bartenstein and Brand (1937), Mosna (1963), Farinacci and 
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AUTHORS DATES LOCATIONS 
Bartenstein and Brand 1937 NW. Gennýý 
Mosna 1963 Southern Alps N Ital 
Farinacci and Radio6d 1964 Central Ital and Dinarides 
Fuganti and Mosna 1965 Central Italy 
Busson 1967 Sahara, N Africa 
Mihailova-Ivo6eva and 
Trifonova 

1967 NE Bulgaria 

Grigelis 1975 [taxonomic discussion] 
Jansa et aL 1976 Grand Banks, Canada 
Munk 1978 Southern Germany 
Diersche 1980 Northern Calcareous Alps 
Kuznetsova and Uspenskaja 1980 Crimea, Ukraine, FSU 
Ri graf a 1987a, W Gennany 
K lia and Chowhury 1 1983 Rajasthan, India 

Table 3. Additional data used in the construction of the Callovian palaeobiogeographical 
map. 
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Figure 9.6. Callovian palaeogeography of Peri-Tethys (after Enay et al., 1993; 
Norling and Grigelis, 1999; Thierry, 2000a, b). 
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Radio6d (1964), Fuganti and Mosna (1965), Busson (1967), Mihailova-lovUva and 

Trifonova (1967), Grigelis (1975), Jansa et al. (1976), 'Munk (1978), Diersche (1980), 

Kuznetsova and Uspenskaja (1980) and Riegraf (1987a, b). Outside Europe and Eastern 

Canada, the only additional record is that from Rajasthan by Kalia and Chowdhury (1983). 

In the latest Callovian (Athleta Chronozone), there is a growing body (Chumakov and 

Frakes, 1997; Dromart et al., 2003; Tremolada et al., 2006) of evidence (see Chapter 7) to 

suggest a climatic cooling, especially in Europe. Stable isotope data from belemnite 

guards indicate a cooling of some 6'C to 7'C in Russia, Poland and Britain (Podlaha et al., 

1998; Barskov and Kiyashko, 2000; Jenkyns et al., 2002). Further evidence of a cooling at 

this time comes from cool gymnosperm floras in the upper Callovian and lower Oxfordian 

of Germany and France (Philippe and Thevenard, 1996) and palynomorphs of cool aspect 

in the North Sea Basin (Abbink et al., 2001). The most striking feature appears to be an 

influx of "Boreal" ammonites (cardioceratids and kosmoceratids) in southeastern France 

(e. g. Fortwengler, 1989) and elsewhere in N. W. Europe (Page, pers. comm. to Professor 

Hart). If all the planktonic foraminifera in the Jurassic were constructed of aragonite (see 

Simmons et al., 1997) then this might explain the abundance of taxa recorded in the 

uppermost Callovian and lowermost Oxfordian (Riegraf, 1987a, b; Oxford et al., 2002) 

(Fig. 9.7). Aragonite in the oceans is better preserved in cooler water, as indicated by the 

abundance of pteropods in cool (glacial) intervals in the Pleistocene (Chen, 1968; 

Gardulski et al., 1990; Wang et al., 1997). 

9.2.5 OXFORDIAN 

The earliest Oxfordian is, as noted above, marked by a widespread "flood" of planktonic 

foraminifera across N. W. Europe (Figs 9.8,9.9). In addition to reports already listed for 

previous Jurassic stages, new information is provided by Haeusler (1881a, b), Colorn 

(1935,1955,1969), Dufaure (1958), Grigelis (1958,1974,1975), Ruggieri (1959), Seibold 

and Seibold (1960a), Femet (1960), Delcey-Leduc (1961), Magne and Mascle (1962), 
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AUTHORS DATES LOCATIONS 
Haeusler 1881a, b, 1890 N Switzerland 
Colom 1935 Mallorca, Balearic Islands 
Colom 1955 Western Mediterranean 
Colom 1969 Spain 
Dufaure 1958 Aquitaine and Provence, France 
Grigelis 1958 Crimea and Lithuania, FSU 
Grigelis 1974,1975 Lithuania, FSU 
Ruggieri 1959 Central Apennines, Italy 
Siebold and Siebold 1960 Southern Germany 
Fernet 1960 Charente, France 
Decley-Leduc 1961 Ardeche, France 
Magn6 and Mascle 1962 Jura, France 
Fourcade 1963 Aquitaine, France 
Manivit 1964 Is6re, France 
Bignot and Guyader 1966,1971 Seine Maritime and Norman 

. 
dy, 

France 
Misik 1966 Western Carpathians 
Premoli Silva 1966 Crimea, FSU 
Beaudoin 1967 France 
Bonnefous 1967 Northern and Central Tunisia 
Fenninger and Holzer 1972 Salzburg Alps, Austria 
Fuchs 1973 Ogrodzieniec, Poland 
Renz et aL 1975 Continental Slope, Morocco 
Dragastan et aL 1975 Mo6sian Platform, Romania 
Grigelis et aL 1977 Pechora Basin, Russia 
Grigelis and Gorbachik 1980. rsystematic discussion] 
Farinacci et aL 1981 Central Apennines, Italy 
Gradstein 1983 Portugal, Blake-Bahama Basin, 

Grand Banks (Canada) 
Jansa et aL 1984 Off-shore Morocco 
Wernli and Kindler 1986 Haute Savoie, France 
Grigelis and Norling 1999 Lithuania, Baltic Sea 
Oxford et aL 2002 Dorset Coast, GB 
Maria del Carmen 
Rosales Dominguez 

pers. comm. Campeche Basin, off-shore 
Mexico 

Table 4. Additional data used in the construction of the Early Oxfordian 
palaeobiogeographical map. 
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Figure 9.8. Oxfordian palaeogeography of Peri-Tethys (after Enay et al., 1993; 
Norling and Grigelis, 1999; Thierry, 2000b, c). 
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Figure 9.9. Oxfordian distribution of planktonic foraminifera (map after Smith et al., 
1994). The details of the Western Tethys distribution are shown in Figure 9.8. Planktonic 
taxa are known from the Grand banks, off-shore Morocco, Fuerteventura and the 
Campeche Basin (Mexico). There are no records from South America or North America 
(west coast, Alaska, etc. ). There are no records of Oxfordian planktonic foraminifera from 
the Far East, China and Japan. There is one record (not illustrated and not precisely dated) 
in an oilfield report from the Middle East (location not specified for confidentiality) and 
one poorly documented report from India (thought to be Rajasthan). There are no records 
from Australasia. 
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Fourcade (1963), Manivit (1964), Bignot and Guyader (1966,1971), Mi§ik (1966), 

Premoli Silva (1966), Beaudoin (1967), Bonnefous (1967), Fenninger and Holzer (1972), 

Fuchs (1973), Renz; et al. (1975), Dragastan et al. (1975), Grigelis et al. (1977), Grigelis 

and Gorbachik (1980a), Farinacci et al. (1981), Gradstein (1983), Jansa et al. (1984), 

Wernli and Kindler (1986), Riegraf (1987a, b), Grigelis and Norling (1999), Oxford et al. 

(2002) and Carmen Rosales Dominguez (pers. comm. to Professor Hart). The occurrence 

of planktonic foraminifera in the Campeche Basin, off-shore Mexico, indicates that either 

the North Atlantic ocean was fully open between the Grand Banks, Newfoundland, and the 

proto-Caribbean Sea, or that the Pacific Ocean connected to Tethys, was fully colonized 

by this time (Fig. 9.9). The evidence from the Middle East, India and the Himalayas 

(Gradstein et al., 1989) for such a widespread distribution is, however, currently lacking. 

The mid-Late Jurassic fauna is dominated, at least in the literature, by Globuligerina 

oxfordiana. This may be an artefact of misidentification or else it may be a genuine belief 

(e. g. Riegraf, 1987a, p. 192) that many other taxa are synonymous with this taxon. The 

separation of Conoglobigerina and Globuligerina is equivocal, being based almost 

exclusively on the shape of the aperture (Simmons et al., 1997). Forms with a really 

prominent loop-shaped aperture (Simmons et al., 1997, pl. 2.9, figs 7,10,13-15) are quite 

rare and even the author of the taxon (Grigelis) has recently illustrated specimens (Norling 

& Grigelis, 1999, pl. 5, figs 5,6) with a more arch-shaped aperture more reminiscent of 

Conoglobigerina. The other members of the Late Jurassic fauna, Haeuslerina and 

Compactogerina, are also less well known and not used by all workers. In Britain, both 

genera associated with G. oxfordiana in the clays of the Mariae Chronozone (Fig. 9.7) 

were found on the Dorset Coast near Weymouth (Oxford et al., 2002). Compactogerina 

stellapolaris is a species first described from the Pechora Basin (Fig. 9.8) and this may 

indicate that it is a cool, or cold, water indicator (Simmons et al., 1997, p. 29). 
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9.2.6 LATE JURASSIC AND EARLY CRETACEOUS 

Some of the Oxfordian records extend into the Kimmeridgian but there are fewer records 

of planktonic forarninifera at this level and in the overlying Tithonian (Gar6g and Wernli, 

2004). None of these latest Jurassic records are outside the area recorded by the Oxfordian 

maps. Indeed a global map of the distribution of favusellids in the earliest Cretaceous 

(Fig. 9.10) shows no real extension to the distribution of planktonic taxa. It is only in the 

mid-Cretaceous (Fig. 9.11), with the fragmentation of Gondwana, that there is a major 

expansion of the planktonic foraminifera into the newly developing seaways (Hart, 2000; 

Hart et al., 2002). By this time the planktonic foraminifera appear to have changed to the 

development of a calcareous test, rather than the aragonite tests which appear to 

characterise the Jurassic. This change in biomineralization has yet to be fully documented, 

but it may also explain the wider distribution of taxa as calcareous tests are much more 

preservable than those made of aragonite. 

9.3 SUMMARY 

The planktonic foraminifera appear to have first evolved on the shelf edge of the Western 

Tethys in themid-Toarcian. This is after the extinction event in the latest Pliensbachian 

and earliest Toarcian (Hylton, 2000; Hylton & Hart, 2000) and just after the anoxic event 

in the Exartum Subzone, the sea level highstand and the 813 C excursion. By the Bajocian, 

the planktonic foraminifera had migrated all around the Peri-Tethys area and, in the 

Bathonian, there is evidence of real abundance in the water column with deposition of the 

first "foraminiferal ooze". By the Bajocian/Bathonian, there is evidence of migration as 

far as N. W. Australia but it may well be the Oxfordian before there is a global distribution 

in tropical palaeolatitudes. The major expansion of the planktonic foraminifera is mid- 

Cretaceous in age with the fragmentation of Gondwanaland and the colonisation of the full 

water column; as indicated by the development of a wide range of morphotypes (Hart & 

Bailey, 1979; Hart, 1999). 
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Figure 9.10. Distribution of planktonic foraminifera in the Tithonian-Valanginian interval 
(map after Smith et al., 1994). The distribution of planktonic taxa is much restricted, as a 
result of lowered sea-level across the Jurassic/Cretaceous boundary. Planktonic taxa 
(especially Early Cretaceous forms) are known from the Gulf of Mexico and Texas, the 
Atlantic Ocean and the south of Europe (only Early Cretaceous). There are no records in 
the Eastern and Southern Tethys. Lowermost Cretaceous sediments in the Carnarvon 
Basin in western Australia have not yielded planktonic taxa (Hart, pers. comm. ). 
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Figure 9.11. Distribution of favusellids in the mid-Cretaceous (map after Smith et al., 
1994). Favusellids have an almost global distribution to about latitudes 40'N and 40'S 
(see Hart, 2000). Favusellids are known from the Falkland Plateau and South Atlantic 
Ocean but not from the Antarctic Peninsula. They are known from the Cauvary Basin 
(S. E. India) but not the Kerguelen Plateau. Favusellids are also recorded in the Carnarvon 
Basin in N. W. Australia. In the Northern Hemisphere, favusellids are known ftom Arizona 
but not Wyoming in the Western Interior Seaway. In Britain, favusellids are known as far 
north as The Wash and parts of the Southern North Sea Basin, as well as N. Germany, 
Poland and the Baltic Sea (Hano Bay). 
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This mid-Cretaceous change in diversity can be seen in Figure 9.12 with a proliferation of 

genera and species in the Aptian, probably coincident with the sea-level rise at that time 

which was caused by a marked increase in crustal spreading rates (Larson, 1991a, b) 

(Fig. 9.13). When the data shown in Figure 9.12 are plotted as generic or specific diversity 

graphs (Fig. 9.14), it can be seen that the very low diversity of the mid-Jurassic to mid- 

Barremian gradually increases to a maximum in the latest Campanian, prior to the fall in 

the latest Maastrichtian and near extinction at the end-Maastrichtian. The effects of the 

various "Oceanic Anoxic Events" are shown, some having greater impact than others. It 

must be noted, however, that the graphs in Figure 9.13 are plotted in I Ma "units" and that 

an event such as Bonarelli/CTBE/OAE2, which lasted 300-500 Ka, does not show the dip 

in diversity recorded by the extinctions before the recovery of the new taxa almost make it 

look like a non-event. 

The fragmentation of Gondwanaland recorded in the Aptian (S. America from Africa, 

India from Africa, Antarctica from India) clearly provided new migration corridors and a 

range of new environments to colonize. The drop in diversity in the Albian has been 

attributed to anoxia (Breheret et al., 1989) or, perhaps, glacial conditions in Antarctica 

(Price, 1999). 
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Figure 9.14. Generic and specific diversity of planktonic foraminifera throughout 
the Jurassic and Cretaceous (Hart et al., 2002, partly after Hart, 1999). 
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CHAPTERIO 

SUMMARY 

10.1 CONCLUSIONS 

In 1997 Simmons et al. summarised the state of knowledge of the planktonic foraminifera 

in the Jurassic. Their work was primarily taxonomic and they gathered together a major 

collection of images of holotypes, paratypes and topotypes to illustrate their views. They 

re-defined Conoglobigerina and Globuligerina and created Haeuslerina and 

Compactogerina. 

Since that book was written (1995/96) there have been a number of major advances: 

* important faunas discovered in Southern Poland; 

* planktonic foraminifera, discovered in the Jurassic strata of the British Isles; 

* planktonic foraminifera reported from Mexico, Fuertaventura, Greece and Australia; 

and 

* more detailed work on assemblages of planktonic foraminifera, prepared using the 

acetic acid reduction method, has been completed on Tethyan limestones that were 

previously only described in thin section. 

It is now known that all of the new species of Oberhauser (1960) and Fuchs (1967,1970) 

described from Austria and Northern Italy were almost certainly benthonic in life habit and 

that the transition from Oberhauserella to Praegubkinella appears to be the most likely 

route to the planktonic foraminifera. Changes to this lineage appear to closely follow the 

Falciferurn Zone in the Toarcian and an association with the Toarcian anoxic event is a 

possibility. There is no certainty that the inflated Praegubkinella in the latest Toarcian 
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were planktonic but it is a possibility. If the transition from Praegubkinella to 

Conoglobigerina occurred in the latest Toarcian, then it seems plausible that it occurred in 

the centre of Western Tethys, although only two data points are barely conclusive 

(Teysachaux, Switzerland and Taurus Mountains, Turkey). If this is true, then the 

planktonic foraminifera would be one of the few faunal groups where a point of origin can 

be defined. 

What is certain is that within 2 to 3 Ma, in the Bajocian, the planktonic foraminifera had 

colonised the whole of Western Tethys. This rapid expansion probably indicates a 

planktonic mode of life and it is clear that, by the BaJocian, a typical, almost "globigerine" 

morphology had been established. This morphology was quite variable in terms of spire 

height and the shape/position of the aperture. The latter is quite important as Simmons et 

al. (1997) used the presence of an arch-shaped aperture (Conoglobigerina) or a loop- 

shaped aperture (Globuligerina) to identify the two key genera of the Jurassic System. It is 

certainly the case that some Globuligerina possess a markedly loop-shaped aperture with a 

distinct rim (Simmons et al., 1997, pl. 2.9, figs 7,10) while other Globuligerina have a less 

pronounced "loop" (Simmons et al., 1997, pl. 2.9, figs 13-15). In her illustrations of 

Globigerina bathoniana, Pazdrowa (1969) illustrated a range of forms, several of which 

have an arch-shaped aperture, but one of which has a distinctly loop-shaped aperture with a 

distinct rim. In the same two plates Pazdrowa illustrated a range of spire heights from an 

almost flat trochospire to forms that have 2.5 whorls of chambers arranged in a very high 

spire, some quite pointed while others are more bulbous and inflated. Whilst holotypes 

and paratypes are very important, there are few works in which there has been a systematic 

treatment of populations. 
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In the Globuligerina microfacies of Southern Poland, the first real foraminiferal packstone 

with a Jurassic analogue of the modem day "foraminiferal ooze" is seen. This signals, 

probably for the first time, the development of sea floor accumulations of planktonic 

foraminiferid tests and the development of a modem, carbonate driven plankton, that was 

potentially capable of creating and maintaining the Aragonite and Carbonate 

Compensation Depths, together with their associated lysoclines. The depths of the ACD 

and CCD are almost impossible to calculate but they appear to have been much shallower 

than the present day. This event, or series of events, may be one of the most important 

milestones in the development of the Mesozoic oceans and further locations with this fauna 

are awaited. 

By the Callovian-Oxfordian, the planktonic foraminifera may have had an almost global 

distribution in the tropics, although data points outside Tethys/Peri-Tethys are rare 

(Mexico, Middle East, India, etc. ). Of concern is the near lack of infonnation between the 

mid-Oxfordian and the Valanginian. and Hauterivian. If this interval marks the transition 

from aragonite tests to calcite tests, it is doubly important that more assemblages from this 

interval are studied. Marine successions through this interval are rare and it is clear that 

more sections should be found, if at all possible (e. g. Fuerteventura, Middle East, 

Himalaya, etc. ). 

10.2 FUTURE RESEARCH DIRECTIONS 

Further research is required in order to: 

* create a standardized taxonomy; 
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* establish well-defined stratigraphical ranges; 

fill in gaps in the record for the remaining periods of the Jurassic and especially the 

Jurassic - Cretaceous transifion; 

* evaluate the taxonomic significance of consecutive and concurrent test construction; 

investigate further the relationship during the Jurassic between test thickness and water 

depth; 

refine the correlation between sea-level fluctuations and turnovers in other fauna 

including planktonic foraminifera; and 

further refine the predictions of water column stratification in the Jurassic and the 

position of the ACD and CCD. 

10.3 EPILOGUE 

" We have traced the steady development and growth of lifefrom its hazy origin, and early 

manifestations, down the long corridors of time that lead to the present. It is a wonderful 

story, a history of millions upon millions of individuals, of millions of different species, 

through thousands ofmillions ofyears. There is nothing more breathtaking in the whole of 

human experience than the contemplation of this ceaseless cavalcade of living things, 

hovering between birth and death on the surface of our tiny planet. In an endless 

procession animals and plants have spread and multiplied and vanished, each for a 

fleeting moment a part of the continuing process we call life. But this outer view is only 

one facet of the mystery and wonder and beauty of it all, for within and through and 

around the bodies of each of these countless individuals there has pulsed the breath of life 
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- at a score of levels of complexity a bewildering maze of intricate chemical and physical 

and biological changes have interacted together to produce and maintain this frail thread 

of life which binds us all. But 'he who stops at the fact misses the glory, and if in the 

search for the pattern andprocess of its development we miss the wonder of life andfail to 

grasp its deep significancefor our thinking, then we have missed the glory. 

But the man who has caught a glimpse of life in this perspective can only see it as a thing 

of reverence and wonder. How life evolved we now begin tý understand: that it evolved 

remains a source of wonder: why it evolved is not a question with which science as such is 

concerned, but it is a question that links the other two, and gives to the scientiji'c quest a 

purpose and a harmony within the broader and deeper unity ofhuman contemplation. And 

it is ultimately the question upon our answer to which we build the fabric of our own 

portion ofthe history oflife. " (Rhodes, 1962). 

310 



REFERENCES 

Abbink, 0., Targarona, J., Brinkhuis, H. and Visscher, H. (2001). Late Jurassic to Earliest 
Cretaceous Palaeoclimatic Evolution of the Southern North Sea. Global Planetary 
Change. 30,231-256. 

Aigner, T. and Bachmann, G. H. (1992). Sequence-Stratigraphic Framework of the 
GermanTriassic. Sedimentary Geology. 80,115-35. 

Aleksccva, L. V. and Gorbachik, T. N. (1981). On Morphology and Systematization of 
ForaminifcraAnalyzcdby Electron Microscope. VoprosyMicropaleontologii. 24,88-94. 

Allen, P. (1981). Pursuit of Wealden Models. Journal of the Geological Society of 
London. 138,375-405. 

Andrusov, D. (1931). ttude G6ologique de la Zone des Klippes Internes des Carpathes 
Occidentales. 1. Introduction. IL Stratigraphie (Trias et Lias). Rozpravy St6tneho 
geologickeho Ostavu OSR. 6,1-167. 

Andrusov, D. (1938). Geologický výskurn vnitfniho bradlov6ho pdsma v Zdpadnich 
Karpatech. III. Tektonika. Rozpravy Stdtneho geologickeho Ostavu eSR, Prague. 9, 
1-135. 

Andrusov, D. (1959). Geol6gia jeskoslovensVch Karpit H. Slovenska Akadernia Vdd, 
Bratislava. 1-375. 

Andrusov, D., Bystrický, J. and Fusin, 0. (1973ý. Outline of the Structure of the West 
Carpathians. Guide Book. X Congress CBGA. GOD9, Bratislava. 1-44. 

Apthorpe, M. (2002). Early Bajocian Planktonic Foraminifera from Western Australia. In: 
Revets, S. (Ed. ), FORAMS 2002, International Symposium on Foraminifera, Volume of 
Abstracts, University of Western Australia, Perth, Australia. 81. 

Apthorpe, M. (2003). Triassic to Early Middle Jurassic Foraminifera from the North 
Mestern Margin ofAustralia. Unpublished PhD Thesis, University of Western Australia, 
Australia. 

Arthur, M. A., Dean, W. A. and Schlanger, S. O. (1985). Variations in the Global Carbon 
Cycle During the Cretaceous Related to Climate Volcanism and Changes in Atmospheric 
C02. . 4merican Geophysical Monograph. 32,504-529. 

Ascoli, P. (1976). Foraminiferal and Ostracod Biostratigraphy of the Mesozoic-Cenozoic, 
Scotian Shelf, Atlantic Canada. In: Schafer, C. T. and Pelletier, B. R. (Eds). First 
International Symposium on Benthonic Foraminifera of Continental Margins, Part B, 
Palaeoecology and Biostratigraphy, Maritime Sediments, Special Publication. 1,653-771. 

Aubouin, J. (1958). Essai sur I'tvolution Pal6og6ographique et le 136velopment Tecto- 
orog6nique d'un Syst&me G6osynclinal: Le Secteur Grec des Dinarides (Hell6nides). 
Bulletin Soci&ý G&Iogique de France. 6 (8), 731-750. 

Aubouin, J. (1964). Refl6xions sur le Faci&s ", 4mmonitico Rosso". Bulletin Soci&6 
G6ologique de France. 7(6), 475-501. 

311 



Aubouin, J. (1973). Des Tectoniques Superpos6es et leur Signification par Rapport aux 
Mod6les G6ophysiques: I'Exemple des Dinaridcs; Pal6tectonique, Tectonique, Tardi- 
tectonique, N6otectonique. Bulletin SocMM G&logique de France. 7 (15), 426-461. 

Aubouin, J, Bonneau, M., Celet, P., Charvet, J., C16ment, B., Degardin, J. M., Dercourt, J., 
Ferri&re, J., Fleury, J. J., Guernet, C., Maillot, H., Mania, J., Mansy, J. L., Terry J., 
Thierbault, F., Tsoflias, 0 and Verriez, J. J. (1970). Contribution A la G6ologie des 
Hell&nides: Le Gavroro, le Pinde et la Zone Ophoiolithique Subp6lagonienne. Annales, 
Soci&j G&logique du Nord. 90 (4), 277-306. 

Aubrecht, R., MiNk, M. and Sýkora, M. (1997). Jurassic Synrift Sedimentation on the 
Czorsztyn Swell of the Pieniny Klippen Belt in Western Slovakia. In: Plagienka, D. et al. 
(Ed. ). Alpine Evolution of the Western Carpathians and Related Areas. Dionýz Stur. 
Bratislava. 53-64. 

Aze, T. (2005). The GSSPfor the Base of the Oxfordian: a Micropalaeontological Review. 
Unpublished BSc Thesis, University of Plymouth. 57 pp. 

Bachmann and Risch (1976). Eine oberjurassisch-untcrkretazischer (eohellenischer) 
Flysch in der Argolis und der Bau der Lighourion-Mulde (Peloponnes, Griechenland). 
Neues Jahrbuchfiir Geologie und Paldontologie Abhandlungen 152 (2), 13 7-160. 

Bachmann, G. H. and Risch, H. (1979). Die geologische Entstehung der Argolis-Halbinsel 
(Peloponnes, Griechenland). Geologische dahrbuch, Hanover. Reihe B, 32. 

Balhakhmatova, V. T. (1953). On Middle Jurassic Globigerinidae and Globorotaliidae. 
Sbomik v Paleontologija i Stratigrafia, Trudi Vsesojuznyi Nauchno-lssledovatelskyj 
Geologiczeskij-Razvedochnýj Instituta, 1953,86-89. [In Russian]. 

Bannert, D. and Bender, H. (1968). Zur Geologie der Argolis-Halbinsel (Peloponnes, 
Griechenland). GeologicaetPalaeontologica. 2,151-162. 

Bamard, P. D. W. (1973). Mesozoic Floras. Special Papers in Palaeontology. 12,175- 
188. 

Bamard, T. (1952). Foraminifera from the Upper Oxford Clay (Jurassic) of Warboys, 
Huntingdonshire. Proceedings ofthe Geologists'Association. 63,336-350. 

Barnard, T. (1953). Foraminifera from the Upper Oxford Clay (Jurassic) of Redcliff point, 
near Weymouth, England. Proceedings of the Geologists'Association. 64,183-197. 

Barron, E. J. (1983). A Warm, Equable Cretaceous: the Nature of the Problem. Earth 
ScienceReviews. 19,305-338. 

Bars, H. and Ohm, U. (1968). Der Dogger des Profils Roccetta, Prov. Trient, Italien, 
Globigerina spuriensis n. sp. Neues Jahrbuch für Geologie und Paläontologie 
Monatshefte. 10,577-590. 

Barss, M. S., Bujak, J. P. and Williams, G. L. (1979). Palynological Zonation and 
Correlation of Sixty-Seven Wells, Eastern Canada. Geological Survey of Canada, Paper. 
78-24,119 pp. 

312 



Barskov, I S. and Kiyashko, S. I. (2000). Thermal Regime Variations in the Jurassic 
Marine Basin of the East European Platform at the Callovian/Oxfordian Boundary: 
Evidence from Stable Isotopes in Belemnite Rostra. Doklady Earth Sciences. 372,643- 
645. 

Bartenstein, H. and Brand, E. (1937). Mikropalaontologische Untersuchungen zur 
Stratigraphie des nordwest-deutschen Lias und Doggers. Abhandlungen der 
Senckenbergischen Naturforschenden Gesellschaft. 439,1-224. 

Bartlett, G. A. (1969). Cretaceous Biostratigraphy of the Grand Banks of Newfoundland. 
Maritime Sediments. 5 (1), 4-14. 

Bartlett, G. A. and Smith, L. (1971). Mesozoic and Cenozoic History of the Grand Banks 
of Newfoundland. Canadian Journal of Earth Sciences. 8 (1), 65-84. 

Bartolini, A. and Cecca, F. (1999). 20 My Hiatus in the Jurassic of Umbria Marche 
Apennines (Italy): Carbonate Crisis due to Eutrophication. Comptes Rendus de IAcademie 
des Sciences, Side IIA Earth and Planetary Science. 329 (8), 587-595. 

Bassoullet, J. P., Poisson, A., Elmi, S., Cecca, F., Bellion, Y. Guiraud, -R., Le Nindre, Y. -M. 
and Manivit, J. (1993). Middle Toarcian. In: Dercourt, J., Ricou, L. E. and Vrielynck, B. 
(Eds), Atlas Tethys; Palacoenvironmental maps. Maps. BEICIP-FRANLAB, Rueil- 
Malmaison. 

Batten, D. J. (1974). Wealden Palaeoecology from the Distribution of Fossil Plants. 
Proceedings ofthe Geological Association. 85,433-458. 

Batten, D. J. (1982). Palynofacies and Salinity in the Purbeck and Wealden of Southern 
England. In: Banner, F. T. and Lord, A. R. Aspects ofMicropalaeontology. George Allen 
& Unwin. London. 278-308. 

Batten, D. J. (1984). Palynology, Climate and the Development of Late Cretaceous Floral 
Provinces in the Northern Hemisphere: a Review. In: Brenchley, P. (Ed. ). Fossils and 
Climate. Wiley. New York. 127-164. 

Baumgartner, P. O. (1980). Late Jurassic Hagiastrideae and Patulibracchiidae (Radiolaria) 
from the Argolis Peninsula (Peloponnesus, Greece). Micropaleontology. 26 (3), 274-322. 

Baumgartner, P. O. (1984a). Comparison of Unitary Associations and Probalistic Ranking 
and Scaling as Applied to Mesozoic Radiolaria. Computers and Geosciences. 10 (1), 
167-183. 

Baumgartner, P. O. (1984b). A Middle Jurassic-Early Cretaceous Low-Latitude 
Radiolarian Zonation Based on Unitary Associations and Age of Tethyan Radiolarites. 
Eclogae Geologicae Helvetiae. 77 (3), 729-837. 

Baumgartner, P. O., (1985). Jurassic Sedimentary Evolution and Nappe Emplacement in 
the Argolis Peninsula (Peloponnesus, Greece). Denkschriften der Schweizerischen 
Naturforschenden GeselIschaft, BaseL 99,111 pp. 

Baumgartner, P. O. (1990). Genesis of Jurassic Tethyan Radiolarites - the Example of 
Monte Nerone (Umbria-Marche Apennines). In: Pallini, G. et al. (Eds). Fossili, 
Evoluzione, Ambiente, Atti Il Convegno Internazionale, Pergola, 1987.19-32. 

313 



Baumgartner, P. O. and Bernouilli, D. (1976). Stratigraphy and Radiolarian Fauna in a 
Late Jurassic - Early Cretaceous Section near Achladi (Evvoia, Eastern Greece). Eclogae 
Geologicae Helvetiae. 69 (3), 601-626. 

Baumgartner P. O., de Wever, P. and Kocher, R.. (1980). Correlation of Tethyp Late 
Jurassic - Early Cretaceous Radiolarian Events. Cahiers de MicropaMontologie, Editions 
du Centre National de la Recherche ScientifIque. 2,23-85. 

Baumgartner, P. O. (1990). Genesis of Jurassic Tethyan Radiolarites - the Example of 
Monte Nerone (Umbria-Marche Apennines). In: Pallini, G., et al. (Eds). Fossili, 
Evoluzione, Ambiente, Atti II Convegno Internazionale, Pergola, 1987.19-32. 

Baumgartner, P. O., Martire, L., Gorican, S., O'Doherty, L., Erba, E. and Pillevuit, A. 
(1995). New Middle and Upper Jurassic Radiolarian Assemblages Co-occurring with 
Ammonites and Nannofossils from the Southern Alps (Northern Italy). In: Baumgartner, 
P. O., O'Doherty, L., Gorican, S., Urquhart, E., Pillevuit, A. and de Wever, P. (Eds). 
Middle Jurassic to Lower Cretaceous Radiolarian of Tethys, Occurrences, Systematics, 
Biochronology. Universit6 de Lausanne M6moires de G6ologie. 737-750. 

B6, A. W. H. (1965). The Influence of Depth on Shell Growth in Globigerinoides sacculifer 
(Brady). Micropaleontology. 11 (1), 81-97. 

136, A. W. H. (1977). An Ecological, Zoogeographic and Taxonomic Review of Recent 
Planktonic Foraminifera. In: Ramsay, A. T. S. (Ed. ). Ocean Micropalaeontology: Volume 
1. AcademicPress. London. 1-100. 

B6, A. W. H. (1982). Biology of Planktonic Foraminifera. In: Broadhead, T. W. (Ed. ). 
Foraminifera: Notes for a Short Course. Studies in Geology. University of Tennessee, 
Knoxville. 6,51-92. 

B6, A. W. H. and Ericson, D. B. (1963). Aspects of Calcification in Planktonic 
Foraminifera. Comparative Biology of Calcified Tissues. Annals of the New York 
Academy ofSciences. 109(l), 65-81. 

B6, A. W. H. and Lott, L. (1964). Shell Growth and Structure of Planktonic Foraminifera. 
Science. 145 (3634), 823-824. 

B6, A. W. H. and Hemleben, C. (1970). Calcification in a Living Planktonic Foraminifer, 
Globigerinoides sacculifer (Brady). Neues Jahrbuch fur Geologie und PaIdontologie- 
Abhandlungen. 134 (3), 221-234. 

Beaudoin, B. (1967). A Propos de la R6partition des Globigerines au Jurassique Sup6rieur 
at au Cr6tac& Inf6rieur. Compte Rendu et Sýances de IAcademie des Sciences, Paris, 
Series D. 264,446-449. 

Beerling, D. J., Lomas, M. R. and Gr8cke, D. R. (2002). On the Nature of Methane Gas 
Dissociation during the Toarcian and Aptian Anoxic Events. American Journal ofScience. 
302,28-49. 

Bender, H., Hirschberg, K., Leuteritz, K. and Mdnz, H. (1960). Zur Geologie der Olonos- 
pindos- und der Parnass-Kiona-Zone im Tal des Asklepieion (Argolis). Annales 
G&Iogiques des Pays HeNniques. 11,201-213. 

314 



Berger, W. H. (1976). Biogenous Deep Sea Sediments: Production, Preservation and 
Interpretation. In: Riley, J. P. and Chester, R. (Eds). Chemical Oceanography: Volume 5- 
Second Edition. Academic Press. London. 265-388. 

Berner, R. A. (1994). GEOCARB II: a Revised Model of Atmospheric CO" over 
Phanerozoic Time. American Journal ofScience. 294,56-91. 

Bernouilli, D. and Laubscher, H. (1972). The Palinspastic Problem of the Hellenides. 
Eclogae Geologicae Helvetiae. 65 (1), 107-118. 

Bernouilli, D. and Kdlin, 0. (1984). Jurassic Sediments, Site 547, Northwest African 
Margin: Remarks on Stratigraphy, Facies and Diagenesis, and Comparison with some 
Tethyan Equivalents. In: Hinz, K., Winterer, E. L. et al. Initial Reports of the Deep Sea 
Drilling Project, Leg 79. U. S. Government Printing Office, Washington D. C. 79, 
437-448. 

Bcmouilli, D., de Graciansky, P. C. and Monod, 0. (1974). The Extension of the Lycian 
Nappes (S. W. Turkey) into the Southeastern Aegean Islands. Eclogae Geologicae 
Helvetiae. 67,39-90. 

Bielecka, W., Styk, 0., Pazdro, 0. and Kopik, J. (1980). Jura g6ma: rzqd foraminiferida 
Eichwald, 1830. In: Malinowska, L. (Ed. ), Budowa Geologiczna Polski, Vol. 3, Atlas 
Skamienalosci Przewodnich I charakterystycznych, Czesk 2b, Mezozoik, Jura, Widawnicta 
Geologiczne, Warsawa. 291-327. 

Bignot, G. and Guyader, J. (1966). D6couverte de Formanif6res planctoniques dans 
FOxfordien du Havre (Seine-Maritime). Revue deMicropal&ntologie. 9(2), 104-110. 

Bignot, G. and Guyader, J. (1971). Observations Nouvelles sur Globigerina, oxfordiana 
Grigelis. In: Farinacci, A. (Ed. ). Proceedings of the Second Planktonic Conference, 
RoMa 1970, Volume 1, Edizioni Tecnosciennza, Rome. 79-81. 

Bignot, G. and Janin, M. -C. (1984). D6couverte de Globuligerina oxfordiana 
(ForaminiRre Planctonique) dans le Bajocien Stratotype de la Falaise des Hachettes 
(Sainte-Honorine-des-Pertes, Calvados, France). Compte Rendu Hebdomadaire des 
Seances de IAcademie des Sciences, Paris, S6rie 2.298,751-756. 

Bijma, J., Faber, Jr., W. W. and Hemleben, C. (1990). Temperature and Salinity Limits for 
Growth and Survival of some Planktonic Foraminifers in Laboratory Cultures. Journal of 
Foraminiferal Research. 20,95-116. 

Bill, M., O'Dogherty, L., Guex, J., Baumgartner, P. O. and Masson, H. (2001). Radiolarite 
Ages in Alpine-Mediterranean Ophiolites; Constraints on the Oceanic Spreading and the 
Tethys-Atlantic Connection. Geological Society ofAmerica Bulletin. 113 (1), 129-143. 

Birkenmajer, K. (1953). Preliminary Revision of the Stratigraphy of the Pieniny Klippen- 
Belt Series in Poland. Bulletin International, Academie Polonaise des Sciences, Classe des 
Sciences MatUmatiques et Naturelles. Varsovie. 1 (6), 271-274. 

Birkemnajer, K. (1954). 0 wieku tak zwanych margli puchowskich w Pieninach na tle 
stratygrafli oslony pasa skalkowego. On the Age of the So-Called "Puchov Marls" in the 
Pieniny (Central Carpathians) and Stratigraphy of the Pieniny Klippen Belt Mantle. 
Biuletyn Instytut Geologiczny. Warsaw. 88,59-79. 

315 



Birkemnajer, K. (1958). Przewodnik geologiczny po pieniAskim pasie skalkowyrn. 
Geological Guide-Book to the Pieniny Klippen Belt. Wydawnictwa Geologiczne. 
Warsaw. Part I- pp. 137, Part II - pp. 72, Part III - pp. 88, Part IV - pp. 55. [In Polish. ] 

Birkenmajer, K. (1960). Geology of the Pieniny Klippen Belt of Poland. Jahrbuch 
Geologische Bundesanstalt. 103 (1), 1-36. 

Birkenmajer, K. (1963). Stratigraphy and paleogeographyof the Czorsztyn series (Pieniny 
Klippen Belt, Carpathians) in Poland. StudiaGeologicaPolonica. 9,1-380. 

Birkenmajer, K(1976). The Pieniny Klippen Belt. In: Slowafiska, B. and Barty§-Pelc, M. 
Geology of Poland, Vol. l: Stratigraphy, Part 2- Mesozoic. Wydawnictwa Geologiczne. 
Warsaw. 421-443. [Translated from the Polish Edition by C. Kozlowska. Edited by J 
Czaplickaj 

Birkenmajer, K. (1977). Jurassic and Cretaceous Lithostratigraphic Units of the Pieniny 
Klippen Belt, Carpathians, Poland. Studia Geologica Polonica. 45,1-158. 

Birkenmajer, K. (1986). Stages of Structural Evolution of the Pieniny Klippen Belt, 
Carpathians. Studia Geologica Polonica. 88,7-32. 

Birkerunajer, K. (1988). Exotic Andrusov Ridge: its Role in Plate-Tectonic Evolution of 
the West Carpathian Foldbelt. Studia Geologica Polonica. 91,7-37 

Birkenmajer, K. and Znosko, J. (1955). Contribution to the Stratigraphy of the Dogger and 
the Malm in the Pieniny Klippen Belt, Central Carpathians. Annales Societatis 
GeolpgorumPoloniae. 23,3-36. [In Polish with English Summary. ] 

Birkenmajer, K. and Kotafiski, Z. (1976). The Pieniny Klippen Belt. In: Slowafiska, B. 
and Bartyg-Pelc, A. Geology of Poland, Vol. I: Stratigraphy, Part 2- Mesozoic. 
Wydawnictwa Geologiune. Warsaw. 124-126. [Translated from the Polish Edition by C. 
Kozlowska. Edited by J Czaplicka. ] 

Bismuth, H., ' Bonnefous, J. and Dufaure, P. (1967). Mesozoic Microfacies of Tunisia. In: 
Martin, L. (Ed. ). Guidebook to the Geology and History of Tunisia. Petroleum Society of 
Libya, Tripoli. 159'-214. 

Blow, W. H. (1979). The Cainozoic Globigerinida. Parts I and Il. Brill. Leiden. 1413 pp. 

Bonnefous, J. (1967). Jurassic Stratigraphy of Tunisia: a Tentative Synthesis (Northern 
and Central Tunisia, Sahel and Chotts area). In: Martin, L. (Ed. ). Guidebook to the 
Geology andHistory of Tunisia. Petroleum Society of Libya, Tripoli. 109-130. 

Borza, K. (1969). Die Mikrofazies und Mikrofossilien des Oberjuras und der Unterkreide 
der Klippenzone der Wesikarpaten. Slovenska Akadernia Vdd, Bratislava. 301 pp. 

Bosellini, A. and Dal Cin, R. (1968). Il Giurassico medio-superiore di Fonzaso (Feltrino 
occidentale). Instituto Geologica dell'Universith di Ferrara. 9,4/15,237-247. 

Bottjer, D. J. and Savrda, C. E. (1993). Oxygen-Related Mudrock Biofacies. In: Wright, 
V. P. (Ed. ). Sedimentary Review-L Blackwell. Oxford. 92-102. 

BouDagher-Fadel, M. K., Banner, F. T. and Whittaker, J. E. The Early Evolutionary History 
ofPlanktonic Foraminifera. Chapman & Hall. London. 269 pp. 

316 



Bown, P. R., Burnett., J. A. and Gallagher, L. T. (1992). Calcareous Nannoplankton 
Evolution. Mem. Sci. Geol. 43,1-17. 

Bown, P. R., Lees, J. A. and Young, J. R. (2004) Calcareous Nannoplankton Evolution and 
Diversity through Time. In Thierstein, H. R. and Young, J. R. (Eds). Coccolithophores: 
From Molecular Proccesses to Global Impact. Springer-Verlag. Berlin. 481-508. 

Bradshaw, J. S. (1957). Ecology of Living Planktonic Foraminifera in the North and 
Equatorial Pacific Ocean. PhD Thesis, University of California, Los Angeles. 256 pp. 

Brady, H. B. (1884). Report of the Foraminifera dredged by H. M. S. Challenger during the 
Years 1873-1876. Report of the Scientijlc Results of the Voyage of H. M. S. Challenger, 
1873-1876 (Zoology). 9,1-814. 

Bralower, T. J., Sliter, W. V., Arthur, M. A., Leckie, R. M., Allard, D. J. and Schlanger, S. O. 
(1994). Timing and Paleoceanography of Oceanic Dysoxia/Anoxia in the Late Barremian 
to Early Aptian (Early Cretaceous). Palaios. 9,335-369. 

Brasier, M. D. (1980). Microfossils. Allen& Unwin. London. 193 pp. 

Breheret, J. G., Caron, M. and Delarnette, M. (1989). Niveau Riche en Mati6re Organique 
dans I'Albien Vocoutien; queleques Caract&res du Pal6oenvironnement; Essai 
d'Interpretation G6nkique. Docum. Bur. Rech. gjoL. min., no. 110,141-191. 

Brenchley, P. J. and Harper, D. (1998). Palaeoecology: Ecosystems, Environments and 
Evolution. ChapmanandHall. London. 402pp. 

Br6nnimann, P. and Wernli, R. (1971). Les "Globig6rines" du Dogger du Jura Meridional. 
In: Farinacci, A. (Ed. ). Proceedings of the 2 nd Planktonic Conference, Roma, 1970, 
Volume I, Tecnoscienza Rome. 117-128. 

Brun, L (1969). ttude Biostratigaphique du Jurassique de la Bordure Atlasique Nord- 
Orientale et des Plismarginaux (Maroc Oriental). In: Proceedings of the Third. 4frican 
Micropaleontological Colloquium, Cairo, 4-10 March 1968, NIDOC, Cairo. 185-213. 

Brunn, J. H. (1956). Etude G4ologique du Pinde Septentrional et de la Mac6doine 
Occcidentale. Annales Gýologiques des Pays HelMniques. 8,1-358. 

Buck, E. (1951). Angewandte Mikropaläontologie in Bereich des Schäwbischen Juras. 
Jahrbuch geologische Abt. Württemburger statist. Landesamt, Stuttgart. 1,14-22. 

Busson, G. (1967). Le Mdsozoique Saharien. Ire Partie. Centre des Recherches sur les 
Zones Arides, Siries Gjologie. 8,1-194. 

Caron, M. (1985). Cretaceous Planktic Foraminifera. In: Bolli, H. M., Saunders, J. B. and 
Perch-Nielsen, K. (Eds). Plankton Stratigraphy. Cambridge University Press. 
Cambridge. 17-86. 

Caron, M. and 116mewood, P. (1983). Evolution of Early Planktic Foraminifers. Marine 
Micropaleontology. 7,453-462. 

Carpenter, W. B., Parker, W. K. and Jones, T. R. (1862). Introduction to the Study of 
Foraminifera. Ray Society Publications. 1-319. 

317 



Cecca, F., Cresta, S. Pallini, G. and Santantonio, M. (1990). 11 Giuraddico di Monte 
Nerone (Appennino Marchigiano, Italia Centrale): Biostratigrafia, Litostratigrafia e 
Evoluzione Paleogeografica. In: Cecca, F., Cresta, S. Pallini, G. and Santantonio, M. 
(Eds). Atti. H Convegno Internazionale Fossili, Evoluzione, Ambiente. Pergola. 63-189. 

Cecca, F., Fourcade, E. and Azema, J. (1992). The Disappearance of the Ammonitico 
Rosso. Palaeogeography, Palaeoclimatology, Palaeoecology. 99 (1-2), 55-70. 

Cecca, F., Savary, P., Bartolini, A., Ramane, J. and Cordey, F. (2001). The Middle 
Jurassic - Lower Cretaceous Rosso Ammonitico Succession of Monte Inici (Trapanese 
Domain, Western Sicily): Sedimentology, Biostratigraphy and Isotope Stratigraphy. 
Bulletin Soci6tj G6ologique de France. 172 (5), 647-660. 

Cecca, F., Fourcade, E. and Azema, J. (2002). The Disappearance of the Ammonitico 
Rosso. Palaeogeography, Palaeoclimatology, Palaeoccology. 99 (1-2), 5 5-70. 

Celet, P. and C16ment, B. (1971). Sur la Pr6sence d'une Nouvelle Unit6 
Pal6og6ographique et Structurale en Gr6ce Continentale du Sud: L'Unit6 du Flysch 136otin. 
Compte Rendu de la Soci6t6 G&logique de France. 17,43. 

Celet, P. and Ferri6re, J. (1978). Les Hell6nides Internes: Le P61agonien. Eclogae 
GeologicaeHelvetiae. 17(3), 467-495. 

Celet, P., C16ment, B., and Legros, G. (1974). Pr6sence du Flysch Wotien dans la Zone du 
Parnasse. Compte Rendu de IAcademie des Sciences (Paris), D. 278 (13), 1689-1692. 

Celet, P., C16ment, B. and Ferrihe, J. (1976). La Zone 136otienne en Gr6ce: Implications 
Pal6og6ographiques et Structurales. Eclogae Geologicae Helvetiae. 69 (3), 577-599. 

Celet, P., Ferri&re, J. and Wigniolle, E. (1977). Le Probl&me de I'Origine des Blocs 
Exog6nes du M&Iange a tl6ments Ophiolitiques au Sud du Sperchios et dans le Massif de 
I'Othrys (Greece). Bulletin de la Soci&ý G&Ipgique de France. 17 19/4,935-942. 

Charvet, J. Decrouez, D. and Polsak, A. (1976). Le Cr6tac6 du Foniakos (Argolide, 
Gr&e): Examen Pal6ontologique, R6percussions Stratigraphiques, Pal6og6ographiques et 
Tectoniques. Archives des Sciences, Gen6ve. 29,247-258. 

Chen, C. (1968). Pleistocene Pteropods in Pelagic Sediments. Nature. 219,1145-1149. 

Choubert, G. and Faure-Muret, A. (1962). Evolution du Domaine Atlasique Marocain 
depuis les Temps Pal6ozoiques. Wmoires hors S6rie de la Soci&C G&Iogique de France. 
1,447-514. 

Chumakov, N. M. and Frakes, L. A. (1997). Mode of Origin of Dispersed Clasts in Jurassic 
Shales: Southern Part of the Yana-Kolyrna Fold Belt, NE-Asia. Palaeogeography, 
Palaeoclimatology, Palaeoecology. 128,77-85. 

Cita, M. B. (1965). Jurassic, Cretaceous and Tertiary Microfacies from the Southern Alps 
(Northern Italy). In: International Sedimentary Petrolographical Series, 8, Brill, Leiden, 
99 pp. 

Cita, M. B. and Pasquar6, G. (1959). Studia Stratigafici sul Sisterna Cretacco in Italia. 
Nota IV. Osservacioni Micropaleontologiche sul Cretaceo dellc Dolorniti (1). Revista 
ItalianadiPaleontologiaeStratigrafia. 65,385-443. 

318 



Cita, M. B., Forti, A., Raffi, G. and Villa, F. (1959). Jurassic and Cretaceous Microfacies 
from the Prealps and Central Apennines (Italy). In: Fifth World Petroleum Congress, 
Washington, Proceedings. New York. 969-1002. 

Clapham, M. E., Smith, P. L. and Tipper, H. W. (2002). Lower to Middle Jurassic 
Stratigraphy, Ammonoid Fauna and Sedimentary History of the Laberge Group in the Fish 
Lake Syncline, Northern Whitehorse Trough, Yukon, Canada. In: Emond, D. S., Weston, 
L. H. and Lewis, L. L. (Eds). Yukon Exploration and Geology 2001. Exploration and 
Geological Services Division, Yukon Pegion, Indian and Northern Affairs Canada. 73-86. 

Clarkson, E. N. K. (1998). Invertebrate Palaeontology and Evolution - Fourth Edition. 
Blackwell Science. Oxford. 452 pp. 

C16ment, B. (1971). 136couvere d'un Flysch tocr6tac6 en 136otie (Gr6ce Continentale). 
Compte Rendu de IAcademy des Sciences, Paris. 272,791-792. 

Coccioni, R., Erba, E., and Premoli Silva, 1. (1992). Barremian-Aptian Calcareous 
Plankton Biostratigraphy from the Gorgo a Cerbara Section (Marche, Central Italy) and 
Implications for Plankton Evolution. Cretaceous Research. 13,517-537. 

Colorn, G. (1935). Estudios Litologicos Sobre el Jurasico de Mallorca. Association de 
l'bude de G&logie de la Mediterran& Occidentale. 3,1-17. 

Colom, G. (1947). Estudios Sobre la Sedimentacion Profunda de las Baleares desde el 
Lias Superior al Cenomanense-Turonense. Publicaciones Instituto "Lucas Mallada" 
Investigaciones Geologicas, Consejo Superiore de Investigaciones Ciencias, Madrid. 
1-149. 

Colom, G. (1955). Jurassic-Cretaceous Pelagic Sediments of the Western Mediterranean 
Zone and the Atlantic Area. Micropaleontology. 1,109-124. 

Colom, G. (1967). Ensayos de Interpretaci6n de los Sedimentos F6siles y Actuales. 
Boletin Real SociedadEspahola de Historia Natural, Seccion Biologica. 65,325-336. 

Colom, G. (1969). Litomicrofacies de los torrenos secundarios de Espafia. Memorias 
Royale Academia de CienciasyArtes de Barcelona. 39,455-542. 

Colom, G. (1975). Geologia de Mallorca. Miramar, Palma de Mallorca, 519 pp. 

Colom, G. and Rangheard, Y. (1966). Les Couches A Protoglobig6rines de I'Oxfordien 
Sup6rieude l'ile d'Ibiza et leurs Equivalents a Majorque et dans le Domaine Subbetique. 
Revue de Micropaliontologie, 9,29-3 6. 

Cordey, W. G. (1962). Foraminifera from the Oxford Clay of Staffin Bay, Isle of Skye, 
Scotland. Senckenbergiana lethaea. 43,375-409. 

Crane, P. R. (1987). Vegetation Consequences of Angiosperm Diversification. In: Friis, 
E. M., Chaloner, W. G. and Crane, P. R. (Eds). The Origin of Angiosperms and their 
Biological Consequences. Cambridge University Press. Cambridge. 107-144. 

Creber, G. T. and Chaloner, W. G. (1985). Tree Growth in the Mesozoic and Early Tertiary 
and the Reconstruction of Palaeoclimates. Palacogeography, Palacoclimatology, 
Palaeoecology. 52,35-60. 

319 



Cushman, J. A. (1948). Foraminifera, their Classification and Economic Use - 4"' Edition. 
Havard University Press. Cambridge, Mass. 605 pp. 

Darling, K. F., Kroon, D., Wade, C. M. and Leigh Brown, A. J. (1996). Molecular 
Phylogenyof the Planktic Foraminifera. Journal ofForaminiferal Research. 26,324-330. 

Darling, K. F., Wade, C. M., Kroon, D. and Leigh Brown, A. J. (1999a). Planktic 
Foraminiferal Molecular Evolution and their Polyphyletic Origins from Benthic Taxa. 
Marine Micropaleontology. 30,251-256. 

Darling, K. F., Wade, C. M., Kroon, D., Leigh Brown, A. J. and Bijma, J. (1999b). The 
Diversity and Distribution of Modem Planktic Foraminiferal Small Subunit Ribosomal 
RNA Genotypes and their Potential as Tracers of Present and Past Ocean Circulation. 
Paleoceanography. 14,3-12. 

Dayczak-Calikowska, K. and Kopik, J. (1976). Middle Jurassic. In: Slowailska, B. and 
Bartyý-Pelc, M. Geology of Poland, Vol. 1: Stratigraphy, Part 2- Mesozoic. Geological 
Institute of Poland. Warsaw. 241-334. [Translated from the Polish Edition by 
C. Koz1owska. Edited by J Czaplicka. ] 

d'Orbigny, A. D. (1826). Tableau M6thodique de la Classe des C6phalopodes. Annales de 
Science Naturelle, Paris. Sene 1.7,96-169,245-314. 

d'Orbigny, A. D. (1839a). Foraminif6res. In: Ramon de la Sagra. Histoire, Physique, 
Politique et Naturelle de Nle de Cuba. Arthus Bertrand. Paris. 7,224 pp. 

d'Orbigny, A. D. (1839b). Foraminif6res. In: Barker-Webb, P. and Berthelot, S. (Eds. ). 
Histoire Naturelle des Iles Canaries, Zoologie. Arthus Bertrand. Paris. 2 (2), 119-146. 

de Zanche, V., Gianolla, P., Mietto, P., Siorpaes, C. and Vail, 
-P. 

R. (1993). Triassic 
Sequence Stratigraphy in the Dolomites. Memorie di Scienze Geologische. 45,1-27. 

Delcey-Leduc, F. (1961). Contribution ii l'bude Stratigraphique etMicropal6ontologique 
duJurassiqueArd&hois. Thesis Doctoral, 36me Cycle, University of Paris. 97pp. 

Dercourt, J. (1964). Contribution A Ittude G6ologique d'un Secteur du P61oponn&se 
Septentrionale. Annales G&Iogiques des Pays Hell6niques. 15,1-417. 

Dembicz, K., Glowniak, E., Mat)ja, B. A. and Praszkier, T. (2006). Ogrodzieniec Quary, 
Uppermost Bathonian to Middle Oxfordian Ammonite Succession. In: Wierbowski, A., 
Aubrecht, R., Golonka, J. Gutowski, J., Krobicki, M., Mat)ja, B. A., Piefikowski, G. and 
Uchman, A. (EdQ. Jurassic of Poland and Adjacent Slovakian Carpathians: Field Trip 
Guidebook of International Congress on the Jurassic System, Krak6w. Polish 
Geological Institute. Warsaw. 144-148. 

Dercourt, J. (1970). L'Expansion Oc6anique Actuelle et Fossile: ses Implications 
G6otectoniques. Bulletin de Societ6 G6ologique de France. 7, (12/2), 261-317. 

Dettman, M. E. (1986). Early Cretaceous Palynoflora of Subsurface Strata Correlative with 
the Koowarra Fossil Bed, Victoria. Memoirs of the Association of Australasian 
Palaeontologists. 3,79-110. 

320 



di Stephano, P., (2002). An Outline of the Jurassic Straigraphy and Paleogeography of 
Western Sicily. In: Santantonio, M. (Ed. ). General Field Trip Guidebook. 6'h 
International Symposium on the Jurassic System, Palermo. 21-27. 

di Stefano, P. and Mindszenty, A. (2000). Fe-Mn-Encrusted "Kamenitza" and Associated 
Features in the Jurassic of Monte Kumeta (Sicily): Subaerial and/or Submarine 
Dissolution? Sedimentary Geology. 132 (1-2), 37-68. 

di Stephano, P. and Mallarino, G. (2002). Portella delle Ginestre: Tectonostratigraphic 
Setting and Jurassic Lithostratigraphy of Monte Kumeta. In: Santantonio, M. (Ed. ). 
General Field Trip Guidebook. 6 th International Symposium on the Jurassic System, 
Palermo. 100-102. 

di Stephano, P., Mallarino, G., Mindsenty, A. and Nicchitta, D. (2002). An Introduction to 
the Jurassic Geology of Western Sicily. In: Santantonio, M. (Ed. ). General Field Trip 
Guidebook. 6 th International Symposium on the Jurassic System, Palermo. 36-37; 100- 
121. 

Dickens, G. R., O'Neil, J. R., Rea, D. K. and Owen, R. M. (1995). Dissociations of Oceanic 
Methane Hydrate as a Cause of the Carbon Isotope Excursion at the end of the Paleocene. 
Paleoceanography. 10,965-971. 

Diersche, V. (1980). Die Radiolarite des Obedura im Mittelabschnitt der Nördlichen 
Kalkalpen. Geotektonische Forschungen. 58,1-217. 

Douglas, J. G. and Williams, G. E. (1982). Southern Polar Forests: The Early Cretaceous 
Floras of Victoria and their Palaeoclimatic Significance. Palaeogeography, 
Palaeoclimatology, Palaeoecology. 39,171-185. 

Dragastan, 0., Mutiu, R. and Vinogradow, C. (1975). Les Zones Micropal6ontologiques et 
la Limite Jurassique-Cr&=6 dans la Plate-Fonne Moesienne. In: Colloque sur la Limite 
Jurassique- Cr&=6, Lyon-Neuchitel, September 1973, M6moires de Bureau des 
Recherches G6ologiques et Mini&res. 86,188-203. 

Drinnan, AN and Chambers, T. C. (1986). Flora of the Lower Cretaceous Koonwarra 
Fossil Bed (Korumburra Group), South Gippsland, Victoria. Memoirs of the Association 
ofAustralasian Palaeontologists. 3,1-77. 

Dromart, G., Garcia, J. P., Picard, S., Atrops, F., L6cuycr, C. and Sheppard, S. M. F. (2003). 
Ice Age at the Middlc-Latc Jurassic Transition? Earth & Planetary Science Letters. 213, 
205-220. 

Duarte, L. V. (1995). 0 Toarciano da Bacia Lusitaniana. Estratigrafia e Evoluqdo 
Sedimentogen&ica. Unpublished PhD Thesis, Universidade de Coimbra. 349pp. 

Duarte, L. V. (1997). Facies Analysis and Sequential Evolution of the Toarcian-Lower 
Aalenian Seriers in the Lusitanian Basin (Portugal). Comunicaqdes do Instituto Geol6gico 
e Mineiro. 83,65-94. 

Duarte, L. V. (1998). Clay Minerals and Geochernical Evolution in the Toarcian Lower 
Aalenian of the Lusitanian Basin. Cuadernos de Geologia IUrica. 24,69-98. 

321 



Duarte, L. V. and Soares, AR (2002). Litostratigrafta clas S6rics Margo-Calcdrias do 
Jurdssico Inferior da Bacia Lusitanica (Portugal). Comunicaqaes do Instituto Geol6gico e 
Mineiro. 89,115-134. 

Duarte, LN., Krautter, M. and Soares, A. F. (2001). Bioconstructions A Spongiaires 
Siliceux dans Lias Terminal du Bassin Lusitanien (Portugal): Stratigraphie, 
S6dimentologie et Signification Pal6og6ographique. Bulletin de la Soci&6 Gjologique de 
France. 172 (5), 637-646. 

Duarte, L. V., Rodrigues, R. and Dino, R. (2003). Carbon Stable Isotope Analysis as a 
Sequence Stratigraphy Tool; Case Study from Lower Jurassic Marly Limestones of 
Portugal. Short Papers - IVSouth American Symposium on Isotope Geology. 341-344. 

Duarte, L. V. Perilli, N., Dino, R. Rodrigues, R. and Paredes, R. (2004). Lower to Middle 
Toarcian from the Coimbra Region (Lusitanian Basin, Portugal): Sequence Stratigraphy, 
Calcareous Nannofossils and Stable Isotope Evolution. Proceedings of the 6 th International 
Symposium on the Jurassic System. Revista Italiana di Paleontologia e Stratigrafia, 
SpecialNumber. 

. 
110,115-127. 

Dufaure, P. (1958). Contribution A I'ttude Stratigraphique et Micropaleontologique du 
Jurassique et du Mocomien de I'Aquitaine A la Provence. Revue de Micropal6ontologie. 
1,87-115. 

Eggert, P. (1977). Sedimentpetrographisch-stratigraphische Untersuchungen in den 
Unterkreide-Serien und im Bolgenkonglomerat (Oberkreide) der Feuerstätter Decke im 
AllgäuundVorarlberg. BerlinerGeowissenschaftlicheAbhandlungen, SerieA. 2,1-167. 

Ehrenberg, C. G. (1861). Über die Tiefgrund-Verhältnisse des Ozeans am Eingange der 
Davisstrasse und bei Island. Königliche-Preussische Akademie der Wissenschaften, Berlin, 
Monatsbericht Jahrbuch 1861 (1862). 275-315- 

Ehrenberg, C. G. (1873). Mikrogeologische Studien über das kleinste Leben der Meeres- 
Tiefgründe aller Zonen und dessen geologischen Einfuss. Königliche-Preussische 
Akademie der Wissenschaften, Berlin, Abhandlungen Jahrbuch 1872.131-397. 

Elmi, S. Goy, A. Mouterde, R. Rivas, P. and Rocha, R. (1989). Correlaciones 
Bicestratigraficas en el Toarciense de la Peninsula Ib6rica. Cuadernos de Geologia 
Jb&ica. 13,265-277. 

Embry, A. F. (1988). Triassic Sea-Level Changes: Evidence from the Canadian Arctic 
Archipelago. In: Wilgus, C. (Ed. ). Sea Level Changes -An Integrated Approach. Society 
ofEconomic Paleontologists and Mineralogists. Special Publication. 42,249-259. 

Embry, A. F. (1993). Transgressive-Regressive (T-R) Sequence Analysis of the. Jurassic 
Succession of the Sverdrup Basin, Canadian Arctic Archipelago. Canadian Journal of 
Earth Sciences. 30,301-320. 

Embry, A. F. (1997). Global Sequence Boundaries of the Triasssic and their Identification 
in the Western Canada Sedimentary Basin. Canadian Society of Petroleum Geologists 
Bulletin. 45,415-533. 

Emery, D. and Myers, K. J. (1996). Sequence Stratigraphy. Blackwell Science. Oxford. 
297pp. 

322 



Emiliani, C. (1954). Depth habitats of some Species of Pelagic Foraminifera as indicated 
by Oxygen Isotope Ratios. American Journal ofScience. 252,149-158. 

Emiliani, C. (1955). Pleistocene Temperatures. Journal of Geology. 63,538-578. 

Emiliani, C. (1971). Depth Habitats of Growth Stages of Pelagic Foraminifera. Science. 
173,1122-1124. 

Enay, R., Cariou, E., Bellion, Y., Guiraud, R., Mangold, C. and Thierry, J. (1993). Middle 
Callovian. In: Dercourt, J., Ricou, L. E., and Vrielynck, B. (Eds). Atlas Tethys; 
Palaeoenvironmental Maps. Maps. BEICIP-FRANLAB, Rueil-Malmaison. 

Erba, E. (2004). Calcareous Nannofassils and Mesozoic Oceanic Anoxic Events. Marine 
Micropaleontology. 52,85-106. 

Erba, E. (2006). The First 150 Million Years History of Calcareous Nannoplankton: 
Biosphere-Geosphere Interactions. Palaeogeography, Palaeoclimatology, Palaeoecology. 
232,237-250. 

Erba, E., Channell, J. E. T., Claps, M., Jones, C. Larson, R. L., Opdyke, B., Premoli Silva, I., 
Riva, A., Salvini, G. and Torricelli, S. (1999). Integrated Stratigraphy of the Cismon 
APTICORE (Southern Alps, Italy): a "Reference Section" for the Barremian-Aptian 
Interval at Low Latitudes. Journal ofForaminiferal Research. 29,371-392. 

Erbacher, J., Huber, B. T., Norris, R. D. and Markey, M. (2001). Increased Thermohaline 
Stratification as a Possible Cause for an Ocean Anoxic Event in the Cretaceous Period. 
Nature. 409,325-327. 

Etter, W. (1995). Benthic diversity patterns in oxygenation gradients: an example from the 
Middle Jurassic of Switzerland. Lethaia. 28 (3), 259-170. 

Etter, W. (1996). Pseudoplankton-ic and Benthic Invertebrates in the Middle Jurassic 
Opalinum. Clay, Northern Switzerland. Palaeogeography, Palaeoclimatology, 
Palaeoecology. 126,325-341. 

Etter, W. (2004). Decapod Crustaceans from the Middle Jurassic Opalinus Clay of 
Northern Switzerland, with Comments on Crustacean Taphonomy. Eclogae Geologicae 
Helvetiae. 97(3), 381-392. 

Exton, J. and Gradstein, F. M. (1984). Early Jurassic Stratigraphy and Micropaleontology 
of the Grand Banks and Portugal. In: Westermann, G. E. G. (Ed. ). Jurassic-Cretaceous 
Biochronology and Paleogeography ofNorth America. Geological Association of Canada. 
Special Paper. 27,13-30, 

Farinacci, A. and Radoi&6, R. (1964). Correlazione fra Serie Giuresi et Cretacea dell' 
Appenino Central e de. 1le Dinaridi Esterne. Ricerca Scientiflica, Rendiconti, A, Ser. 2.7, 
(2), 269-300. 

Farinacci, A., Malantrucco, G., Mariotti, N. and Nicosia, U. (1981). Ammonitico Rosso 
Facies in the Framework of the Martani Mountains Palaeoenvironmental Evolution during 
Jurassic. In: Farinacci, A. and Elmi, S. (Eds). Proceedings of the Rossa Ammonitico 
Symposium, Roma, 16-21 June, 1980, Tecnoscienza, Rome. 311-334. 

323 



Favre, P. (1992). G6ologie des Massifs Calcaires an Front Sud de I'Unite de Ketama (Rif, 
Maroc. PhD Dissertation, Universitý de Gen&e Publication du Dýpartement de G6ologie 
et Pal6ontologie. 11,138 pp. 

Favre, P. and Stampfli, G. M. (1992). From Rifting to Passive Margin: The Example of the 
Red Sea, Central Atlantic and Alpine Tethys. Tectonophysics. 215,69-97. 

Favre, P., Stampfli, G. M. and Wildi, W. (1991). Jurassic Sedimentary Record and 
Tectonic Evolution of the Northwestern Comer of Africa. Palaeogeography, 
Palaeoecology and Palaeoclimatology. 87,53-73. 

Favre, F., Chandrakumar, V. and Etter, W. (1996). Pseudoplanktonic and Benthic 
Invertebrates in the Middle Jurassic Opalinium Clay, Northern Switzerland. 
Palaeogeography, Palaeoclimatology, Palaeoecology. 126 (3), 325-341. 

Fenninger, A. and Holzer, H. L. (1972). Fazies und PaIdogeographie des oberostalpinen 
Malm. Mitteilungen der Geologischen Gesellschaft, Wien. 63 (1970), 52-14 1. 

Femet, P. (1960). ttude Micropal6ontologique du Jurassique du Forage de Saint-176fix 
(Charente). Revue deMicropal6ontologie. 3,19-30. 

Fischer, J. A. (1981). Climatic Oscillations in the Biosphere. In: Nitecki, M. (Ed. ). Biotic 
Crises in Ecological and Evolutionary Time. AcadernicPress. NewYork. 103-131. 

Fischer, J. A. (1982). Long-Tenn Climatic Oscillations recorded in Stratigraphy. In: 
Berger, W. (Ed. ). Climate in Earth History, National Research Council, Studies in 
Geophysics. National Academy Press. Washington, D. C. 97-104. 

Fldgel, E. and Steiger, T. (1981). An Upper Jurassic Sponge-Algal Build-Up from the 
Northern Frankenalb, West Germany. In: Toomey, D. F. (Ed. ). European Fossil Reef 
Models. Society of Economic Paleontologists and Mineralogists, Special Publication. 30, 
371-397. 

F611mi, K., Weissert, H., Bisping, M. and Funk, H. (1994). Phosphogenesis, Carbon 
Isotope Stratigraphy and Carbonate-Platform Evolution along the Lower Cretaceous 
NorthemTethyan Margin. Geological Society of, 4merica Bulletin. 106,729-746. 

Fortwengler, D. (1989). Les "Terres Noires" d'Age Callovien Sup6rieur A Oxfordien 
Moyen des Chains Subalpines du Sud. Comptes Rendus 4cad6mie des Sciences, Paris. 
308,531-536. 

Fourccade, E. (1963). Observations sur POxfordien du Nord-Ouest de I'Aquitaine. 
Compte Rendu Sommaire de la Soci&j G&Iogique de France. 1963,199-201. 

Frakes, L. A. (1979). Climates throughout Geological Time. Elsevier. Amsterdam. 
310pp. 

Frakes, L. A. and Francis, J. E. (1988). A Guide to Phanerozoic Cold polar Climates from 
High-Latitude Ice-Rafting in the Cretaceous. Nature. 333,547-549. 

Frakes, L. A. and Francis, J. E. (1990). Cretaceous Palaeoclimates. In: Ginsburg, R. N. and 
Beaudoin, B. (Eds). Cretaceous Resources, Events and Rhythms. Kluwer Academic 
Publishers. Dordrecht. 273-287. 

324 



Frakes, L. A., Francis, J. E. and Syktus, J. I. (1992). Climate Modes of the Phanerozoic. 
Cambridge University Press. Cambridge. 56-98. 

Francis, J. E. (1983). The Dominant Conifer of the Jurassic Purbeck Formation. 
Palaeontology. 26,277-294. 

Francis, J. E. (1984). The Seasonal Environment of the Purbeck (Upper Jurassic) Fossil 
Forests. PalaeogeographyPalaeoclimatologyPalaeoecology. 48,285-307. 

Francis, J. E. (I 986a). Growth Rings in Cretaceous and Tertiary Wood from Antarctica and 
its Palaeoclimatic Implications. Palaeontology. 29 (4), 665-684. 

Francis, J. E. (1986b). The Calcareous Paleosols of the Basal Purbeck Fonnation (Upper 
Jurassic), Southern England. In: Wright, V. P. (Ed. ). Paleosols: Their Recognition and 
Interpretation. Blackwell. Oxford. 112-138. 

Francis, J. E. (1987). The Palaeoclimatic Significance of Growth Rings in Late 
Jurassic/Early Cretaceous Fossil Wood from Southern England. In: Ward, R. G. W. (Ed. ). 
App. lications of Tree Ring Studies. British Archaeological Reports. 21-36. 

Fuchs, W. (1967). Ober Ursprung und Phylogenie der Trias-"Globigerinen" und die 
Bedeutung dieses Forinenkreises für das echte Plankton. Verhandlungen der Geologischen 
Bundesanstalt, Wien. 1967(1-2), 135-176. 

Fuchs, W. (1968). Eine bemerkenswerte, tieferes Apt belegende Foraminiferenfauna aus 
den konglomeratreichen Oberen Rossfeldschichten von Grabenwald (Salzburg) 
VerhandlungenderGeologischenBundesanstalt, Wien. 1968(1-2), 87. 

Fuchs, W. (1969). Zur Kenntnis des Schalenbaues der zu den Trias-�Globigerinen" 
zählenden Forarniniferengattung Praegubkinella. Verhandlungen der Geologischen 
Bundesanstalt, Wien. 1969 (1-2) 158-165. 

Fuchs, W. (1970). Eine Alpine, tiefliassische Foraminiferenfauna von Hemstein in 
Niederösterreich. Verhandlungen der Geologischen Bundesanstalt, Wien. 1970 (1-2), 
66-145. 

Fuchs, W. (1971). Eine alpine Foraminiferenfauna des tieferen Mittel-Barrerne aus den 
Drusbergschichten von Ranzenberg bei Hohenems in Vorarlberg. Abhandlungen der 
Geologischen Bundesanstalt, Wien. 27,1-49. 

Fuchs, W. (1973). Ein Beitrag zur Kenntnis der Jura-�Globgerinen" und verwandter 
Forinen an Hand polnischen Materials des Callovien und Oxfordien. Verhandlungen der 
Geologischen Bundesanstalt, Wien. 1973 (3), 445-487. 

Fuchs, W. (1975). Zur Stammesgeschichte der Plankton-foraminiferen und verwandter 
Formen im Mesozoikum. Jahrbuch der Geologischen Bundesanstalt, Wien. 118,193-246. 

Fuchs W. (1977). A Contribution to the Phylogeny of the Mesozoic Planktonic 
Foraminifera. In: Acte du Vie Colloque Afficain de Micropal6ontologie. Annales des 
Mines et de la G&Iogie, Tunis. 28,71-74. 

Fuganti, A. and Mosna, S. (1965). Studio Stratigrafico-Sedimentologico e 
Micropaleontologico delle Facies Giurassiche del Trentino Occidentale. Studi Trentin! 
Scienze Naturale, ser. A. 43 (1). 

325 



Fill6p, J. (1975). Tatai mezozo6s alaphegys6g r6g8k. (The Mesozoic Basement Horst 
Blocks of Tata). Geologica Hungarica, Series Geologica. 16,225 pp. 

Gaetani, M., Gnaccolini, M., Jadoul, F. and Garzanti, E. (1998). Multiorder Sequence 
Stratigraphy in the Triassic System of the Western Southern Alps. In: de Graciansky, P. - 
C., Hardenbol, J., Jacquin, T. and Vail, P. R. (Eds). Mesozoic-Cenozoic Sequence 
Stratigraphy of European Basins. Society ofEconomic Paleontologists and Mineralogists. 
Special Publication. 60,701-717. 

Gagel, C. (1910). Die Mittelatlantischen Volkaninseln. Heidelberg Handbuch der 
Regionales Geologie (Winter). 7,1-32. 

Gahr, M. E. (2005). Response of Lower Toarcian (Lower Jurassic) Macrobenthos of the 
Iberian Peninsula to Sea Level Changes and Mass Extinction. Journal of1berian Geology. 
31 (2), 197-215. 

Galdcz, A. (1976). Bajocian (Middle Jurassic) Sections from the Northern Bakony 
(Hungary). Annales Universitatis Scientiarum Budapestinensis Sectio Geologia. 18, 
177-191. 

Galdcz, A. (1980). BaJocian and Bathonian Ammonites of Gyenespuszta, Bakony 
Mountains, Hungary. GeologicaHungarica, Series Palaeontologica. 39,227pp. 

Galicz, A. (2002). "Condensed" Faunas on a Submarine Escarpment - The Middle 
Jurassic Ammonites of Monte Kumeta, Western Sicily. VI International Symposium on the 
Jurassic System, Palermo. 69-70. 

Gale, A. S., Hardenbol, J., Hathway, B., Kennedy, W. J., Young, J. R. and Phansalkar, V. 
(2002). Global Correlation of Cenomanian (Upper Cretaceous) sequences: Evidence for 
Milankovitch Control on Sea Level. Geology. 30 (4), 291-294. 

Gardulski, A. F., Mullins, H. T. and Weiterman, S. (1990). Carbonate Mineral Cycles 
Generated by Foraminiferal and Pteropod Response to Pleistocene Climate: West Florida 
Ramp Slope. Sedimentology. 37,727-743. 

Garrison, R. E. and Fischer, A. G. (1969). Deep-water Limestones and Radiolarites of the 
Alpine Jurassic. In: Friedman, G. M. (Ed. ). Depositional Environments in Carbonate 
Rocks, a Symposium. Society of Economic Petrologists and Mineralogists Special 
Publications. Tulsa. 14,20-56 

Gasifiski, M. A. and Malata, E. (Eds. ) (1993). IV International Workshop on Agglutinated 
Foraminfera: Excursion Guidebook - Polish Flysch Carpathians. Grzybowski Foundation 
Special Publication No. 2. Krak6w. 54 pp. 

G6czy, B. (1961). Die Jurassische Schichtreihe des Tuzk6ves-Grabens von 
Bakonycsemye. . 4nnalesInstitutiGeologiciPubliciHungarici. 49(2), 507-545. 

Gedl, P., Kaim, A., Boczarowski, A., Kqdzierski, M., Smoleh, J., Szczepanik, P., 
Witkowska, M. and Ziaja, J. (2003). Rekonstrukcja paleogrodowiska sedymentacji 
grodkowojurajskich il6w rudonognych Gnaszyna (Czqstochowa) - wyniki wstqpne. Tomy 
Jurajskie. 1,19-27. 

326 



Geluk, M. C. and R6hling, H. -G. (1997). High-Resolution Sequence Stratigraphy of the 
Lower Triassic "Buntsandstein" in the Netherlands and Northwestern Germany. Geologic 
en Mijnbouw. 76,227-246. 

Gianolla, P. and Jacquin, T. (1998). Triassic Sequence Stratigraphic Framework of 
Western European Basins. In: de Graciansky, P. -C., Hardenbol, J., Jacquin, T. and Vail, 
P. R. (Eds). Mesozoic-Cenozoic Sequence Stratigraphy of European Basins. Society of 
Economic Paleontologists and Mineralogists. Special Publication. 60,643-650. 

Gianolla, P. de Zanche, V. and Mietto, P. (1998). Triassic Sequence Stratigaphy in the 
Southern Alps (Northern Italy): Definition of Sequences and Basin Evolution. In: de 
Graciansky, P. -C., Hardenbol, J., Jacquin, T. and Vail, P. R. (Eds). Mesozoic-Cenozoic 
Sequence Stratigraphy of European Basins. Society of Economic Paleontologists and 
Mineralogists. Special Publication. 60,719-747. 

Gianotti, A. (1958). Deux Faciýs du Jurassique Supdrier en Sicilie. Revue de 
MicropalJontologie. 1,3 8-5 1. 

Giovagnoli, M. C. and Schiavinotto, F. (1986). Indagini Biornetriche su Foraininiferi 
Globigeriniformi del Dogger-Mahn Umbro-Marchigiano: Indicazioni Preliminari. In: 
Piccinini (Ed. ). Atti Convegno,, Fossili Evoluzione Ambiante ", Pergola, 1984.131-134. 

Giovagnoli, M. C. and Schiavinotto, F. (1987a). Dati Morphometrici su Foraininiferi 
Globigeriniforini del Bajociano-Kimmeridgiano di Colle Tordina (Appennino Urnbro- 
Marchigiano). BolletinoSocietiPaleontologicaItaliana. 25(2), 187-197. 

Giovagnoli, M. C. and Schiavinotto, F. (1987b). Definizione Biometrica dell'Ontogenesi di 
Globigerinifonni nel Jurassico Umbro-Marchigiano (Appennino Centrale). Geologica 
Romana. 26,109-125. 

Giovagnoli, M. C. and Schiavinotto, F. (1991). Morphometric approach to Bajocian 
(Middle Jurassic) globigeriniform foraminifera from Sasso di Pale (Central Apennines, 
Italy). Journal ofForaminiferal Research. 21,255-268.1 

Glennie, K. W., Boeuf, M. G. A., Hughes Clarke, M. W., Moody-Stuart, M., Pilaar, W. F. H. 
and Reinhardt, B. M. (1974). Geology of the Oman Mountains (Parts 1-3). 
Perhandelingen Koninkliyke Nederlandse Geologisch-Mijnbouwk-undig Genootschap, 
Gravenhage. 423 pp. 

Gnaccolini, M. and Martinis, B. (1974). Nuove Tieche sulle Formazioni Calcaree 
Giurassico-Cretaciche della Regione Compressa Tra le Valli del Natsione e del Piave. 
Rivista Italiana di Paleontologia e Stratigraphia Memoir. 24 Contributi Stratigrafici e 
Paleogeografici sul Mesozoico della Tetide". 109 pp. 

Golonka, J. afid Sikora, W. (1981). Microfacies of the Jurassic and Lower Cretaceous 
Sedimentarily thinned Deposits of the Pieniny Klippen Belt in Poland. Biuletyn Instytutu 
Geologicznego. 331,7-37. [In Polish with English Summary. ] 

Golonka, J. and Rqczkowski, W. (1984). Objagnienia do szczeg6lowej mapy geologicznej 
Polski. Arkusz Piwniczna. Wydawnictwa Geologiczne. Warsaw. 

Golonka, J. and Krobicki, M. (2001). Upwelling Regime in the Carpathian Tethys: a 
Jurassic-Cretaceous Palaeogeographic and Palaeoclimatic Perspective. Geological 
Quarterly. 45,15-32. 

327 



Golonka, J. and Krobicki, M. (2004). Jurassic Palacogeography of the Pieniny and Outer 
Carpathian Basins. Revista Italiana di Paleontologia e Stratigrajia. 110 (1), 5-14. 

Golonka et al., (2002). Early Stages of the Carpathian Basins Development. Geologica 
Carpathica, Special Issue - Proceedings of XVII Congress of Carpathian-Balkan 
Geological Association, Bratislava and Guide to Geological Excursions. 53. 

Golonka, J., Krobicki, M., Oszczypko, N., ýlqczka, A. and Slomka, T. (2003). 
Geodynamic Evolution and Palaeogeography of the Polish Carpathians and Adjacent Areas 
during Neo-Cimmerian and Preceding Events (latest Triassic-earliest Cretaceous). In: 
McCann, T. and Saintot, A. (Eds). Tracing Tectonic Deformation using the Sedimentary 
Record. Geological Society Special Publication. 208,138-158. 

Gorbachik, T. N. (1983). Globuligerina oxfordiana (Grigelis) - Type Species of the Genus 
Globuligerina in Electron Microscope. VoprosyMikropaleontologii. 26,48-52. 

Gorbachik, T. N. (1986). Jurassic and Early Cretaceous Planktonic Foraminifera of the 
SouthernSSSR. AkademiaNauk SSSR, 'Nauka', Moscow, 239pp. [InRussian. ] 

Gorbachik, T. N. and Kuznetsova, K. I. (1983). Jurassic and Early Cretaceous Planktonic 
Foraminifera (Favusellidae). Stratigraphy and Paleobiogeography. Zitteliana. 10,459- 
466. 

Gorbachik, T. N. and Kuznetsova, K. I. (1986). Study of Shells Mineral Composition of 
Planktonic Foraminifera. VoprosyMicropaleontologii. 28,42-44. [InRussian. ] 

Gordon, W. A. (1965). Foraminifera from the Corallian beds, Upper Jurassic of Dorset, 
England. Journal ofPaleontolqgy. 39,828-863. 

Gordon, W. A. (1970). Biogeography of Jurassic Foraminifera. Geological Society of 
America Bulletin. 81,1689-1703. 

G6r6g, A. (1994). Early Jurassic Planktonic Foraminifera from Hungary. 
Micropalaeontology. 40 (3), 255-260. 

G8r6g, A. (1995). Bathonian Foraminifera from the Mecsek Mountains (South Hungary). 
Annales Universitatis Scientiarum. Budapestinensis Sectio Geologia. 30,7-82,209-218. 

G&6g, A. and Wernli, R. (2002). The Middle and Late Bathonian Protoglobigerinids of 
Gyenespuszta (B akony Mts, Hungary). Revue PalJobiologique, Gen6ve. 21 (1), 21-3 4. 

G6r8g, A. and Wernli, R. (2003). Palaeobiogeography of the Middle Jurassic 
Protoglobigerinids. Eclogae Geologica Helvetiae. 96,237-248. 

G8r6g, A. and Wemli, R. (2004). A Rare Protoglobigerinid Association (Foraminifera) 
from the Tithonian of Gerecse Mts, Hungary. Hantkeniana. 4,37-45. 

Gradstein, F. M. (1976). Biostratigraphy of Jurassic Grand Banks Foraminifera. In: 
Schafer, C. T. and Pelletier, B. R. (Eds). First International Symposium on Benthonic 
Foraminifera of Continental Margins. Part B., Paleoecology and Biostratigraphy. 
Maritime Sediments, Special Publication. 1,557-583. 

Gradstein F. M. (1977). Biostratigraphy and Biogeology of Jurassic Grand Banks 
Foraminifera. Maritime Sediments, Special Publication. 1,557-583. 

328 



Gradstein, F. M. (1978). Jurassic Grand Banks Foraminifera. Journal of Foraminiferal 
Research. 8,97-109. 

Gradstein, F. M. (1983). Paleoecology and stratigraphy of Jurassic abyssal foraminifera in 
the Blake-Bahama Basin, Deep Sea Drilling Project Site 534. In: Sheridan, R. E., 
Gradstein, F. M. and others. Initial Reports of the Deep Sea Drilling Project, Volume 76. 
U. S. Government Printing Office, Washington D. C. 537-559. 

Gradstein, F. M., Gibling, M. R., Jansa, L. F., Kaminski, M. A., Ogg, J. G., Sarti, M., Thurow, 
J. W., von Rad, U. and Westermann, G. E. G. - (1989). Mesozoic Stratigraphy of Thakkhola, 
Central Nepal. Centrefor Marine Geology, Dalhousie University, Special Report, No. 1. 
115 pp. 

Gregory, F. J. (1986). Lower Kimmeridgian Foraminifera and Radiolaria from the 
BroralHelmsdale Outlier, NE Scotland. Unpublished MSc Thesis, University of Hull. 

Gregory, F. J. (1989). Palaeoenvironmental Interpretation and Distribution of Lower 
Kimmeridgian Foraminifera from the Brora-Helmsdale Outlier, Northeast Scotland. In: 
Batten, D. J. and Keen, M. C. (Eds). North Western European Micropalaeontology and 
Palynology. Ellis Horwood. Chichester. 173-192. 

Grigelis, A. A. (1958). Globigerina oxfordiana sp. n. - an Occurrence of Globigerina in the 
Upper Jurassic Strata of Lithuania. Nauchnye Dokladý Vysshei Shkoly, Geologo- 
GeograficheskieNauk. 1958(3), 109-110. [InRussian. ] 

Grigelis, A. A. (1974). On the Jurassic Stage of the Development of Plankton 
Foraminifera. Transactions of the Academy of Sciences of the USSR... 219 (5), 
1203-1205. 

Grigelis, A. A. (1975). The Jurassic Development Stage of Planktonic Foraminifers. In: 
The Mode of Life of the Present Day and Fossil Microfauna and the Pattern of its 
Dissemination. Trudy Instituta Geologii I Geoftzk sibirskoj, Otdelen., Akademi/a Nauk, 
SSSR. 56-62. 

Grigelis, A. A. (1985). Zonalhaya Stratigraflya v Baltiskoi Yuri po Foraminiferam. 
Ypravlenie Geologii Litovskoi SSR, Litovskii Nauchno-Issledovatelskii 
Geologorazvedochnii Intitut. Moskva, Nedra Publishers. 130pp. 

Grigelis, A. and Gorbatchik, T. (1980a). Morphology and Taxonomy of Jurassic and Early 
Cretaceous Representatives of the Superfamily Globigerinacea (Favusellidae). Journal of 
Foraminiferal Research. 10 (3), 180-190. 

Grigelis, A. A. and Gorbachik, T. (1980b). The Systematics of Jurassic and Early 
Cretaceous Globigerinacea. Paleontologicheskij Zhurnal. 1980 (1), 20-30. English 
Translation: Paleontological Journal. 14 (1), 6-17. 

Grigelis, A. A. and Norling, E. (1999). Jurassic Geology and Foraminiferal Faunas in the 
NW Part of the East European Platform. A Lithuanian - Swedish Geotraverse Study. 
Research Papers, Geological Survey of Sweden, Series Ca 89, Forskningsrapporter. 
1-101. 

329 



Grigelis, A. A., Mesezhnikov, M. S., Yakoleva, S. P. and Kozlova, G. E. (1977). First Finds 
of Planktonic Forarninifera in the Upper Jurassic of the Pechora River Basin. Doklady 
Akademija Nauk SSSR. 233,926-927. [English Translation, Doclady of the Academy of 
Sciences of the USSR, Earth-Science Sections. 233,95-96. ] 

Gr6cke D. R.,. Hesselbo, S. P. and Jenkyns, H. C. (1999). Carbon-Isotope Composition of 
Lower Cretaceous Fossil Wood: Ocean-Atmosphere Chemistry and Relation to Sea-Level 
Change. Geology. 27(2), 155-158. 

Groiss, LT. (1966). Das Problem der Malm Alpha/Beta-Grenze in mikropaläontolischer 
Sicht. In: von Freyberg. Der Faziesverband im Unteren Malm Frankens. Erlanger 
GeologischeAbhandlungen. 62,92-104. 

Gygi, R (1969). Zur Stratigraphie der Oxford-Stufe (oberes Jura-System) der Nordschweiz 
und des süddeutschen Grenzgebietes. Beitäge zur Geologischen Karte der Schweiz, Neue 
Folge. 136,1-123. 

Gygi, R. A. and Persoz, E. (1987). Mineralostratigraphy, Litho- and Biostratigraphy 
Combined in Correlation of the Oxfordian (Late Jurassic) Formations of the Swiss Jura 
Range. EclogaeGeologicaeHelvefiae. 79,385-454. 

Gygi, R. A., Coe, A. L. and Vail, P. R. (1998). Sequence Stratigraphy of the Oxfordian and 
Kimmeridgian Stages (Late Jurassic) in Northern Switzerland. In: de Graciansky, P. -C., 
Hardenbol, J., Jacquin, T. and Vail, P. R. (Eds). Mesozoic-Cenozoic Sequence Stratigraphy 
of European Basins. Society of Economic Paleontologists and Mineralogists. Special 
Publication. 60,527-544. 

Haeusler, R. (1881). Untersuchungen über die microscopischen Structurverhältnisse der 
Aargauer Jurakalke mit besonderer Berühsichtigung ihrer Foraminiferenfauna. PhD 
Thesis, University of Zurich, Brugg. 47 pp. 

Haeusler, R. (1881b). Note sur une Zone a Globig6rines dans le Terrain Jurassique de la 
Suisse. Annales de la SocijM Royale Malacologique de Belgique. 16, (= Ser. 3,1), 
188-190. 

Haeusler, R. (1890). Monographie der Foraminiferenfauna der schweizerischen 
Transversarius-Zone. Abhandlungen der Schweizerischen Paläontologischen 
Gesellschaft. 17,1-134. 

Hallam, A. (1975). Jurassic Environments. Cambridge University Press. Cambridge. 
269 pp. 

Hallam, A. (1978). Eustatic Cycles in the Jurassic. Palaeogeography, PaIdeodimatology, 
Palaeoecology. 23,1-32. 

Hallam, A. (1981). A Revised Sea-Level Curve for the Early Jurassic. Journal of the 
Geological Society ofLondon. 138,735-743. 

Hallam, A. (1984). Pre-Quaternary Sea Level Changes. Annual Review of Earth and 
Planetary Sciences. 12,205-243. 

330 



Hallam, A. (1988). A Re-evaluation of Jurassic Eustacy in the Light of New Data and the 
Revised Exxon Curve. In: Wilgus, C. K., Hastings, B. S., Kendall, C. G. St. C., 
Posamentier, H. W., Ross, C. A. and Van Wagoner, J. C. (Eds). Sea-Level Changes: An 
Integrated Approach. Society of Economic Paleontologists and Mineralogists, Special 
Publication. 42,261-273. 

Hallam, A. (1992). Phanerozoic Sea-Level Changes: The Perspectives in Paleobiology 
and Earth History Series. Columbia University Press. New York. 266 pp. 

Hallam, A. (1997). Estimates of the Amount and Rate of Sea-Level Change across the 
Rhaetian-Hettangian and Pliensbachian-Toarcian Boundaries (Latest Triassic to Early 
Jurassic). Journal ofthe Geological Society ofLondon. IS4,773-779. 

Hallam, A. (2001). A Review of the Broad Pattern of Jurassic Sea-level Changes and their 
Possible Causes in the Light of Current Knowledge. Palaeogeography, 
Palaeoclimatology, Palaeoecology. 167,23-57. 

Hallam, A. and Wignall, P. B. (1999). Mass Extinctions and Sea-Level Changes. Earth 
ScienceReviews. 48,217-250. 

Hancock, J. M. (1976). The Petrology of the Chalk. Proceedings of the Geologists' 
Association. 86,499-535 (for 1975). 

Hancock, J. M. (1989). Sea-Level Changes in the British Region during the Late 
Cretaceous. Proceedings ofthe Geologists'Association. 100(4), 565-594. 

Hancock, J. M. and Kaufinann, E. G. (1979). The Great Transgressions of the Late 
Cretaceous. Journal of the Geological Society ofLondon. 136,175-186. 

Haq, B. U., Hardenbol, J and Vail, P. R. (1987). Chronology of Fluctuating Sea Levels 
since the Triassic. Science. 235,1156-1167. 

Haq, B. U., Hardenbol, J. and Vail, P. R. (1988). Mesozoic and Cenozoic 
Chronostratigraphy and Cycles of Sea-Level Change. In: Wilgus, C. K., Hastings, B. S., 
Kendall, C. G. St. C., Posamentier, H. W., Ross, C. A. and Van Wagoner, J. C. (Eds. ). Sea- 
Level Changes: An Integrated Approach. Society of Economic Paleontologists and 
Mineralogists, Special Publication. 42,71-108. 

Hardenbol, J., Thierry, J., Farley, M. B., Jacquin, T. de Graciansky, P. -C. and Vail, P. R. 
(1998). Mesozoic and Cenozoic Sequence Chronostratigraphical Framework of European 
Basins. Jurassic Sequence Chronostratigraphy. In: de Graciansky, P. -C., Hardenbol, J., 
Jacquin, T. and Vail, P. R. (Eds). Mesozoic and Cenozoic Sequence StratigrapIly of 
European Basins. Society for Sedimentary Geologists. Tulsa. Special Publication No. 60, 
chart 6. 

Hardie, L. A. (1996). Secular Variation in Seawater Chemistry: an Explanation for the 
Coupled Secular Variation in the Mineralogies for Marine Limestones and Potash 
Evaporites over the Past 600 M. Y. Geology. 24,279-283. 

Harries, P. J. and Little, C. T. S. (1999). The Early Toarcian (Early Jurassic) and the 
Cenomanian-Turonian (Late Cretaceous) Mass Extinctions: Similarities and Contrasts. 
Palaeogeography, Palaeoclimatology, Palaeoecology. 154,39-66. 

331 



Harris, T. M. (1975). The Yorkshire Jurassic Flora. Natural History Museum. London. 
166 pp. 

Hart, M. B. (1980). A Water Depth Model for the Evolution of the Planktonic 
Foraminiferida. Nature. 286,252-254. 

Hart, M. B. (1999). The Evolution and Biodiversity of Cretaceous Planktonic 
Foraminiferida. Geobios. 32(2), 247-255. 

Hart, M. B. (2000). Climatic Modelling in the Cretaceous using the Distribution of 
Planktonic Foraminiferida. In: Hart, M. B. (Ed. ). Climates Past and Present. Geological 
Society of London, Special Publications. 181,33-41. 

Hart, M. B. (2005). Conversation with the Earth: a Personal View. Report and 
Transactions ofthe Devonshire Associationjor the Advancement ofScience. 137,1-36. 

Hart, M. B. (2007, in press). Late Cretaceous Climates and Foraminiferid Distributions. 
In: Hayward, A., Gregory, F. J., Schmidt, D. & Williams, M. (Eds). Deep-Time 
Perspectives in Climate Change. The Micropalaeontological Society, Special Publications. 
The Geological Society, London. 

Hart, M. B. and Bailey, H. W. (1979). The Distribution of Planktonic Foraminiferida in the 
Mid-Cretaceous of NW Europe. Aspekte der Kreide Europas. International Union of 
Geological Sciences, Series A. 6,527-542. 

Hart, M. B., Oxford, M. J. and Hudson, W. (2002). The Early Evolution and 
Palaeobiogeography of Mesozoic Planktonic Foraminifera. In: Crame, J. A. and Owen, 
A. W. (Eds). Palaeobiogeography and Biodiversity Change: the Ordovician and 
Mesozoic-Cenozoic Radiations. Geological Society, London, Special Publications. 194, 
115-125. 

Hart, M. B., Hylton, M. D., Oxford, MJ., Price, G. D., Hudson, W. and Smart, C. W. (2003). 
The Search for the Origin of the Planktic Foraminifcra. Journal of the Geological Society, 
London. 160,341-343. 

Hartgers, W. A., Sinninghe Damst6, J. S., de Leeuw, J. W., Ling, Y. and Crelling, J. C. 
(1995). The Influence of Mineral Matter on the Separation of Amorphous Marine 
Kerogens using Density Gradient Centrifugation. Organic Geochemistry. 23 (8), 777-784. 

Haworth, M., Hesselbo, S. P., McElwain, J. C., Robinson, S. A. and Brandt, J. W. (2005). 
Mid-Cretaceous PC02 based on Stomata of the Extinct Conifer Pseudofrenelopis 
(Cheirolepidaceae). Geology. 33,749-752. 

Hays, J. D. and Pitman, W. C. (1973). Lithospheric Plate Motion, Sea-Level Changes and 
Climatic and Ecological Consequences. Nature. 246,18-22. 

Hemleben, C. (1969). Zur Morphogenese planktonischer Foraminiferen. Zitteliana. 1, 
91-133. 

Hemleben, C., Spindler, M. and Anderson, O. R. (1989). Modern Planktonic Foraminifera. 
Springer-Verlag. New York. 363 pp. 

Henderson, A. S. (1997). The Palaeoecology and Biostratigraphy of the Foraminiferafrom 
the Oxfordian ofNorth Dorset, Unpublished PhD Thesis, University of Plymouth. 

332 



Hesselbo, S. P. and Jenkyns, H. C. (1998). British Lower Jurassic Sequence Stratigraphy. 
In: de Graciansky, P. C. et al. (Eds). Mesozoic and Cenozoic Sequence Stratigraphy of 
European Basins. Society of Economic Paleontologists and Mineralogists. Society for 
Sedimentary Geology. Tulsa. 560-581. 

Hesselbo, S. P. and Coe, A. L. (2000). Jurassic sequences of the Hebrides Basin, Isle of 
Skye, Scotland. In: Graham, J. R. and Ryan, A. (Eds). Field Trip Guidebook, International 
Association ofSedimentologists Meeting, Dublin. 41-58. 

Hesselbo, S. P., Gr6cke, D. R., Jenkyns, H. C. Bierrum, C. J., Farrimond, P., Morgans Bell, 
H. S. and Green, O. R. (2000). Massive Dissociation of Gas Hydrate during a Jurassic 
Oceanic Anoxic Event. Nature. 406,392-395. 

Hesselbo, S. P., Robinson, S. A., Surlyk, F. and Piasecki, S. (2002). Terrestrial and Marine 
Extinction at the Triassic-Jurassic Boundary Synchronized with Major Carbon-Cycle 
Perturbation: a Link to Initiation of Massive Volcanism? Geology. 30 (3), 251-254.. 

Hillebrandt, A. von, Krystyn, L. and Kuerschner, W. M. (2006). The Triassic/Jurassic 
Boundary Beds of the Karwendel Syncline (Austria) - Initial Report of a New GSSP 
Candidate for the Base. Volumina Jurassica. 4,287-288. 

Hofinan, E. A. (1958). New Discoveries of the Jurassic Globigerinina. Nauchnye Doklady 
Vysshei Shkoly, Geologo-Geograficheskei Nauki. 2,725-726. 

Holser, W. T., Sch8nlaub, H-P. Attrep, M. Jr., Boeckelmann, K., Klein, P., Magaritz, M., 
Orth, C. J., Fenninger, A., Jenny, C., Kralik, M., Mauritsch, H., Pak, E., Schramm, J-M., 
Stattegger, K. and Schm6ller, R. (1989). A Unique Geochernical Record at the 
Permian/Triassic Boundary. Nature. 337,39-44. 

House, M. R. (1993). Geology of the Dorset Coast (2nd Edition). Geologists' Association 
Guide No 22. The Geologists' Association, London. 

Huber, B. T., Leckie, R. M., Norris, R. D., Bralower, T. J. and CoBabe, E. (1999). 
Foraminiferal Assemblage and Stable Isotopic Change across the Cenomanian-Turonian 
Boundary in the Subtropical North Atlantic. Journal of Foraminiferal Research. ' 29 (4), 
392-417. 

Huber, B. T., Norris, R. D. and Macleod, K. G. (2002). Deep-Sea Paleotemperature Record 
of Extreme Warmth during Cretaceous. Geology. 30,123-126. 

Hudson, W., Hart, M. B., Sidorczuk, M. and Wierzbowski, A. (2005). Jurassic Planktonic 
Foraminifera from Pieniny Klippen Belt and their Taxonomic and Phylogenetic 
Importance (Carpathians, Southern Poland). Tomy Jurajskie. 3,1 -10. 

Hylton, M. D. (2000). Microfaunal Investigation of the Early Toarcian (Lower Jurassic) 
Extinction Event in N. W. Europe. Unpublished PhD Thesis, University of Plymouth. 
286 pp. 

Hylton, M. D. and Hart, MB (2000). Benthic Foraminiferal Response to Pleinsbachian- 
Toarcian (Lower Jurassic) Sea-Level Change and Oceanic Anoxia in NW Europe. In: 
Hall, R. L. and Smith, P. L. (Eds). 4dvances in Jurassic Research 2000, GeoResearch 
Forum. 6,455-462. 

333 



Jacobshagen, V. (1967). Cephalopoden-stratigraphie der Hallstätter Kalke am Asklepieion 
von Epidauros (Argolis-Griechenland). Geologica et Palaeontologica. 1,13-33. 

Jacobshagen, V., Makris, J., Richter, D., Bachmann, G. H., Doert, U., Giese, P. and Risch, 
H. (1976a). Alpidischer Gebirgsbau and Krusten-structur des Peloponnes. Zeitschrift der 
Deutschen Geologischen Gesellschaft. 127,337-363. 

Jacobshagen, V., Risch, H. and Roeder, D (1976b). Der echellenische Phase, Definition 
und Interpretation. Zeitschrift der Deutschen Geologischen Gesellschaft. 127,133-145. 

Jacquin, T. and Vail, P. R. (1998). Sequence Chronostratigraphy. In: de Graciansky, P. -C., 
Hardenbol, J., Jacquin, T. and Vail, P. R. (Eds). Mesozoic-Cenozoic Sequence Stratigraphy 
of European Basins. Society of Economic Paleontologists and Mineralogists. Special 
Publication. 60, Chart 8. 

Jacquin, T., Dardeau, G., de Graciansky, P. -C. and Hantzpergue, P. (1988). The North Sea 
Cycle: an overview of 2d order transgressive/regressive facies cycles in Western Europe. 
In: de Graciansky, P. -C., Hardenbol, J., Jacquin, T. and Vail, P. R. (Eds). Mesozoic and 
Cenozoic Sequence Stratigraphy of European Basins. SEPM Special Publication, Society 
for Sedimentary Geology. 60,445-466. 

Jansa, L. F. (1986). Paleoceanography and Evolution of the North Atlantic Ocean Basin 
during the Jurassic. In: Vogt, P. R. and Tucholke, B. E. (Eds). The Western North Atlantic 
Region. Geology of North America, Memoir. 603-616. 

Jansa, L. F. and Wade, J. A. (1975a). Paleogeography and Sedimentation in the Mesozoic 
and Cenozoic, Southeastern Canada. In: Yorath, C. J., Parker, E. R. and Glass, D. J. (Eds). 
Canada's Continental Margins and Offshore Petroleum Exploration. Canadian Society of 
Petroleum Geologists, Memoirs. 4,79-102. 

Jansa, L. F. and Wade, J. A. (1975b). Geology of the Continental Margin off Nova Scotia 
and Newfoundland. In: Vanderlinden, W. J. M. and Wade, J. A. (Eds). Offshore Geology of 
Eastern Canada. Geological Survey of Canada, Paper. 74-30 (2), 51-106. 

Jansa, L. F. and Wiedmann, J. (1982). Mesozoic-Cenozoic Development of the Eastern 
North American and Nortwest Affican Continental Margins: A Comparison. In: von Rad, 
U., Hinz, K., Sarnthein, M. and Seibold, E. (Eds). Geology of the Northwest A ican I# 
Continental Margin. Springer-Verlag. Berlin. 215-269. 

Jansa, L. F., Gradstein, F. M., Harris, I. M., Jenkins, W. A. M. and Williams, L. L. (1976). 
Stratigraphy of the Amoco Ioe Murre G-67 Well, Grand Banks of Newfoundland. Paper 
ofthe Geological Survey of Canada. 75,1-14. 

Jansa L. F., Bujak, J. P. and Williams, G. L. (1980). Upper Triassic Salt Deposits of the 
Western North Atlantic. Bedford Institute of Oceanography, Dartmouth (Nova Scotia), 
Atlantic Geosciences Centre, Report. 13 pp. 

Jansa, L. F., Steiger, T. H. and Bradshaw, M. (1984). Mesozoic Carbonate Deposition on 
the Outer Continental Margin off Morocco. In: Hinz, K., Winterer, E. L. and others. Initial 
Reports of the Deep Sea Drilling Project, Volume 79. U. S. Government Printing Office, 
Washington D. C. 857-891. 

334 



Jarvis, I., Carson, G. A., Cooper, M. K. E., Hart, M. B., Leary, P. N., Tocher, B. A. Home, D. 
and Rosenfeld, A. (1988). Microfossil Assemblages and the Cenomanian-Turonian (Late 
Cretaceous) Ocean Anoxic Event. Cretaceous Research. 9,3-103. 

Jefferies, R. P. S. and Minton, P. (1965). The Mode of Life of Two Jurassic Species of 
"Posidonia7'(Bivalvia). Palaeontology. 8,156-185. 

Jefferson, T. H. (1982). Fossil Forests from the Early Cretaceous of Alexander Island, 
Antarctica. Palaeontology. 25,681-708. 

Jefferson, T. H. and Taylor, T. N. (1983). Permian and Triassic Woods from the 
Transantarctic Mountains: Paleoenvironmental Indicators. Antarctic Journal of the United 
States. 18,55-57. 

Jenkyns, H. C. (1970). The Jurassic of Western Sicily. In: Alvarez, W. and Gohrbandt, 
K. H. A. (Eds). Geology and History of Sicily. Petroleum Exploration Society, Lybia. 
Tripoli. 245-254. 

Jenkyns, H. C. (1971). The Genesis of Condensed Sequences in the Tethyan Jurassic. 
Lethaia. 4,327-352. 

Jenkyns, H. C. (1972). Pelagic "Oolites" from the Tethyan Jurassic. Journal of Geology. 
80,21-33. 

Jenkyns, H. C. (1974). Origin of Red Nodular Limestones (Ammonitico Rosso, 
Knollenkalke) in the Mediterranean Jurassic: a Diagenetic Model. In: Hsi!, K. J. and 
Jenkyns H. C. (Eds). Pelagic Sediments: on Land and under the Sea. International 
Association of Sedimentologists, Special Publication. 1,249-27 1. 

Jenkyns, H. C. (1988). The Early Toarcian (Jurassic) Anoxic Event: Stratigraphic, 
Sedimentary and Geochemical Evidence. . 4merican -Journal ofScience. 288,101-151. 

Jenkyns, H. C. (1999). Mesozoic Anoxic Events and Paleoclimate. Zentralblatt fUr 
Geologie und Paldontologie. 943-949. 

Jenkyns, H. C. and Torrens, H. S. (1971). Palaeogeographic Evolution of Jurassic 
Seamounts in Western Sicily. In: V6gh-Neubrandt, E. (Ed. ). Colloque du Jurassique 
M6diterran6en. Annales, Institut Geologique Pub. de Hongie. 54 (2), 91-104. 

Jenkyns, H. C. and Clayton, C. J. (1986). Black Shales and Carbon Isotopes in Pelagic 
Sediments from the Tethyan Lower Jurassic. Sedimentology. 33,87-106. 

Jenkyns, H. C. and Clayton, C. J. (1997). Lower Jurassic Epicontinental Carbonates and 
Mudstones from England and Wales: Chemostratigraphic Signals and the Early Toarcian 
Anoxic Event. Sedimentology. 144,687-706. 

Jenkyns, H. C., Gale, A. S. and Corfield, R. M. (1994). Carbon- and Oxygen-Isotope 
Stratigraphy of the English Chalk and Italian Scaglia and its Palaeoclimatic Significance. 
Geological Magazine. 113 (1), 1-34. 

Jenkyns, H. C., Jones, C. E., Gr6cke, D. R., Hesselbo, S. P. and Parkinson, D. N. (2002). 
Chemostratigraphy of the Jurassic System: Applications, Limitations and Implications for 
Palaeoceanography. Journal of the Geological Society ofLondon. 159,351-378. 

335 



Jim6nez, A. P., Cisneros, C. J., Rivas, P. And Vera, J. A. (1996). The Early Toarcian Anoxic 
Event in the Westernmost Tethys (Subbetic): Paleogeographic and Palaeobiogeographic 
Significance. Journal of Geology. 104,399-416. 

Jurewicz, E. (1997). The Contact between the Pieniny Klippen Belt and Magura Unit (the 
Male Pieniny Mts). Geological Quarterly. 41 (3), 315-326. 

Kalia, P. and Chowdhury, S. (1983). Foraminiferal Biostratigraphy, Biogeography, and 
Environment of the Callovian Sequence, Rajasthan, Northwestrn India. 
Micropaleontology. 29,223-254. 

Kdlin, 0 and Bernoulli, D. (1984). Schizosphaerella Deflandre and Dangeard in Jurassic 
Deeper-Water Carbonate Sediments, Mazagan Continental Margin (Hole 54713) and 
Mesozoic Tethys. In: Hinz, K., Winterer, E. L., et al. (Eds). Initial Reports of the Deep 
Sea Drilling Project, Leg 79. U. S. Government Printing Office, Washington D. C. 
411-435. 

Kalkreuth, W., Wallner, P. Jacobshagen, V., and Risch, H.. (1977). Zur Geologie des 
arogolischen Berglandes westlich der Methana-Halbinsel (Peloponnes, Griechenland). 
Buletin Sociiti Geologique de Grice. 13,3-14. 

Kaptarenko, -Chemoussova, K. I. (1954). On the article of V. T. Balakhmatova: "On the 
Globigerinidae and Globorotaliidae of the Middle Jurassic". Geologicheskij ZhurnaL 14, 
88-89. 

Karhu, J. and Epstein, S. (1986). The Implication of Oxygen Isotope Records in 
Coexisting Cherts and Phosphates. Geochimica et Cosmochimica Acta. 50,1745-1756. 

Kasimova, G. K. and Aliyeva, D. G. (1984). Planktonic Foraminifera of the Middle 
Jurassic Beds of Azerbaijan. Voprosy Paleontologii I Stratigraji, Azerbaijana. 479,8-19. 
[In Russian]. 

Käss, W. (1954). Konkretionäre Phosphatanreicherungen in Südwestdeutschland. 
Mitteilungen und Arbeiten aus dem Geologisch-Mineralogischen Institut der Technischen 
Hochschule Stutgart, New Series. 21,1-75. 

Kauffinan, E. G. (1981). Ecological Reappraisal of the Gennan Posidonienschiefer. In: 
Gray, J. B. and Berry, W. B. N. (Eds). Communities of the Past. Hutchinson Ross. 
Stroudsburg. 311-382. 

Kauffinan, E. G. and Hart, M. B. (1996). Cretaceous Bio-Events. In: Walliser, O. H. (Ed. ). 
Global Events and Event Stratigraphy in the Phanerozoic. Springer-Verlag. Berlin. 285- 
312. 

Keller, G., Berner, Z., Adatte, T. and Stueben, D. (2004). Cenomanian-Turonian and 81 3C, 
and 5180, Sea Level and Salinity Variations at Pueblo, Colorado. Palaeogeography, 
Palaeoclimatology, Palaeoecology. 221,19-43. 

Kelly, S. R. A. and Doyle, P. (1991). The Bivalve . 4ulacomyella from the Early Tithonian 
(Late Jurassic) of Antarctica. . 4ntarctic Science. 3 (1), 97-107. 

Kemper, E. (1987). Das Klima der Kreide-Zeit. Geologische Jahrbuch A. 96,5-185. 

336 



Kim, J. -M. (1999). Early Neogene Biochemostratigraphy of Pohang Basin: a 
Paleoceanographic Response to the Early Opening of the Sea of Japan (East Sea). Marinc 
Micropaleontology. 36,269-290. 

Kimura, T. and Sekido, S. (1975). Nilssoniocladus n. gen. (Nilssoniaceae n. fam. ), 
Newly-Found from the Early Lower Cretaceous of Japan. Palaeontographica, B. 153, 
111-118. 

Klitgord, K. D. and Schouten, H. S. (1986). Plate Kinematics of the Central Atlantic. In: 
Vogt, P. R. and Tucholke, B. E. (Eds). The Western North Atlantic Region. Geological 
Society of America, Geology of North America, M. 351-378. 

Knitter, H. (1980). Statistische Untersuchungen an foraminiferenfaunen aus einem 
Lateralprofil im Oxford der Südlichen Frankenalb. Diplomarbeit, Universität Erlangen. 
38 pp. 

Knoll, A. H. and Lipps, J. H. (1993). Evolutionary History of Prokaryotes and Protists. In: 
Lipps, J. H. (Ed. ). Fossil Prokaryotes and Protists. Blackwell Scientific Publications. 
Oxford. 19-29. 

Koleva-Rekalova, E., Stoykova, K. and Metodiev, L. (2002). Pressure Dissolution Fabrics 
of some Jurassic and Lower Cretaceous Limestones of Western Bulgaria. Geologica 
Carpathica, Special Issue - Proceedings of XVII Congress of Carpathian-Balkan 
Geological Association, Bratislava, and Guide to Geological Excursions. 53. 

Kominz, M. A. and Scotese, C. R. (2004). Plate Reconstructions require High Cretaceous 
Spreading Rates and Ridge Volumes. Geological Society of America, Abstracts with 
Programs. 36, A259. 

Kotafiski, Z. (1963). 0 triasie skalki Haligowieckiej i pozycji paleogeograficznej serii 
haligowieckie. On the Triassic of Haligovce Klippen and the Palaeogeographic Position of 
the Haligovce Series. Acta Geologica Polonica. Warsaw. 13 (2), 295-308. 

Koutsoukos, E. A. M. and Hart, M. B. (1990). Major Foraminiferal Changes and Anoxic 
Palaeoenviromnents in the Mid-Cretaceous Northern South-Atlantic. Third International 
Conference on Global Bioevents, ' Royal Society ofEdinburgh, Abstracts. p. 24. 

Krassilov, V. A. (1973). Climate Changes in Eastern Asia as Indicated by Fossil Floras: 1 
Early Cretaceous. Palaeogeography, Palaeoclimatology, Palaeoecology. 13,261-275. 

Krassilov, V. A. (1981). Changes of Mesozoic Vegetation and the Extinction of Dinosaurs. 
Palaeogeography, Palaeoclimatology, Palaeoecology. 34,207-224. 

Kristan-Tollmann, E. (1964). Die Foraminiferen aus den rh5tischen Zlambachmergeln der 
Fischerwiese bei Aussee, Salzkammergut. Jahrbuch der Geologischen Bundesanstalt, 
Wien. Special Volume 10,1-189. 

Krobicki, M. and Wierzbowski, A. (2004). Stratigraphic Position of the Ba ocian Crinoidal i 
Limestones and their Palaeogeographic Significance in Evolution of the Pieniny Klippen 
Basin. TomyJurajskie. 2,69-82. [In Polish with English Summary]. 

337 



Krobicki, M. and Golonka, J. (2006). Pieniny Klippen'Belt. In: Wierbowski, A., 
Aubrecht, R., Golonka, J. Gutowski, J., Krobicki, M., Matýja, B. A., PieAkowski, G. and 
Uchman, A. (Eds - Jurassic of Poland and Adjacent Slovak-ian Carpathians: Field Trip 
Guidebook of 7' International Congress on the Jurassic System, Krak6w. Polish 
Geological Institute. Warsaw. 15-22. 

Ksi42-kiewicz, M. (1977). The Tectonics of the Carpathians. In: Potaryski, W. (Ed. ). 
Geology ofPoland, Vol. 4: Tectonics. Wydawnictwa Geologiczne. Warsaw. 476-699. 

Kucera, M. and Mahngren, B. A. (1998). Terminal Cretaceous Warming Event in the Mid- 
Latitude South Atlantic Ocean: Evidence from Poleward Migration of Contusotruncana 
(Planktonic Foraminifera) Morphotypes. Palaeogeography, Palaeoclimatology, 
Palaeoecology. 138,1-15. 

Kugler, C. (1987). Die Wildegg-Formation im 0syura und die Schilt-Formation im 
6stlichen Helvetikum: Ein Vergleich. PhD Thesis, Universitdt Zilrich. 209 pp. 

Kuznetsova, K. I. and Gorbatchik, T. N. (1980). Novie nakhodki planktonnikh foraminifer, 

v verkhyuskikh otlzhenii Krime. Doklady Academii Nauk, SSSR. 254,748-75 1. 

Kuznetsova, KJ. and Gorbatchik, T. N. (1985). Stratigrafiya iforaminiferi verknnei Yuri I 
Nizhevo Mela Krima. Izdattelstvo Nauka, Moscow. 135pp. 

Kuznetsova, K. I. and Uspenskaja, E. A. (1980). New Finds of Planktonic Foraminifqra in 
the Upper Jurassic Deposits of the Crimea. Doklady Akademija Nauk SSSR, 254,748-75 1. 
[English translation, Doklady of the Academy of Sciences of the USSR, Earth Science 
Sections, 254 (1982), 748-752. ] 

Kuznetsova, K. I., Grigelis, A. A., Adjamain, J., Jamarkini, E. and Hallaq, L. (1996). Zonal 
Stratigraphy and Foraminifera of the Tethyan Jurassic (Eastern Mediterranean). Gordon 
& Breach Publishers. Amsterdam. 256 pp. 

Lancelot, Y. and Winterer, E. L. (1980). Evolution of the Moroccan Oceanic Basin and 
Adjacent Continental Margin: A Synthesis. In: Stout, L. N., Worstell, P. et al. Initial 
Reports of the Deep Sea Drilling Project, Leg 50. U. S. Government Printing Office. 
WashingtonD. C. 115-301. 

Larson, R. L. (1991a). Latest Pulse of the Earth: Evidence for a Mid-Cretaceous 
Superplume. Geology. 19,547-550. 

Larson, R. L. (1991b). Geological Consequences of Superplumes. Geology. 19,963-966. 

Leckie, R. M. (1985). Foraminifera of the Cenomanian-Turonian Boundary Interval, 
Greenhorn Formation, Rock Canyon Anticline, Pueblo, Colorado. In: Pratt, L. M., 
Kaufinann, E. G. and Belt, F. B. (Eds). Fine-Grained Deposits and Biofacies of the 
Cretaceous Western Interior Seaway: Evidence of Cyclic Sedimentary Processes. Society 
of Economic Paleontologists and Mineralogists, Field Trip Guidebook. 4,139-149. 

Leckie, R. M. (1989). A Paleoceanographic Model for the Early Evolutionary History of 
Planktonic Foraminifera. Palaeogeography, Palaeoclimatology, Palacoecology. 73, 
107-138. 

338 



Leckie, R. M., Yuretich, R. F., West, L. O. L., Finkelstein, D., Schmidt, M. (1998). 
Paleoceanography of the Southwestern Interior Sea during the Time of the Cenomanian, 
Turonian Boundary (Late Cretaceous). In: Dean, W. E. and Arthur, M. A. (Eds). SEPM 
Concepts in Sedimentology and Paleontology, Volume 6. Society of Economic 
Paleontologists and Mineralogists. Tulsa. 101-126. 

Leischner, W. (1959). Zur Mikrofazies kalkalpiner Gesteine. Sitzungsberichte der 
Österreichischen Akademie der Wissenschaften, Mathematisch-Naturwissenschaftliche 
Klasse, Seetion 1.168,839-882. 

Lethiers, F. and Crasquin-Soleau, S. (1988). Comment extraire les Microfossiles a Tests 
Calcitiques des Roches Calcaires Dures. Revue de Micropal6ontologie. 31 (1), 56-6 1. 

Lewandowski, M., Krobicki, M., Mat)ja, B. A. and Wierzbowski, A. (2005). 
Palaeogeographic Evolution of the Pieniny Klippen Basin using Stratigraphic and 
Palaeornagnetic Data from the Veliky Kamenets Section (Carpathians, Ukraine). 
Palaeogeography, Palaeoclimatology, Palaeoecology. 216,53-72. 

Lipps, J. H. (1970). Plankton Evolution. Evolution. 24,1-22. 

Lirer, F. (2000). A New Technique for Retrieving Calcareous Microfossils from Lithified 
LimeDeposits. Micropalaeontology. 46(4), 365-369. 

Loeblich, A. R. Jr. and Tappan H. (1964). Protista 2. Sarcodina, chiefly "Thecamoebians" 
and Foraminiferida. Treatise on Invertebrate Paleontology - Part C. Geological Society of 
America. 900 pp. 

Loeblich, A. R. Jr. and Tappan H. (1987). Forminiferal Genera and their Classification. 
van Nostrand Reinhold Co. New York. 970 pp. 

Lohmann, H. (1920). Die Bevölkerung des Ozeans mit Plankton nach den Ergebnissen der 
Zentrifugenfänge während der Ausreise der Deutschland 1911, zugleich ein Beitrag zur 
Biologie des Atlantischen Ozeans. Archivfür Biontologie. 4 (3), 617 pp. 

Lowenstam, H. A. and Weiner, S. (1989). On Biomineralization. Oxford University Press. 
Oxford. 324 pp. 

Luczyfiski, P. (2002). Depositional Evolution of the Middle Jurassic Carbonate Sediments 
in the High-Tatric Succession, Tatra Mountains, Western Carpathians, Poland. Acta 
GeologicaPolonica. 52(3), 365-378. 

Lugeon, M. (1903). Les Nappes de Recouvrement de la Tatra et I'Origine des Klippes des 
Carpathes. Bulletin, Socijtj Vaudoise des Sciences Naturelles. 39 (4), 5-5 1. 

Mackenzie, F. T. and Pigott, J. D. (1981). Tectonic Controls of Phanerozoic Sedimentary 
Rock Cycling. Journal of the Geological Society ofLondon. 138,183-196. 

Magn6, J. and Mascle, G. (1962). L'Argovien d'Andelot en Montagne (Jura). Revision du 
S tratotype. In: Colloque A Jurassique, Luxembourg 1962. Comptc Rendu de 'Institute 
Grand-Ducal, S6ries Natural Sciences. 1962,307-332. 

Manivit, H. (1964). Contribution A I'ttude Micropal6ntologiique des S6ries Jurassiques de 
la Feuille de Vizille (ls&re). Compte Rendu Sommaire de la Soci&ý G&logique de la 
France. 1964,185-187. 

339 



Martin, R. E. (1995). Cyclic and Secular Variations in Microfossil Biornineralization: 
Clues to the Biochemical Evolution of Phanerozoic Oceans. Global and Planetary 
Change. 11,1-23. 

Martire (1996). Stratigraphy, Facies and Synsedimentary Tectonics in the Jurassic Rosso 
Ammonitico Veronese (Altopiano di Asiago, N. E. Italy. ) Facies. 35,209-236. 

Masson, H. (1976). Un SiMe de G6ologie des Pr6alpes: de la D6couverte des Nappes ä la 
Recherche de leur Dynamique. Eclogae Geologicae Helvetiae. 69 (2), 27-41. 

Masters, B. A. (1977). Mesozoic Planktonic Foraminifera: A World-Wide Review and 
Analysis. In: Ramsay, A. T. S. (1977). Oceanic Micropalaeontology: Vol. 1. Academic 
Press, London. 301-731. 

McGowran, B. (1968). Reclassification of Early Tertiary Globorotalia. 
Micropaleontology. 14 (2), 179-198. 

Mihailova-Iovýeva, P. and Trifonova, E. (1967). Microfaunistic Data on the Stratigraphy 
of the Upper Jurassic, Berriasian and Valanginian Drillings from N. E. Bulgaria. Reviews 
of the Bulgarian Geological Society. 28,153-174. 

Miller, K. G., Baffera, E., Olsson, R. K., Sugarman, P. J. and Savin, S. M. (1999). Does Ice 
Drive Early Maastrichtian Eustasy? Geology. 27 (9)2,783-786. 

Migik, M. (1966). Microfacies of the Mesozoic and Teriary Limestones of the West 
Carpathians. Slovenska Akadernia Vdd, Bratislava. 269 pp. 

Migik, M. (1994). The Czorsztyn Submarine Ridge (Jurassic-Lower Cretaceous, Pieniny 
Klippen Belt): an Example of a Pelagic Swell. Mitteilungen der osterreichischen 
geologischen GeselIschaft. 86,133-140. 

Migik, M. and Sotdk, J. (1998). "Microforaminifers" -a Specific Fauna of Organic-Walled 
Foraminifera from the Callovian-Oxfordian Limestones of the Pieniny Klippen Belt. 
Geologica Carpathica. 49 (2), 109-123. 

Monaco,. P. (1992). Hummocky Cross-Stratified Deposits in some Shelf Sequences of the 
Umbria-Marche Area (Central Italy) during the Toarcian (Early Jurassic). Sedimentary 
Geology. 77,123-142. 

Monostori, M. (1995). BaJocian Ostracods from the Som Hill (Bakony Mts, Hungary). 
Hantkeniana. 1,155-161. 

Mork, A., Embry, A. F. and Weitschat, W. (1989). Triassic Transgressive-Regressive 
Cycles in the Sverdrup Basin, Svalbard and the Barents Shelf In: Collinson, J. D. (Ed. ). 
Correlation in Hydrocarbon Exploration. Norwegian Petroleum Society. Graham and 
Trotman. London. 113-130. 

Morozova , V. G. and Moskalenko, T. A. (1961). Planktonic Foraminifera of Boundary 
Deposits of the Bajocian and Bathonian Stages of Central Dagestan (North-Eastern 
Caucasus). Problems ofMicropaleontology. 5,3-30. [In Russian. ] 

Morris, K. A. (1980). Comparison of Major Sequences of Organic-Rich Mud Deposition in 
the British Jurassic. Journal of the Geological Society. 13 7 (2), 157-170. 

340 



Mosna, S. (1963). "Globigerine" in tennini calcarei del cretacea inferior basale affloranti 
nell' area del Trentino central. Studia Trentini de Scienze Naturale, ser. A. 40. 

Mouterde, R., Ramalho, M., Rocha, R. B., Ruget, C. and Tintant, H. (1972). Le Jurassique 
du Portugal. Esquisse stratigraphique et Zonale. Boletim da Sociedadc Gcol6gica dc 
Portugal. 18 (1), 73-104. 

Munk, C. (1978). Feinstratigraphische und mikropaläontologische Untersuchungen an 
Foraminiferen-Faunen im Mittleren und Oberen Dogger (Bajocien-Callovien) der 
Frankenalb. Erlanger Geologische Abhandlungen. 105,1-72. 

Murray, J. (1897). On the Distribution of the Pelagic Foraminifera at the Surface and on 
the Floor of the Ocean. Natural Science (Ecology). 11,17-27. 

Murray, J. and Renard, A. F. (1891). Deep-Sea Deposits based on the Specimens collected 
during the Voyage of H. M. S. Challenger in the Years 1872-1876. Report of the Voyage of 
the Challenger. Longmans. London. 525 pp. 

Murray, J. W. (1976). A Method of Determining Proximity of Marginal Seas to an Ocean. 
Marine Geology. 22,103-119. 

Nederbragt, A. J. and Fiorentino, A. (1999), Stratigraphy and Palaeoceanography of the 
Cenomanian-Turonian Boundary Event in the Oued Melleue, North-Western Tunisia. 
Cretaceous Research. 20,47-62. 

Neumayr, M. (1871) . 1. Jurastudien. 3. Die Phylloceraten des Dogger und Malm. 
Jahrbuch Geologische Reichsanstalt. Vienna. 21 (3). 

Norris, R. D. (1991). Parallel Evolution in the Keel Structure of Planktonic Forarninifera. 
Journal ofForaminiferal Research. 21,319-331. 

Norris, R. D., Bice, K. L., Magno, E. A. and Wilson, P. A. (2002). Jiggling the Tropical 
Thermostat in the Cretaceous Hothouse. Geology. 30 (4), 299-302. 

Oberhauser, R. (1960). Foraminiferen und Mikrofossilien "incertae sedis " der Ladinischen 
und karnischen Stufe der Trias aus den Ostalpen und aus Persien. In: Oberhauser, R., 
Kristan-Tollmann, E.,, Kollman, K. and Klaus, W. Beitrage zur Mikropalaontologie der 
Alpinen Trias. Jahrbuch der Geologischen Bundesanstalt, Wien, Special. 5,5-46. 

O'Dogherty, L., Sandoval, J. and Vera, J. A. (2000). Ammonite Faunal Turnover Tracing 
Sea-Level Changes during the Jurassic (Betic Cordillera, Southern Spain). Journal of the 
Geological Society, London. 157,723-736. 

Oesterle, H. (1968). Foraminiferen der Typlokalitdt der Birmenstorfer Schichten, unterer 
Malm (Teilrevision der Arbeiten von J. Kfibler and H. Zwingli 1866-1870 und von R. 
Haeusler 1881-1893. Eclogae Geologicae Helvetiae. 61,695-792 

Oesterle, H. (1969). A Propos de "Globigerina" helveto-jurassica Haeusler 1881. In 
Br6nnimann, P. and Renz, 0. (Eds). Proceedings of the First International Conference on 
Planktonic Microfossils, Geneva, 1997, Volume 2. Brill. Leiden. p. 492. 

Ogg, J. G. (2004a). The Triassic Period. In: Gradstein, F. M., Ogg, J. G. and Smith, A. G. A 
Geologic Time Scale 2004. Cambridge University Press. Cambridge. 271-306. 

341 



Ogg, J. G. (2004b). The Jurassic Period. In: Gradstein, F. M., Ogg, J. G. and Smith, A. G. A 
Geologic Time Scale 2004. Cambridge University Press. Cambridge. 307-343. 

Ogg, J. G., Agterberg, F. P. and Gradstein, F. M. (2004). The Cretaceous Period. In: 
Gradstein, F. M., Ogg, J. G. and Smith, A. G. A Geologic Time Scale 2004. Cambridge 
University Press. Cambridge. 344-383. 

Olsson, R. K., Wright, J. D. and Miller, K. G. (2001). Paleobiogeography of 
Pseudotextularia Elegans during the Latest Maastrichtian Global Wanning Event. Journal 
ofForaminiferal Research. 31 (3), 275-282. 

Oppenheime, J. R. (1926). Die Fermente, 2,1779 (Leipzig). 

Oschmann, W. (1994). Adaptive Pathway of Benthic Organisms in Marine Oxygen- 
Controlled Environments. NeuesJahrbuchft'irPaldontologie. 191,393-444. 

Oszczypko, N., Malata, E., ývibenickd, L., Golonka, J. and Marko, F. (2004). Jurassic- 
Cretaceous Controversies in the Western Carpathian Flysch: the "Black Flysch" Case 
Study. Cretaceous Research. 25,89-113. 

Oszczypko-Clowes, M. (2001). The Nannofossil Biostratigraphy of the Youngest Deposits 
of the Magura Nappe (East of the Skawa River, Polish Flysch Carpathians) and their 
Palaeoenvironmental Conditions. Annales Societatis Geologorum Poloniae. 71,139-188. 

Oxford, M. J. (2004). Foraminiferal distribution and sequence stratigraphy of Oxfordian 
successions in the WessexlAnglo Paris Basin. Unpublished PhD Thesis, University of 
Plymouth. 

Oxford, M. J., Gregory, F. J., Hart, M. B., Henderson, A. S., Simmons, M. D. and Watkinson, 
M. P. (2002). Jurassic Planktonic Foraminifera from the United Kingdom. Terra Nova. 
14,205-209. 

Owen, S. R. J. (1867). On the Surface-Fauna of Mid-Ocean. Journal ofthe Linnean Society 
of London (Zoology). 9,147. 

Padden, M., Weissert, H. and de Rafelis, M. (2001). Evidence for the Late Jurassic 
Release of Methane from Gas Hydrate. Geology. 29 (3), 223-226. 

Padden, M., Weissert, H., Funk, H., Schneider, S. and Gansner, C. (2002). Late Jurassic 
Lithological Evolution and Carbon-Isotope Stratigraphy of the Western Tethys. Eclogae 
Geologicae Helvetiae. 95 (3), 333-346. 

Page, K., Hart, M. B. and Oxford, M. J. (2003). The Search for a Global Stratotype Section 
and Point (GSSP) for the Base of the Oxfordian Stage. Geoscience in South-West 
England. 10,435-441. 

Page, K. N., Mel6ndez, G., Hart, M. B., Price, G., Wright, J. K., Bown, P. and Bello, J. 
(2006). ' Integrated Stratigraphical Study of the Candidate Oxfordian Global Stratotype 
Section and Point (GSSP) at Redcliff Point, Weymouth, Dorset, U. K. Volumina Jurassica. 
4,200-201. 

342 



Page, K. N., Mel6ndez, G., Hart, M. B., Price, G., Wright, J. K., Bown, P. and Bello, J. 
(2007, in press). Integrated Stratigraphical Study of the Candidate Oxfordian Global 
Stratotype Section and Point (GSSP) at Redcliff Point, Weymouth, Dorset, U. K. Tomy 
Jurajskie. 

Parker, W. K. and Jones, T. R. (1865). On some Foraminifera from the North-Atlantic and 
Arctic Oceans, including Davis Straits and Baffin's Bay. Philosophical Transactions. 
ISS, 325-441. 

Partington, M. A., Copestake, P., Mitchener, B. C. and Underhill, J. R. (1993). 
Biostratigraphic Calibration of Genetic Stratigraphic Sequences in the Jurassic-Lowermost 
Cretaceous (Hettangian to Ryazanian) of the North Sea and Adjacent Areas. In: Parker, 
JR. (Ed. ). Petroleum Geology of Northwest Europe: Proceedings of the 4'h Conference. 
Geological Society of London. 371-386. - 

Pazdrowa, 0. (1960). Charakterystyka mikropaleontologiczna wezulu I batonu Nizu 
Polskiego. KwartalnikGeologiczny. 4,936-948. 

Pazdrowa, 0. (1967). The Bathonian Microfauna. from the Vicinity of Ogrodzieniec. 
Biuletyn Instytut Geologiczny. 211,146-163. 

Pazdrowa, 0. (1969). Bathonian Globigerina of Poland. Rocznik Polskiego Towarzystwa 
Gologicznego. 39,41-56. 

Pearce, C. R., Hesselbo, S. P. and Coe, A. L. (2005). The mid-Oxfordian (Late Jurassic) 
Positive Carbon-Isotope Excursion Recognised from Fossil Wood in the British Isles. 
Palaeogeography, Palaeoclimatology, Palaeoecology. 221,343-357. 

Perconig, E. (1968). Microfacies of the Triassic and Jurassic Sediments of Spain. In: 
International Sedimentary Petrographical Series, 10, Brill, Leiden. 63 pp. 

Pessagno, E. A., Jr. and Miyano, K. (1968). Notes on the Wall Structure of the 
Globigerinacea. Micropaleontology. 14(l), 38-50. 

Perilli, N. and Duarte, L. V. (2003). Dating of the Toarcian Succession from the Lusitanian 
Basin Based on Calcareous Nannofossils. Abstract Volume of VI Congresso Nacional de 
Geologia, Lisbon. 4 pp. 

Philippe, M. and Thevenard, F. (1996). Distribution and Palaeoecology of the Mesozoic 
Wood Genus Xenoxylon: Palaeoclimatological Implications for the Jurassic of Europe. 
Review ofPalaeobotany and Palynology. 91,353-370. 

Pinheiro, L. M., Wilson, R. C. L., Pena dos Reis, R., Whitmarsh, R. B. and Ribeiro, A. 
(1996). 1. The Western Iberia Margin: a Geophysical and Geological Overview. In: 
Whitmarsh, R. B., Sawyer, D. S., Klaus, A. and Masson, D. G. (Eds). Proceedings of the 
Ocean Drilling Program. Scientific Results. 149,3-23. 

P18ienka, D. (2003). Dynamics of Mesozoic Pre-orogenic Rifling in the Western 
Carpathians. Mitteilungen der osterreichischen geologischen Geselischaft. 94,79-98. 

Pletsch, T., Erbacher, J., Holbourn, A. E. L., Kuhnt, W., Moullade, M., Oboh-lkuenobede, 
F. E., Soding, E. and Wagner, T. (2001). Cretaceous Separation of Africa and South 
America: the View from the West African Margin (ODP Leg 159). Journal of South 
American Earth Sciences. 14 (2), 147-174. 

343 



Podlaha, O. G., Mutterlose, J. and Veizer, J. (1988). Preservation of 818 0 and 513C in 
Belemnite Rostra from the Jurassic/Early Cretaceous Successions. American Journal of 
Science. 298,324-347. 

Poisson, A. (1977). Recherches G6ologiques dans les Taurides Occidentales (Turquie). 
Thesis, University of Paris-Sud. 1-795. 

Premoli Silva, 1. (1966). La Struttura della Parete di Alcuni Foraminiferi Planctonici. 
Eclogae Geologicae Helvetiae. 59 (1), 219-233. 

Premoli Silva, I. and Sliter, W. V. (1999). Cretaceous Paleoceanography: Evidence from 
Planktonic Foraminiferal Evolution. In: Barrera, E. and Johnson, C. (Eds). Evolution of 
the Cretaceous Ocean-Climate System. Geological Society of America, Special Paper. 
332,301-328. 

Premoli Silva, I., Erba, E., Salvini, G., Locatelli, C. and Verga, D. (1999). Biotic Changes 
in Cretaceous Oceanic Anoxic Events of the Tethys. Journal o Foraminiferal Research. )f 
29 (4), 352-370. 

Price, G. D. (1999). The Evidence and Implications of Polar Ice during the Mesozoic. 
Earth Science Reviews. 48,183-210. 

Proenga Cunha and Pena dos Reis (1995). Cretaceous Sedimentary and Tectonic 
Evolution of the Northern Sector of the Lusitanian Basin (Portugal). Cretaceous Research. 
16,155-170. 

Prokoph, A., Rampino, M. R. and El Biladi, H., (2004). Periodic Components in the 
Diversity of Calcareous plankton and Geological Events over the Past 230 Myr. 
Palaeogeography, Palaeoclimatology, Palaeoccology. 207,105-125. 

Racki, G. (1999). Silica-Secreting Biota and Mass Extinctions: Survival Patterns and 
Processes. Palaeogeography, Palaeoclimatology, Palaeoecology. 154 (1-20), 107-132. 

Radoieie, R. (1996). Microfacies du Jurassique des Dinarides Extems de la Yougoslavie. 
Geologija, 9,9-377. 

Radoi66, R. (1996). Jurassic and Cretaceous Successions of the Dinaric Carbonate 
Platfonn - Dunnitor Basin Boundary Area (adjacent Zalomka-Gacko Basin). . 4nnales 
GiologiquesdelaPeninsuleBalkanique. 60,35-65. 

Reiss, Z. (1957). The Bilameliidea, nov. Superfam. and Remarks on Cretaceous 
Globorotaliids. Cushman Foundation for Foraminiferal Research, Contributions. 8 (4), 
127-145. 

Reiss, Z. (1958). Classification of Lamellar Foraminifera. Micropaleontology. 4 (1), 
51-70. 

Reiss, Z. (1963). Comments on Wall Structure of Foraminifera. Micropaleontology. 9 
(1), 50-52. 

Reiss, Z. (1977). Foraminiferal Research in the Gulf of Elat-Aqaba, Red Sea -A Review. 
In Reiss, Z. et al. Depth-Relations of Recent Larger Foraminifera in the Gulf of Aqaba- 
Elat. Utrecht Micropalaeontological Bulletin. 15,7-26. 

. 

344 



Renz, C. (1906). Trias und Jura in der Argolis. Zeitschrift der deutschen geologischen 
Gesellschaft. 58,379-395. 

Renz, C. (1940). Die Tektonik der griechischen Gebirge. Praktika tes Akademias Athenon. 
8. 

Renz, C. 1955). Die vorneogene Stratigraphie der normalsedimentdren Formationen 
Griechenlands. Institute for Geology and Sub-surface Research, Athens. 637pp. 

Renz, 0., Imlay, R., Lancelot, Y. and Ryan, W. B. F. (1975). Ammonite-Rich Oxfordian 
Limestones from the Base of the Continental Slope, off Northwest Africa. Eclogae 
GeologicaeHelvetiae. 68,431-448. 

Rhumbler, L. (1901). Nordische Plankton-Foraminiferen. In: Brandt, K. (Ed. ). 
Nordisches Plankton. Lipsius and Tischer. Kiel and Leipzig. 1 (14), 33 pp. 

Rhumbler, L. (1911). Die Foraminiferen (Thalamophoren) der Plankton-Expedition; Teil 
1. Die Allgemeinen Organisationsverhdltnisse der Foraminiferen. Plankton-Expedition 
Humboldt-Stiftung, Ergebnisse. 3, L, C, 1,1-3 3 1. 

Rhodes, F. H. T. (1962). The Evolution of Life. Penguin Books Ltd. Harmondsworth, 
Middlesex. 302 pp. 

Ribiero, A., Antunes, M. T., Ferreira, M. P., Rocha, R. B., Soares, A. F., Zbyszewski, G., 
Moitinho de Almeida, F., Carvalho, D. and Monteiro, J. H. (1979). Introduction A la 
G6ologie du Portugal. Servigos Geol6gicos de Portugal, Lisboa. 1-114. 

Rich, P. V., Rich, T. H., Wagstaff, B. E., McEwen-Mason, J., Douthitt, C. B., Gregory, R. T. 
and Felton, E. A. (1988). Evidence for Low Temperatures in Cretaceous High Latitudes of 
Australia. Science. 242,1403-1406. 

Riegraf, W. (1986). Callovian. (Middle Jurassic) Radiolaria and Sponge Spicules from 
Soutwest Germany. Stuttgarter Beitrdge zur Naturkunde, Serie B. 123,1-3 1. 

Riegraf, W. (1987a). Planktonic Forarninifera (Globuligerinidae) from the Callovian 
(Middle Jurassic) of Southwest Germany. Journal of Foraminiferal Research. 17 (3), 
190-211. 

Riegraf, W. (1987b). Planktonische Foraminiferen und Radiolarien im Callovium und 
Oxfordium (Jura) Süddeutschlands. Neues Jahrbuch Geologische Paläontologische 
Abhandlung. 176(1), 91-103. 

Rothe, P. (1968). Mesozoische Flysch-Ablagerungen auf der Kanareninsel Fuerteventura. 
GeologischeRundschau. 58,314-332. 

Rowley, D. B. (2004). Rate of Plate Creation and Destruction: 180 Ma to Present. 
Geological Society ofAmerica Bulletin. 114,927-933. 

Ruggieri, G. (1959). Osservazioni Prýliminaria sulla Stratigrafla della Regione di Sciacca. 
Rivista di Mineralogia Siciliane. 10,58-59. 

Sahagian, D., Pinous, 0., Olferiev, A. and Zakharov, V. (1996). Eustatic Curve for the 
Middle Jurassic through Cretaceous based on Russian Platfonn and Siberian Stratigraphy: 
Zonal Resolution. American Association ofPetroleum Geologists Bulletin. 80,1433-58. 

345 



Samson, Y., Janin, M. -C. and Bignot, G. (1992). Les Globulig6erines (Foraminifers 
Planctoniques) de I'Oxfordien Inf6rieur de Villers-sur-Mer, Calvados (France) dans leur 
Gisement. Revue dePaMobiologie. 11,409-431 

Sandberg, P. A. (1975). New Interpretations of Great Salt Lake Ooids and of Ancient 
Nonskeletal Carbonante Mineralogy. Sedimentology. 22,497-538. 

Sandberg, P. A. (1983). An Oscillating Trend in Phanerozoic Nonskeletal Carbonate 
Mineralogy. Nature. 305,19-22. 

Sandoval, J., O'Dogherty, L., and Guex, J. (2001). Evolutionary Rates of Jurassic 
Ammonites in Relation to Sea-Level Fluctuations. Palaios. 16,311-335. 

Santantonio M. (1993). Facies Associations and Evolution of Pelagic Carbonate 
Platforms/Basin Systems: Examples from the Italian Jurassic. Sedimentology. 40, 
1039-1067. 

Savary, B., Cecca, F. and Bartolini, A. (2003). ttude Stratigraphique du Rosso 
Ammonitico du Monte Inici (Domaine Trapanais, Sicile Occidentale): tv6nements 
Bios6dimentairesauJurassiqueMoyen-Cr6tac6lnf6rieur. Geodiversitas. 25(2), 217-235. 

Schick, T. (1903). Beiträge zur Kenntnis der Mikrofauna des schwäbischen Lias. 
Jahreshefte des Vereinsfür Vaterländische Naturkunde in Württemberg. 59,111-177. 

Schlanger, S. O. and Jenkyns, H. C. (1976). Cretaceous Oceanic Anoxic Events: Causes 
and Consequences. GeologieenMynbouw. 55,179-184. 

Scholle, P. A, (1977). Chalk Diagenesis and its Relation to Petroleum Exploration: Oil 
from Chalk, a Modem Miracle?. American Association of Petroleum Geologists Bulletin. 
61,982-1009. 

Scholle, P. And Arthur, M. A. (1980). Carbon Isotopic Fluctuations in Pelagic Limestones: 
Potential Stratigraphic and Petroleum Exploration Tool. American Association of 
Petroleum Geologists Bulletin. 64,67-87. 

Scotese, C. R. (2000). Paleomap Project. University of Texas, Arlington. Internet WWW 

page at URL: 
http: //www. scotese. com/earth. htm 
http: //www. scotese. com/climate. htm 

Scotese, C. R. and Golonka, J. (2002). PALEOMAP Paleogeographic Atlas. University of 
Texas, Arlington. 35 pp. 

Sebane, A., Mekahli, L., Benhamou, M. and Tchenar, S. (2002). Influence des 
tv6nements Tectono-S6dimentaires sur I'Evolution des Forarninifýres du Lias-Dogger 
dans la Region d'A: fn Ouarka (Atlas Saharien, Alg6rie). STR, 4TI 2002 - Mme Congrýs 
francais de Stratigraphie, Lyon. Douments des Laboratoires de G&Iogie, Lyon. 156, 
210-211. 

Seibold, E. and Berger, W. H. (1996). The Sea Floor: An Introduction to Marine Geology - 
Third Edition. Springer-Verlag. Berlin. 356 pp. 

346 



Seibold, E. and Siebold, I. (1960a). Ober Funde von Globigerinen an der Dogger/Malm- 
Grenze Suddeutschlands. In: Sorgenfrei, T. (Ed. ). International Geological Congress, 
Reports of the 21" International Geological Congress, Norden, Berling, Kopenhagen, Part 
VI, 64-68. 

Seibold, E. and Seibold, I. (1960b). Foraminiferen der Bank- und Schwamm-Fazies im 
unteren Malm Sijddeutschlands. Neues Jahrbuch ftir Geologie und Paldontologie 
Abhandlungen, Stuttgart.. 109,309-438. 

Seibold, 1. (1966). 10ber den Verblieb alterer Sammlungen jurassischer Foraminiferen. 
Paldontologische Zeitschrift. 40,151-154. 

Seilacher, A., Reif, W. -E. and Wesatphal, F. (1985). Extraordinary Fossil Biotas: Their 
Ecological and Evolutionary Significance. Philosophical Transactions of the Royal 
Society, London B. 311,5-26. 

Sellwood, B. W. and Valdes, P. J. (2007, in'press). Mesozoic Climates. In: Williams, M. 
Haywood, A., Gregory, J. and Schmidt, D. (Eds). Deep Time Perspectives on Climate 
Change. Special Publication. The Micropalaeontological Society. 

Shackleton, N. J. and Hall, A. (1984). Carbon Isotope Data from Leg 74 Sediments. In: 
Moore, T. C. et al. (Eds). Initial Report of the Deep Sea Drilling Programme. U. S. 
Govemninent Printing Office, Washington. 74: 613-644. 

Shipp, D. J. (1978). Foraminifera from the Oxford Clay and Corallian ofEngland and the 
Kimmeridgian of the Boulonnais (France). Unpublished PhD Thesis, University College, 
University of London. 

Shipp, D. J. (1989). The Oxfordian to Portlandian. In: Jenkins, D. G. and Murray, J. W. 
(Eds). Stratigraphical Atlas of Fossil Foraminifera, (2nd Edition). British 
Micropalaeontological Society Series, Ellis Horwood, Chichester. 237-272. 

Sid6, M. (1966). Mikropaldontologische Untersuchungen am Lias-Dogger-Profil von 
Zeng6rvarkony. Jahresbericht der Ungarischen Geologischen Anstalt. 1964,37-51. 

Sikora, W. (1971). Excursion D2. Guide to 43 rd Annual Meeting of the Polish Geological 
Society. Instytut Geologiczny. Warsaw. 208-215. [In Polish. ] 

Simmons, M. D., Boudagher-Fadel, M. K., Banner, F. T. and Whittaker, J. E. (1997). The 
Jurassic Favusellacea, the Earliest Globigerinina. In: Boudagher-Fadel, M. K., Banner, 
F. T. and Whittaker, J. E. The Early Evolutionary History of Planktonic Foraminifera. 
Chapman& Hall. London. 17-52. 

Skjold, L. J., van Veen, P. M., Kristensen, S. -E. and Rasmussen, A. R. (1998). Triassic 
Sequence Stratigraphy of the Southwestern Barents Sea. In: de Graciansky, P. -C., 
Hardenbol, J., Jacquin, T. and Vail, P. R. (Eds). Mesozoic-Cenozoic Sequence Stratigaphy 
of European Basins. Society of Economic Paleontologists and Mineralogists. Special 
Publication. 60,651-666. 

Sloan, L. C. and Barron, E. J. (1990). "Equable" Climate during Earth History. Geology. 
18,489-492. 

347 



Slowafiska, B. and Barty§-Pelc, M. (1976). Geology ofPoland, Vol. I: Stratigraphy, Part 2 

- Mesozoic. Wydawnictwa Geologiczne. Warsaw. 859 pp. [Translated from the Polish 
Edition by C. Kozlowska. Edited by J Czaplicka. ] 

Smiley, C. J. (1967). Paleoclimatic Interpretations of some Mesozoic Floral Sequences. 
American Association ofPetroleum Geology Bulletin. 51,849-863. 

Smolefi, J. (2000). Foraminiferal Stratigraphy of the Middle and Upper Jurassic Boundary 
in Peribaltic Syneclise. Biuletyn Pahstwowego Instytutu Geologiczneg. 393,53-79. 

Spicer, R. A. and Parrish, J. T. (1986). Palaeobotanical Evidence for Cool North Polar 
Climates in Middle Cretaceous (Albian-Cenomanian) Time. Geology. 14,703-706. 

Spicer, R. A. and Parrish, J. T. (1990). Late Cretaceous-early Tertiary Palaeoclimates of the 
Northern High Latitudes: a Quantative View. Journal of the Geological Society of 
London. 147,329-341. 

Spicer, R. A., Rees, P. McA. and Chapman, J. L. (1993). Cretaceous Phytogeography and 
Climate Signals. Philosophical Transactions of the Royal Society of London B. 342, 
227-286. 

Stam, B. (1986). Quantative Analysis of the Middle and Late Jurassic Foraminifera from 
Portugal and its Implications for the Grand Banks of Newfoundland. Utrecht 
Micropaleontological Bulletins. 34,1-167. 

Stanley, S. M. (2006). Influence of Seawater Chemistry on Biomineralization throughout 
Phanerozoic Time: Paleontological and Experimental Evidence. Palaeogeography, 
Palaeoclimatology, Palaeoecology. 232,214-236. 

Stanley, S. M. and Hardie, L. A. (1998). Secular Oscillations in the Carbonate Mineralogy 
of Reef-Building and Sediment-Producing Organisms driven by Tectonically Forced Shifts 
in Seawater Chemistry. Palaeogeography, Palaeoclimatology, Palaeoecology. 144,3-19. 

Stanley, S. M. and Hardie, L. A. (1999). Hypercalcification: Paleontology links Plate 
Tectonics and Geochemistry to Sedimentology. Geological Society ofAmerica, Today. 9, 
2-7. 

Steiner, C., Hobson, A., Favre, P., Stampfli, G. M. and Hernandez, J. (1998). Mesozoic 
Sequence of Fuerteventura (Canary Islands): Witness of Early Jurassic Sea-Floor 
Spreading in the Central Atlantic. Geological Societyof America Bulletin. 110 (10), 
1304-1317. 

Steuber, T. (2002). Plate Tectonic Control on the Evolution of Cretaceous Platforin 
Carbonate Production. Geology. 30,259-262. 

Str6bel, W. (1944). Mikrofauna im Weissen Jura Alpha der mittleren und Sildwestalb. 
Neues Jahrbuchfilir Geologie und Paldontologie Abhandlungen, Serie B. 88,1-39. 

Silsskoch, H. (1967). Die Geologie der Saddstlichen Argolis (Peloponnes, Griechenland). 
Dissertation, University of Marburg. 

Szab6, J. (1990). Palaeoecology, Palaeobiogeography, Evolution and Biochronology in 
the Light of Studies of Jurassic Gastropods of the Bakony Mts. Unpublished PhD Thesis, 
E6tv6s University, Budapest. 165 pp. [In Hungarian. ] 

348 



Szente, 1. (1995). Bivalves from the Middle Jurassic Submarine High (Bajopian, Som Hill, 
Bakony Mts, Hungary). Hantkeniana. 1,59-66. 

Szulezewski, M. (1963a). Stromatolitey z batonu wierchowogo Tatr. Acta Geologica 
Polonica. 13,125-148. 

Szulczewski, M. (1963b). Budowa geologiczna Malej-Swistöwski. Acta Geologica 
Polonica. 13,199-221. 

Tamajo, E. (1960). Microfacies Mesozoiche della Montagna della Busambra. Revista di 
Mineralogia Siciliana, 11,13 0-15 1. 

Terquem, 0. (1883). Cinqui&me M6moire sur les Foraminiferes du Syst6me Oolithique de 
la Zone A Ammonites parkinsoni de Fontoy (Moselle). Bulletin de la Soci&j G&Iogique 
de France, S6rie 3.11,339-406. 

Terquem, 0. (1886). Les Foraminif&res et les Ostracodes du Fuller's Earth des Environs de 
Varsovie. Mimoires de la Socijtý G6ologique de France, S6rie 3.4, (2), 1-112. 

Terquem, 0. and Berthelin, G. (1875). ttude Microscopique des Mames du Lias Moyen 
d'Essey-16s-Nancy, Zone Inf6rieure de I'Assise A Ammonites margaritatus. Mýmoires de 
la Soci&6 Gjologique de France. S6rie 2.10 (3), 1-126. 

Thierry, J. (2000a). Middle Toarcian (180-178 Ma). In: Crasquin, S. (Coord. ), Atlas Peri- 
Tethys: Palaeogeographical Maps - Explanatory Notes. CCMG/CGMW, Paris. 61-70. 

Thierry, J. (2000b). Middle Callovian (157-155 Ma). In: Crasquin, S. (Coord. ), Atlas Peri- 
Tethys: Palaeogeographical Maps - Explanatory Noies. CCMG/CGMW, Paris. 71-83. 

Thierry, J. (2000c). Early Kimmeridgian (146-144Ma). In: Crasquin, S. (Coord. ). Atlas 
Peri-Tethys: Palaeogeographical Maps - Explanatory Notes, CCMG/CGMW, Paris. 
85-97. 

Tremolada, F., Erba, E., Van De Schootbrugge, B. and Mattioli, E. (2006). Calcareous 
Nannofossil Changes during the Late Callovian-Early Oxfordian Cooling Phase. Marine 
Micropaleontology. 59,197-209. 

Tschudy, R. H., Pillmore, C. L., Orth, C. J. Gilmore, J. S. and Knight, J. D. (1984). 
Disruption of the Terrestrial Plant Ecosystem at the Cretaceous-Tertiary Boundary, 
Western Interior. Science. 225,1030-1032. 

Tyszka, J. (1994). Response of Middle Jurassic Benthic Foraminiferal Morphogroups to 
Disoxic/Oxic Conditions in the Pieniny Klippen Belt, Polish Carpathians. 
Palaeogeography, Palaeoclimatology, Palaeoecology. 110,55-81. 

Tyszka, J. (1999). Forarniniferal Biozonation of the Early and Middle Jurassic in the 
Pieniny Klippen Belt (Carpathians). Bulletin of the Polish Academy of Sciences, Earth 
Sciences. 47 (1), 27-46. 

Uhlig, V. (1890). Ergebnisse geologischer Aufnahmen in den westgalizischen Karpaten. 
2. Der pienninische Klippenzug. Jahrbuch Geologische Reichsanstalt. 40 (3-4), 559-824. 

349 



Vail, P. R., Mitchum, R. M. and Thompson, S. (1977). Seismic Stratigraphy and Global 
Changes of Sea Level, 4. Global Cycles of Relative Changes of Sea Level. American 
Association ofPetroleum Geologists Memoir. 26,83-97. 

Vakhrameev, V. A. (1964). Jurassic and Early Cretaceous Floras of Eurasia and the 
Palaeofloristic Provinces of this Period. Transactions of the Geological Institute of 
Moscow. 102,1-263. [InRussian. ] 

Vakhrameev, V. A. (1981). Pollen Classopollis, Indicator of Jurassic and Cretaceous 
Climates. The Palacobotanist. 28,301-307. 

Vakhrameev, V. A. (1991). Jurassic and Cretaceous Floras and Climates of the Earth. 
Cambridge University Press. Cambridge. 318 pp. 

van Aarssen, B. G. K., Alexander, R. and Kagi, R. I. (2000). Higher Plant Biomarkers 
Reflect Palaeo-Vegetation Changes during Jurassic Times. Geochimica et Cosmochimica 
Acta. 64,1417-1424. 

van Andel, T. H. (1975). Mesozoic/Cenozoic Calcite Compensation Depth and the Global 
Distribution of Calcareous Sediments. Earth and Planetary Science Letters. 26,187-194. 

van de Poel, H. M. and Schlager, W. (1994). Variations in Mesozoic-Cenozoic Sheletal 
Carbonate Mineralogy. GeologieenMynbau. 73,31-51. 

Varol, B. and Tunay, G., 1996. Description and Internal Structure of the Condensate 
Series: an Example from the Bey§ehir-Hoyran Nappe. Mineral Research and Exploration 
Bulletin. 118,15-24. 

von Fritsch, K. Reisebilder von den Canarischen Inseln. Petermanns Geographische 
Mitteilungen. 5,1-44. 

Vincent, E. and Berger, W. H. (1981). ' Planktonic Foraminifera and their Use in 
Paleoceanography. In: Emiliani, C. (Ed. ). The Ocean Lithosphere, The Sea - Volume 7. 
Wiley. London. 1025-1119. 

Vrielynck, B. (1978a). Donn6es Nouvelles sur les Zones Internes du P61eponn6se, Gr&ce. 
Dissertation, UniversiM des Sciences et Techniques, Lille. 

Vrielynck (1978b). Donn6es. Nouvelles sur les Zones Internes du P61eponn&se. Les 
Massifs A I'Est de la Plaine d'Argos (Gr&ce). Annales Giologique des Pays HelMniques. 
29,440-462. 

Vrielynck, B. (1980). Les Tectoniques Tangentielles des Zones Intemes du P61oponn&se 
(Argolide, Gre6ce). Compte Rendu de I'Academie des Science, Paris, S6rie D. 290,967- 
970. 

Wall, J. H. (1960). Jurassic Microfaunas from Saskatchewan. Reports of the Department 
ofMinerals and Resources ofSaskatchewan. 53,1-229. 

Walfich, G. C. (1862). The North-Atlantic Sea-Bed: comprising of a Diary of the Voyage 
on Board H. M. S. Bulldog in 1860, -and Observations on the Presence of Animal Life and 
the Formation and Nature of Organic Deposits at great Depths in the Ocean - PartI. 
London. 4-6. 

350 



Wang, L., Ran, Z. & Chen, J. (1997). Late Quaternary Pteropods in the South China Sea: 
Carbonate Preservation and Palaeoenvironmental Variation. Marine Micropalcontology. 
32,115-126. 

Weissert, H. (1989). C-Isotope Stratigraphy, a Monitor of Paleoenvironmental Change: a 
Case Study from the Early Cretaceous. Surveys in Geophysics. 10,1-61. 

Weissert, H. Lini, A, F611mi, K. B. and Kuhn, 0. (1998). Correlation of Early Cretaceous 
Carbon Isotope Stratigraphy and Platform Drowning Events: a Possible Link. 
Palaeogeography, Palaeoclimatology, Palaeoecology. 137,189-203. 

Wendt, J. (1964) Stratigraphisch-paldontologische Untersuchungen im Dogger 
Westsiziliens. Bollettino della Societa Paleontologica italiana. 2 (1963), 57-147. 

Wendt, J. (1965). Synsedimentdre Bruchtektonik im Jura Westsiziliens. Neues Jahrbuch 
ftirGeologieundPaldontologieMonatshefte. 1965,266-311. 

Wendt, J. (1969a). Die stratigraphisch-paldogeographische Entwicklung des Jura in 
Werstsizilien. GeologischeRundschau. S8,735-755. 

Wendt, J. (1969b). Stratigraphie und PaIdontologie des Roten Jurakalks im 
Sonnwendgebirge (Tirol, (5sterreich). Neues Jahrbuch fir Geologie und Paldontologie 
Abhandlungen. 132,219-238. 

Wendt, J. (1971). Genese und fauna submariner sedimentdrer Spaltenfdllungen im 
Mediterranen Jura. Palaeontographica. 136(1-6), 122-192. 

Wendt, J. (1974). Encrusting Organisms in Deep-Sea Manganese Nodules. In: HsU, K. J. 
and Jenkyns H. C. (Eds). Pelagic Sediments: on Land and under the Sea. International 
Association of Sedimentologists, Special Publication. 1,437-447. 

Wernli, R. (1987). Les Protoglobig6rines (Foraminif&es) du Bajocien Inf6rieurdes Sofs 
(Rif, Maroc). Eclogae Geologicae Helvetiae. 80,817-829. 

Wernli, R. (1988). Les Protoglobig6rines (Foraminifers) du Toarcien et de I'Aalenian du 
Domuz Dag (Taurus Occidental, Turquie). Eclogae Geologicae Helvetiae. 81 (3), 
661-668. 

Wernli, R. (1995). Les Foraminif&es Globig6rinifonnes (Oberhauserellidae) du Toarcian 
Inf6rieur de Teysachaux (Pr6alpes Wdian6s, Fribourg, Suisse). Revue de PalJobiologie. 
14, (2), 257-269. 

Wernli, R. and G6r6g, A. (1999). Protoglobigerinids (Forarninifera) Acid Extracted from 
Bajocian Limestones (Hungary). Revista Espahola de Micropaleontologia. 31 (3), 
419-426. 

Wernli, R. and G6r8g, A. (2000). Detennination of Bajocian Protoglobigerinids 
(Foraminifera) in Thin Sections. Revue PaMobiologique, Gen6ve. 19 (2), 399-407. 

Wernli, R. and G8r6g, A. (2007). Protoglobigerinids and Oberhauserellidae 
(Foraminifera) of the Bajocian-Bathonian of the Southern Jura Mts, France. Revue de 
Micropal6ontologie. 50,185-205. 

351 * 



Wernli, R. and Kindler, P. (1986). "Protoglobig6rines" du Callovo-Oxfordien de 
Chatillon-sur-Cluses (Pr6alpes Internes, Haute-Savoie, France. Eclogae Geologicac 
Helvetiae. 79,137-147. 

Wierzbowski, A. (1994). Late Middle Jurassic to Earliest Cretaceous Stratigraphy and 
Microfacies of the Czorsztyn Succession in the Spisz Area, Pieniny Klippen Belt, Poland. 
Acta Geologica Polonica. 44 (3-4) 223-249. 

Wierzbowski, A., Jaworska, M and Krobicki, M. (1999). Jurassic (Upper Bajocian-lowest 
Oxfordian) Ammonitico Rosso Facies in the Pieniny Klippen Belt, Carpathians, Poland: its 
Fauna, Age, Microfacies and Sedimentary Environment. Studia Geologica Polonica. HS, 
7-74. 

Wierzbowski, A., Albrecht, R., Krobicki, M., Matyja, B. A. and Schl8gl, J. (2004). 
Stratigraphy and Palaeogeographic Position of the Jurassic Czertezik Succession, Pieniny 
Klippen Belt (Western Carpathians) of Poland and Eastern Slovakia. Annales Societatis 
GeologorumPoloniae. 74,237-256. 

Wilson, R. C. L. (1988). Mesozoic Development of the Lusitanian Basin, Portugal. Revista 
delaSociedadGeol6gicadeEspafia, Madrid. 1,393-407. 

Winterer, E. L. and Bosellini, A. (1981). Subsidence and Sedimentation on a Jurassic 
Passive Continental Margin, Southern Alps, Italy. American Association of Petroleum 
Geologists Bulletin. 65,394-421. 

Wissing, S. B. and Pfiffner, O. A. (2002). Structure of the Eastern Klippen Nappe (BE, 
FR): Implications for its Alpine Tectonic Evolution. Eclogae Geologicae Helvetiae. 95 
(3), 381-398. 

Wissing, S. B. and Pfiffner, O. A. (2003). Numerical Models for the Control of Inherited 
Basin Geometries on Structures and Emplacement of the Klippen Nappe (Swiss Prealps). 
Journal ofStructural Geology. 25,1213-1227. 

Wolfe, J. A. (1980). Tertiary Climates and Floristic Relationships at High Latitudes in the 
Northern Hemispheres. Palaeogeography, Palaeoclimatology, Palaeoecology. 30, 
313-323. 

Wolfe, J. A. (1985). Distribution of Major Vegetational Types during the Tertiary. In: 
Sundquist, E. T. and Broecker, B. S. (Eds). The Carbon Cycle and Atmospheric C02: 
Natural Variations Archean to Present. American Geophysical Union. Washington, D. C. 
357-375. 

Wonders, A. A. H. (1980). Middle and Late Cretaceous Planktonic Foraminifera on the 
Western Mediterranean Area. Utrecht Micropaleontological Bulletin. 24,158pp. 

Zanmatti Scarpa, C. (1957). Studio di Alcune "Microfacies" del Bresciano. Bollettino 
Servizio Geologio d7talia, Roma. 7714-5,585-608. 

Zempolich, W. G. (1993). The Drowning Succession in Jurassic Carbonates of the 
Venetian Alps, Italy: a Record of Supercontinent Breakup, Gradual Eustatic Rise and 
Eutrophication of Shallow Water Environments. In: Loucks, R. G. and Sarg, J. F. (Eds). 
Carbonate Sequence Stratigraphy. American Association of Petroleum Geologists 
Memoir. S7,63-105. 

352 



APPENDIXI 

CHRONOLOGY OF THE RECORDING 
OF "NEW" GENERA AND SPECIES, 

FOLLOWED BY THE OPINIONS 
OF SUBSEOUENT AUTHORS 



L. r, r, . Z. $Z .: 
3 

> 
t- 

:3 hý Z. !ý 
ý s2 

Ce 
CL . 

ej r3 
.-: l t 

- 
33 : 

- Li tn '2 
p %) (ý 7 

- 
:s 
--, 

u 
tý E 
04 -2 

E 
0 Z -Z 

e r, 
Ze 
-, 4 Zp 

u 2 e e 
Z 12 --Z f3 

cý . 
r, 

-Z * 
*1 

ýI 123 (3 > 

-2-- 7t 
t 

U 

-n WZ ZU 1 

r, 

(3 e 
u e 

-ci 
3i r3 ' 

_Q zý 2: ;3 'A 
22 41 

ZS ri 

3 
2: - 32 cj lý2 i 

3 

- - 

;Z c> c4 
r3 r3 C> 

' tz r3 r3 

0 
U 1: 2 

. tt 

1 

2 

N. 
16. 

e (3 
;2 

- 

r3 
Z 

r3 (Z 
;3 

111 (3 
430 ý 2 ein 

64 N 

r CL n. 

ce ýe i 
iz 1 A 9 4 

. E 9 
0 u 5 0 ci 0 
- : 4 . 

C 

CO v2 

< 

> 'E *Z o 0 0 gg -0 ý 9 ý 6 02 i 

A 

I 31 rA 

: 
.2 

Z 

1.3. 
te 

e (11 
- L rn 

01 2 

ä Z Q :3 ý2 %ä 
WQ 

I 
QM 

m 
f* f3 

E 
ei f3 

. 
rg 
. 

r3 
.r 

2 r3 

Z . 

te 
C C . Z 

Q 81 -n Q _Q _Q _Q r 

130 
00 

460 

Z m 10 

g, 0 Ei rm t. Q 
0 

02 = 
0 

10 *Z: 
CU cu 

40 i j : b f- - 
cu v4 cu 

_H 
U. i0 0 0 0- 

- 

-0. 

C 

C 
C 
0 
z 0 
I 

354 



.a 

r- 00 c4 

2 2 

3 "ö ti %e, Z 
l>I ARD 

0 

ti r3 ', ' 
Z 

zs 

>% E 22 
0 e 

' 

Q to 
rA 

tu 
m -12 (1) 

e u2 
j: 

uZ" 
0'. ý2 J': 

$0 Z m 

0 

e 
$L 

4 . 

M 

.g 1-0 u 7ý 10 

ci z« 
00 

0 
- 

8 
l= 9 6 e. 6 gl l wý 25 e 5220 A cD ri .ý 2 

fi i5 Ln u Lu iz 

. .c 
.2 2 1 1 Z: r3 

(A 

1 

E 

% 
ý 12 

--, Z 
, 

e Z; 

-Z t. -4 

Z f3 r3 r, ri r3 r, ri 

- 
ic r3 t3 

ý ý. A 
r- r- 00 

r- (> (Z 
ýc 

(> ffý \Z An 

> 

m 2 

,2 
8 .. 

ce 

-m 0 
-b 

UA 
Ui m th 0 

M 4: 1 

(A 

355 



E (3 't: le4ý 

,. 0 ýo ýo "0 r- 00 

"0 

a 0 m- ce, e 

JD 

m 
=, 

ý3 
0 

1 

e (0) 2 Q 
C 

wz 

rn .ý 

cj 0t 

99 
1>Z. 

250 
gh E g; - U0 

u 0 4 l, 

cu 9: 0 , 
J2 : eý0 

, g, 0 'e 3 N 0 

r3 
S 

A 
Z 

r3 

CC vý NO ýo r- t- r- 00 00 00 00 00 00 (> 

M 

N. C 
e 10 

15 

0 

02 -m C? e le 
ein 

iO U 
- 
C%. 2 > iý 0 ý. 2 

356 



Go 1. -% . 
ýs t 

I'- ji 110 23 tI . o, 0 , GI -s 

co o 
a 

C> 
0 0 <D ON ON 

: 

:0 0 4) 

40 4d :d 4d C? 

u to 0 to 

cl m 
C, 3 0 

JS 
0 

= cqs ' ýR 
:6 au 

0> 
ý4 

0 u 1ý 
o 

0 
to 2 to 

A 
ob 04 A co 

(U 

cl -10 

0 
W) 

%1 140. . 3 'o es = I'll 

'g, -it C". 

95 E C: -E ra t3 

ý; wr, ) t- 
, 7, 

as 
Cý 
O 

0 
0 
o 

N 
0 

as 
ON 

0 
0 
0 

N 
0 
a 

en 
00 

N 
8 

00 
tn 
ON 

en t- 
O 

r- 
r- 
O N j (-4 1 C) C-4 ON 1 1 N N 

1. 'ý 
0 

ý 

.< 

0 ba 

:2 0 -2 30 to 1. to 12 30 
19 

2 

o 
ý 

0 ý: 
'51 2. 'td 

- 

C? Cýd 

co 

:2 0 
-5 0 

: 

-' E! 0 10 o to 
357 



10 ci Z. 
r3 t3 

u .2 
13 

Q 
ce 

m kn 
ýo t Z r- 00 

"0 
00 

00 
00 

r- 
cý 

M V*k 
10 

Q r- 
c 

CD 
00 
CN 

IZ 
00 
ON 0% ý 

-4 (Z 

gj e ri 
.-Z 

0 Q (Z r. 
A -2 

;ý 

-t2 e K r, e -e 2, Z A ce 
t; r, 

Z 
r, 

k t 

e4 

ci 
< ý ; = ,0 a 

r. u 4 zu: U !9 

Gn c4 

ZJ < LA Z < v5 Z 

f3 

gi 
rA 

r* 
- 

Z- 

0 r3 

1 e .' - 2 

ri 0) vi 
Z :1 U 

1 
= l' ,0 0 ,u 

J9 
0 

10 
2 

1 uw -1 358 



"2, 
Z 1 

-! s st rl .2ý A It 2 z 

-ý3 
t3 

. Cd 
CL 1ý 

It 
", ýS --ý . 

ý2 

. 

:3 
F- 

', It 
. Z- -2: aZ 

3 szý -3z t3 

Z5 
Q 
CO 

00 
oo 
C7, 

00 
O'S 

r- 
ON ON c, ON 

14) 

a 1 '3 s3 :§ : R 
1. --d 2 z 2: 

2 
2 :ý, '3 

2 O 0 
4'. 

. 
.0r 

ýZ 

0 
. 
14 4, 

s3 t3 

. m 2 ? 
Cýd 

6 E 4) 2 to " 2 
:0 to 

a 
to 

r. 
.2 ý -v. 9 P. W a I 

0 0 

i I 

n C O 

b4 

i: ' z r C: St 

. r 
rl 

.2 r 
r4 

l - :3 fa 
C 

tý 4 r, 

. 

r. L) t3 

., 

l r, 
t3 

z ' 

, E . I -" r 4 C3 
c Q -Q C Q : Q r, Q 

sz, 
Q -Q Q 

I 

1,11, lz Oý \0 cr C) 0 00 00 Cý ON co ON ON ON a, Oý Oý 0 0 , , 1.0 , 

ca 
wi 

0 so 
rA CIS 

> 

8 WG CA M 
to 

0 'A N 

0 
N 

0 
-0 

: 
0 d 

04 
32 

go 10 0 10 

359 



43 

t3 
Q -, 1 

ý ýo 
ON 
1ý0 t- ON 

0) 
ýo 00 Ol 00 ON 

C7, 

Cd tv ý, ) 

ý5 lit -S I l 
N 

oo I , En 
0 

a 
to 

oI 

0 
0 u ýs 0 

u 
0 

u 
0 

fz 

0 
&n 
6 

-,, 
.0 

Gj 

11 44ý: 0 4) >ý 39 .0 ow 
>- 

9b 
*= 

9 4d 0 ed 14 g l 
> 

* 0 
,4 cl 

m 9 E 0 
10 

't, 
o h m on 1 OR - s 

I II u 

u 1#1 - co 1 0 
1 

(A 
I 

' , - 

. C4 R: -2: 
13 

G, S 
z 2: 

t3 
S t3 

t: s "I 
.z 

t 
z 
eA) 
! ý) 

"I *Z tj t It t3 rt 'Z 
.4 ýc 

-Az J 4 
I 

z r, Z Z 
. Q t rl Q 

- @ P @ @ d I I I I 

11 ýz MIO -r- P 00 aý ýo ON ýo ON t- ON r- r- 10 00 r- m 

wi 

360 



u 
I -z 

2 
1 -Z 1 -ý 1 

-n -Z 1 2 
-n 

t- 
00 E. le 00 

(3 
00 U f4 cý oý (7, aý 5 h cý all li (> cý (> liý % 

. 
e 

.a 2 Zl. 

2 -3 
.Z 9u 

*, 

> . . '2 
r, tu 2 lý - tý -2 

m Z. n 1.4 , t9 2. l > = t' 1 12. :1 LA t 

9 
0 Q 

g 19 IJ g e: ä 
1 

22 
6 0 

r. 
Ici 

42 
u -0 0 

A 

. 
A 

U- rA 02 rf, 
Co 

ce 0 

l e (3 

gi . 
r, r2 E e . 12 Z r, 9 

Je 32 ge S 

2 . 
14 

- 

13 Z 
x: -Q 

,3 
AZ 

Z 
-Z r Q Q Q -n 

-2 
Z 

- 
Z 

d 
Z 

8 
-c 

@ 
Q C) Z 

Z 
Z 

Z , ý .4 (> r- 
r- 

ým 
00 

r- ý4 IC r- %0 
00 

m 
00 

t- ý4 (> r- 10 
00 

(A 
00 

rý 

ec ce > 

42 40. 

< 

vi CA 

361 



10 . 
', 3 t3 13 

kn 00 tn 
oo oo ON 00 4 

I I 

2 Q 
W D -i-: 8 -e 10 

a. a Q 4d 

-. j 

t3 

r 0 Q ki C: A) ql) 

Q - Q 
%4 

Q 
A) C: z Z: . 

1. 'TJ 9 

IM -< m - 

Z 

t3 

co '40 
9 

t- r- Cý ON lz ýo I- 
ýo ON ON o" ON ON ON 

cc 

cc 

362 



U 

zz -A i 
0 -Q 

%0 

oo 
00 

00 as Ch 
W) 
0ý 

00 
00 as C. 0 ON CN ON ON 5, 

LZ --Q 

.0 
9 9 

i3 g I 

lu &. t E-4 
- - 

ra 

: 
E- - E- 

6 
. %) ? 2 t 2 0 40 R: =I z 2 r, 'o Z 

'Z 
rl 
4S 

Z, 

0 rp 'o -C - 3 -F, ý: .9 'ký 0 tl- 

r Cd rA , Cd 

A E 

7g 

A Q iz. 11 
% 

a a t C- Q I I IV I Q. 
- 

0 rs 3 Q 

t 1 1 
16 

Rl 

;. o o. ;. o ý ý-- . 
410 1 1 ;. 0.1 1 

363 



*ý e t t) u Z; 

Ell e3 2 1 * t 
2 -e u 13 

e 2 r, 
zs 

ri Z 
%Z%, 

,, (Z -, Z -- 

ýi -2.2 :Z Z 

00 

33 

ci 
ri. . 14 

Ge 
X 

.2 3 u 

.2 Z 
ll 

CL) 

ce 

4 wi 10 0 Iä 
.. 

ci 
2 

z« 
04 

1 
N 

92 
2 2 

0 
A 

z5 , 

364 



t 
-2 

u Z 9: 92 

tu 00 00 00 00 (> (71 
f4 o' 

10 IM. o 
1 

92 1 2 

ýe 
10 to 

to to 
1 'ä to 

1 r. 
5 m 2 1 2 

10 u 2 80 

Ti 0 t -! 2 mi r. 
.I 

-0 e 5 . ie li 
E 

a 0 ftý E9 *? 

0 10 ýC u2 ý& VD 

ce 

fi -= Wv 

1 
0ý -m u8 

.2 
Iý, m09 cu A 

0U 
. ý, 

K> 
Z ýý O> 9> 

- 

0 ZZ 

e 
CL. 

Z (3 Z 

Z Q Z 92 
a 1 e 

2 Z, -2 

Z zs 

'3 
;3 ;3 

_Q 
Z$ 

1 - 
@ 

18 
00 00 00 00 

cý 
oý 
ON 

0 
0 
0 

rq 
0 
0 

Ch 
oý 
ON 

r4 rq 

0 
U 

62 

to 

1 tu 

to j 80 (j 0 ý: 10 ýD 
2 

0 
.2 ce 

.Z 

ä 
M 

4) 1 10 VD 

365 



6 Fý3 1ý . !3 

oo 
ON 

a% 
00 
00 

t- 
m 
ON 

I z V t3 

9 , I I I 

1 
to 

40 
0 a) 

ý 
A4 0=0 

u uU rT j 

ts 13 1,, ts Ow. 4*4 ý 
it 

t, 2 Q, 

lk 2 ýZ- : 

z 
. 

4! :3 2 
tj 

ý 
It 

ts 
A 

S .1 
A 

A . :i z- .2 1 : 4- 
4 LAI! L 

5 
r. - 

1-4 
rl 
ON 

en 
t- 
ON 

Ir, 
t- 
01 

oo 
ON ON 

r- 
*A 

00 
00 
C`% 

oll 
ON 

00 
00 
0ý 

1 

- 

0 cc 

!: 5 b") 7 11 0 0 ' i.. - , ;. ý -4 A., 

0 4d *= ý t t 
.1Qt .1 

m 

W 

to 
04 

:s :0 

366 



2 10 
2 

Z 

ed 22 ze -2 2 Z , 13 

. :x 

CD 
0 

ti) 
te 

bi) 
12 1 C. ) 

u 80 
0 to 

u 9 9 
fi 

0 . Hm 
a 

0 Co 
4 CU' e -§ «9 

Z 
G) 
92 

A rE i E -Z 
-g 

. l 1,2 

11 U 11 Ei f3 1 ,ý0 ýä- ci 1 1 Q6 

t23 S 

r. 
r3 

X 
Z ei u 

- 

123 
r, 
Z l* 

r3 

E 
r3 

Z: 
e 

r, 
ri 

r 
r3 

Z ', 
Cl. 

.2 E 
r3 
Z 

Cl. 
r3 

2 - Z 0 
'3 

! 
0 

IIID 
Z 

e r' `ý, ' Z 2: Z 

u to 

0 

- 

ý 

ý 
IU 

-i 
zi 

-4 f3 
u 

ce 
-9 -i e3 80 1. 10 

'2, 
10 

1ý 2, 
80 

1 A 

-& 
ei 

2 >- 
t- ,>m u 02 

Ct rz a ýD 0 .4 ý: u9 
te 

%= >m 9D 

L Ll Z 

- o 
1 o 

367 



K. 
10 - 

ne 
r3 %) ll 1>3 ' t 

g 
-9 

, ej 
1 0 2, - Z -,: 3 15 le, Zr ' 2 13 to "3, d d 2 1z2 

-Z 1. . , Z t' ZZ 'e ý, D, k. - JZ JZ -ci m 
c4 

ON r, 
cý 

0 80 

cm 

ce w . fi m5 , *a a -- 0 
W 
tt 

m 

= u 
ý- 

N A « 

8 " ' 

1 

�o 4 eý 
tu 1 i , m 0 b ,- e0 9 

ci 

4 
bý 

ýý eU 
. '4 -9 
23 

N. 
uU 
ti 

(U uý 
0 

Ze 

e 0 2 *5 A . 
42 

ei 

1 
u 

e * 2 2 , 

mg z3 iý A : ýg2 -2 'Z c2 
0 

c3 . 
92 

1 t 2 .r . Z.: 1-- A 12 ý5 
1 

1112 

1 

te 3 l 
' Q 

-ci gý _Q Z 
»Q 

:3 :x ' 
:3 

o -. Z -i .: 4 g 80. lý 

368 



APPENDIX 11 

PLATES 



Plate I 

I Oberhauserella mesotriassica (Oberhauser, 1960). Holotype. 
a spiral view, scale bar 75 pm, jwh 0890 
b edge view, scale bar 75 pm, jwh 0945 
c umbilical view, scale bar = 75 pm, jwh 0926. 

Figured by Oberhauser (1960, pl. 5, fig. 18a-c). From a locality in the Settass-Scharte, 
north of the Richtofen-Riff, near St. Cassian, South Tyrol, northern Italy. Upper Cassian 
beds, Ladinian. The type slides are in the collections of the Geologische Bundesanstalt, 
Vienna, no. 1960/4/106. 

2 Oberhauserella mesotriassica (Oberhauser, 1960). Paratype. 
a spiral view, scale bar 100 gm, P 059762 
b edge view, scale bar 100 jim, P 059814 
c umbilical view, scale bar= 100 tim, P 059732 
d oblique-umbilical view, scale bar = 100 gm, P 059735.000. 

Figured by Oberhauser (1960, pl. 5, fig. 19a-c). From a locality in the Settsass-Scharte, 
north of the Richthofen-Riff, near St. Cassian, South Tyrol, northern Italy. Upper Cassian 
beds, Ladinian. Geologische Bundesanstalt, Vienna, no. 1960/4/107. 

3 Oberhauserella alta Fuchs, 1967. ? Paratype. 
a spiral view, scale bar = 86 gm, P 059763 
b edge view, scale bar = 86 gm, P 059815 
c umbilical view, scale bar = 86 gm, P 059733 
d oblique-umbilical view, scale bar = 86 gm, P 059734. x350. 

From Plackles, eastern Austria. Plackles marls, Rhaetian. Geologische Bundesanstalt, 
Vienna, no. 1967/5/25 (4/6). 

4 Oberhauserella crassa Fuchs, 1970. Holotype. 
a spiral view, scale bar 120 gm, P 074675 
b edge view, scale bar 120 gm, P 074682 
c umbilical view, scale bar = 120 pm, P 074667. 

Figured by Fuchs (1970, pl. 9, fig. 10). From Hemstein, Lower Austria. Lias CE, Lower 
Jurassic. Geologische Bundesanstalt, Vienna, no. 1970/3/130. 
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Plate 2 

I Oberhauserella karinthiaca Fuchs, 1967. Holotype. 
a spiral view, scale bar = 75 pm, jwh 0927 
b edge view, scale bar = 75 pm, jwh 0946 
c umbilical view, scale bar = 75 pm, jwh 0891 

Figured by Fuchs (1967, pl. 3, fig. 3). From Eisenkappel, Kdrten, southern Austria. Lower 
Camian. Geologische Bundesanstalt, Vienna, no. 1967/5/17. 

2 Oberhauserella norica Fuchs, 1967. ? Paratype. 
a spiral view, scale bar = 86 gm, P 059765 
b edge view, scale bar = 86 pm, P 059817 
c umbilical view, scale bar = 86 pm, P 059741 
d oblique-umbilical view, scale bar = 86 pm, P 059739. x350. 

Figured by Fuchs (1967, pl. 6, fig. 2). From Hinterer Gosausee, central Austria. Rhaetian. 
Geologische Bundesanstalt, Vienna, no. 1967/5/28. 

3 Oberhauserella quadrilobata Fuchs, 1967. ? Paratype. 
a spiral view, scale bar = 60 pm, P 059764 
b edge view, scale bar = 60 pm, P 059816 
c umbilical view, scale bar = 60 pm, P 059740 
d oblique-umbilical view, scale bar = 60 pm, P 059738. x500. 

FigurW by Fuchs (1967, pl. 3, fig. 6). From Rossmoos, central Austria. Upper Norian. 
Geologische Bundesanstalt, Vienna, no. 196715120. 

4 Kollmannita ladinica (Oberhauser, 1960). Holotype. 
a spiral view, scale bar 100 jim, jwh 0925 
b edge view, scale bar 100 pm, jwh 0944 
c umbilical view, scale bar= 100 gm, jwh 0889 

Figured by Oberhauser (1960, pl. 5, figs 14a-c). From a locality in the Settsass-Scharte, 
north of the Richtofen-Riff, near St. Cassian, South Tyrol, northern Italy. Upper Cassian 
beds, Ladinian. Geologische Bundesanstalt, Vienna, no. 1960/4/108. 

5 Kollmannita ladinica (Oberhauser, 1960). Paratype. 
a spiral view, scale bar = 100 pm, P 059761 
b edge view, scale bar = 100 pm, P 059812 
c umbilical view, scale bar = 100 pm, P 059731 
d oblique-umbilical view, scale bar = 100 pm, P 059736 
e detail of ? apertural face, scale bar = 27 pm, P 059813. x300. 

Figured by Oberhauser (1960, pl. 5, figs 12a-c). From a locality in the Settsass-Scharte, 
north of the Richtofen-Riff, near St. Cassian, South Tyrol, northern Italy. Upper Cassian 
beds, Ladinian. Geologische Bundesanstalt, Vienna, no. 1960/4/109. 
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Plate 3 

I Globuligerina oxfordiana Grigelis, 1958. Topotype. 
a spiral view, scale bar = 60 pm, P 036726 
b umbilical view, scale bar = 60 pm, P 036774. 

Oxfordian, Makarievo, Upper Volga Basin, Russia. Specimen from Moscow State 
University Collections, provided by A. Grigelis. 

2 Globuligerina oxfordiana (Grigelis, 1958). Le Havre, France. 
a spiral view, scale bar 60 pm, P 037043 
b edge view, scale bar 60 pm, P 037099 
c umbilical view, scale bar = 60 pm, P 03 693 8 
d detail of aperture, scale bar= 12 pm, P 036939 
e detail of wall, scale bar = 10 pm, P 03 6940. 

Oxfordian, Le Havre, Seine Maritime, France (donated to the Natural History Museum, 
London, by Professor G. Bignot). 

3 Globigerina bathoniana Pazdrowa, 1969. Topotype. 
a spiral view, scale bar = 60 gm, P 036932 
b edge view, scale bar = 60 tim, P 037097 
c umbilical view, scale bar = 60 gm, P 037039. 

Middle Bathonian, Ogrodzieniec, Poland. 
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Plate 4 

I Globuligerina calloviensis Kuzftetsova, 1980. Paratype. 
a spiral view, scale bar 75 pm, P 036918 
b edge view, scale bar 75 gm, P 037091 
c umbilical view, scale bar = 75 pm, P 036982. 

Early to Middle Callovian, Crimea. 

2 Globuligerina calloviensis Kuznetsova, 1980. Topotype. 
a spiral view, scale bar 50 gm, P 036629 
b edge view, scale bar 50 pm, P 036765 
c umbilical view, scale bar = 50 jim, P 036713. 

Early to Middle Callovian, Crimea. 

3 Globuligerina meganomicalcalloviensis Kuznetsova, 1980. Transition, Topotype. 
a spiral view, scale bar = 75 gm, P 036625 
b umbilical view, scale bar = 75 pm, P 036709. 

Late Callovian, Crimea. 

4 Compactogerina stellapolaris (Grigelis, 1977). Paratype/Topotype? 
a spirail view, scale bar = 120 gm, P 036977 
b edge view, scale bar = 120 gm, P 037088 
c umbilical view, scale bar = 120 gm, P 036912. 

Early Volgian, bank of lzhma River, near Zagrivochnaya, Pechora Basin, N. Russia. 

5 Compactogerina stellapolaris (Grigelis, 1977). Topotype. 
a spiral view, scale bar= 120 pm, P 036730 
b edge view, scale bar = 120 gm, P 036805 
c edge view, scale bar = 120 pm, P 036806 
d umbilical view, scale bar = 120 gm, P 036729 
e umbilical view, scale bar = 120 gm, P 036777. 

Early Volgian, bank of lzhma River, near Zagrivochnaya, Pechora Basin, N. Russia. 

376 



377 



Plate 5 

1 Praegubkinella kryptumbilicata Fuchs, 1967. Holotype. 
a spiral view, scale bar = 75 gm, jwh 0892 
b edge view, scale bar = 75 gm, jwh 0928 
c umbilical view, scale bar = 75tim, jwh 0947. 

Figured by Fuchs (1967, pl. 7, fig. 3). From Xanten, Salzburg, Austria. Upper Rhaetian. 
Geologische Bundesanstalt, Vienna, no. 1967/5/48. 

2 Praegubkinella turgescens Fuchs, 1967. Holotype. 
a spiral view, scale bar 75 gm, jwh 0893 
b edge view, scale bar 75 jim, jwh 0929 
c, umbilical view, scale bar = 75 gm, jwh 0948. 

Figured by Fuchs, (1967, pl. 7, fig. 2). From Xanten, Salzburg, Austria. Upper Rhaetian. 
Geologische Bundesanstalt, Vienna, no. 1967/5/43. 

3 Praegubkinella turgescens Fuchs, 1967. ? Paratype. 
a spiral view, scale bar = 75 pm, jwh 0930 
b edge view, scale bar = 75 pm, jwh 0949 
c umbilical view, scale bar = 75 pm, jwh 0894. 

Figured by Fuchs (1967, pl. 6, fig. 4). From Xanten, Salzburg, Austria. Upper Rhaetian. 
Geologische Bundesanstalt, Vienna, no. 1967/5/44. 

4 Praegubkinella turgescens Fuchs, 1967. ? Paratype. 
a spiral view, scale bar 75 gm, jwh 0931 
b edge view, scale bar 75 gm, jwh 0950 
c umbilical view, scale bar = 75 gm, jwh 0895. 

Figured by Fuchs (1967, pl. 7, fig. 1). From Xanten, Salzburg, Austria. Upper Rhaetian. 
Geologische Bundesanstalt, Vienna, no. 1967/5/46. 
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Plate 6 

I Schlagerina angustiumbilicata Fuchs, 1967. ? Paratype. 
a spiral view, scale bar = 75 gm, jwh 0932 
b edge view, scale bar = 75 gm, jwh 0951 
c umbilical view, scale bar = 75 pm, jwh 0896. 

Figured by Fuchs (1967, pl. 3, fig. 10). From Plackles, eastern Austria. Plackles Marls, 
Rhaetian. Geologische Bundesanstalt, Vienna, no. 1967/5/37. 

2 Schlagerina angustiumbilicata Fuchs 1967. ? Paratype. 
a spiral view, scale bar 75 pm, jwh 0897 
b edge view, scale bar 75 pm, jwh 0952 
c umbilical view, scale bar = 75 pm, jwh 0933. 

Figured by Fuchs (1967, pl. 6, fig. 3). From Xanten, Salzburg, Austria. Upper Rhaetian. 
Geologische Bundesanstalt, Vienna, no. 1967/5/38. 

3 Schlagerina altispira Fuchs, 1967. Holotype. 
a spiral view, scale bar 75 pm, jwh 0934 
b edge view, scale bar 75 pm, jwh 0953 
c umbilical view, scale bar = 75 pm, jwh 0898. 

Figured by Fuchs (1967, pl. 4, fig. 1). From Plackles, eastern Austria. Plackles marts, 
Rhaetian. Geologische Bundesanstalt, Vienna, no. 1967/5/39. 

4 Schlagerina orbis, Fuchs, 1970. Holotype. 
a spiral view, scale bar 120 tim, P 074676 
b edge view, scale bar 120 gm, P 074683 
c umbilical view, scale bar = 120 gm, P 074668. 

Figured by Fuchs (1970, pl. 9, fig. 9). From Hemstein, Lower Austria. Lias CE, Lower 
Jurassic. Geologische Bundesanstalt, Vienna, no. 1970/3/132. 
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Plate 7 

I Schlagerina scissumbilicata Fuchs, 1967. Holotype. 
a spiral view, scale bar = 75 gm, jwh 0935 
b edge view, scale bar = 75 gm, jwh 0954 
c umbilical view, scale bar = 75 pm, jwh 0899. 

Figured by Fuchs (1967, pl. 4, fig. 2). From Plackles, eastern Austria. Plackles marls, 
Rhaetian. Geologische Bundesanstalt, Vienna, no. 1967/5/42. 

2 Schlagerina subcircularis Fuchs, 1967. Holotype. 
a spiral view, scale bar = 86 gm, jwh 0936 
b edge view, scale bar = 86 gm, jwh 0955 
c umbilical view, scale bar = 86 gm, jwh 0900. 

Figured by Fuchs (1967, pl. 4, fig. 4). From Plackles, eastern Austria. Plackles, marls, 
Rhaetian. Geologische Bundesanstalt, Vienna, no. 1967/5/40. 

3 Schmidita hedbergelloides Fuchs, 1967. Holotype. 
a spiral view, scale bar 75 pm, jwh 0937 
b edge view, scale bar 75 pm, jwh 0956 
c umbilical view, scale bar= 75 pm, jwh 090 1. 

Figured by Fuchs (1967, pl. 4, fig. 3). From Plackles, eastern Austria. Plackles marls, 
Rhaetian. Geologische Bundesanstalt, Vienna, no. 1967/5/14. 

4 Schmidita inflata Fuchs, 1967. Holotype. 
a spiral view, scale bar= 75 pm, P 0598 10 
b edge view, scale bar = 75 pm, P 059958 
c umbilical view, scale bar = 75 gm, P 059759 
d oblique-umbilical view, scale bar = 75 pm, P 059766. x400. 

Figured by Fuchs (1967, pl. 3, fig 1). From Eisenkappel, K, %Mten, southern Austria. 
Lower Camian. Geologische Bundesanstalt, Vienna, no. 1967/5/13. 

5 Mariannenina nifida Fuchs 1973. ? Paratype. 
a spiral view, scale bar = 75 pm, P 059760 
b edge view, scale bar = 75 gm, P 059811 
c umbilical view, scale bar = 75 pm, P 059730 
d ? oblique-umbilical view, scale bar = 75 pm, P 059737. x400. 

Figured by Fuchs (1973, pl. 4, fig. 1). From Wiek, near Ogrodzieniec, Poland. Bed 26, 
lowermost Oxfordian. Geologische Bundesanstalt, Vienna, no. 1973/3/28. 
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Plate 8 

1-9 Glauconitic internal moulds of Compactogerina or Globuligerina that could be 
bathoniana or oxfordiana. 
Unless otherwise stated all scale bars = 50 gm; 
3,8 scale bars= 100 gm. 

10-15 Compactogerina or Globuligerina with a variety of spire heights many showing 
2-2Y2whorls of chambers. 
All scale bars =50. gm. 

All specimens from the Callovian/Oxfordian boundary section, Ogrodzieniec, Poland. 
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Plate 9 

1-8 Compactogerina or Globuligerina with a variety of spire heights, many showing 
2-2! /2whorls of chambers. 
1,2,7,8 scale bars = 50 gm; 
3,4,5,6 scale bars = 100 pm. 

9-11 Haeuslerina helvetojurassica (Haeusler, 198 1). 
9,10 scale bars= 50 pm; 
II scale bar = 100 pm. 

All specimens from the Callovian/Oxfordian boundary, Ogrodzieniec, Poland. 
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Plate 10 

I Afariannenina multiloculata Fuchsý 1973; scale bar = 50 pm. 

2 Mariannenina cf. nitida Fuchs, 1973; scale bar= 100 pm. 

3 Afariannenina cf. nifida Fuchs, 1973; scale bar = 100 pm. 

4 Mariannenina cf. nitida Fuchs, 1973; scale bar= 100 pm. 

5 Mariannenina cL nitida Fuchs, 1973; scale bar 100 pm. 

6 Woletzina gaurdakensis Fuchs 1973; scale bar 50 pm. 

7 Jurassorotalia curva Fuchs, 1973; scale bar = 100 Pm. 

8 Unknown benthic, ? Lenficulina; scale bar = 100 pm. 

9 Unknown benthic; scale bar= 100 pm. 

10 Trochospiral benthic; scale bar = 50 pm. 

II Unknown benthic; scale bar = 100 pm. 

12 Unknown; scale bar = 50 pm. 

All specimens from the Callovian/Oxfordian boundary, Ozgrodzieniec, Poland. 
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Plate 11 

Examples of planktonic foraminifera preserved as pyrite steinkerns. 

1,2 Globuligerina oxfordiana (Grigelis); 

3,4 Compactogerinastellapolaris (Grigelis); 

5 unknown form; 

6 unknown taxon with distinctive low trochospiral coil, umbilical-cxtraumbilical aperture 
and ornamentation; this genus/species is very reminiscent of hedbergellids or 
praehedbergellids that are previously described from Jurassic strata. 

Scale bars = 100 pm. 

All specimens from the Mariae Zone, basal Oxfordian, Redcliff, east of Weymouth 
(Dorset). 
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Plate 12. Thin sections from the Ogrodzieniec Quarry. Slide A is dominated by Bositra. 
Slides B-E contain planktonic foraminifera infilled with glauconite. Plates 8-10 show 
these specimens, now isolated, in the adjacent, less cemented marls. Slide F shows an Fe- 
stained infilling like those shown in Plate 13. [Field of view for all slides: 3.5 x 2.5 mm. ] 
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Plate 13. Thin sections from the Ogrodzieniec Quarry. There are a range of planktonic 
and benthonic foraminifera in the thin sections. Most planktonic foraminifera appear to be 
infilled with glauconite, now altered to Fe-rich mineral. Some forms (e. g. F) are high 
spired. [Field of view for all slides: 3.5 x 2.5 mm. ] 
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Plate 14. Niedzica Succession: A-D Niedzica Podmajerz - Bed 2 (Lower Bathonian), E-F 
Czajakowa Skala - Bed 4 (Uppermost Callovian and/or Oxfordian). A variety of species 
are represented in slides A-D. Slides A and B contain rare planktonic foraminifera with 
benthonic taxa, Bositra and fragmentary macrofossils. Slide C contains only rare 
planktonic foraminifera, while slide D contains more planktonic taxa but much less 
macrofossil debris. [Field of view for all slides: 3.5 x 2.5 mm. ] 
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Plate 15. Niedzica Succession: Czajakowa Skala - Bed 4 (Uppermost Callovian and/or 
Oxfordian). Almost all the thin sections from this succession contain abundant equi- 
dimensional planktonic foraminifera. None of the specimens are thick-shelled and most 
are seen in typical 4-chambered cross-section. [Field of view for all slides: 3.5 x 2.5 mm. ] 
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Plate 16. Czorsztyn Succession: Czorsztyn Castle Klippe - Bed 5 (Oxfordian). Almost all 
the thin sections from this succession contain abundant equi -dimensional planktonic 
foraminifera. None of the specimens are thick-shelled and most are seen in typical 4- 
chambered cross-section. In many sections, the rock is a foraminiferal packstone and 
could almost be described as "foraminiferal ooze". [Field of view for all slides: 3.5 x 
2.5 mm. ] 
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Plate 17. Czorsztyn Succession: A-C Stankowa Skala - Bed 2 (probably Oxfordian), D-F 
Krupianka Creek - Bed 6 (Kimmendgian). Sections A-C show fragments of macrofauna, 
while D-F contain the thin-shelled bivalve Bositra. [Field of view for all slides: 3.5 x 
2.5 mm. ] 
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Plate 18. A-B Auenstem, C-F Gantrisch. Planktonic foraminifera are rare and quite small. 
In some cases, high spired forms are seen (D) but in most sections only the typical 4- 
chambered cross-section is seen. Thick-shelled forms are not recorded. [Field of view for 
all slides: 3.5 x 2.5 mm. ] 
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Plate 19. Nissibach. Planktonic foraminifera are rare and quite small. In some cases, high 
spired forms are seen (D) but in most sections only the typical 4-chambered cross-section 
is seen. Thick-shelled forms are not recorded. [Field of view for all slides: 3.5 x 2.5 mm. ] 
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Plate 20. A Nissibach, B-F Madonna della Corona. Planktonic foraminifera are rare and 
quite small. In some cases they are infilled with Fe-stained carbonate (F). Thick-shelled 
forms are not recorded. [Field of view for all slides: 3.5 x 2.5 mm. ] 
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Plate. 21. Thin sections from the Salamis Island showing rare planktonic foraminifera. 
Both thick- and thin-walled forms are present (C), while all slides have fragments of the 
bivalve Bositra. Some higher spired forms are recorded (F). Many of the thin sections 
contain calcite veins, which reflect the highly faulted nature of the succession. [Field of 
view for all slides: 3.5 x 2.5 mm. ] 
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Plate 22. Thin sections from the Argolis Peninsula showing Orbitopsella praccursor 
(Gambel), a large agglutinated species that can be 18 mm in diameter. The internal 
structure is complex and labyrinthine. it is a Tethyan form with a stratigraphical range of 
Upper Sinemunan to end-Pliensbachian. [Field of view for all slides: 3.5 x 2.5 mm. ] 
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Plate 23. Reported planktonic taxa in thin sections from the Oxfordian of an off-shore 
borehole in the Sonda de Campeche (Campeche Basin), South-East Mexico. Maximum 
diameters: A-C = 200 gm; D= 150 gm. (Photographs courtesy of Maria del Carmen 
Rosales Dominguez, IMP-Bioestratifrafia-Exploracion, 2007). 

403 



APPENDIX III 

. 
CHAMBER COUNTS AND 
MEASUREMENT DATA 

FOR PLANKTONIC FORAMINIFERA 
IN THIN SECTIONS 



SOMHEGY - LAYER BASAL (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
1.5 88.0. 3 150.00 12.50 Globuligerina ojýfordiana (Gigelis) 

2.0 89.01 7 200.00 12.50 Conoglobigerina aff. dagestanica Momzova 

2.5 102.01 3 175.00 25.00 , 
Globuligerina oxfordiana (Giplis) 

6.0 84.0 4 250.00 25.00 Glo uligerina oxfordiana (Grigelis) 

8.0 111.5 5 325.00 25.00 Conoglobkgerina avariformis (Kashnova) 

9.5 106.5 4 275.00 25.00 Conoglobigerina avarfformis (Kasimova) 

10.0 83.0 3 275.00 25.00 Conoglobigerina avariformis (Kashnova) 

13.0 94.0. 5 300.00 12.501 Globuligerina bathoniana gýizantea Wemli & Gomg 

14.0 95.0 4 200.00 12.501 Globuligerina oxfordiana (Grigclis) 

14.5 114.0 3 237.50 12.501 Conoglobigerina aff. dagestanica (Momova) 

15.0 114.0 3 275.00 25.00 1 Globuligerina oxfordiana (Gigelis) 

16.0 78.5 3 300.00 12.50 Globuligerina bathoniana gigantea (Wemli & Gomg) 

18.0 80.0. 4 262-50 25.00 Conoglobýizerina avariformis (Kasimova) 

19.0 113.0 4 250.00 25.00 Globuligerina oxfordiana (Gigelis) 

20.0 100.5 3 275.00 50.00 Conoglobigerina avari is (Kashnova) 

20.0 101.0 3 300.00 50.00 Concýglobjgerina avariformis (Kashnova) 

20.0 102.0 3 262-50 18.75 1GIobuligerina bathonianagigantea (Wemli &Gomg) 

21.0 87.5. 3 200.00 25.00 Globuligerina oxfordiana (Gtigelis) 

21.0 94.0 3 225.00 37.50 Globuligerina o. ýfordiana (Gfigclis) 

22.0 112.0 6 275.00 25.00 Conoglobigerina avariformis (Kasimova) 

22.5 103.0 3 200.00 25.00 Globuligerina aýfordiana (Gtigelis) 

24.5 97.0 3 225.00 25.00 Globuligerina oxfordiana (Gtigelis) 

24.5 97.0 15 
_ 275.00 25.00 Conoglobigerina avariformis (Kasimova) 

25.0 96.5 5 337.50 18.75 Globulýgerina baihoniana gigantea (Wemli & Gorog) 

25.5 84.0 4 225.00 25.00 Globuligerina oxfordiana (Gigelis) 

26.0 85.0 4 250.00 25.00 Globuligerina oxfordiana (Gigelis) 

26.0 98.0 3 300.00 50.00 Conoglobigerina avariformis (Kasimova) 

26.5 84.0 3 200.00 25.00 Globuligerina oxfordiana (Gtigelis) 

29.0 103.5 4 275.00 12.50 Globuligerina bathoniana gýqanlea (Wemli & Gorog) 

29.0 110.0 3 150.00 12.50 Globuligerina oxfordiana (Grigclis) 

29.5 103.5 4 225.00 25.00 Globuligerina oxfordiana (Grigclis) 

29.5 90.0 3 275.00 37.50 Conoglobigerina avariformis (Kasimova) 

29.5 
. 

89.0 4 _ 250.00 25.00 Globuligerina oxfordiana (Gigelis) 

30.0 86.0 3 212.50 18.75 Conoglobigerina aff. dagestanica (Morozova) 

31.0 93.0 5 312.50 50.00 Conoglobigerina avariformis (Kasimova) 

31.0 94.5 4 225.00 18.75 Conqglobigerina aff. dagestanica (Morozova) 

31.0 95.0 4 
1 

250.00 18.75 Conoglobigerina aff. dagestanica (Morozova) 

31.0 96.0 7 175.00 6.25 Globuttgerina oxfordiana (Gigelis) 

Total Number of Specimens 24 14 38 

Relative Percentages 63 37 
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SOMHEGY - LAYER HI MAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Prn) 

Species 

Vert Hor Thick Thin 
10.0 100.0 3 175.0 12.50 Globulýgerina mfordiana (Gtigelis) 

10.0 100.0 6 137.5 12.50 Globukizerina oxfordiana (Gligelis) 

10.5 107.5 4 125.0 12.50 Globullgerina mfordiana (Gigelis) 

10.5 107.0 4 150.0 12.50 Globulýqerinaaxfordiana (Gigelis) 

10.5 96.5 3 162.5 12.50 GlobAizerina oxfordiana (Gigelis) 

10.5 94.0 3 137.5 12.50 Globuligerina mfordiana (Gigelis) 

10.5 92.51 4 225.0 18.75 Conoglobigerina arf. dagestanica Momova 

11.0 93.0 16 112.5 25.00 Globutigerina oxfordiana (Gigelis) 

11.0 106.5 4 150.0 12.501 GIobuligerinaoxfordiana (Gtigclis) 

12.0 76.5 4 137.5 12.501 GIobuligerinaoxfordiana (Grigelis) 

12.0 76.5 3 150.0 12.501 Globuligerina oxfordiana (Gtigelis) 

12.0 79.0 4 125.0 12.50 Globuligerina oxfordiana (Grigclis) 

12.0 79.5 ,4 
225.0 12.50 Conoglobigerina aff. dagestanica Morozova 

12.0 80.0 4 150.0 12.50 Globuligerinaoxfordiana (Giigclis) 

12.0 82.0 3 125.0 18.75 Globutigerina oxfordiana (Giigelis) 

12.0 84.0 5 137.5 12.50 
. 
Globulkgerinaoxfordiana (Gtigclis) 

12.0 84.0 4 150.0 12.50 Globuligerina oxfordiana (Giigcl is) 

12.0 87.0 3 150.0 12.50 Globuligerinaoxfordiana (Grigelis) 

12.0 88.0 4 150.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

12.0 91.0 3 150.0 12.50 Globuligerinaoxfordiana (Gtigclis) 

12.0 93.0 4 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

12.0 97.5 4 175.0 25.00 Globuligerina oxfordiana (Gtigelis) 

12.0 98.0 3 150.0 25.00 Globuligerina oxfordiana (Gtigelis) 

12.0 99.0 4 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

12.5 95.0 4 125.0 12.50 Globuligerinaoxfordiana (Grigelis) 

12.5 86.0 3 100.0 6.25 Globuligerinaoxfordiana (Gtigelis) 

12.5 82.0 3 125.0 18.75 Glohuligerina oxfordiana (Gigelis) 

12.5 81.5 7 125.0 12.50 Globuligerina oxfordlana (Gtigelis) 

12.5 81.5 3 87.5 12.50 
. 
Globutigerina oxfordiana (Gigelis) 

12.5 81.5 3 100.0 6.251 Globuligerina oxfordiana (Gigelis) 

12.5 80.0 3 125.0 12.50 Globutigerina oxfordiana (Gtigclis) 

13.0 78.0 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

13.0 83.0 4 175.0 6.25 Globuligerinaoxfordiana (Grigelis) 

13.0 86.5 3 150.0 6.25 Globuligerina oxfordiana (Grigelis) 

13.0 87.0 4 137.5 18.75. Globuligerina oxfordiana (Gtigetis) 

13.0 96.5 4 75.0 6.25 Globuligerina oxfordlana (Gigelis) 

13.0 99.5 4 125.0 12.50 Globuligerina oxfordlana (Grigelis) 

13.5 99.5 7 125.0 12.50 Globuligerinaoxfordiana (Gigelis) 

13.5 96.5 4 137.5 12.50 Globuligerinaoxfordiana (Gtigelis) 

13.5 96.0 3 150.0 25.00 Globuligerina oxfordiana (Grigelis) 

13.5 91.0 5 137.5 12.50 Globuligerina oxfordiana (Giigclis) 

13.5 91.0 3 162.5 18.75 
. 
Globuligerina oxfordiana (Gtigclis) 

13.5 90.0 6 100.0 18.75 1 Globuligerina oxfordiana (Grigelis) 

13.5 90.0 4 100.0 18.75 Globuligerina oxfordiana (Gtigelis) 

13.5 85.0 3 100.0 12.50 Globuligerina oxfordiana (Gtigclis) 

13.5 81.0 3 162.5 12.50 Globuligerinaoxfordiana (Gtigclis) 

13.5 77.5 3 112.5 12.50 Globuligerina oxfordiana (Gtigelis) 

14.0 73.5, 4 100.0 12.50. Globuligerina oxfordiana (GHplis) 

14.0 75.0 3 125.0 12.50 Globuligerinao. ýfordiana (Gtigclis) 

14.0 80.5 3 125.0 12.50 Globuligerinaoxfordiana (Grigelis) 

14.0 81.0 3 125.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

14.0 81.0 3 75.0 18.75 Globuligerina oxfordiana (GHgelis) 
14.0 83.0 3 150.0 25.00 lobuligerina oxfordlana (Gtigclis) 
14.01 84.01 3 150.0 

1 

12.50 Globuligerina oxfordiana (Giigelis) 

14.01 85.01 41 125.0 12.50 Globuligerina oxfordlana (Giigclis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(lim) 

Wall Thickness 
(tim) 

Species 

Vert Hor Thick Thin 
14.0 85.0, 3 125.0 6.25 

. 
Globulýqerina oxfordiana (Gigelis) 

14.0 86.5 4 162.5 6.25 1 Globuligerina o. ýfbrdlana (GigOis) 

14.0 86.5 6 162.5 6.25 Globulkgerina oxfordiana (Gtigclis) 

14.0 94.0 3 200.0 18.75 Conoglobkqerina aff. dagestanica Moruzova 

15.0 96.0 4 137.5 18.75 Globuligerina oxfordiana (Gtigclis) 

16.0 75.5 3 125.0 18.75 Globuligerina oxfordiana (Grigclis) 

16.0 76.0 4 125.0 12.50 Globul4gerina oxfordiana (Giigelis) 

16.0 79.0 4 150.0 12.50 1 Globuligerina oxfordlana (Gtigclis) 

16.5 79.0 5 150.0 12.50 Globuligerina oxfordiana (Gtigclis) 

16.5 78.0 3 200.0 12.50 Concglobkgerina MY dagestanica Momova 

16.5 72.5 3 125.0 12.50 Globuligerina oxfordiana (GHplis) 

17.0 70.5 3 150.0 6.25 Globullgerina oxfordiana (Grigclis) 

17.0 73.0 3 150.0 6.25 Globuligerina oxfordiana (Griplis) 

17.0 80.0 3 112.5 6.25 Globuligerina oxfordiana (Gtigelis) 

17.0 90.0 4 175.0 12.50 
. 
Globuligerina oxfordiana (Gtiplis) 

17.0 110.5 3 112.5 25.00 Globuligerina oxfordiana (Gtigelis) 

17.0 110.5 3 125.0 25.00 Globuligerina oxfordiana (Gtigelis) 

17.0 111.0 5 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 

17.0 111.5 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

17.0 112.0 3 100.0 12.50 Globuligerina oxfordiana (Grigelis) 

17.0 112.0 5 150.0 12.50 Globullgerina oxfordiana (Grigelis) 

17.0 113.5 4 200.0 18.75 
, 
Conoglobigerina aff. dagestanica Morozova 

17.5 112.0 3 150.0 18.75 Globuligerina oxfordiana (Gighs) 

17.5 75.5 3 137.5 12.50 Globulkqerina oxfordiana (Gigelis) 

17.5 73.5 4 150.0 6.25 1GIobuligerinaoxfordiana (Gigelis) 

18.0 75.0 3 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

18.0 75.0 3 200.0 12.50 Conoglobigerina aff. dagestanica Momzova 

18.0 76.0 3 137.5 12.50 Globuligerina oxfordiana (Gigelis) 

18.0 77.0 3 175.0 6.25 Globuligerina oxfordiana (Gtigelis) 

18.0 77.5 3 125.0 6.25 Globuligerina oxfordiana (Gigelis) 

18.0 79.5 3 162.5 12.50 Globulkizerina oxfordiana (Gtigelis) 

18.0 80.0 4 150.0 18.75 Globuligerina oxfordiana (Griplis) 

18.0 110.0 4 150.0 18.75 Globutigerina oxfordiana (Gigelis) 

18.0 112.0 3 175.0 12.50 Globuligerina oxfordiana (Grigelis) 

18.0 112.0 4 150.0 12.50 Globuligerina oxfordiana (GHplis) 

18.0 112.0 3 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

18.0 113.5 4 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

18.5 116.5 4 162.5 18.75 
. 
Globuligerina oxfordiana (GHgOis) 

18.5 112.0 4 150.0 18.75 1 Globulkgerina oxfordiana (Griplis) 

18.5 109.5 3 125.0 12.50 Globuligerina oxfordiana (Gtigclis) 

18.5 79.5 4 125.0 12.50 Globuligerina oxfordiana (Gfigelis) 

19.0 65.0 5 112.5 18.75 1 Globuligerina oxfordiana (Grigelis) 

19.0 65.5 4 100.0 12.50 Globuligerina oxfordiana (Gtigelis) 

19.0 70.5 3 200.0 6.25 Conoglobkizerina MY dagestanica Momova 

19.0 71.0 3 100.0 12.50 Globuligerina oxfordiana (GigOis) 

19.0 73.0 3 100.0 12.50 Globuligerina oxfordlana (Gtigelis) 

19.0 77.0 3 125.0 25.00 Globuligerina oxfordiana (Giigelis) 

19.0 107.5 3 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

19.0 107.5 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

19.0 109.5 6 175.0 18.75 
. 
Globuligerina oxfordiana (Gtigelis) 

19.0 112.0 4 200.0 12.50 Conoglobigerina aff. dagestanica Momova 

19.0 112.5 4 150.0 18.75 Globuligerina oxfordiana (Gtigclis) 

19.5 109.5 4 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

19.5 109.0 5 150.0 18.75 Globuligerina oxfordiana (Giigelis) 

19.5 109.0 4 125.0 12.50 Globuligerina oxfordiana (Giigclis) 
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SOMHEGY - LAYER Hl (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Prn) 

Wall Thickness 
(Prn) 

Species 

Vert Hor Thick Thin 
19.5 109.0 

.4 
125.0 112.50 

. 
Globulkizerinaoxfordiana (Gigelis) 

19.5 108.5 14 125.0 12.50 Globulýgerina oxfordiana (Gigelis) 
19.5 107.0 4 150.0 18.75 Globulýqerina oxfordiana (Gigelis) 
19.5 106.5 3 150.0 25.00 Globuligerina oxfordiana (Gtigelis) 
19.5 77.0 3 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 
19.5 70.0 3 137.5 6.25 Globulkgerina oxfordiana (Gtigclis) 
19.5 70.0 

_3 
137.5 12.50 Globuligerina oxfordlana (Gigelis) 

19.5 69.0 13 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 
19.5 66.5 4 125.0 6.25 Globuligerina mfordiana (Giigelis) 
19.5 66.5 3 125.0 12.50 Globullgerina oxfordiana (Grigclis) 
19.5 66.0 3 125.0 6.25 

. 
Globuligerina oxfordiana (Gtigclis) 

19.5 65.5 4 125.0 112.50 1GIobuligerinaoxfordiana (Grigelis) 
20.0 62.5 

.4 
175.0 12.50 Globulkzefina oxfordiana (Gtigclis) 

20.0 64.5 6 100.0 6.25 Globulýgerinaoxfordiana (Gigelis) 
20.0 66.0 6 162.5 6.25 Globuligerinaoxfordiana (Gtigelis) 

20.0 66.0 4 112.5 12.50 Globuligerinaoxfordiana (Gtigelis) 
20.0 66.0 3 125.0 12.50 

. 
Globuligerina oxfordiana (Giigclis) 

20.0 66.5 3 100.0 18.75 Globuligerina oxfordiana (GrigOis) 
20.0 68.5 13 100.0 12.50 Globulkgerinaoxfordiana (Grigelis) 
20.0 69.5 3 150.0 12.50 Globuligerinaoxfordiana (Gtigclis) 

20.0 69.5 4 125.0 12.50 Glo buligerina oxfordiana (Grigelis) 
20.0 69.5 3 137.5 12.50 Globuligerina oxfordiana (Gtigclis) 
20.0 70.0 4 162.5 12.50 Globulýqerina oxfordiana (Gigelis) 
20.0 70.0 

,3 
125.0 12.50 Globuligerina oxfordiana (Gigelis) 

20.0 71.0 3 175.0 12.501 Globuligerina o)ýfordiana (Gigelis) 
20.0 72.0 3 125.0 18.751 Globutigerina oxfordiana (Grigclis) 
20.0 72.0 3 175.0 12.501 GIobulkizerinao., rfordiana (Gtigelis) 
20.0 75.0 4 225.0 12.50 1 Conoglobigerina aff. dagestanica Morozova 
20.0 76.5. 3 150.0 12.50 Globuligerina oxfordiana (Gigelis) 
20.0 77.01 3 137.5 18.75 Globuligerina oxfordiana (Grigclis) 
20.0 81.01 4 175.0 12.50 Globuligerinaoxfordiana (Gtigelis) 
20.0 81.0 5 175.0 6.25 Globuligerinaoxfordiana (Gigelis) 
20.0 81.0 5 175.0 12.50, Glohuligerina oxfordiana (Gtigelis) 
20.0 82.5 3 150.0 18.75 Glo buligerina oxfordiana (Giigclis) 
20.0 82.5 3 150.0 18.75 Globulkeerina oxfordiana (Gigelis) 
20.0 85.5. 3 175.0 6.25 Globuligerina o. ýfordiana (Grigelis) 
20.0 104.5 3 125.0 25.00 Globulkgerina oxfordiana (Grigelis) 
20.0 104.5 3 125.0 25.00 Globuligerina oxfordiana (Gigelis) 
20.0 105.5 5 150.0 18.751 Globuligerina oxfordiana (Grigelis) 
20.0 107.0 4 150.0 12.50 GlobuligerinaoAfordiana (Gtigelis) 
20.0 108.0. 3 125.0 12.50 Glohuligerina oxfordiana (GHgelis) 
20.0 108.5 4 150.0 12.50 Globuligerina ojýfordiana (Gigelis) 
20.0 109.5 3 150.0 25.00 Globuligerina oxfordiana (Gtigelis) 
20.0 109.5 4 175.0 12.50. Globuligerina oxfordiana (Gtigelis) 
20.0 109.5 4 150.0 12.50 1 Globuligerina oxfordiana (Grigelis) 
20.0 109.5 4 125.0 18.751 Globuligerina oNfordiana (Gigelis) 
20.0 111.5 4 175.0. 18.75 Globuligerina &ýfordiana (Gtigelis) 
20.0 112.0 3 150.0 18.75 Glohuligerina oNfordiana (Gtigelis) 
20.0 113.0 3 150.0 12.50 Globuligerina oxfordiana (Gtigclis) 
20.0 117.0 4 200.0 18.75 Conoglobigerina aff. dagestanica Momova 
20.5 109.0 5 200.0 12.50 Conoglohýgerina aff. dqgestanica Momova 
20.5 107.0 3 175.0 12.50 Globukgerina oxfordiana (Gtigclis) 
20.5 103.5 5 175.0 18.75 Glo bulýizerina oxfordiana (Grigclis) 
20.5 76.5 3 175.0 12.50 Globulkizerina aýfordiana (Gtigelis) 
20.5 72.5 4 125.0 12.50 Tlobuligerina 

o. ýfordiana (Grigelis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(lim) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
20.5 71.5 5 150.0 6.25 Globulkizerina o. ýfordiana (Gtigclis) 
20.5 71.0 3 150.0 6.25 1 Globulýgerina oxfordiana (Gtigelis) 
20.5 66.5 4 100.0 18.75 1GIobuligerinaoxfordiana (Gtigclis) 
20.5 65.0 3 125.0 12.50 Globulýgerina oXfordiana (GHgcIis)- 
20.5 63.0 4 175.0 12.50 Globuligerinaoxfordiana (Gtigclis) 
21.0 63.5 3 112.5 12.50 Globuligerinaoxfordiana (Gtigclis) 

21.0 64.0 16 125.0 12.50 Globuligerinaoxfordiana (Giigclis) 

21.0 64.5 4 125.0 12.50 Globuligerinaoxfordiana (Giigclis) 

21.0 64.5 4 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

21.0 64.5 4 150.0 12.50 Globuligerina oxfordiana (Grigclis) 

21.0 65.0 4 150.0 12.50 Globuligerina oxfordiana (Grigclis) 

21.0 72.0 
.4 

150.0 12.50 1 Globuligerina o. ýfordiana (Grigelis) 

21.0 103.5 3 100.0 112.50 1GIobuligerinaoxfordiana (Gtigelis) 

21.0 104.5 3 150.0 18.75 1GIbbuligerinaoxfordiana (Gtigelis) 
21.0 105.5 4 150.0 18.75 1 Globuligerina oxfordiana (Gigelis) 
21.0 107.0 3 125.0 12.50 1GIobuligerinaoxfordiana (Grigclis) 
21.0 109.5 3 150.0 18.75 1GIobuligerinaoxfordlana (Gigelis) 
21.0 110.0 3 150.0 12.50 Globuligerina oxfordiana (Grigclis) 

21.0 113.0 3 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

21.0 117.5 4 150.0 18.75 Globuligerinaoxfordiana (Giigclis) 

21.0 118.0 3 225.0 25.00 Globuligerina oxfordiana (Gigelis) 

21.5 118.0 3 175.0 12.50 Globulkgerina o. ýfordiana (Gtigelis) 

21.5 117.5 4 175.0 12.50 Globuligerina oxfordiana (Grigelis) 

21.5 117.5 3 150.0 18.75 . Globulýqerina oxfordiana (Gtigelis) 

21.5 115.5 3 125.0 18.75 1GIobulýgerinaoxfordiana (Grigelis) 

21.5 114.0 5 150.0 12.50 1GIobulkzerinaoxfordiana (Gtigelis) 

21.5 110.0 4 175.0 12.50 1 Globuligerina oxfordiana (Grigelis) 

21.5 109.0 4 162.5 25.00 Globuligerina oxfordiana (Gigelis) 

21.5 107.0 3 150.0 12.50 Globulkzerina oxfordiana (Grigelis) 
21.5 107.0 4 150.0 12.50 Globulkgerina mfordiana (Grigelis) 
21.5 106.0 3 125.0 18.75 Globulýgerina o. ýfordiana (Grigelis) 
21.5 105.5 4 150.0 12.50. Globullgerina oxfordiana (Gtigelis) 
21.5 105.5 4 150.0 18.751 Globulýgerina oxfordiana (Giigelis) 
21.5 105.5 3 187.5 18.75 Globuligerinaoxfordiana (Gdgelis) 

21.5 105.0 4 150.0 25.00 Globuligerina oxfordiana (Giigelis) 

21.5 104.5 3 125.0 18.75 Globuligerina oxfordiana (Gigelis) 
21.5 104.0 3 100.0 12.50 Globulkgerina oxfordiana (Gigelis) 
21.5 104.0 4 125.0 18.75. Globuligerina oxfordiana (Grigelis) 
21.5 103.5 3 150.0 18.75 1 Globuligerina oxfordiana (Grigelis) 

21.5 103.5 4 125.0 18.751 Globuligerina o. ýfbrdiana (Gigelis) 

21.5 103.0 3 125.0 12.501 Globuligerina oXfordiana (Gigelis) 

21.5 102.5 4 175.0 12.50 1 Globuligerina oxfordiana (Grigelis) 
21.5 101.5 3 125.0 18.751 GIobukizerinaoxfordiana (Gigelis) 
21.5 71.0 3 137.5 12.50 Globuligerina oxfordiana (Gdgefis) 
21.5 63.5 3 162.5 12.50 Globuligerina oxfordiana (Gtigelis) 

22.0 62.0 4 200.0 18.75 Conoglobkizerina aff. dagestanica Momova 

22.0 62.0 4 175.0 12.50 Go bukizerina oxfordiana (Gtigelis) 

22.0 64.0 3 137.5 18.75 Globuligerina oxfordiana (Gfigefis) 
22.0 68.0. 4 150.0 12.50 Globuligerina oxfordiana (Gtigefis) 
22.0 69.0 3 175.0 12.50 Globufigerinaojýfbrdiana (Gigelis) 
22.0 70.0 3 125.0 12.50 Globulýgerina oxfordiana (Gigelis) 
22.0 74.0 5 162.5 6.25 Globukizerina oxfordiana (Gdgelis) 
22.0 
-- 99.5 3 125.0 12.50 Globuligerina oxfordiana (Gtigclis) 

r2 
2.0 100.0 4 125.0 12.50 Globul4gerina oxfordiana (Grigelis) 

1 22.01 100.51 4+ 162.5 18.75 Globulýqerina o. ýfbrdiana (Giigelis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Prn) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
22.0 101.5 4 162.5 18.7 5 Globuligerina o. ýfordiana (GrigOis) 

22.0 103.0 
L 14 137.5 12.50 Glabuligerina oxfordiana (Gigelis) 

22.0 104.5 3 125.0 12.50 Globuligerina oxfordiana (GigOis) 

22.0 105.0 3 150.0 18.75 Globufigerinao)ýfbrdiana (Gtigelis) 

22.0 105.0 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

22.0 105.0 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

22.0 106.0 4 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

22.0 110.5 3 125.0 18.75 Globuligerina oxfordiana (Giplis) 

22.0 112.5 4 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

22.0 114.5 3 175.0 18.75 Globuligerina oxfordiana (Gigelis) 

22.0 117.0 4 125.0 18.75 Globuligerina oxfordiana (Gtiplis) 

22.0 117.5 4 225.0 37.50 Globukgerina oxfordiana (Griplis) 

22.5 106.0 4 150.0 12.50 
. 
Globukgerina oxfordiana (Gtigclis) 

22.5 103.0 3 175.0 12.50 1 Globutigerina oxfordiana (Giplis) 

22.5 102.0 3 150.0 18.75 Globuligerina oxfordiana (Grigelis) 

22.5 100.0 5 150.0 12.50 Globulýjzerina oxfordiana (Giigelis) 

22.5 100.0 6 125.0 6.25 Globulýgerina oxfordiana (GigOis) 

22.5 99.0 3 150.0 12.50 Globuligerina o. ýfbrdiana (Gtigelis) 

22.5 98.5 3 137.5 12.50 
. 
Globuligerina oxfordiana (Grigelis) 

23.0 66.5 3 175.0 12.50 1 Globuligerina oxfordlana (Giigclis) 

23.0 67.0 3 125.0 12.50 Globutigerina oxfordiana (Gigelis) 

23.0 
_ 

97.0 3 112.5 12.50 Globulýqerina oxfordiana (Grigelis) 

23.0 97.5 3 150.0 18.75 Globuligerina aTfordlana (Gtigelis) 

23.0 97.5 4 175.0 18.75 Globuligerina oxfordiana (Giigelis) 

23.0 98.5 4 162.5 18.75 , Globulýgerina oxfordiana (Gtigelis) 

23.0 98.5 4 150.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 

23.0 99.0 3 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

23.0 99.0 4 137.5 18.75 Globuligerinaoxfordiana (GHplis) 

23.0 102.0 3 150.0 12.50 Globuligerina oxfordiana (GrigOis) 

23.0 103.0 3 125.0 12.50 Globullgerina oxfordiana (Grigelis) 

23.0 104.0 4 162.5 18.75. Globuligerina oxfordiana (Grigelis) 

23.0 104.5 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

23.0 107.5 3 125.0 18.75 Globuligerina oxfordiana (Grigelis) 

23.0 107.5 4 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

23.0 107.5 3 200.0 18.75 Conoglobigerina aff. dagestanica Morozova 

23.0 108.5 3 137.5 18.75 Globuligerina oxfordlana (Gtigelis) 

23.0 
. 

118.5 
.3 150.0 25.00 Globuligerina oxfordiana (Gfigc1is) 

23.5 118.5 3 175.0 18.75 Globuligerina oxfordiana (Gfigefis) 

23.5 108.5 3 150.0 18.75 Globuligerina oxfordiana (Grigelis) 

23.5 108.5 3 125.0 18.75 Globuligerina aTfordiana (Grigelis) 

23.5 105.0 4 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

23.5 1 104.5 13 137.5 12.50. Globuligerinaoxfordiana (Giigclis) 

23.5 104.0 4 137.5 6.25 1 Globuligerina oxfordiana (Gtigelis) 

23.5 103.5 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

23.5 103.0 3 150.0 12.50 Globulki! erinao. ýfordiana (GHgOis) 

23.5 101.5 4 125.0 18.75 Globuligerina oxfordiana (Grigelis) 

23.5 101.5 3 150.0 18.75 Globuligerina oxfordiana (Gighs) 

23.5 99.0 4 175.0 12.50. Globuligerina oxfordiana (Griplis) 

23.5 98.5 4 150.0 12.50 1 Globuligerina oxfordlana (Gtigclis) 

23.5 98.0 4 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

23.5 97.5 3 150.0 18.75 Globuligerina oxfordlana (Grigelis) 

23.5 3 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

23.5 97.0 4 112.5 12.50 Globuligerina oxfordiana (Gigelis) 

23.5 

A 

96.0 

1 

3 125.0 18.75 Globuligerina oxfordiana (Gighs) 

96.0 31 150.0 1 18.751 GIobuligerinaoxfordiana (Grigelis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
23.5 60-O 

L4 
150.0 112.50 

-Globuligerinaoxfordiana 
(GHgcIis) 

24.0 93.0 3 112.5 12.50 1 Globullgerina oxfordiana (Giigclis) 

24.0 93.0 5 200.0 12.50 Conoglobýgerina aff. dagestanica Morozova 

24.0 93.5 3 150.0 12.50 Globutigerina oxfordlana (Gtigclis) 

24.0 94.0 4 150.0 12.50 Globuligerinaoxfordiana (Gtigclis) 

24.0 94.5 4 150.0 12.50 Globuligerinaoxfordiana (Gtiplis) 

24.0 94.5 3 162.5 12.50 Globuligerina oxfordiana (Gtigclis) 

24.0 95.0 3 150.0 18.75 1 Globulkqerina oxfordiana (Gtigclis) 

24.0 98.0 3 150.0 12.50 Globulýqerina oxfordiana (Giigclis) 

24.0 99.0 3 137.5 12.50 Globuligerina oxfordiana (Gigelis) 

24.0 99.0 3 112.5 18.75 Globuligerinaoxfordiana (Gigelis) 

24.0 99.0 3 162.5 18.75 Globuligerina oxfordiana (Gtigclis) 

24.0 99.5 4 100.0 18.75 
. 
Globuligerina oxfordiana (Gigelis) 

24.0 106.0 4 175.0 18.75 1 Globutigerina oxfordiana (Grigelis) 

24.0 108.0 4 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

24.0 108.0 4 175.0 12.50 Globuligerinaoxfordiana (Gtigclis) 

24.0 109.0 4 175.0 6.25 Globuligerinaoxfordiana (Gtigelis) 

24.0 109.0 3 125.0 6.25 Globuligerina oxfordiana (Gigelis) 

24.0 110.0 3 175.0 18.75 
. 
Globuligerina oxfordiana (Gtigelis) 

24.0 111.0 4 175.0 18.75 1 Globuligerina oxfordiana (Grigelis) 

24.0 113.5 4 125.0 18.75 Globutigerina oxfordiana (Grigclis) 

24.0 115.0 3 125.0 18.75 Globutigerina oxfordlana (Gtigclis) 

24.5 110.5 3 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

24.5 108.0 5 100.0 12.50 Globuligerinaoxfordiana (Giigelis) 

24.5 107.5 5 175.0 12.50 
. 
Globuligerina oxfordiana (Giigclis) 

24.5 107.5 4 162.5 12.50 Globuligerina oxfordiana (Grigelis) 

24.5 102.5 5 175.0 18.75 Globuligerina oxfordiana (Giigelis) 

24.5 102.0 3 112.5 12.50 Globuligerina oxfordiana (Gigelis) 

24.5 102.0 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

24.5 102.0 3 112.5 18.75 Globuligerina oxfordiana (Grigelis) 

24.5 97.0 5 175.0 12.50 Globutigerina oxfordiana (Gtigclis) 

24.5 97.0 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

24.5 96.0 3 150.0 18.75 Globuligerina oxfordiana (Grigelis) 

24.5 96.0 3 125.0 12.50 Globulkizerina oxfordiana (Gfigclis) 

24.5 95.5 3 150.0 18.75. Globuligerina oxfordiana (Giigelis) 

24.5 95.5 4 162.5 12.501 Globulýgerina oxfordiana (Gtigelis) 
24.5 94.5 3 162.5 12.50 1 Globuligerina oxfordiana (Gtigclis) 

24.5 94.5 4 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

24.5 94.5 3 137.5 12.50 Globuligerina oxfordiana (Gdgelis) 

24.5 94.0 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

24.5 93.0 4 175.0 18.75 Globuligerina oxfordiana (Grigelis) 

24.5 93.0 3 125.0 18.75. Globulkzerina oxfordiana (GHplis) 

24.5 92.5 3 100.0 12.50 1 Globuligerina oxfordiana (Gtigelis) 
24.5 92.0 4 125.0 12.50 Globuligerina oxfordiana (Gtigclis) 
24.5 92.0 5 175.0 12.50 Globuligerina oxfordiana (Gtigclis) 

24.5 92.0 4 175.0 12.50 Globuligerina oxfordiana (Grigelis) 

24.5 92.0 4 137.5 12.50 Globuligerina oxfordiana (GHgelis) 

24.5 92.0 3 125.0 12.50. Globuligerina oxfordiana (GHgcIis) 

24.5 92.0 3 125.0 12.50 1 Globuligerina oxfordiana (Grigelis) 
24.5 91.5 4 100.0 12.50 Globuligerina oxfordiana (Giigelis) 
24.5 91.5. 3 100.0 12.50 Globuligerina oxfordiana (Grigelis) 
24.5 91.5 3 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

4*5 91.5 5 175.0 18.75 Globuligerina oxfordiana (Giigclis) 
[24*5 

91.5 3 175.01 12.50 Globuligerina oxfordiana (Grigelis) 
24.5 91.5 4 150.01 - r1 ý2.5 0 Globullgerina oxfordiana (GHgelis) 
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SOMHEGY - LAYER HI MAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(tim) 

Wall Thickness 
(Jim) 

Species 

Vert Hor Thick Thin 
24.5 91.0 

.3 
112.5 12.50 Globuligerinaoxfordiana (Gigelis) 

24.5 90.0 4 125.0 18.75 Globuligerinaoxfordiana (Grigclis) 
24.5 90.0 5 200.0 18.75 Conoglobkqerina aff. dagestanica Morozova 
24.5 89.5 4 125.0 12.50 Globuligerina oxfordiana (Gigelis) 
24.5 89.5 4 100.0 12.50 Globuligerina oxfordiana (Giigelis) 

24.5 89.0 4 150.0 12.50 1 Globuligerina o. ýfordiana (Gtigelis) 

24.5 62.0 3 150.0 25.00 Globuligerina oxfordiana (Gtigefis) 

24.5 62.0 4 150.0 6.25 Globuligerina oxfordiana (Gtigelis) 

25.0 84.5 3 200.0 6.25 Conoglobkgerina aff. dagestanica Morozova 

25.0 86.0 3 125.0 12.50 Globuligerina oxfordiana (Giigclis) 

25.0 86.0 3 137.5 12.50 Globuligerina oxfordiana (Gigelis) 

25.0 86.5 3 162.5 18.75 1GIo butigerinaoxfordiana (Gigelis) 

25.0 87.5 7 200.0 6.25 1 Conoglobigerina aff. dageslanica Morozova 

25.0 88.0 4 125.0 12.50 Globuligerina oxfordiana (Grigelis) 
25.0 88.0 4 150.0 12.50 Globuligerina oxfordiana (GigOis) 
25.0 88.0 3 175.0 12.50 Globulkgerina oxfordiana (Grigclis) 
25.0 88.5 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 
25.0 89.0 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

25.0 89.0 4 112.5 12.50 Globuligerinaoxfordiana (GHgOis) 

25.0 89.5 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

25.0 89.5 4 125.0 12.50 Globuligerina oxfordiana (Gfigelis) 

25.0 89.5 3 150.0 12.50 Globuligerina oxfordiana (Gfigelis) 

25.0 90.5 3 125.0 12.50 Globuligerina mfordiana (Giigelis) 

25.0 90.5 3 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

25.0 90.5 3 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

25.0 91.5 3 125.0 12.50 Globuligering oxfordiana (Gtigelis) 

25.0 91.5 4 150.0 12.50. Globuligerinaoxfordiana (Gtigelis) 

25.0 93.0 3 125.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

25.0 94.0 4 125.0 18.75 Globuligerinaoxfordiana (Gigelis) 
25.0 94.5 3 137.5 12.50 Globuligerina oxfordiana (Gtigelis) 
25.0 94.5. 6 150.0 18.75 Globuligerina oxfordiana (Gigelis) 
25.0 95.5 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 
25.0 96.0 4 137.5 18.75 Globuligerinaoxfordiana (Gigelis) 

25.0 98.0 3 125.0 18.75 Globuligerinaoxfordiana (Grigelis) 

25.0 98.0 3 137.5 12.50 Globulkizerina oxfordiana (Gtigelis) 

25.0 100.5 3 175.0 12.50 Globulýgerina oxfordiana (Gigelis) 
25.0 101.01 3 1 37.5 12.50. Globuligerina oxfordiana (Gigelis) 
25.0 102.51 3 _ 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 
25.0 103.51 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

25.0 104.51 4 137.5 18.75 Globuligerina oxfordiana (Gtigelis) 

25.0 104.5 3 125.0. 18.75 Globuligerinaoxfordiana (Grigelis) 

25.0 105.5 3 150.0 25.00 Globuligerina oxfordiana (Gtigelis) 
25.0 106.0 4 125.0 25.00 Globulkizerina oxfordiana (Gtigelis) 
25.0 106.0 4 125.0 18.75 Globuligerina oxfordiana (Gtigclis) 
25.0 107.5 4 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 
25.0 107.5 4 112.5 18.75 Globufigerinao. ýfordiana (Gtigelis) 

25.0 108.5 4 125.0 18.75 Globuligerina oxfordlana (Giigelis) 

25.0 109.0 3 125.0 12.50. Globuligerina oNfordiana (Giigclis) 
25.0 109.0 4 150.0 12.501 GIobul4rerinaoxfordiana (Gigelis) 
25.0 109.0 4 125.0 12.50 Globuligerina oxfordiana (GigOis) 
25.0 110.0 4 137.5 12.50 Globulýgerina oxfordiana (Gigelis) 
25.0 114.5 3 125.0 25.00 Globuligerina oxfordiana (GHgelis) 
25.5 109.0 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 
25.5 108.5 4 [ýP: 125.0 F 12.50 Globuligerina oxfordiana (Grigelis) 
25.5 108.5 l 37.5 12.50 Globulkizerina oxfordiana (Gtigelis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(ýJm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
25.5 108.5. 3 125.0 12.50. Globuligerina &ýfordiana (Giigclis) 
25.5 108.5 4 137.5 12.50 Globuligerinaoxfordiana (Grigclis) 

25.5 108.5 3 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

25.5 108.0 4 150.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

25.5 108.0 3 150.0 12.50 Glohuligerina oxfordiana (Giigelis) 

25.5 108.0 3 125.0 12.50 Globuligerinaoxfordiana (GHgOis) 

25.5 107.0 14 125.0 6.25 1 Globuligerina oxfordiana (GigOis) 

25.5 107.0 4 100.0 12.501 Globuligerina oxfordiana (GHgOis) 

25.5 107.0 3 125.0 18.75 1GIobuligerinaoxfordiana (GigOis) 

25.5 106.0 3 125.0 18.751 Globuligerina oxfordiana (Gtigclis) 

25.5 105.5 3 125.0 25.00 1 Globuligerina oxfordlana (Gtigelis) 

25.5 104.0 4 137.5 18.751 Globuligerina oxfordiana (Giplis) 

25.5 103.5 3 125.0 18.75 Globuligerina oxfordiana (Grigclis) 

25.5 103.0 4 175.0 18.75 Globuligerinaoxfordiana (Gtigefis) 

25.5 102.0 3 187.5 6.25 Globuligerina oxfordiana (GHgOis) 

25.5 102.0 4 175.0 18.75 Globulýqerina oxfordiana (Gtigelis) 

25.5 101.0 4 125.0 118.75 
_Globuligerinaoxfordiana 

(Gfigefis) 

25.5 101.0 3 137.5 18.75 Globuligerina oxfordiana (Grigelis) 

25.5 98.0 4 162.5 18.75 Globuligerina oxfordiana (Gigelis) 

25.5 97.5 4 175.0 25.00 Globuligerina oxfordiana (Gigelis) 

25.5 96.0 3 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

25.5 95.0 
,3 

150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

25.5 95.0 3 125.0 12.50 Globuligerina oxfordlana (GigOis) 

25.5 95.0 4 125.0 18.75 Globuligerina oxfordiana (Giplis) 

25.5 95.0 3 112.5 12.50 Globuligerina oxfordiana (Gtigelis) 

25.5 94.5 6 137.5 12.50 Globuligerina oxfordiana (Giigelis) 

25.5 94.5 
,3 100.0 12.50 , Globuligerina oxfordiana (Gfigefis) 

25.5 93.0 14 137.5 12.50 Globuligerina oxfordiana (Grigelis) 

25.5 92.0 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

25.5 91.5 4 125.0 6.25 Globuligerina oxfordiana (Gtigelis) 

25.5 91.0 4 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 

25.5 90.5 3 125.0 12.50. Globuligerinaojýfordiana (Gigelis) 

25.5 90.5 
.4 

175.0 12.50 1 Globuligerina oxfordiana (GrigOis) 

25.5 89.5 13 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

25.5 87.5 13 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

25.5 87.5 4 100.0 6.25 Globuligerina oxfordiana (Grigelis) 

26.0 67.5 3 125.0 12.50 Globuligerina oxfordiana (Giigelis) 

26. 70.0 3 125.0 12.50 Globuligerinaoxfordiana (Grigelis) 

26.0 85.5 4 112.5 12.50 Globuligerina oxfordiana (Grigclis) 

26.0 85.5 4 100.0 12.50 Globuligerina oxfordiana (Grigclis) 

26.0 86.0 4 125.0 12.50 Globuligerina o. ýfordiana (Giigelis) 

26.0 87.0 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

26.0 87.5 3 125.0 25.00 Globuligerina oxfordiana (Gtigelis) 

26.0 89.0 6 125.0 18.75 Globuligerina oNfordiana (Gtigelis) 

26.0 89.5 3 125.0 25.00 Globuligerina oxfordiana (Grigelis) 

26.0 89.5 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

26.0 90.0 3 112.5 12.50 Globuligerina oxfordiana (Gigelis) 

26.0 90.5 4 162.5 12.50 Globutigerina oxfordiana (Giigclis) 

26.0 91.0 13 150.0 12.50 Globulýizerina oxfordlana (Grigclis) 

26.0 91.0 3 137.5 12.50 Globuligerina oNfordiana (Gigelis) 
26.0 91.0 4 125.0 18.75. Globuligerinaoxfordiana (GHgOis) 
26.0 91.0 4 125.0 18.75 Globuligerina oxfordiana (Gigelis) 
26.0 91.0 4 112.5 12.50 Globuligerina oxfordiana (Giigclis) 
26.0 92.5 3 150.0 18.75 Globuligerinaoxfordiana (Grigelis) 

1 26.01 93.0 14 150.0 12.50 Globuligerina oxfordiana (GrigOis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
26.0 93.0 4 125.0 12.50 Globuligerina o. ýfbrdiana (Gigelis) 
26.0 94.0 4 100.0 12.50 Globuligerina oxfordiana (Gtigelis) 
26.0 94.0 3 100.0 12.50 Globuligerina oxfordiana (Gigelis) 
26.0 94.5 3 125.0 25.00 Globulýzerina oxfordiana (Gtigclis) 
26.0 94.5 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 
26.0 95.0 4 150.0 12.50 

. 
Globulkgerinaoxfordiana (Grigelis) 

26.0 95.0 3 150.0 6.25 Globuligerina oxfordiana (Gtigelis) 

26.0 95.0 3 150.0 12.50 Globulkqerina oxfordiana (Gtigelis) 

26.0 95.5 4 137.5 12.50 Globuligerina oxfordiana (Gtigelis) 

26.0 95.5 4 175.0 6.25 Globuligerina oxfordiana (Gigelis) 

26.0 95.5 4 125.0 6.25 Glohuligerina aýfordiana (Gigelis) 

26.0 96.5 3 100.0 12.50 1 Globuligerina oxfordiana (Grigelis) 
26.0 97.0 4 125.0 118.75 1GIobulýgerinaoxfordiana (Gtigelis) 
26.0 97.0 4 175.0 18.75 Globulkqerina oxfordiana (Gtigelis) 
26.0 98.5 4 125.0 12.50 Globuligerina oxfordiana (Gigelis) 
26.0 98.5 3 125.0 18.75 Globulkzerina oxfordiana (Gigelis) 
26.0 99.5 3 175.0 12.50 Globuligerina oxfordiana (GHgelis) 
26.0 100.0 5 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 
26.0 101.0 5 

_200.0 
12.50 Conoglobigerina aff. dagestanica Morozova 

26.0 102.5 3 137.5 12.50 Globuligerina oxfordiana (Gtigelis) 

26.0 102.5 3 137.5 12.50 Globuligerina oxfordiana (Giplis) 

26.0 103.5 3 125.0 18.75 Globuligerina oxfordiana (Grigelis) 

26.0 104.0 4 150.0 12.50 Globuligerinaoxfordiana (Giigelis) 

26.0 105.0 4 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

26.5 107.5 3 225.0 25.00 , 
Globuligerina oxfordiana (Gtigclis) 

26.5 107.5 3 175.0 12.50 1 Globuligerina oxfordiana (Giigclis) 

26.5 106.5 3 125.0 18.75 Globuligerinaoxfordiana (Gtigelis) 

26.5 106.5 3 175.0 12.50 Globuligerina oxfordiana (Grigelis) 

26.5 105.5 4 125.0 12.50 Globuligerinaoxfordiana (Gigelis) 
26.5 105.5 4 100.0 12.50 Globuligerina oxfordiana (Gigelis) 
26.5 105.0 4 137.5 12.50. Globuligerina oxfordiana (Gtigelis) 
26.5 104.5 3 125.0 18.75 Globuligerina oxfordiana (Grigelis) 
26.5 102.0 4 175.0 6.25 Globulkgerina oxfordiana (Gigelis) 
26.5 101.0 5 125.01 12.50 Globuligerina oxfordiana (Gigelis) 

26.5 100.5 3 100.01 12.50 Globuligerina oxfordiana (Grigelis) 
26.5 100.5 3 137.5 12.50 Globuligerina oxfordlana (Grigelis) 
26.5 100.0 3 112.5 12.50 Globuligerina oxfordiana (Grigelis) 

' 26.5 100.0 3 100.0 12.50 buligerina oxfordiana (Giigelis) Glo 

26.5 99.5. 5 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

26.5 99.0 3 100.0 25.00 Globulkizerina oxfordiana (Gtigelis) 

26.5 99.0 4 125.0 12.50. Globulýgerina oxfordiana (Grigelis) 

26.5 99.0 3 150.0 12.501 GIobuligerinaoxfordiana (Giigelis) 
26.5 98.0 3 125.0 18.75 Globuligerina oXfordiana (Grigelis) 
26.5 97.5 5 162.5 12.50 Globuligerina oxfordiana (Gigelis) 
26.5 97.0 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 
26.5 96.5 3 175.0 18.75 Globuligerina oxfordiana (Gigelis) 
26.5 95.5 4 125.0 18.75 gerina oxfordiana (Giigclis) Globulk 

26.5 94.0 4 175.0 12.501 Globuligerina oxfordiana (Gigelis) 
26.5 93.0. 4 100.0 12.50 Globuligerina oxfordiana (Gigelis) 
26.5 93.0 4 125.0 12.50 Globuligerina oxfordiana (Grigelis) 
26.5 92.5 4 150.0 12.50 Globuligerina oxfordiana (Grigelis) 
26.5 92.5 3 112.5 18.75 Globulýgerina oxfordiana (Gigelis) 
26.5 92.0 3 125.0 18.75 Globuligerina o. ýfordiana (Gtigclis) 
26.5 92.0 4 125.0 18.75 Globulýgerina oxfordiana (Giigelis) 
26.51 91.01 3 125.01 12.50 Globuligerina oxfordiana (Griplis) 
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SOMHEGY - LAYER Hl (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
26.5 91.0, 4 150.0 12.50. Globulýgerina oxfordiana (GHgOis) 

26.5 91.01 3 125.0 18.751 GIobulýzerinaoxfordiana (Gtigclis) 

26.5 91.01 3 137.5 18.751 GIobufigerinaojýfordiana (GigOis) 

26.5 90.51 3 125.0 18.751 Globuligerina o. ýfordiana (Gigelis) 

26.5 90.51 3 112.5 25.00 Globuligerina oxfordiana (GOgelis) 

26.5 90.01 4 162.5 18.75 Globutigerinaoxfordiana (Gigelis) 

26.5 90.01 3 162.5 18.75 Globuligerina oxfordiana (Gtigclis) 

26.5 90.01 4 100.0 25.00 Globutigerina oxfordiana (Gtigelis) 

26.5 90.01 3 125.0 12.50 
-Globuligerinaoxfordiana 

(Giigclis) 

26.5 89.51 3 125.0 12.50 1 Globjeligerina oxfordiana (Gigelis) 

26.5 89.0 3 137.5 12.50 1 Globulýgerina oxfordiana (Grigelis) 

26.5 89.0 3 162.5 6.25 1 Globuligerina oxfordiana (Gtiplis) 

26.5 88.5 4 150.0 12.50 1 Globuligerina oxfordiana (Grigelis) 

26.5 88.0 4 175.0 12.50 1 Globulkizerina oxfordiana (Grigelis) 

26.5 88.0 
,4 

112.5 12.50 Globutigerinaoxfordiana (Grigelis) 

26.5 87.0 4 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

26.5 86.5 3 162.5 12.50 Globuligerina oxfordiana (Gtigefis) 

26.5 86.5 4 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

26.5 85.5 3 112.5 12.50 
. 
Globuligerina oxfordiana (Giigclis) 

26.5 85.0 3 100.0 12.50 1 Globuligerina oxfordiana (Gigelis) 

26.5 85.01 3 125.0 12.50 1 Globuligerina oxfordiana (Gigelis) 

26.5 84.5 4 162.5 12.50 1 Globuligerina oxfordiana (Gtigclis) 

26.5 84.5 4 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

26.5 83.0 3 100.0 12.50 Globuligerina oxfordiana (GigOis) 

26.5 63.0 3 200.0 18.75 1 Conoglobigerina aff. dagestanica Morozova 

27.0. 67.0. 4 187.5 12.50 1 Globuligerina oxfordiana (GrigOis) 

27.0 84.5 13 162.5 12.50 1 Globuligerina oxfordiana (Grigclis) 

27.0 84.5 14 137.5 12.50 1 Globuligerina oxfordiana (Gtigelis) 

27.0 85.0 13 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

27.0 91.0 14 150.0 18.75 Globuligerina oxfordiana (Gfigefis) 

27.0 92.5 4 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 

27.0 93.5 3 100.0 12.50 Globuligerina oxfordiana (Grigelis) 

27.0 96.5 3 150.0 12.50 
. 
Globuligerinaoxfordiana (Grigelis) 

27.0 97.0 3 125.0 25.00 1 Globuligerina oxfordiana (Grigelis) 

27.0 97.0 3 112.5 18.75 Globuligerina oxfordiana (Grigelis) 

27.0 98.0 3 150.0 18.75 Globuligerina oxfordiana (Gfigdis) 
27.0 100.0 3 100.0 18.75 Globuligerinaoxfordiana (Gtigelis) 
27.0 101.0 3 200.0 18.75 Conoglobigerina all dqjgeslanica Morozova 

27.0 102.5 3 162.5 12.50 , Globuligerina oxfordiana (Gtigelis) 

27.0 103.5 
.3 

200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

27.5 106.5 13 200.0 37.50 Globulýgerina o. vfOrdiana (Giigelis) 

27.5 106. O F4 200.0 18.75 1 Conoglobigerina aff. dagestanica Momova 

27.5 105. O F3 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 
27.5 105-0 13 125.0 25.00 Globuligerina oxfordiana (Grigelis) 
27.5 104.5 4 175.0 12.50 1 Globuligerina oxfordiana (Gtigelis) 
27.5 104.0 4 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 
27.5 103.5 3 137.5 12.50 Globuligerina oxfordiana (Giigelis) 
27.5 102.5 3 125.0 18.75 Globulýqerina oxfordiana (Grigelis) 
275 101 5 3 150.0 18.75 Globuligerina oxfordiana (GrigOis) 
27.5 101.5 4 125.0 18.75 

. 
Globuligerina oxfordiana (Giigelis) 

27.5 100.5 4 150.0 18.75 1 Globuligerina oxfordiana (Grigelis) 
27.5 99.5 4 137.5 18.75 1 Globuligerina oxfordiana (Grigelis) 
275 995 4 200.0 18.75 jConogIobkgerIna aff. dagestanica Morozova 
27-51 99-0 13 150.0 12.50 ýGlobufigerinaoxfordiana (Gtigclis) 

1 
-9 
ý8O 3 1 137.5 1 18.75 1 Globuligerina oxfordiana (GigOis) 
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-Rf)MHFGY - L"FR Hl (RAJOCIAN - HUMPHRIESIANUM ZONE) 

Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(tim) 

Species 

Vert Hor Thick Thin 
_ 27.5 98.0, 4 150.0 18.75. Globuligerina oxfordlana (Gtigelis) 

27.5 97.01 3 200.0 18.75J Conoglobigerina aff. dagestanica Momova 

27.5 97.0 4 112.5 18.75 Globuligerinaoxfordiana (Grigclis) 

27.5 97.0 4 125.0 18.75 Globuligerinaoxfordiana (Gigelis) 

27.5 97.0 4 150.0 18.75 Globutigerinaoxfordiana (Gtigelis) 

27.5 97.0 4 125.0 18.75 Globuligerinaoxfordiana (Gtigelis) 

27.5 96.5. 4 175.0 18.75 Globulýgerina oxfordlana (Grigclis) 

27.5 94.01 3 125.0 18.751 Globuligerina oNfordiana (Gtigelis) 

27.5 94.01 4 137.5 112.501 GIobulýZerinao. ýfbrdiana (Gtigelis) 

27.5 94.0 4 125.0 12.501 Globuligerina oNfordiana (Gtigelis) 

27.5 94.0 3 125.0 118.751 GIobuligerinaoxfordiana (GHplis) 

27.5 94.0 4 137.5 18.751 GIbbuligerinaoxfordiana (Gigelis) 

27.5 94.0 3 150.0 12.50 Globuligerinaoxfordiana (Gigelis) 

27.5 93.5 5 137.5 6.25 Globukgerina oxfordiana (Gigelis) 

27.5 93.51 3 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

27.5 93.51 3 100.0 18.75 Globulýzerina oAfordiana (Gtigelis) 

27.5 93.5 3 137.5 6.25 
. 
Globulkgerina oxfordiana (Gtigelis) 

27.5 93.0 4 175.0 12.50 Globuligerinaoxfordiana (Giigelis) 

27.5 93.0 4 162.5 18.75 Globulýgerina oXfordiana (Gfigclis) 

27.5 93.0 4 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 

27.5 93.0 4 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

27.5 93.0 4 100.0 12.50 buligerina oxfordiana (Gtigetis) 

27.5 92.5 3 112.5 12.50 Globuligerina oxfordiana (Grigelis) 

27.5 92.0 4 150.0 18.75 Globuligerina oxfordiana (Grigelis) 

27.5 92.0 3 175.0 18.75 Globuligerina oxfordiana (Giigelis) 

27.5 92.0 ,4 
125.0 12.50 Globuligerina oxfordiana (GrigOis) 

27.5 91.5 3 175.0 18.75 , Globuligerina oxfordiana (Gigelis) 

27.5 91.0 5 187.5 18.75 1GIob uligerina oxfordiana (Gtigelis) 

27.5 91.0 3 112.5 18.75 Globuligerina oxfordiana (Grigelis) 

27.5 91.0 3 150.0 12.50 Globuligerinaojýfordiana (Gfigclis) 

27.5 90.5 3 125.0 18.75 Globulýgerina oxfordiana (Giigelis) 

27.5 90.0 4 150.0 18.75 Globuligerinaoxfordiana (Grigelis) 

27.5 90.0 4 100.0 18.75 
_Globuligerinaoxfordiana 

(Gtigelis) 

27.5 90.0 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

27.5 90.0 3 125.0 12.50 Globuligerina o, ýfbrdiana (Gigelis) 

27.5 90.0 3 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

27.5 90.0 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

27.5 90.0 4 162.5 12.50 
. 
Globuligerina oxfordiana (Gtigelis) 

27.5 89.5 3 137.5 12.50 1 Globuligerina oxfordiana . (Gtigelis) 

27.5 89.0 ,4 125.0 12.50 Globulkizerina oxfordiana (Grigelis) 

27.5 89.0 3 137.5 12.50 Globuligerina oxfordiana (Gigelis) 

27.5 87.5 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

27.5 87.0 4 100.0 12.50 Globuligerinaoxfordiana (Gfigelis) 

27.5 86.5 3 125.0 12.50 
. 
Globuligerinaoxfordiana (Giigelis) 

27.5 86.5 3 112.5 12.50 1GIobuligerinaoxfordiana (Gtigelis) 

27.5 86.0 4 150.0 12.50 Globuligerinaoxfordiana (Giigelis) 

27.5 86.0 5 150.0 12.50 Globuligerinaoxfordiana (Giigelis) 

27.5 86.0 4 150.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

27.5 86.0 3 150.0 12.50 buligerina oxfordiana (Grigelis) 

27.5 85.5 4 150.0 12.50 . Globuligerina oxfordiana (Gtigelis) 

27.5 85.5 4 262.5 18.75 1 Globuligerina bathoniana gigantea Wcmli & GC)r8g 

27.5 85.0 4 150.0 12.50 Globulkgerina oxfordiana (Gtigclis) 

27.5 84.5 4 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

27.5 84.5 3 125.0 18.75 Globuligerinaoxfordiana (Gigelis) 

27.5 
. 

83.5 13 175.0 1 18.75 Globulkirerinaoxfordiana (Giigelis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
27.5 83.0 

.3 
150.0 18.75 

-Globulýqerinaoxfordiana 
(Gigelis) 

27.5 83.0 4 162.5 18.75 1 Globulýizerina oxfordiana (Gtigelis) 
27.5 82.0 4 112.5 12.50 1 Globulýgerina o. ýfordiana (Gtigclis) 
27.5 82.0 4 137.5 12.50 1 Globulýjzerina oxfordiana (Gtigclis) 
27.5 81.5 3 150.0 12.50 Globulwrinaoxfordiana (Gtigelis) 
27.5 81.5 4 137.5 18.75 Globuligerinaoxfordiana (Gigelis) 

27.5 69.0 3 175.0 12.50 G bulkgerina oxfordiana (Giigelis) 

28.0 81.0 3 175.0 25.00 Globuligerina oxfordiana (Gigelis) 

28.0 82.0 3 150.0 112.50 
. 
Globulkgerinaoxfordiana (Gigelis) 

28.0 83.5 3 187.5 18.75 Globuligerinaoxfordiana (Gtigelis) 

28.0 86.5 
.4 

137.5 18.75 Globulýgerinaoxfbrdiana (Gtigelis) 

28.0 87.5 4 175.0 12.50 Globuligerinaoxfordiana (Giigclis) 
28.0 90.0 4 125.0 12.50 Globuligerinaoxfordiana (Gigelis) 
28.0 91.0 3 100.0 12.50 Globul4gerinaoxfordiana (Gigelis) 
28.0 91.5 3 150.0 12.50 Globullgerina o. ýfordiana (Giigclis) 
28.0 

. 
91.5 3 150.0 12.50 Globuligerinaoxfordiana (Gigelis) 

28.0 92.0 4 162.5 12.50 Globulkgerinaoxfordiana (Gtigelis) 
28.0 93.0 4 162.5 18.75 Globulkizerinaoxfordiana (Gtigelis) 

28.0 93.5 5 162.5 12.50 Globuligerinaoxfordiana (Giigelis) 

28.0 96.5 3 100.0 18.75 1GIbbuligerinaoxfordiana (Grigelis) 

28.0 96.5 4 162.5 12.50 Globuligerina o. ýfordiana (Giigclis) 

28.0 100.5 3 150.0 12.50 Globuligerina o. ýfordiana (Gigelis) 

28.0 103.5 4 175.0 18.75 Globuligerina oxfordiana (Gigelis) 

28.0 103.5 4 175.0 18.75 Globuligerina o. ýfordlana (Gigelis) 

28.5 103.5 4 162.5 18.75. Globuligerina o. ýfbrdiana (Gtigelis) 

28.5 103.5 3 175.0 25.00 1 Globulkgerina oxfordiana (Grigclis) 

28.5 101.5 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

28.5 101.0 4 200.0 12.50 Conoglobigerina aff. dageslanica Morozova 

28.5 100.0 3 150.0 18.75 Globuligerinaoxfordiana (Gtigelis) 
28.5 99.5 5 150.0 18.75 Globuligerinaoxfordiana (Giigelis) 
28.5 99.5 4 175.0 18.75. Globuligerina oNfordiana (Gtigelis) 
28.5 99.5 4 175.0 18.751 Globuligerina oxfordiana (Giigelis) 
28.5 99.5 6 125.0 18.75 1 Globuligerina oxfordiana (Gigelis) 
28.5 98.5 4 125.0 18.751 Globuligerina oxfordiana (Gtigelis) 

28.5 98.5 3 100.0 18.75 1 Glohuligerina oxfordiana (Grigelis) 
28.5 98.5 4 175.0 12.50 Glohulkgerinaoxfordiana (Gtigclis) 
28.5 98.5 4 125.0 12.50 Globuligerina oxfordiana (Gigelis) 
28.5 98.5 3 162.5 12.50 G76bulhzerina oxfordiana (Gigelis) 
28.5 98.5 3 175.0 18.75 Globulkgerinaojýfbrdiana (Gtigelis) 
28.5 98.5 4 175.0 25.00 GlobulkiZerina oxfordiana (Grigelis) 

28.5 97.5 4 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

28.5 97.0 3 100.0 6.25 Globuligerinaoxfordiana (Gigelis) 
28.5 96.5 3 150.0 12.50 Globuligerinaoxfordiana (GHgOis) 
28.5 96.5 5 187.5 12.50 Globullgerina oxfordiana (Grigelis) 
28.5 96.5 4 162.5 12.50 Glohuligerinaoxfordiana (Gtigclis) 
28.5 95.0 3 100.0 12.50. 06huligerinaoxfordiana (Grigelis) 
28.5 95.0 3 100.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 

28.5 95.0 3 150.0 25.00 Globuligerina oxfordiana (Gigelis) 
28.5 94.5. 3 150.0 25.06 Globuligerina oxfordiana (GHgehs) 
28.5 94.0 3 125.0 18.75 G buligerinaoxfordiana (Gtigclis) 
28.5 94.0 5 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 
28.5 93.5 4 137.5 12.50. Glohuligerinaoxfordiana (Gtigclis) 
28.5 93.5 4 162.51 1 18.75 1 Glob. ulýzerina oxfordiana (Gigelis) 
28.5 93.5 

- 
5 175.01 12.501 GIobulkzerinawfiordiana (Grigelis) 

28.51 91.5 T-4 175.01 18.751 GIbbuAgerinaoxfordiana (GHgOis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(tim) 

Wall Thickness 
(I'm) 

Species 

Vert Hor Thick Thin 
28.5 91.5 4 150.0 12.50 Globulýqerinaoxfordiana (Gtigelis) 
28.5 91.5 4 175.0 18.75 1GIobuligerinaoxfordiana (Gigelis) 
28.5 91.5 4 175.0 12.50 Globuligerinaoxfordiana (Gigelis) 
28.5 91.0 4 150.0 18.75 Globuligerina oXfordiana (Gtigelis) 
28.5 91.0 3 137.5 18.75 Globuligerinaoxfordiana (Gtigelis) 
28.5 90.5 4 150.0 12.50 Globuligerina oxfordiana (Giigelis) 
28.5 90.0 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 
28.5 89.5 3 150.0 25.00 Globuligerina oxfordiana (Giigelis) 
28.5 89.0 3 162.5 25.00 Globulýqerina oxfordiana (Gigelis) 
28.5 87.5 3 125.0 12.50 Globulýgerinaoxfordiana (Gtigelis) 
28.5 87.5 

.3 
125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

28.5 87.5 3 125.0 18.75 Globuligerina oxfordiana (Grigelis) 
28.5 87.5 3 175.0 37.50 Globuligerina oxfordiana (Gtigelis) 
28.5 87.5 4 175.0 25.00 Globuligerina o-ýfbrdiana (Gigelis) 
28.5 87.5 4 162.5 12.50 Globuligerinaoxfordiana (Grigelis) 
28.5 87.0 4 125.0 18.75 Globuligerina oxfordiana (Gigelis) 

- 28.5 86.0 4 150.0 25.00 obuligerina oxfordiana (Grigclis) 71 

28.5 86.0 4 125.0 12.50 Globuligerina oxfordiana (Giigclis) 
28.5 86.0 3 125.0 12.50 1 Globuligerina oxfordiana (Gtigelis) 

28.5 86.0 3 150.0 18.75 Globutigerina oxfordiana (Grigelis) 
28.5 85.5 4 225.0 12.50 Conoglobigerina aff. dagestanica Morozova 

28.5 85.0 4 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 

28.5 83.5 3 162.5 18.75 Globuligerina oxfordiana (Gtigelis) 
28.5 83.0 4 125.0 12.50 

. 
Globuligerina oxfordiana (Grigclis) 

28.5 83.0 3 137.5 12.50 Globuligerina oxfordiana (Grigelis) 
28.5 83.0 3 125.0 18.75 Globulkgerina oxfordiana (Gtigelis) 
28.5 82.5 4 112.5 18.75 Globuligerina oxfordiana (Grigelis) 
28.5 82.5 4 150.0 18.75 Globuligerina oxfordiana (Grigelis) 
28.5 82.5 4 175.0 18.75 Globuligerina oxfordiana (Gfigelis) 
28.5 82.0 3 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 
28.5 82.0 3 175.0 12.50 Globulkizerina oxfordiana (Gigelis) 
28.5 81.5 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 
28.5 81.0 3 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 
28.5 81.0 4 150.0 18.75 Globuligerina oxfordiana (Grigelis) 
28.5 81.0 4 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 
28.5 80.5. 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 
28.5 80.5 4 137.5 18.75 Globulkizerina oxfordiana (Grigelis) 
28.5 80.0 3 150.0 25.00 Globuligerina oxfordiana (Giigelis) 
28.5 80.0 3 125.0 25.00 Globuligerina oxfordiana (Gtigelis) 
28.5 80.0 3 125.0 12.50 Globuligerina oxfordiana (Giigclis) 
28.5 79.5. 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

28.5 81.0 4 125.0 12.50 Globuligerina oxfordiana (GHgOis) 
28.5 82.5 4 175.0 18.75 Glo buligerina oxfordiana (Gtigelis) 
29.0 78.0 4 125.0 12.50. Globuligerinaoxfordiana (Grigelis) 
29.0 78.0 3 125.0 25.00 1 Globuligerina oxfordiana (Gigelis) 
29.0 78.0 4 125.0 12.501 GIobuligerinaoxfordiana (Gigelis) 
29.0 78.5 3 125.0 18.75 GloZuligerina oxfordiana (Gigelis) 
29.0 79.0 4 112.5 12.50 Globuligerina oxfordiana (Gtigclis) 
29.0 80.5 4 212.5 18.75 Conoglobigerina aff. dcýizeslanica Morozova 
29.0 81.5 4 150.0 18.75 __ Globuligerinaoxfordiana (Grigelis) 
29.0 81.5 3 150.0 12.50 Globuligerina oxfordiana (Gigelis) 
29.0 83.5 4 150.0 25.00 buligerina oxfordiana (Gtigelis) 
29.0 84.0 4 

ffi 

150.0 18.75 Globuligerina o. ýfordiana (Gtigelis) 
29.0 86.0 3 212.5 12.50 Conoglobigerina aff. dagestanica Morozova 
29.0 86. O 200.0 1 12.501 Conoglobigerina aff. dagestanica MoroZOva 
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-qnMHFGY - LAYER Hl MAJOCIAN - HUMPHRIESIANUM ZONE) 

Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
29.0 86.0 13 

100.0 18.75 1 Globuligerina oxfordiana (Giigclis) 

29.0 87.0 13 150.0 18.75 Globuligerina a0ordiana (Gtigclis) 

29.0 87.5 3 150.0 25.00 Globuligerina oxfordiana (Gigelis) 

29.0 88.0 3 175.0 18.75 Globuligerina oxfordiana (Giigclis) 

29.0 88.0 3 175.0 12.50 Globuligerina oxfordiana (Giigclis) 

29.0 89.5 3 150.0 18.75 Globuligerina oxfordiana (Grigclis) 

29.0 90.0 ,4 112.5 18.75 Globulkizerina oxfordiana (Gtigelis) 

29.0 90.0 4 137.5 12.50 Globuligerinaoxfordiana (Gtigelis) 

29.0 90.5 3 162.5 18.75 Globuligerinaoxfordiana (Gigelis) 

29.0 90.5 5 162.5 12.50 Globulýgerinaoxfordiana (Giigelis) 

29.0 91.0 4 175.0 18.75 Globuligerinaoxfordiana (Giigelis) 

29.0 91.0 4 162.5 12.50. Globuligerina oxfordiana (Gtigelis) 

29.0 91.5 4 175.0 12.50 1 Globuligerina oxfordiana (Gigelis) 

29.0 93.0 4 187.5 12.50 Globuligerinaoxfordiana (Gtigelis) 

29.0 94.0 6 175.0 18.75 Globuligerinaoxfordiana (Gtigelis) 

29.0 94.5 3 112.5 18.75 Globuligerinaaýfordiana (Gtigelis) 

29.0 94.5 3 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 

29.0 95.0 3 87.5 18.75. Globuligerina oxfordiana (Gtigelis) 

29.0 96.5 14 137.5 18.75 Globuligerina oxfordiana (Giigelis) 

29.0 97.5 4 137.5 12.50 Globuligerina oxfordiana (Grigelis) 

29.0 97.5 5 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

29.0 97.5 5 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

29.0 98.0 4 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

29.0 99.5 4 125.0 12.50 Globuligerina &ýfordiana (Gtigelis) 

29.0 99.5 4 175.0 12.50 Globuligerina oxfordiana (Grigelis) 

29.0 100.0 5 175.0 12.50, Globuligerina oxfordiana (Grigelis) 

29.0 100.0 4 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 

29.0 100.5 3 137.5 12.50 Globuligerina oxfordiana (Gtigelis) 

29.0 101.5 4 175.0 25.00 Globuligerina oxfordiana (Gtigelis) 

29.0 102.5 4 125.0 12.50 1GIobulýgerinaoxfbrdiana (Grigelis) 

29.0 102.5 4 150.0 25.00 1 Globuligerina oxfordiana (Gtigelis) 

29.0 103.0 4 150.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 

29.5 101.5 4 137.5 18.75 1 Globuligerina oxfordiana (Grigelis) 

29.5 101.0 4 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

29.5 101.0. 4 112.5 18.75 Globuligerina oxfordiana (Gtigelis) 

29.5 100-51 4 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 
29.5 100-01 4 175.0 12.50 Globulkgerinaoxfordiana (Gigelis) 
29.5 99.51 4 125.0 12.50 

. 
Globuligerina oxfordiana (Gigelis) 

29.5 9 .5 4 125.0 12.50 1GIobuligerinaoxfordiana (Gtigelis) 

29.5 98.5 4 125.0 12.50 Globuligerina oxfordiana (Giigelis) 

29.5 98.0 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 
29.5 98.0 4 125.0 18.75 Globulkgerina oxfordiana (Grigelis) 
29.5 98.0 4 100.0 18.75 Globuligerina oxfordiana (Gtigelis) 

_29.5_ 
98.0 5 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

29.5 97.5 4 162.5 18.75 Globuligerina oxfordiana (Gigelis) 
29.5 97.0 5 

[ 

137.5 12.50 Globuligerina oxfordiana (Gtigelis) 
29.5 96.5 4 137.5 18.75 Globuligerina oxfordiana (Gdgelis) 
29.5 94.5 5 112.5 6.25 1 Globuligerina oxfordiana (Giigelis) 
29.5. 94.5 4 100.0 12.50 bulkgerina oxfordiana (Giigelis) 1GIo 
29.5 93.0 4 200.0 18.75 1 Conoglobigerina aff. dagestanica Morozova 
29.5 92.5 3 150.0 12.50 1 Globuligerina o. ýfbrdiana (Gtigelis) 
29.5 92.5 4 125.0 25.06 Globuligerina oxfordiana (Giigelis) 
29.5 91.5 4 175.0 18.75 Globullgerina oxfordiana (GigOis) 
29.5 90-5 

- 
3 175.0 12.50 Globuligerina oxfordiana (Giigelis) 

L_29.51 90-0: [Eý4 
112.5 12.50 Globuligerina oxfordiana (Gigelis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(w) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
29.5 90.0 

.4 
100.0 12.50 

. 
Globulkzerinaoxfordiana (Gtigelis) 

29.5 90.0 5 137.5 12.50 Globuligerina oxfordiana (Gtigclis) 
29.5 89.5 4 162.5 6.25 Globuligerina oxfordiana (Grigelis) 
29.5 89.0 3 112.5 18.75 Globuligerina oxfordiana (Gigelis) 
29.5 89.0 3 112.5 12.50 Globuligerina oxfordiana (Gigelis) 
29.5 88.5 3 100.0 18.75 Globuligerina oxfordiana (Gigelis) 

29.5 88.5 4 175.0 12.50 Globuligerina oxfordiana (Giigelis) 

29.5 88.5 3 112.5 12.50 Globulýgerina aýfbrdiana (GHgcIis) 

29.5 88.0 4 175.0 12.50 Globuligerinaoxfordiana (GHgOis) 

29.5 87.5 3 125.0 18.75 Globuligerina oxfordiana (Gigelis) 

29.5 87.0 3 150.0 12.50 
. 
Globuligerinaoxfordiana (Gfigefis) 

29.5 86.5 3 150.0 18.75 Globuligerina oxfordiana (Grigelis) 
29.5 86.5 3 150.0 12.50 Globuligerina oxfordiana (Giigclis) 

29.5 86.5 4 150.0 12.50 Globuligerina oxfordiana (GHgOis) 
29.5 86.5 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 
29.5 86.0 3 200.0 18.75 Conoglobkgerina aff. dagestanica Morozova 
29.5 86.0 3 150.0 18.75 Globuligerina o. ýfordiana (Gtigelis) 
29.5 85.5 4 162.5 18.75 Globuligerina oxfordiana (Grigelis) 

29.5 85.5 4 100.0 12.50 Globuligerina oxfordiana (Grigelis) 

29.5 85.0 5 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

29.5 85.0 3 112.5 12.50 
. 
Globuligerina oxfordiana (Gtigelis) 

29.5 83.5 3 100.0 12.50 1 Globuligerina oxfordiana (Gigelis) 

29.5 83.5 5 175.0 18.751 Globuligerina oxfordiana (Gtigelis) 

29.5 83.5 3 100.0 25.00 Globuligerina oxfordiana (Gtigelis) 

29.5 83.0 13 125.0 25.00 Globuligerina oxfordiana (Gtigelis) 

29.5 82.5 3 150.0 18.75 Globuligerina oxfordlana (Giigelis) 

29.5 82.0 3 150.0 12.50 Globuligerina oxfordiana (Giigelis) 

29.5 81.5 3 150.0 12.50. Globuligerinao. ýfbrdiana (Gtigelis) 

29.5 81.0 4 187.5 18.75 Globulkqerinaoxfordiana (Grigelis) 
29.5 81.0 4 125.0 12.50 Globuligerina oxfordiana (Gtiplis) 
29.5 80.5 4 175.0 12.50 Globuligerina oxfordiana (Gtigclis) 
29.5 80.5 3 112.5 18.75 Globuligerina oxfordiana (Grigelis) 
29.5 80.5 4 137.5 12.50 Globuligerina oxfordiana (Grigelis) 

29.5 80.0 4 187.5 12.50 Globuligerina oxfordiana (Gtigelis) 

29.5 79.5 4 125.0 12.50 Globuligerina oxfordiana (Gigelis) 
29.5 79.5 4 150.0 12.50 Globulkgerina oxfordiana (Gtigelis) 
29.5 78.5 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 
29.5 78.5 3 125.0 18.75. Globuligerina oxfordiana (Grigelis) 
29.5 76.5 3 125.0 12.50 Globuligerina ojýfbrdiana (GHgOis) 

30.0 77.0 3 125.0 12.50 Globuligerina oxfordiana (Giigelis) 

30.0 77.0 7 7 0 7 7 . 0 3 112.5 12.50 Globuligerina oxfordiana (Gtigelis) 

30.0 77.0 7 7 0 7 7 0 3 125.0 12.50 Globuligerina oxfordiana (Gtigclis) 
30.0 78.0 78 0 7 8 0 4 175.0 12.501 Globulýqerina oxfordiana (Gtigclis) 
30.0 79.0 0 7 9 0 3 137.5 18.75 Globuligerina oxfordiana (Gtigelis) 
30.0 79.0 0 7 9 0 3 125.0 18.75 Globuligerina oxfordiana (Giigclis) 
30.0 79.0 0 7 9 0 3 125.0 25.00 Globulýgerina oxfordiana (Giigclis) 
30.0 80.0 0 8 0 0 

1 

4 212.5 12.50 Conoglobigerina aff. dageslanica Morozova 

30.0 80.5 5 8 0 5 3 125.0 18.751 Globuligerina oxfordiana (Grigelis) 
30.0 81.0 81 .0 81.0 3 125.0 18.75 1 Globuligerina o. ýfordiana (Gigelis) 
30.0 83.0 3 200.0 12.501 ConoglobiRerina aff. dqzestanica Momova 
30.0 83.0 3 137.5 12.501 GIobulýsrerinaoxfordiana (Gigelis) 
30.0 83.0 3 200.0 12.50 1 Conoglobýqerina aff. dqgestanica Morozova 
30.0 8 3.5 3 125.0 12.501 0obulýqerinaoxfordiana (Gigelis) 
30.0 84.0 84.0 3 125.0 18. ý 

ordiana (Gigelis) bulýgerina oxf 
L 30.0 

_ 
85.01 31 125.0 18.751 GIobulýgerinaoxfordiana (Grigelis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
30.0 86.0 

,3 
125.0 18.75 

. 
Globulýgerina oxfordiana (Gigelis) 

30.0 86.0 13 125.0 12.50 1 Globuligerina oxfordlana (Giigclis) 

30.0 87.0 13 125.0 12.50 1 Globuligerina oxfordiana (GHgOis) 

30.0 88.0 3 87.5 12.50 1GIobuligerinaoxfordiana (Gigelis) 

30.0 88.0 3 150.0 12.50 1 Globuligerina oxfordiana (Gigelis) 

30.0 88.0 4 150.0 12.50 1GIobuligerinaoxfordiana (Giigelis) 

30.0 88.0 4 
_1 

62.5 18.75 1 Globuligerina oxfordiana (Giigelis) 

30.0. 91.5 4 125.0 12.50 1 Globuligerina oxfordiana (Giigclis) 

30.0 92.0 3 112.5 118.75 1GIobulýzerinaoxfordiana (Giigelis) 

30.0 92.0 4 137.5 18.75 1 Globuligerina oxfordiana (Grigelis) 

30.0 92.5 3 150.0 12.50 Globulkgerina oxfordiana (Gigelis) 

30.0 92.5 4 125.0 12.50 Globuligerina oxfordiana (Gtiplis) 

30.0 93.0 4 175.0 25.05 Globuligerina oxfordiana (Gtigelis) 

30.0 93.5 4 150.0 12.50 Globuligerina oxfordiana (Gtigclis) 

30.0 96.0 5 225.0 12.50 Conoglobigerina aff. dagestanica Morozova 
_ 30.0 96.5 3 100.0 12.50 Globuligerina oxfordiana (Grigelis) 

30.0 97.5 3 175.0 18.75 Globuligerina oxfordiana (Gfigelis) 

30.0 99.5 4 100.0 12.50 Globuligerina oxfordiana (Gtigelis) 

30.0 99.5 4 137.5 12.50 Globuligerina oxfordiana (Gfigelis) 

30.0 99.5 5 125.0 6.25 Globuligerina oxfordiana (Grigelis) 

30.0 100.0 3 175.0 12.50 Globuligerina oxfordiana (Gigefis) 

30.0 100.5 3 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

30.0 100.5 3 137.5 12.50 Globuligerina oxfordiana (Gtigelis) 

30.0 106.5 3 187.5 25.00 Globuligerina o-ýfordiana (Grigelis) 

30.5 97.0 4 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

30.5 95.5 3 150.0 12.50 1 Globuligerina oxfordiana (Grigelis) 

30.5 95.5 4 150.0 12.50 1 Globuligerina oxfordiana (Giigelis) 

30.5 95.5 
,3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

30.5 95.0 3 150.0 18.75 Globuligerina oxfordiana (Grigelis) 

30.5 95.0 4 175.0 12.50 Globuligerinaoxfordiana (Gfigelis) 

30.5 94.5 3 125.0 25.00 Globuligerina oxfordiana (Grigelis) 

30.5 93.0 5 150.0 12.50 
. 
Globuligerina oxfordiana (Giigelis) 

30.5 92.5 4 125.0 12.50 1GIobuligerinaoxfordiana (Giigelis) 

30.5 92.5 3 150.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

30.5 91.5 4 150.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

30.5 88.5 4 150.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

30.5 88.5 4 162.5 12.50 Globuligerinaoxfordiana (Giigelis) 

30.5 87.0 3 100.0 12.50 
, 
Globuligerina oxfordiana (Gfigelis) 

30.5 87.0 3 150.0 12.50 Globulkqerinaoxfordiana (Gfigelis) 

30.5 87.0 4 175.0 18.75 Globuligerinaoxfordiana (Giigelis) 

30.5 86.5 5 150.0 18.75 Globuligerinaoxfordiana (Gtigelis) 

30.5 86.0 4 112.5 12.50 Globuligerina oxfordlana (Gtigelis) 

30.5 85.0 4 112.5 18.75 . Globuligerina aýfordiana (Gtigelis) 

30.5 84.0 4 175.0 12.50 1GIobuligerinaoxfordiana (Gfigelis) 

30.5 84.0 3 125.0 12.50 1GIobuligerinaoxfordiana (Giigelis) 

30.5 82.5 3 137.5 18.751 GIobulkizerinaoxfordiana (Grigelis) 

30.5 82.0 3 112.5 18.75 1 Globulkizerina oxfordiana (Gfigelis) 

30.5 81.0 4 175.0 18.751 GIobuliizerinao)ýfordiana (Giigelis) 

30.5 81.0 3 150.0 12.50 Globuligerina oxfordiana (Giplis) 

30.5 81.0 4 137.5 18.75 Globufigerinao. ýfbrdiana (Gtigelis) 

30.5 79.0 3 100.0 18.75 Globuligerina oxfordiana (Giigelis) 
30.5 78.5 3 175.0 37.50 Globullgerina oxfordiana (Gigelis) 
30.5 78.0 4 175.0 

. 
12.50 Globuligerina oxfordiana (Gigelis) 

30.5 77.0 4 150.0 1 12.50 1 Globulýgerina oxfordiana (Giplis) 
30.51 77. o r4 125.0 11 18.751 GIobulkqerinaoxfordiana (GHgOis) 
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SOMHEGY - LAYER HI MAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
30.5 76.0 4 150.0 12.50 

, 
Globuligerina oxfordiana (Grigelis) 

30.5 75.5 3 125.0 12.50 Globuligerina o. ýfordiana (Giigclis) 

30.5 75.0 4 125.0 12.50 Globuligerina oxfordiana (Giigclis) 

30.5 74.5 3 125.0 12.50 Globuligerina oxfordiana (Giigclis) 

30.5 74.0 3 100.0 12.50 Globuligerina oxfordiana (Grigclis) 

31.0 73.5 4 100.0 12.50 Globuligerinaoxfordiana (Grigclis) 

31.0 73.5 4 100.0 12.50 Globuligerinaoxfordiana (Giigelis) 

31.0 74.0 6 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

31.0 75.0 4 125.0 12.50 Globuligerinaoxfordiana (Gigc1is) 

31.0 75.5 3 175.0 12.50 Globuligerina oxfordiana (Grigclis) 

31.0 
. 

75.5 3 162.5 12.50 
. 
Globuligerina oxfordiana (GrigOis) 

31.0 76.0 3 150.0 12.50 Globulkgerina oxfordiana (Gigelis) 

31.0 76.5 3 125.0 12.50 Globulkgerina oxfordiana (Giplis) 

31.0 76.5 3 175.0 12.50 Globuligerinaoxfordlana (Gtigelis) 

31.0 77.0 4 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

31.0 77.5 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

31.0 78.0 3 112.5 12.50 Globuligerina oxfordiana (Grigelis) 

31.0 80.0 3 150.0 18.75. Globuligerina oxfordiana (Gtigclis) 

31.0 80.0 3 150.0 18.751 Globuligerina oxfordiana (Gtigel is) 

31.0 80.5 3 137.5 18.75 Globuligerina oxfordiana (Gtigelis) 

31.0 80.5 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

31.0 81.0 14 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

31.0 81.0 14 162.5 12.50 Globuligerina oxfordiana (Grigelis) 

31.0 81.5 4 162.5 12.50. Globuligerina oxfordiana (Gtigelis) 

31.0 82.0 4 125.0 12.50 Globuligerina oxfordiana (Gtigclis) 

31.0 83.5 3 125.0 12.50 Globuligerina oxfordiana (Giplis) 

31.0 83.5 3 137.5 12.501 GIobuligerinaoxfordiana (Gtigelis) 

31.0 83.5 3 150.0 12.501 GIobuligerinaoxfordiana (Gtigclis) 

31.0 84.0 4 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

31.0 85.0 3 187.5 6.25 Globuligerina oxfordiana (Gtigelis) 

31.0 85.0 3 112.5 12.50 Globuligerina ojýfordiana (Grigclis) 

31.0 86.0 3 150.0 12.50 Globufigerinao. ýfordiana (Giigelis) 

31.0 86.5 3 137.5 18.75 Globuligerinaoxfordiana (Grigelis) 

31.0 87.0 4 175.0 12.50 1 Globuligerina oxfordiana (Gigelis) 

31.0 87.5 3 150.0 12.501 Globuligerina oxfordiana (Grigelis) 

31.0 92.5 3 125.0 12.501 Globuligerina o. ýfordiana (Grigelis) 

31.0 95.0 3 150.0 12.501 Globulkizerina oxfordiana (Gtigelis) 

31.0 96.5 3 125.0 12.50 Globulkirerina oxfordiana (Gtigelis) 

31.0 100.5 3 100.0 12.50 Globuligerina oxfordiana (Gtigelis) 

31.5 96.5 3 100.0 12.50 Globulkizerina oxfordiana (GHgOis) 

31.5 96.0 3 150.0 12.50 Globulkzerina oNfordiana (Gtigelis) 

31.5 95.5 4 137.5 12.50. Globuligerinaoxfordiana (Gtigelis) 

31.5 93.51 4 125.0 18.75 Globuligerina oxfordiana (Grigelis) 

31.5 93.0 5 175.0 18.75 Globuligerina oxfordiana (GHgOis) 

31.5 93.0 3 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

31.5 93.0 3 137.5 25.00 Globuligerina oxfordiana (Gtigelis) 

31.5 92.5 3 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

31.5 92.5 4 187.5 12.50 Globuligerina oxfordiana (GrigOis) 

31.5 92.0 5 175.0 12.50. Globulýgerina oxfordiana (Giigelis) 

31.5 92.0 3 125.0 12.501 Globuligerina oxfordiana (Grigclis) 

31.5 86.5 3 125.0 12.501 Globuligerina oxfordiana (Grigelis) 
31.5 86.0 3 150.0 12.501 GIobulkgerinaoxfordiana (Griplis) 
31.5 86.0 4 162.5 12.501 GIobuligerinaoxfordiana (Gtigelis) 
31.51 86.0 31 125.01 -12.501 Globulýqerina oxfordiana (Gigelis) 

31.51 86.01 41 150.0 r- 12.501 Globuligerina oNfordiana (Gigelis) 
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SOMHEGY - LAYER HI (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Prn) 

Wall Thickness 
(Prn) 

Species 

Vert Hor Thick Thin 
31.5 86.0. 3 125.0 12.50 

- 
Globuligerina oxfordiana (Giigclis) 

31.5 85.51 4 150.0 12.501 GIobuligerinaoxfordiana (Gtigelis) 

31.5 84.01 4 125.0 12.50 Globuligerinaoxfordiana (Gigelis) 

31.5 84.0 4 150.0 12.50 Globulkwina oxfordiana (Gtigclis) 

31.5 84.0 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

31.5 82.5 5 150.0 12.50 Ebuligerinaaýfordiana (Gtigclis) 

31.5 82.5 4 125.0 12.50 
. 
Globuligerina oxfordiana (Gtigelis) 

31.5 82.0, 5 175.0 12.50 1 Globulkqerina oxfordiana (Griplis) 

31.5 81.5 5 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

31.5 80.0 3 150.0 18.75 Globuligerina oxfordiana (Giigclis) 

31.5 79.5 4 150.0 18.75 Globuligerina oxfordiana (Gtigclis) 

31.5 79.5 3 125.0 18.75 1 buligerina oxfordiana (Gigelis) 

31.5 79.5, 4 100.0 18.75 1 Globuligerina oxfordiana (Gtigclis) 

31.5 79.0 4 100.0 18.75 Globuligerinaoxfordiana (Gigelis) 

31.5 78.5 4 125.0 18.75 Globuligerina oxfordiana (Gigelis) 

31.5 78.0 5 175.0 25.00 Globuligerina oxfordiana (Gfigefis) 

31.5 78.0 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

31.5 78.0 3 137.5 18.75 
. 
Globuligerina oxfordiana (Gjigelis) 

31.5 78.0 3 200.0 25.00 1 Globuligerina oxfordiana (Giigclis) 

31.5 77.5 3 125.0 18.75 Globuligerinaoxfordiana (GHplis) 

31.5 77.5 3 125.0 18.75 Globuligerina oxfordiana (Gtigefis) 

31.5 77.5 4 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

31.5 77.5 4 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 

31.5 77.5 4 125.0 18.75 
. 
Globuligerinaoxfordiana (Gtigelis) 

31.5 77.0 4 225.0 25.00 Globuligerina oxfordiana (Gigelis) 

31.5 76.5. 3 162.5 12.50 Globuligerina oxfordiana (Giigelis) 

31.5 76.51 3 100.0 18.75 Globuligerina oxfordiana (Gtigelis) 

31.5 76.51 3 100.0 18.75 Globuligerina oxfordiana (Gtigelis) 

31.5 76.51 3 125.0 12.50 
. 
Globuligerinaoxfordiana (Gtigetis) 

31.5 75.51 3 100.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 
31.5 75.51 5 150.0 18.75 Globuligerina oxfordiana (Grigelis) 
31.5 75.01 3 125.0 12.50 Globuligerina oxfordiana (Gigelis) 
31.5 75.01 4 125.0 12.50 Globuligerina o. ýfordiana (Gigelis) 
31.5 74.5 3 175.0 12.50 Globuligerina oxfordiana (Gigelis) 
31.5 74.5 3 150.0 12.50 Globuligerina oxfordiana (Gigelis) 
31.5 74.5 3 150.0 12.50 Globuligerina oxfordiana (Grigelis) 
31.5 74.5 3 100.0 18.75 Globuligerina oxfordiana (Gtigelis) 
31.5 74.0 5 225.0 12.50 Conqglobýgerina aff. dagestanica Morozova 
31.5 74.0 4 150.0 6.25 Globuligerina oxfordiana (Gigelis) 
31.5 73 5 4 125.0 12.50 

, 
06buligerinaoxfordiana (Grigelis) 

31.5 73.5 5 125.0 12.50 1 Globuligerina o. ýfordiana (Gdgclis) 
31.5 73.5 5 150.0 12.50 Globuligerina oxfordiana (Gigelis) 
31.5 72.0 4 162.5 6.25 Globuligerina oxfordiana (Gtigelis) 
32.0 74.0 4 125.0 18.75 Globuligerina oxfordlana (Gigelis) 
32.0 74.5 4 125.0 18.75 Globuligerina oxfordiana (Gfigelis) 
32.0 75.5 4 125.0 12.50 Globuligerina oxfordiana (Gigelis) 
32.0 75.5 3 125.0 25.00 Globuligerina oxfordiana (Gigelis) 
32.0 76.0 4 100.0 12.50 Globuligerina oxfordiana (Gigelis) 
32.0 77.5 3 150.0 12.50 Globuligerina aýfbrdiana (Giigelis) 
32.0 77.5 4 137.5 12.50 Globuligerina oxfordiana (Gigelis) 
32.0 8(). 0 4 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 
32.0 

1 
81.0 4 125.0 6.25 Globuligerina oxfordiana (Gigelis) 

32.0 81.5 3 150.0 12.50 Globuligerina oxfordiana (Giigelis) 
32.0 82.0 4 112.5 12.50 Globuligerina oxfordiana (Gtigelis) 
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SOMHEGY - LAYER HI MAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
32.0 84.0, 5 150.0 12.50. Globulýizerina aNfordiana (GigOis) 

32.0 86.01 4 150.0 12.501 GIobuligerinaoxfordiana (GHgOis) 

32.0 86.5 3 150.0 18.751 GIobulýqerinaoxfbrdiana (GHgOis) 

32.0 86.5 4 100.0 12.50 Globulýgerina oxfordiana (GigOis) 

32.0 87.5 3 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

32.0 87.5 4 150.0 18.75 Globuligerina aýfbrdiana (Gigelis) 

32.0 87.5, 5 137.5 12.50 Globutigerina oxfordiana (Grigelis) 

32.0 91.01 3 112.5 12.50. Globuligerina oxfordiana (Giigelis) 

32.0 91.0 3 100.0 12.501 GIobuligerinao. ýfbrdiana (Gtigelis) 

32.0 92.0 3 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

32.0 92.0 3 150.0 12.50 Glohulkgerina oxfordiana (Gtigelis) 

32.0 92.0 5 175.0 12.50 Globuligerina oxfordiana (Gtigclis) 

32.0 92.5 4 187.5 12.50 Globulýgerina oxfordiana (Gtigelis) 
_ 32.0 93.0 3 150.0 25.00 Globuligerina o. ýfordiana (Grigelis) 

32.0 94.5 3 125.0 18.75 Globuligerina oxfordiana (Grigelis) 

32.5 92.0 3 150.0 12.50. Globulýgerinaoxfordlana (Giigelis) 

32.5 90.0 3 100.0 12.501 GIobuligerinaoxfordiana (Gigelis) 

32.5 88.5 3 125.0 12.50 Globuligerina wfiordlana (Gtigelis) 

32.5 86.5 4 175.0. 12.50 Globuligerina oxfordiana (Grigelis) 

32.5 86.5 3 112.5 12.50 Globuligerina oxfordiana (Gtigelis) 

32.5 86.0 4 187.5 18.75 Globuligerina oxfordiana (Gtigelis) 

32.5 85.5 3 125.0 18.75, Globuligerina oxfordiana (Grigelis) 

32.5 85.0 4 175.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 

32.5 _ 84.0 3 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

32.5 84.0 5 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

32.5 83.0 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

32.5 83.0 5 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

32.5 
. 

82.5 4 150.0 12.50 Globuligerina oxfordiana (Gtigclis) 

32.5 82.5 4 125.0 18.751 Globuligerina oxfordiana (Grigelis) 

32.5 81.5 7 150.0 18.75 Globuligerina oxfordlana (Giigelis) 

32.5 81.0 3 187.5 18.75 Globuligerina oxfordiana (Giigelis) 

32.5 81.0 3 125.0 18.75 1GIobuligerinaoxfordiana (Giigelis) 

32.5 80.0 3 125.0 18.75 1GIobuligerinaoxfordiana (Grigelis) 

32.5 79.5 3 125.0 12.50 Globuligerina oxfordiana (Giigelis) 

32.5 79.0 4 162.5 18.75 Globuligerina oxfordlana (Gfigelis) 

32.5 78.5 4 137.5 12.50 1GIobuligerinaoxfordiana (Giigelis) 

32.5 77.5 3 125.0 12.50 Globulkqerina oxfordiana (Gtigelis) 

32.5 74.0 4 125.0 25.00- Glohuligerina oxfordiana (GigOis) 

33.0 78.5 3 150.0 12.50 Globuligerina oxfordiana (GrigOis) 

33.0 78.5 3 137.5 12.50 Globuligerina oxfordiana (Gtigelis) 

33.0 78.5 4 150.0 25.00 Globuligerina o. ýfordiana (Gtigelis) 

33.0 79.0 3 150.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 

33.0 79.0 4 112.5 12.50 Globuligerina oxfordiana (Gtigelis) 

33.0 79.5 3 150.0 12.50 Globuligerina oxfordiana (GHgOis) 

33.0 80.0 3 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

33.0 86.0 3 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

33.0 86.0 3 150.0 12.50 Globukizerina oxfordiana (Gigelis) 

33.0 86.0 3 175.0 12.50 Globuligerinaoxfordiana (Gigelis) 

33.0 86.0 ,3 150.0 12.50 , 
Globuligerina oxfordiana (Gtigclis) 

33.0 89.0 3 150.0 12.50 1 Globuligerina oxfordiana (Grigelis) 

33.0 90.0 3 137.5 12.50 1 Globuligerina oxfordiana (Giigelis) 

33.0 90.0 3 175.0 12.50 1GIobulýgerinao. ýfbrdiana (Gigelis) 

33.5 109.0 3 212.5 37. LO Globulkizerina oxfordiana (Giigelis) 

33.5 
. 90.0 . .4 

137.5 
. 

2[. 5tO E1, GIobu1igerina oxfordiana (Giigelis) 

33.5 1 90-0 13 125.0 1 1,0 , 1 12.50 Globulkqerinaoxfordiana (Gtigelis) 
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qt)Ml4FCY - LAYER HI MAJOCIAN - HUMPHRIESIANUM ZONE) 

Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
33.5 90.0, 4 150.0 12.50. Globulýszerina oxfordiana (Gtigelis) 

33.5 89.51 3 150.0 18.7 51 Globuligerina oxfordiana (Gii gcI i s) 
33.5 89.51 4 87.5 18.75 Globuligerinaoxfordiana (Giigclis) 

33.5 * 89.0 4 150.0 12.50 Globulkgerinaoxfordiana (Gigelis) 

33.5 89.0 3 100.0 18.75 Globuligerinaoxfordiana (Gigelis) 

33.5 89.0 3 112.5 18.75 Globuligerinaoxfordiana (Grigelis) 

33.5 89.0 3 100.0 18.75 Globuligerina oxfordiana (Grigelis) 

33.5 89.0, 3 112.5 18.751 GIobuligerinaoxfordiana (Gtigelis) 

33.5 88.0 3 125.0 18.751 Globuligerina o. ýfordiana (Gtigelis) 

33.5 87.5 3 125.0 12.50 Globulýqerina oxfordiana (Gtigelis) 

33.5 87.0 4 137.5 25.06 Globuligerina oxfordiana (Gigelis) 

33.5 86.0 4 150.0 25.00 Globuligerina oxfordiana (Gigelis) 

33.5 85.5 3 100.0 12.50 Globuligerina oxfordiana (Gigelis) 

33.5 85.5 3 150.0 12.50. Globuligerina oxfordiana (GHgOis) 

33.5 83.0 4 175.0 12.501 GIbbuligerinaoxfordiana (Gigelis) 

33.5 83.0 3 137.5 12.501 GIobuligerinaoxfordiana (Grigelis) 

33.5 82.5 3 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

34.0 88.5 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

34.0 88.5 4 137.5 12.50 Globuligerinaoxfordiana (Gigelis) 

34.5 88.5 4 175.0 6.25 Globuligerinaoxfordiana (Gtigelis) 

34.5 88.0 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

34.5 87.5 3 175.0 12.50 Globuligerina oxfordiana (Grigclis) 

34.5 87.5 5 200.0 18.75, Conoglobigerina aff. dagestanica Morozova 

34.5 87.5 5 187.5 18.75 Globuligerinaoxfordiana (Grigelis) 

34.5 87.0 3 137.5 18.75 Globuligerinaoxfordiana (Gtigelis) 

34.5 87.0 4 175.0 18.75 Globuligerinaoxfordiana (Grigelis) 

34.5 85.5 6 162.5 12.50 Globuligerina oxfordiana (Gigelis) 

34.5 84.0 5 162.5 6.25. Globuligerina oxfordiana (Gigelis) 

35.0 87.5 4 125.0 12.50 1 Globuligerina oxfordiana (Gigelis) 

35.0 98.0 4 100.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

35.0 99.0 4 125.0 18.75 Globuligerinaoxfordiana (Gtigelis) 

35.0 100.0 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

35.5 97.5 4 175.0 25.00 Globuligerina oxfordiana (Grigelis) 

36.0 100.5 4 150.0 12.50 
. 
Globuligerina oxfordiana (Gtigelis) 

36.0 100.5 4 150.0 18.75 Globulýgerina o-ýfbrdiana (Grigelis) 

36.5 100.0 .3 150.0 12.50 Globuligerina oXfordiana (Gtigel is) 

36.5 99.0 4 125.0 18.75 Globulkizerina oNfordiana (Grigelis) 

36.5 99.0 4 137.5 18.75 1 Globuligerina oxfordiana (Gtigelis) 

37.0 98.5 3 150.0 25.00 1 Globuligerina aýfbrdiana (Grigelis) 

37.0 99.0 3 112.5 12.50 Globuligerina oxfordiana (Grigelis) 

37.5 102.0 3 112.5 12.50 Globulkizerina aýfordiana (Gd gelis) 

37.5 100.0 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

38.0 96.5 3 175.0 12.50 Globulýgerinaoxfbrdiana (Grigelis) 

38.0 96.5 4 137.5 12.50 Globuligerina oxfordiana (Gtigclis) 

38.0 100.0 4 162.5 18.75 Globuligerinaoxfordiana (Giigelis) 

38.0 100.0 3 125.0 12.50 Globulkizerina oxfordiana (Giigclis) 

38.0 100.0 4 125.0 18.75 
. 
Globuligerina oxfordiana (Gfigdis) 

38.5 99.0 r6 
1 162.5 18.75 Globuligerinaoxfordiana (Gfigclis) 

Total Number of Specimens 1 1022 1093 
Relative Percentages 6.5 93.5 
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qnmHF: GY - LAYER H2 MAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Ijm) 

Species 

Vert Hor Thick Thin 
5.0 109.5 

.3 
225.0 18.75 Conoglobýqerina all dagestanica Morozova 

5.0 110.0 14 150.0 6.25 Globuligerina oxfordiana (GHgOis) 

5.0 110.0 14 125.0 12.50 Globukgerina oxfordiana (Gigelis) 
- 5.0 110.0 14 137.5 12.50 Globulýizerina aýfbrdiana (Grigelis) 

5.0 111.0 F4 175.0 18.75 Globulýgerina oxfordiana (Gigelis) 

5.5 110.5 14 125.0 12.50 Globuligerina oxfordiana (GrigOis) 

6.0 108.5 13 250.0 31.251 Globuligerina oxfordiana (Gigelis) 

8.5 84.5 13 225.0 25.001 Globuligerina oxfordiana (Gtigelis) 

8.5 83.5 13 137.5 12.50 Globuligerina aTfordiana (Gtigelis) 

8.5 82.5 17 225.0 18.75 Conoglobigerina aff. dqqestanica Morozova 

8.5 82.5 13 150.0 25.00 Globuligerinaoxfordiana (Gigelis) 

9.0 80.0 13 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

9.0 82.0 13 137.5 18.75 Globuligerina oxfordiana (Grigelis) 

9.0 83.5 13 112.5 6.25 Globuligerina oNfordiana (Gtigelis) 

9.0 83.5 13 162.5 6.25 Globulýgerina oxfordiana (Gigelis) 

9.0 89.0 14 125.0 18.75 Globuligerina oxfordiana (Grigelis) 

9. 0 89.5 14 175.0 18.75 Globulkizerina oxfordiana (Grigelis) 

9. 0 89-5 14 187.5 12.50 Globulýqerina oxfordiana (Gigelis) 

9. 0 92.0 14 200.0 50.00 Globuligerina oxfordiana (Giigclis) 

9. 0 92.0 13 175.0 6.25 Globuligerina oxfordiana (Gtigelis) 

9.5 107.5 14 175.0 6.25 Globulýqerina oxfordiana (Grigelis) 

9.5 94.0 13 225.0 18.75 Conoglobigerina aff. dagestanica Morozova 

9.5 92.0 15 225.0 25.00 Globulkqerina oxfordiana (Gfigelis) 

9.5 91-0 13 200.0 50.00 Globuligerina oxfordiana (Grigelis) 

9.5 87.01 5 225.0 37.50 Globuligerina oxfordiana (Gigelis) 

9.5 87.01 4 137.5 12.50 Globuligerina oxfordiana (Gigelis) 

9.5 86.51 4 250.0 12.50 Conoglobigerina aff. dagestanica Morozova 

9.5 86.01 3 275.0 18.75 Globuligerina badroniana gigantea Wemli & G8r8g 
' 

9.5 85.01 3 175.0 12.50 ligerina oxfordiana (Giigelis) Globu 

9.5 84.51 4 225.0 18.75 Conoglobkizerina aff. dagestanica Morozova 

9.5 84.01 4 100.0 12.50 Globuligerina oxfordiana (Gigelis) 

10.0 81.01 3 100.0 18.75 Globulkgerina oxfordiana (Grigelis) 

10.0 81-01 37.5 12.50 Globu figerina oxfordiana (Gigelis) 

10.0 82.51 4 137.5 12.50 Globuligerina oxfordiana (Gigelis) 

10.0 84.01 ? 62.5 18.75 Globuligerina bathoniana gigantea Wem] i& G6r6g 

10.0 88-0 5 ___ 225.0 25.00 1_ Globullgerinaoxrordiana (Grigelis) 

10.0 88.5 4 187.5 12.50 Globuligerina oxfordiana (Grigelis) 

10.0 88.5 4 225.0 12.50 Conoglobýgerlna aff. dagestanica Morozova 

10.0 93.5 4 162.5 12.50 Globuligerina oxfordiana (Gigelis) 

-. 
10.0 94.0 225.0 12.50 Conoglobigerina aff. dqizesianica Morozova 

10.5 109.0 3 250.0 18.75 Conoglobigerina aff. dagestanica Morozova 

10.5 100.5 3 225.0 18.75 Conoglobigerina aff. dagestanica Morozova 

10.5 93.0 4 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

10.5 92.0 3 225.0 25.00 Globuligerina oxfordiana (Gtigelis) 

10.5 91.0 
ý -, 

2 162.5 12.50 Globuligerina oxfordiana (Gtigelis) 

10.5 88-0 - 6 275.0 37.50 Conoglobigerina avariformis Kasimova sphaerica 
10.5 82.5 4 200.0 6.25 Conoglobigerina aff. dagestanica Morozova 

10.5 82.0 137.5 6.25 Globuligerina oxfordiana (Gtigelis) 

10.5 81.5 3 200.0 18.75 Conoglobýizerina aff. daizeslanica Morozova 

200.0 18.75 Conoglobýszerina aff. dagestanica Momova 

11.0 77.5 3 225.0 18.75 Conoglobýizerina aff. dagestanica Momova 

11.0 77.5 

w 

3 175.0 18.75 Globulýgerina oxfordlana (Gigelis) 

11.0 91-0 
- ---__3 175.0 18.75 Globufigerinao. ýfordiana (GigOis) 

11.0 92.0 3 200.0 
1 

18.75 
1 

Conoglobýgerina aff. dagestanica Momova 
11.0 92.5 4 225.0 31.25 - Globuligerina wfordiana (Gfigelis) 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
_ 11.5 109.5 

.3 
250.0 12.50 

. 
Conoglobýizerina aff. dagestanica Momova 

11.5 109.5 4 250.0 16.75 1Conoglobkizerina aff. dagestanica Momzova 
11.5 109.0 4 250.0 12.50 JConoglobýqerina aff. dagestanica Morozova 
11.5 107.5 3 225.0 25.00 Globuligerina oxfordiana (Gigelis) 
11.5 84.0 3 175.0 18.75 Globuligerina oxfordiana (Grigclis) 
12.0 104.5 3 175.0 18.75 Globuligerina oxfordiana (Gtigclis) 
12.0 105.0 4 250.0 18.75 Conoglobigerina aff. davestanica Morozova 
12.0 106.5 4 275.0 18.75 Globutýgerina bathoniana gigantea Wcmli & G8r8g 
12.5 107.5 4 225.0 18.75 Conoglobýgerlna aff. dqgeslanica Morozova 
12.5 106.5 4 100.0 6.25 Globulkgcrina oxfordiana (Giigelis) 
12.5 98.0 4 250.0 18.75 Conoglobigerina aff. dqgeslanica Momzova 
12.5 95.5 3 225.0 12.50 Conoglobigerina MY dageslanica Morozova 

12.5 95.0 3 175.0 18.75 
. 
Globuligerina oxfordiana (Gigelis) 

12.5 85.0 3 187.5 18.75 Globuligerina o. ýfordlana (Gtigelis) 
12.5 78.5 4 200.0 18.75 Conoglobýgerina aff. dagestanica Morozova 
13.0 96.0 3 175.0 12.50 Globulkizerina oxfordiana (Grigelis) 
13.0 106.5 4 175.0 18.75 Globuligerina o. ýfbrdiana (GHplis) 

13.0 107.0 3 200.0 12.50 Conoýizlob*rina aff. dagestanica Morozova 

13.0 107.0 4 212.5 12.50 Conoglobýqerina aff. dagestanica Morozova 

13.0 108.5 3 225.0 12.50 Conoglobigerina aff. dagestanica Morozova 

13.5. 110.5 4 250.0 18.75 Conoglobigerina aff. dagestanica Momova 

13.5 107.5 4 225.0 18.75 Conoglobkqerina aff. dagestanica Morozova 

13.5 106.0 3 212.5 12.50 
. 
Conoglobkgerina aff. dageslanica Morozova 

13.5 104.0 4 275.0 18.75 1 Globuligerina bathoniana gigantea Wemli & G6r6g 

13.5 102.5 4 250.0 12.50 Conoglobigerina aff. dagestanica Morozova 

13.5 98.0 5 325.0 12.50 Globulýqerina bathoniana gigantea Wemli & G6r6g 
13.5 96.5 4 137.5 12.50 Globuligerina oxfordiana (Gtigelis) 
13.5 86.5 4 250.0 18.75 Conoglobigerina aff. dagestanica Morozova 
13.5 83.0 3 250.0 18.75. Conoglobigerina aff. dagestanica Morozova 
13.5 80.0 4 225.0 18.75 1 Conoglobigerina aff. dagestanica Moro 
13.5 78.5 5 225.0 12.50 Conoglobigerina aff. dagestanica Morozova 
14.0 73.5 5 200.0 18.75 Conoglob4zerina aff. dagestanica Morozova 
14.0 73.5 4 175.0 25.00 Globukizerina oxfordiana (Grigelis) 
14.0 77.01 4 225.0 18.75 Conoglobigerina aff. dqgestanica Morozova 

14.0 78.01 3 200.0 12.50 1 Conpizlobýgerina aff. dqgestanica Momzova 
14.0 84.01 5 250.0 18.751 Conoglobkizerina aff. dagestanica Morozova 
14.0 85.51 4 200.0 18.751 Conoglobigerina aff. dagestanica Morozova 
14.0 89.01 5 125.0 12.50 1 Globuligerina oxfordiana (GigOis) 
14.0 95.51 4 225.0 12.50 1 Conoglobigerina aff. dagestanica Morozova 

14.0 107.51 5 200.0 25.00 Globuligerina oxfordiana (Gigelis) 

14.5 104.01 4 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

14.5 103.51 3 137.5 18.75 Globulýgerina oxfordlana (Gtigelis) 
14.5 101.0 3 175.0. 12.50 Globuligerina oxfordiana (Grigclis) 
14.5 100.0 4 125.0 18.75 Globulkizerina oxfordiana (Gtigelis) 
14.5 98.0 3 175.0 18.751 GIobuligerinaoxfordiana (Gtigclis) 
14.5 98.0 5 137.5 12.50 Globuligerinaoxfordiana (Gtigclis) 

14.5 95.5 3 112.5 12.50 Globuligerina oxfordiana (Gtigelis) 
14.5 94.0 3 187.5 12.50 Globuligerina oxfordiana (Giigelis) 
14.5 92.0 3 200.0 18.75 Conoglobigerina aff. dagestanica Moro 
14.5 88.5 5 150.0 12.50. Globuligerina oxfordiana (Gtigelis) 
14.5 86.0 3 225.0 37.50 Globuligerina oxfordiana (Gtigclis) 
14.5. 85.0. 3 250.0 25.00 Globukizerina oxfordiana (Gtigelis) 
15.0 74.5 5 237.5 18.75 Conoglobigerina aff. dagestanica Morozova 
15.0 82.5 3 

1 

175.0 

1 

25.00 Globuligerina o. ýfbrdiana (Giigelis) 
15.0 85.01 4 225.0 18.75 Conqglobigerina aff. dagestanica Morozova 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(lim) 

Wall Thickness 
(Prn) 

Species 

Vert Hor Thick Thin 
15.0 88.5 

.4 
200.0 25.00 Globulýgerina oxfordiana (Gigelis) 

15.0 90.5 4 175.0 25.00 Globulkizerina oxfordiana (Gigelis) 

15.0 91.5 3 187.5 18.75 1GIobuligerinaoxfordiana (GigOis) 

15.0 92.0 4 175.0 12.50 1 Globulýgerina oxfordiana (Gigelis) 

15.0 92.0 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

15.0 95.0 4 175.0 18.75 Globuligerina oxfordiana (GigOis) 

15.0 95.5 3 175.0 12.50 Globuligerina oxfordiana (Gigelis) 

15.0 98.5 3 125.0 12.50 Globuligerina oxfordiana (Gsigelis) 

15.0 105.0 4 175.0 12.50 
. 
Globuligerina oxfordiana (Gtigelis) 

15.0 107.0 3 150.0 18.75 Globutigerina oxfordiana (Gigelis) 

15.5 110.5 3 137.5 12.50 Globuligerina oxfordiana (Gigelis) 

15.5 110.5 3 200.0 12.50 Concýqlobigerina aff. dogestanica Morozova 

15.5 108.5 4 150.0 25.00 Globuligerina oxfordiana (Gtigelis) 

15.5 107.0 4 175.0 18.75 1GIobuligerinaoxfordiana (Gtigclis) 

15.5 98.5 4 225.0 18.75 1 Conoglobigerina aff. dqirestanica Morozova 

15.5 95.5 3 175.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

15.5 95.0 4 262.5 18.75 Globutigerina balhoniana gigantea Wemli & G6jr6g i5g 

15.5 95.0 4 225.0 25.00 Globuligerina oxfordlana (Gtigelis) 

15.5 95.0 4 187.5 12.50 Globuligerina oxfordiana (GrigOis) 

15.5 94.0 4 150.0 18.75 
. 
Glabuligerina oxfordiana (Giplis) 

15.5 94.0 5 225.0 18.75 IConoglobigerina aff. dagestanica Morozova 

15.5 92.5 3 250.0 18.75 Conoglobigerina aff. dagestanica Morozova 

15.5 92.5 4 250.0 12.75 Conoglobigerina aff. dagestanica Morozova 

15.5 92.0 4 200.0 12.50 Conoglobkgerina aff. dagestanica Morozova 

15.5 92.0 3 125.0 18.75 Globuligerina oxfordiana (Gigelis) 

15.5 92.0 3 200.0 18.75 
. 
Conoglobigerina aff. dagestanica Morozova 

15.5 91.0 4 200.0 25.00 Globuligerina oxfordiana (Giigelis) 

15.5 90.5 3 175.0 18.75 Globuligerina oxfordiana (Grigelis) 

15.5 83.0 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

15.5 81.5 3 200.0 31.25 Globuligerina oxfordiana (Grigelis) 

15.5 79.5 4 175.0 12.50 Globuligerina oxfordiana (GigOis) 

15.5 78.5 
.3 

200.0 25.00 Globuligerina oxfordiana (Gtigelis) 

15.5 78.0 3 162.5 12.50 Globuligerina oxfordiana (Grigelis) 

15.5 77.5 3 175.0 18.75 Globuligerina oxfordiana (Grigclis) 

15.5 77.0 4 187.5 18.75 Globuligerina oxfordiana (Gtigelis) 

15.5 76.5 3 200.0 18.75 Conoglobigerina aff. dagestanica Morozova 

15.5 76.0 4 225.0 18.75I Conoglobigerina aff. dagestanica Morozov 

15.5 76.0 4 150.0 12.50 Globuligerina axfordiana (GfigOis) 

15.5 76.0 5 225.0 18.75 Conoglobýgerina aff. dagestanica Morozova 

16.0 75.0 3 200.0 18.75 Conoglobigerina aff dagestanica Morozova 

16.0 81.5 3 200.0 25.00 Globuligerina oxfordiana (Gtigelis) 

16.0 86.0 4 125.0 12.501 GIobuligerinaoxfordiana (Gigelis) 

16.0 87.0 3 162.5 18.751 GIobulýgerinaoxfordiana (Gigelis) 

16.0 88.5 4 175.0 12.50 1 Globuligerina oxfordiana (Gigelis) 

16.0 95.0 3 200.0 18.751 Conoglobigerina aff-dagestanica Morozova 

16.0 95.5 4 225.0 18.75 Conoglobigerina aff. dagestanica Morozova 

16.0 95.5 4 250.0 18.75 Conoglobigerina aff. dagestanica Morozova 

16.0 100.5 4 200.0 18.75 Conoglobigerina aff. dagestanica Morozova 

16.5 98.5 4 200.0 18.75 Conoglobýgerina aff. dagestanica Morozova 

16.5_ 97.5 4 175.0 12.50 Glo'buligerinao. ýfordiana (Grigelis) 

16.5 97.5 3 150.0 12.501 GIbbul4gerinaoxfordiana (Grigelis) 
16.5 97.5 4 200.0 12.50 Conoglobýqerina aff. dairestanica Morozova 
16.5 96.0 3 200.0 25.00 Globuligerina o. ýfordiana (GHgOis) 
16.5 95.0 41 225.01 12.50 Conoglobigerina aff. dagestanica Morozova 
16.5 93.5 31 225.01 25.00 Globuligerina oxfordiana (Gfighs) 
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lqnMHEGY - LAYER H2 MAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
16.5 90.0. 3 200.0 18.75. Conoglobigerina afT. dagestanica Morozova 

16.5 88.5 4 175.0 18.75 Globufigerinao. ýfbrdiana (Grigclis) 

16.5 87.5 3 137.5 12.50 Globuligenna oxfordiana (Grigelis) 

16.5 83.0 3 200.0 25.00 Globuligerina oxfordiana (GigOis) 

16.5 79.0 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

16.5 78.0 4 100.0 12.50 Globuligerina oxfordiana (Giigclis) 

16.5 78.0 3 175.0 12.501 GIo buligerina oxfordiana (Gigelis) 

16.5 73.0 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

16.5 72.5 4 275.0 18.75 Globulkgerina bathontana gigantea Wcmli & GC)r8g 

16.5 72.0 4 400.0 25.00 Conoglobigerina avariformis Kashnova alta 

17.0 78.5 3 162.5 18.75 Globuligerina oxfordiana (Gtigelis) 

17.0 78.5 3 225.0 18.75. Conoglobigerina aff. daireslanica Momova 

17.0 79.5 4 175.0 12.501 GIobuligerinaoxfordiana (Gtigelis) 

17.0 80.0 3 125.0 12.50 1 Globuligerina o-ýfbrdiana (Gigelis) 

17.0 87.5 4 125.0 12.501 GIobuligerinaoxfordiana (Gigelis) 

17.0 87.5 6 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

17.0 91.5 4 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

17.0 92.5 3 125.0 18.751 GIobuligerinaoNfordiana (Gigelis) 

17.0 96.0, 4 162.5 18.751 Globuligerina oxfordiana (Grigclis) 

17.0 98.0 3 125.01 12.50 Globuligerina oxfordlana (Gtigelis) 

17.5 110.5 4 162.5 12.50 Globuligerina o. ýfordiana (Gtigelis) 

17.5 109.0 6 175.0 12.50 Globulýgerina oxfordiana (Gtigelis) 

17.5 108.5 4 200.0 12.50 Conoglobkgerina aff. dagestanica Morozova 

17.5 108.5 5 250.0 18.75 , Conoglobigerina aff. dagestanica Morozova 

17.5 107.5 4 175.0 6.25 Globuligerina oxfordiana (Gtigelis) 

17.5 106.0 3 125.0 12.50 Globuligerina oxfordiana (GTigclis) 

17.5 104.5 5 225.0 12.50 Conoglobigerina aff. dagestanica Momova 

17.5 104.0 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

17.5 102.5 4 150.0 12.50 Globuligerina oxfordiana (Giigelis) 

17.5 102.0 4 175.0 25.00 Globuligerina oxfordiana (Giigclis) 

17.5 101.5 4 125.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 

17.5 99.0 3 175.0 18.75 Globuligerina oxfordiana (Gtigclis) 

17.5 97.5 3 225.0 18.75 Conoglobýjzerina aff. dagestanica Momzova 

17.5 97.0 4 150.0 18.75 1GIobuligerinaoxfordiana (Gigelis) 

17.5 85.5 3 137.5 12.50 Globuligerina oxfordiana (Giigelis) 

17.5 83.5 3 150.0 25.00 Globuligerina oxfordiana (Gtigclis) 

17.5 83.5 3 200.0 25.00 Globulkgerina wfiordiana (Gigelis) 

17.5 82.5 4 200.0 25.00 Globulýgerina oxfordiana (Gtigclis) 

17.5 82.5 3 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 

17.5 81.0 3 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 

17.5 80.5 3 175.0 18.75 Globuligerina oxfordiana (Giigelis) 

17.5 79.0 4 137.5 25.00 Globulkgerina oxfordiana (Grigelis) 

17.5 78.0 4 225.0 18.75 Conoglobigerina aff. dagestanica Momova 

17.5 76.0 3 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

17.5 71.0 3 250.0 18.75 Conoglobigerina aff. dqizestanica Morozova 

18.0 79.0 3 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

18.0 80.5 4 250.0 25.00 Globuligerina oxfordiana (Grigelis) 

18.0 80.5 4 200.0 25.00 Globuligerina oxfordiana (Gtigelis) 

18.0 101.5 3 225.0 12.50 Conoglobigerina aff. dagestanica Morozova 

18.0 102.0 3 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 

18.0 103.0 4 262.5 1 25.00 Conoglobigerina avariformis Kasimova sphaerica 
18.5 108.5 3 162.5 12.50 Globuligerina oxfordiana (Gtigelis) 

18.5 107.0 4 212.5 18.75 Conoglobigerina aff. dagestanica Morozova 

18.5 103.0 3 200.0 18.75 Conoglobigerina afT. dagestanica Morozova 

18.5 
. 

103.0 4 212.5 18.75 Conoglobigerina aff. dagestanica Momova 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
18.5 85.5 

.3 
150.0 18.75 , Globulkzerina oxfordiana (Giplis) 

18.5 85.5 3 137.5 18.75 1 Globullizerina o. ýfordiana (Giigelis) 

18.5 85.5 4 162.5 12.50 Glob4gerina oxfordiana (Gigelis) 

18.5 84.0 3 100.0 25.00 Globulýgerina oNfordiana (Gigelis) 

18.5 84.0 4 187.5 18.75 Globuligerina o. ýfordiana (Gigelis) 

18.5 78.0 3 225.0 18.75 Conoglobigerina aff. dagestanica Momzova 

18.5 75.0 3 225.0 18.75 Conoglobýgerina aff. dagestanica Momova 

18.5 72.0 4 250.0 18.75 Conoglobigerina aff. dagestanica Morozova 

18.5 71.0 3 125.0 18.75 Globuligerina oxfordlana (Gtigelis) 

19.0 81.0 3 225.0 12.50 Conoglobigerina aff. dagestanica Morozova 

19.0 83.5 7 175.0 18.75 Globuligerina oxfordiana (Griplis) 

19.0 95.0 3 200.0 18.75 
. 
Conoglobkgerina aff. dagestanica Moro 

19.0 96.0 4 225.0 37.50 Globuligerina oxfordiana (Gigelis) 

19.0 100.0 3 225.0 37.50 Globulkizerina oxfordiana (Gigelis) 

19.5 110.0 4 212.5 25.00 0.00 Globuligerina ojýfordiana (Grigelis) 
19.5 110.0 3 162.5 18.75 Globuligerina oxfordiana (Gtigelis) 

19.5 109.0 4 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 
19.5 107.5 4 225.0 12.50 Conoglobigerina aff. dagestanica Morozova 

19.5 106.0 4 125.0 18.75 Globuligerina oxfordiana (Gfigclis) 

19.5 102.0 4 125.0 18.75 Globulýgerina oxfordiana (Giigelis) 

19.5 97.0 4 225.0 18.75 Conoglobigerina aff. dagestanica Morozova 

19.5 85.5 3 125.0 18.75 Globuligerina oxfordiana (Grigelis) 

19.5 81.5 4 225.0 18.75 Conoglobigerina aff. dagestanica Morozova 

19.5 81.0 3 175.0 18.75 
, 
Globuligerina oxfordiana (Gtigelis) 

19.5 80.0 4 150.0 12.50 Globuligerina &ýfordiana (Gtigelis) 

19.5 75.0 4 225.0 18.75 Conoglobigerina aff. dagestanica Morozova 

20.0 86.0 6 225.0. 18.75 Conoglobkgerina aff. dagestanica Morozova 

20.0 101.5 6 225.0 25.00 Globuligerina oxfordiana (Grigelis) 

20.0 107.0 3 175.0 18.75. Globuligerina oxfordiana (Grigelis) 

20.0 109.0 4 175.0 18.751 Globuligerina oxfordiana (Gigelis) 
20.0 110.0 4 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 
20.5 103.0 3 200.0 18.75 Conoglobigerina aff. dageslanica Morozova 
20.5 99.0 4 225.0 18.75 Conoglobigerina aff. dagestanica Momova 

20.5 99.0 3 150.0 37.50 Globuligerina oxfordiana (Gigelis) 

20.5 96.5 3 200.0 25.00 Globuligerina oxfordiana (Gigelis) 

20.5 94.0 3 225.0 18.75 Coneglobigerina aff. dagestanica Momzova 

20.5 92.0 3 150.0 18.75 Globulkgerina ojýfordiana (Gtigelis) 
20.5 92.0 4 225.0 37.50 Globulýgerina o. ýfbrdiana (Gtigelis) 

20.5 87.5 4 162.5 18.75 Globuligerina oxfordiana (Gtigelis) 

20.5 87.0 4 162.5 12.50. Globuligerina oxfordiana (Giigelis) 

20.5 84.0 3 225.0 31.25 Globuligerina oxfordiana (Giigelis) 

20.5 71.01 4 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

21.0 73.01 5 162.5 12.50 Globuligerina oxfordiana (Gigelis) 
21.0 77.51 3 150.0 12.50 Globulkizerina oxfordiana (Gtigelis) 
21.0 86.5 4 175.0 12.50 Globulýqerina oxfordiana (Gtigelis) 
21.0 91.0 3 212.5 18.75 Conoglobigerina aff. dagestanica Morozova 

21.0 91.5 3 150.0 25.00 Globuligerina oxfordiana (Grigelis) 

21.5 107.0 3 200.0 18.75 Conoglobigerina aff. dageslanica Morozova 

21.5 104.0 4 225.0 18.75. Conoglobigerina aff. dqZestanica Morozova 

21.5 96.0 4 175.0 12.50 Globuligerina &ýfordiana (Gtigelis) 
21.5 93.5 6 200.0 12.50 Conoglobigerina aff. dqgeslanica Morozova 
21.5 91.5 4 237.5 31.25 Globuligerina oNfordiana (Gtigclis) 
21.5 80.0 4 150.0 18.75 Globuligerinaoxfordiana (Giigclis) 

I 

21.5 78.0 3 200.01 18.75 Conoglobkqerina aff. dagestanica Morozova 
27.5[ 7651 31 150.01 18.75 Globuligerinaoxfordiana (GHgOis) 

. 
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SOMHEGY - LAYER H2 MAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick, Thin 
_ 21.5 76.0, 3 150.0 18.75 

. 
Globuligerina oxfordiana (GigOis) 

21.5 76.01 3 125.0 12.50 Globuligerina &ýfbrdiana (Griplis) 

21.5 75.0 3 225.0 18.75 Conoglobýgerina aff. dagestanica Morozova 

21.5 74.0 3 150.0 6.25 Globuligerina oxfordiana (Gigelis) 

21.5 74.0 4 150.0 6.25 Globuligerina oxfordiana (GHgOis) 

21.5 74.0 4 162.5 6.25 Globulýqerina oxfordiana (Gigelis) 

21.5 73.0 4 150.0 6.25 Globuligerina oxfordiana (GigOis) 

21.5 70.51 4 150.0 12.50 Globulkgerina oxfordiana (Gigelis) 

22.0 97.51 3 250.0 12.50 Con 
I 
oglobigerina aff. dagestanica Morozova 

22.0 105.0 4 225.0 1 18.75 Conoirlobigerina aff. dagestanica Morozova 

22.0 106.0 3 175.0 12.50 
. 
Globulkizerinao. xf(; rdiana (Giigclis) 

22.5 110.0 3 175.0 18.75 Globul*rinaoxfordiana (Gigelis) 

22.5 110.0 3 150.0 12.50 Globuligerina oxfordiana (Giplis) 

22.5 110.0 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

22.5 94.0 4 225.0 18.75 Conoglobigerina aff. dagestanica Morozova 

22.5 92.0 4 225.0 25.00 
. 
Globuligerina oxfordiana (Gigelis) 

22.5 91.0 3 200.0 18.75 1 Conoglobýgerina aff. dagestanica Morozova 

22.5 85.0 3 250.0 12.50 Conoglobkqerina aff. dagestanica Momzova 

22.5 80.0 4 200.0 18.75 Conoglobigerina aff. dagestanica Morozova 

22.5 79.51 4 200.0 18.75 Conoglobkqerina aff. dagestanica Morozova- 

22.5 77.5 4 175.0 6.25 Globuligerina oxfordiana (Grigelis) 

23.0 71.5 4 300.0 18.75 
. 
Globuligerina bathoniana gigantea Wcmli & G8r6g 

23.0 78.0 3 125.0 12.50 1GIobuligerinaoxfordiana (Gigelis) 

23.0 78.0 4 125.0 12.50 Globulkizerina oxfordlana (Gtigelis) 

23.0 108.0, 4 200.0 18.75 Conoglobigerina aff. dagestanica Mom- 

23.5 110.0 5 225.0 25.00 Globuligerina oxfordiana (Gtigelis) 

23.5 109.5 4 187.5 18.75 1GIobulkizerinaoxfordiana (Gtigelis) 

23.5 108.0 5 225.0 18.75 1 Conoglobigerina aff. dagestanica Morozova 

23.5 104.5 3 200.0 18.75 IConoglobigerina aff. dagestanica Morozova 

23.5 84.5 4 175.0 18.75 1 Globulkgerina oxfordiana (Gtigelis) 

23.5 78.5 4 200.0 12.50 Conoglobýgerina aff. dagestanica Morozova 

23.5 76.5 3 200.0 18.75 Conoglobýqerina aff. dagestanica Morozova 

24.0 81.5 3 150.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

24.0 84.5 4 137.5 18.75 Globulýgerinaoxfordiana (Giigelis) 

24.0 94.0 3 162.5 6.25 
. 
Globuligerina oxfordiana (Gtigelis) 

24.0 96.01 4 187.5 18.75 Globuligerina oxfordiana (Giigelis) 

24.0 96.0 4 237.5 18.75 Conoglobigerina aff. dagestanica Morozova 

24.0 99.5 4 137.5 18.75 Globulkgerina o. ýfordiana (Gigelis) 

24.0 102.0 3 175.0 12.50 Globuligerina oxfordiana (Giigelis) 

24.0 107.0 4 312.5 18.75 Globulkizerina bathoniana gigantea Wemli & G6rdg 

24.0 109.5 4 200.0 18.75 Conoglobigerina aff. dagestanica Morozova 

24.5 84.5 4 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

24.5 80.5 6 137.5 12.50 Globuligerina oxfordlana (Giigelis) 

24.5 78.5 5 200.0 18.75 
. 
Conoglobigerina aff. dagestanica Morozova 

24.5 78.5 3 125.0 25.00 1 Globulkgerina oxfordiana (Gigelis) 

24.5 76.0 4 175.0 12.50 Globuligerina oxfordiana (Grigelis) 

24.5 74.5 4 175.0 12.50 Globulkizerina o. ýfordiana (Giigelis) 

25.0 83.5 4 200.0 12.50 Conojqlobýqerina aff. dagestanica Morozova 

25.0 84.5 5 150.0 12.50 Globufigerinao. ýfordiana (Gfigelis) 

25.5 109.5 4 125.0 6.25 
, 
Globuligerina o. ýfbrdiana (Gigelis) 

25.5 107.5 4 125.0 18.75 Globuligerina oxfordiana (Gdgclis) 

25.5 90.5 3 137.5 18.75 Globuligerina oxfordiona (Giigelis) 

25.5 89.0 3 150.0 18.75 Globuligerina akfordiana (Gtigclis) 

25.5 87.0 4 200.0 18.75 Conoglobýgerina aff. dagestanica Morozova 

26.0 80.0 4 150.0 18.75 Globufigerinao. ýfbrdiana (GHgcIis) 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Prn) 

Species 

Vert Hor Thick Thin 
26.0 86.0 

.3 
175.0 12.50 

. 
Globuligerinaoxfordiana (Gigelis) 

26.0 86.0 4 175.0 18.75 1GIobufigerinaojýfordiana (Gigelis) 

26.0 88.0 3 150.0 6.25 Globuligerina oxfordiana (Gigelis) 

26.0 91.0 3 137.5 18.75 Globuligerina oXfordiana (Gigelis) 

26.0 91.0 3 125.0 18.75 GlobulýqerinaoXfordiana (Gtigelis) 

26.0 94.0 4 200.0 18.75 Conoglobýqerina aff. diýqeslanica Morozova 

26.0 96.0 4 162.5 12.50 Globuligerina oxfordiana (Grigcl is) 

26.0 96.5 4 125.0 12.50 Globutigerina oxfordiana (Giigcl is) 

26.0 97.0 4 150.0 12.50 Globuligerinaoxfordiana (Giigelis) 

26.0 97.5 4 137.5 12.50 Globuligerina oxfordiana (Giplis) 

26.0 98.0 4 150.0 12.50 Globuligerina oxfordiana (Grigclis) 

26.0 104.0 3 175.0 12.5() Globulkgerina oxfordiana (Gtigelis) 

26.0 105.5 3 150.0 12.50 
. 
Globuligerina oxfordiana (Gigelis) 

26.5 109.0 4 175.0 12.50 1GIobuligerinaoxfordiana (GHgOis) 

26.5 105.5 
.4 

125.0 12.50 1 Globuligerina oxfordiana (Gtigelis) 

26.5 99.5 4 150.0 12.50 1GIobulkgerinaoxfordiana (Gigelis) 

26.5 98.5 3 150.0 18.75 Globuligerina o. ýfordiana (Grigelis) 

26.5 97.5 4 175.0 12.50 Globuligerina oxfordiana (Giigelis) 

26.5 96.5 4 150.0 12.50 Globuligerina oxfordiana (GrigOis) 

26.5 96.0 4 175.0 18.75 Globuligerina o. ýfordiana (Griplis) 

26.5 90.5 3 125.0 18.75 Globuligerina o. ýfordiana (Gdgelis) 

26.5 90.0 4 150.0 18.75 Globuligerina oxfordiana (Grigelis) 

26.5 78.0 5 175.0 12.50 Globuligerina oxfordiana (GHgOis) 

26.5 76.5 3 150.0 18.75 Globuligerina oxfordiana (Grigelis) 

26.5 
_ 

75.0 4 150.0 18.75 Glo 
I 
buligerina oxfordiana (Griplis) 

26.5 74.5 3 150.0 18.75 1 Globuligerina oafiordiana (Giigelis) 

26.5 71.0 3 112.5 18.75 1 Globuligerina oxfordiana (Gfigelis) 

27.0 76.5 4 150.0 18.75 1GIobuligerinaoxfordiana (Gigelis) 

27.0 78.0 4 175.0 18.75 1 Globuligerina oxfordiana (Gigelis) 

27.0 84.0 -4 175.0 18.75 1GIobuligerinaoxfordiana (Gtigclis) 
27.0 99.0 4 150.0 6.251 GIobulýzerinaoxfordiana (Gtigelis) 

27.0 100.5 4 175.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 
27.0 106.0 4 175.0 12.501 Globuligerina oxfordiana (Gigelis) 

27.0 109.0 3 150.0 12.50 1 Globuligerina oxfordiana (Giigelis) 

27.5 108.5 3 150.0 12.501 GIobuligerinaoxfordiana (GigOis) 

27.5 108.0 4 150.0 12.50 1 Globuligerina oxfordiana (GFigelis) 

27.5 104.0 4 175.0 18.751 Globuligerina oxfordiana (Gtigelis) 

27.5 103.0 4 150.0 18.75 1 Globuligerina oxfordiana (GtigOis) 

27.5 102.5 4 125.0 18.751 GIobuligerinaoxfordiana (Grigelis) 

27.5 89.5 4' 287.5 18.75 Globulkgerina bathoniana gigantea Wemh & G8rdg 

27.5 82.5 4 212.5 18.75 Conoglohigerina aff. dagestanica Morozova 

27.5 78.5 4 175.0 18.75 Globuligerina oxfordiana (Gigelis) 

27.5 73.5 5 175.0 18.75 Globulýgerina oxfordiana (Gtigelis) 
27.5 73.5 4 150.0 18.75. Globuligerinao. ýfordiana (GigOis) 
27.5 73.0 3 125.0 18.75 Globuligerina oxfordiana (GigOis) 

27.5 70.0 4 150.0 18.75 Globuligerina oxfordiana (GrigOis) 

28.01 80.0 3 137.5 12.50 Globuligerinaoxfordiana (Gtigelis) 

28.0 103.0 3 162.5 18.75 Globuligerina oxfordiana (GHgOis) 

28.0 103.0 3 150.0 18.75 Globuligerinaoxfordiana (Gigelis) 

28.5 110.5 4 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 
28.5 110.5 3 175.0 25.00 Globulýgerina oxfordiana (Gtigelis) 
28.5 110.0 4 250.0 18.751 Conoglobýgerina aff. dagestanica Morozova 
28.5 110.0 3 225.0 18.751 Conoglobýizerina aff. dagestanica Moruzova 
28.5 109.5 4 125.0 18.751 GIobuligerinaoxfordiana (Gtigelis) 
28.5 109.5 150.0 18.751 GIobuligerinaoxfordiana (Grigelis) 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) - 

Wall Thickness 
(tim) 

Species 

Vert Hor Thick Thin 
28.5 108.5. 4 150.0 18.75_ Globuliizerinaoxfordiana (Gigelis) 
28.5 102.01 4 175.0 12.50 1 Globulýqerina o. ýfordiana (Giigclis) 

28.5 101.5 3 175.0 12.50 Globulýgerinaoxfordiana (Gigelis) 

28.5 101.5 4 175.0 12.50 Globulkizerina oxfordiana (Gtigelis) 

28.5 98.0 4 175.0 18.75 Globulýqerina oxfordiana (Gtigelis) 

28.5 92.0 5 162.5 12.50 Globulýjzerina oxfordiana (Gtigelis) 

28.5 90.5. 4 175.0 12.50 
. 
Globuligerina oxfordiana (Gtigclis) 

28.5 88.5 3 175.0 18.75 Globuligerina oxfordiana (Gtigclis) 

28.5 87.5 4 150.0 12.50 Globuligerina oxfordiana (GHgelis) 

28.5 87.5 3 125.0 12.50 Globulkgerina oxfordiana (Giigclis) 

28.5 86.0 4 162.5 18.75 Globuligerina oxfordiana (Gtigclis) 

28.5 83.5, 4 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

28.5 83.01 4 150.0 12.50 Globuligerina oxfordiana (Gtigclis) 

28.5 82.51 4 175.0 12.50 Globuligerina oxfordiana (Giigclis) 

28.5 73.01 3 150.0 6.25 Globuligerina oxfordiana (Gtigelis) 

28.5 72.0 4 175.0 12.50 Globuligerina oxfordiana (Gigelis) 

28.5 71.5 3 150.0 18.75 
. 
Globuligerinaoxfordiana (Gtigclis) 

_ 28.5 71.0 3 100.0 12.50 1 Globuligerina oxfordiana (Gtigclis) 

28.5 70.5 3 175.0 18.75 Globuligerina oxfordiana (Gfigelis) 

28.5 70.5 
,3 

125.0 18.75 Globuligerina oxfordiana (Gtigelis) 

28.5 70.0 4 175.0 18.75 Globuligerina oxfordiana (Gtigclis)- 

28.5 70.0 4 162.5 18.75 Globuligerina oxfordlana (Gtigelis) 

28.5 70.0 3 100.0 18.75 , Globuligerina oxfordiana (GTigelis) 

29.0 69.5 3 175.0 12.50 1 Globuligerina oxfordiana (Gdgefis) 

29.0 69.5 3 187.5 12.50 Globuligerina oxfordiana (GrigOis) 

29.5 108.5 3 100.0 18.75 Globuligerina o. ýfordiana (Giigelis) 

29.0 71.0 4 162.5 12.50 Globuligerina oxfordiana (Grigelis) 

29.0 75.5 4 150.0 12.50 Globutigerina oxfordiana (Grigelis) 

29.0 78.5 3 150.0 18.75. Globuligerina oxfordiana (Gigelis) 

29.0 82.5 3 112.5 18.75 Globuligerina oxfordiana (GfigOis) 

29.0 82.5 3 112.5 12.50 Globuligerinaoxfordiana (Gtigelis) 

29.0 87.5 4 137.5 18.75 Globuligerina oxfordiana (GHgOis) 

29.0 87.5 4 175.0 18.75 Globuligerina oxfordiana (Grigelis) 

29.0 91.0 4 175.0 12.50 Globuligerina oxfordiana (GigOis) 

29.0 92.0 3 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

29.0 93.0 3 125.0 18.75 Globuligerina oxfordiana (Gigelis) 

29.0 94.5 3 150.0 12.50 Globuligerina oxfordiana (Gtigclis) 
' 29.0 107.5 3 175.0 6.25 buligerina oxfordiana (Gigelis) Glo 

29.0 108.5 5 150.0 12.50 Globuligerina oxfordiana (Grigelis) 

29.5 108.0 4 175.0 6.25 Globuligerina oxfordiana (Gtigelis) 

29.5 108.0 5 187.5 12.50 Globulkizerina oxfordiana (GfigOis) 

29.5 107.5 3 200.0 12.50 Conoglobigerina aff. dkizestanica Morozova 

29.5 100.0 4 150.0 18.75 Glohuligerina oxfordiana (Gtigclis) 

29.5 97.5 5 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

29.5 96.5 3 150.0 25.00 Globuligerina oxfordiana (Grigelis) 

29.5 89.0 3 175.0 12.50 Globuligerina oxfordiana (Grigclis) 

29.5 88.0 4 200.0 18.75 ConQqIobksZerIna aff. dagestanica Morozova 

29.5 88.0 5 175.0 12.50 Globuligerina o. ýfordiana (Grigclis) 

29.5 84.0 3 187.5 18.75 Globuligerina oxfordiana (Giigelis) 

29.5 78.0 3 150.0 18.75 Globuligerina oxfordiana (Gigelis) 
29.5 75.0 4 150.0 12.50 1 Globuligerina oxfordiana (Gigelis) 
29.5 71.5 5 175.0 12.501 Globuligerina oxfordiana (Grigelis) 
29.5 70.5 3 125.0 18.75 GlobuligerinaoNfordlana (Gigelis) 

30.0 71.5 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 
30.0. 74.0 3 150.0 12.50 Globuligerina oxfordiana (Gtigclis) 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(PM) 

Wall Thickness 
(Prn) 

Species 

Vert Hor Thick Thin 
30.0 75.0 3 150.0 12.50 Globulýizerina oxfordiana (Gtigelis) 
30.0 85.0 13 125.0 18.75 Globuligerina oxfordiana (Giplis) 

30.0 85.0 13 125.0 12.50 GlobuAzerinaoxfordiana (Gtigclis) 

30.0 91.0 13 100.0 12.50 Globuligerinamfordlana (Giplis) 

30.0 91.5 14 175.0 12.50 Globuligerinaoxfordiana (Giplis) 

30.0 92.5 3 125.0 18.75 Globuligerinaoxfordiana (Gigelis) 

30.5 109.5 3 125.0 18.75 Globuligerinaoxfordiana (Gigelis) 

30.5 107.0 3 125.0 12.50 Globuligerina o. ýfbrdiana (Giigclis) 

30.5 106.5 4 162.5 18.75 Globuligerinaoxfordiana (Gigelis) 

30.5 103.5 3 175.0 18.75 Globuligerina oxfordiana (GHgOis) 

30.5 102.0 3 150.0 18.75 Globuligerina oNfordiana (Giplis) 

30.5 98.5 3 175.0 12.50 Globuligerinaoxfordiana (Gtigelis) 

30.5 98.0 3 162.5 18.75 
. 
Globuligerina oxfordiana (Gigelis) 

30.5 97.5 4 175.0 18.75 1 Globuligerina oxfordiana (Giplis) 

30.5 97.5 3 150.0 18.75 Globutigerina oxfordiana (Grigelis) 

30.5 95.0 4 175.0 12.50 Globuligerina oxfordiana (Giigclis) 

30.5 85.5 3 112.5 12.50 Globullgerinaoxfordiana (Giigelis) 

30.5 85.0 5 200.0 18.75 Conoglobigerina aff. dagestanica Morozova 

30.5 82.5 3 125.0 18.75. Globuligerina oxfordiana (Grigelis) 

30.5 80.5 4 125.0 18.751 Globuligerina oxfordiana (Giplis) 

30.5 80.0 3 225.0 25.00 Globullgerina oxfordiana (Gigelis) 

30.5 80.0 3 _ 150.0 12.50 Globullgerina oxfordiana (GHplis) 

30.5 77.5 4 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

30.5 75.0 4 175.0 18.75 Globuligerina oxfordiana (Grigclis) 

30.5 74.5 5 237.5 12.50 Conoglobigerina aff. dagestanica Morozova 

30.5 74.5 3 150.0 18.75 Globulkqerina oxfordiana (Grigelis) 

30.5 74.5 3 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

30.5 74.0 3 137.5 12.50 Globuligerina oxfordiana (Gtigelis) 

30.5 73.5 4 200.0 18.75 Conoglabigerina aff. dagestanica M 

31.0 72.5 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

31.0 
_ 

74.0 4 175.0 18.75 Globuligerinaoxfordiana (Gtigelis) 

31.0 74.5 3 125.0 12.50 1 Globuligerina oxfordlana (Grigclis) 

31.0 77.5 4 175.0 12.501 Globuligerina oxfordiana (Griplis) 

31.0 78.0 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

31.0 87.0 4 150.0 12.50 Globuligerina oxfordlana (Grighs) 

31.0 97.0. 4 125.0 18.75 Globuligerina oxfordiana (Grigclis) 

31.0 107.0 3 125.0 18.75 Globuligerina oxfordiana (Gigelis) 

31.0 107.0 3 175.0 18.75. Globuligerina oxfordiana (Griplis) 

31.0 109.0 3 150.0 18.75 Globulýgerina oxfordiana (Gtigelis) 

31.5 95.5 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

31.5 94.0 3 175.0 12.50 Globuligerina oxfordiana (Giigclis) 

31.5 88.0 4 175.0 12.50 huligerina oxfordiana (Gtigelis) 

31.5 88.0 4 175.0 18.75 Globuligerina oxfordiana (Grigelis) 

31.5 85.5 3 125.0 18.75 Globullgerina oxfordiana (Gtigelis) 

31.5 85.0 3 125.0 12.50 Globulýgerina oxfordiana (Giigclis) 

31.5 82.5 3 1 75.0 12.50. Globulkizerina oxfordiana (Gtigelis) 

32.0 95.0 5 _ 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

32.5 106.0 4 175.0 18.75 Globulkizerina oxfordiana (Gtigclis) 

32.5 89.5 4 125.0 18.75 Globuligerina o. ýfbrdiana (Gtigelis) 

32.5 69.5 3 150.0 18.75 Globuligerina oxfordiana (Giplis) 

33.0 76.0 4 175.0 18.75 Globuligerina o. ýfordiana (GHplis) 
33.0 76.0 4 150.0 18.75 Globuligerina oxfordiana (GigOis) 

33.0 79.0 3 175.0 18.75 Globuligerinaoxfordiana (Grigclis) 

33.0 103.5 3 225.0 18.75 Conoglob4gerina aff. dagestanica Moro 011119A 
33.0 104.5 5 137.5 18.75 Globuligerina ojýfbrdiana (GHgOis) 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(lim) 

Wall Thickness 
(lim) 

Species 

Vert Hor Thick Thin 
33.0 105.5 3 125.0 18.75 Globulýgerina oNfordiana (Gigelis) 
33.0 107.0 13 150.0 18.75 1GIobuligerinaoxfordiana (Grigelis) 

33.0 107.5 13 175.0 12.50 Globulýqerlna mfordiana (Grigelis) 
33.5 108.0 13 150.0 18.75 Globuligerina oxfordiana (Gtigclis) 
33.5 107.5 4 225.0 18.75 Conqqlobigerina aff. davestanica Morozova 

33.5 101.5 3 

1 

175.0 18.75 Globulýgerina oxfordiana (Gtigclis) 

33.5 100.5 3 162.5 18.75 Globulwrina oxfordiana (Gigelis) 

33.5 98.0 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

33.5 87.5 3 125.0 12.50 Globulýqerina oxfordiana (Gigelis) 

33.5 82.5 
,3 

175.0 18.75 Globuligerina oxfordiana (Grigelis) 

33.5 76.5 3 250.0 25.00 Globuligerina oxfordiana (Gigelis) 

33.5 76.0 3 200.0 18.75 
. 
Conoglobýqerina aff. dagesianica Morozova 

33.5 76.0 3 250.0 25.00 Globulýqerina oxfordiana (Gtigelis) 

34.0 69.5 3 125.0 18.75 Globuligerina oxfordlana (Grigelis) 

34.0 72.5 3 125.0 18.75 Globuligerina oafordiana (Grigelis) 

34.0 87.5 4 162.5 12.50 GlobulýZerina oxfordiana (Gtigelis) 

34.5 108.5 4 262.5 18.75 Globuligerina balhoniana gigamea Wemli & Gdr6g 

34.5 98.5 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

34.5 98.0 3 150.0 18.75 Globulýzerina oxfordiana (Gigelis) 

34.5 85.0 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

34.5 80.0 
.4 

175.0 12.50 Globuligerina o. ýfbrdiana (Grigelis) 

35.0 74.5 3 125.0 12.50 Globuligerina oxfordiana (Gtigclis) 

35.0 76.5 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

35.0 77.5 3 300.0 18.75 Glo buligerina bathoniana gýganlea Wernh & G6r6g 

35.0 93.0 4 162.5 18.75 Globuligerina oxfordiana (Grigelis) 

35.0 96.0 3 150.0 18.75 Globuligerina oxfordiana (Giigelis) 

15.0 110.0 3 250.0 18.75 
. 
Conoglobigerina aff. dagestanica Morozova 

35.0 110.5 3 125.0 18.75 1 Globuligerina oxfordiana (Gigelis) 

35.5 110.0 3 125.0 18.75 Globulkgefina oxfordiana (Gfigetis) 

35.5 109.0 4 150.0 18.75 Globulkqerina ojýfordiana (Grigelis) 
' 35.5 109.0 3 125.0 18.75 buligerina ojýfordiana (Gtigclis) Glo 

35.5 105.0 3 150.0 18.75 Globuligerinaoxfordiana (Gtigclis) 

35.5 94.0 3 200.0 25.00 Globuligerina oxfordiana (Gtigelis) 

35.5 93.5 3 150.0 12.50 Globulýzerina oxfordiana (Gigelis) 

35.5 88.5 5 337.5 18.75 Globuligerina bathoniana gkiZantea Wemli & G6r6g 

35.5 82.5 4 350.0 18.75 Globuligerina bathoniana gýganlea Wemli & G6r6g 

35.5 78.0 3 175.0 12.50 Globuligerina oxfordiana (Grigelis) 
35.5 76.0 4 100.0 18.75 GFobuligerina oxfordiana (Gtigelis) 

35.5 75.0 3 175.0 18.75. Globuligerinaoxfordiana (Giigclis) 

35.5 75.0 3 125.0 18.751 Globuligerina oxfordlana (Grigelis) 

35.5 73.5. 4 200.0 18.75 Conoglobýizerina aff. dagestanica Morozova 

35.5 72.5 3 150.0 18.75 Globulkizerina oxfordiana (Gigelis) 

35.5 72.0 3 137.5 12.50 Globulýgerina oxfordiana (Gigelis) 
35.5 72.0 3 125.0 18.75 Globuligerinaoxfordiana (Gtigelis) 
35.5 71.5 3 112.5 12.50. Globuligerina oAfordiana (Gigelis) 

36.0 72.0 4 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

36.0 74.0 3 187.5 12.50 Globuligerina oxfordiana (Giigelis) 

36.0 75.0 3 125.0 18.75 GlobukjZerina oxfordiana (Giigelis) 
36.0 75.0 3 187.5 18.751 GIobulkgerinaaýfordiana (Gtigelis) 

36.0 76.5 3 100.0 18.75 Globuligerinaoxfordiana (Gdgelis) 
36.0 77.0 3 162.5 18.75 Globulýgerinaoxfbrdiana (Gdgclis) 
36.0 77.0 3 175.0 12.50 Globuligerinaoxfordiana (Gigelis) 
36.0 78.5 3 

ff 

150.0 

[ 

18.75 Globuligerinao. ýfordiana (Gtigelis) 
36.0 78.5 3 125.0 18.75 buligerina oxfordiana (Gtigclis) 
36.0 89.0 150.0 18.751 GIobulkwinaoxfordiana (Gtigelis) 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
_ 36.0 96.5 

.4 
137.5 12.50 

. 
Globulýgerina oxfordiana (Giigclis) 

36.0 100.5 15 125.0 6.25 Globuligerina oxfordiana (Gigelis) 

36.0 106.5 13 137.5 12.50 Globuligerina oxfordiana (Giigclis) 

36.0 109.5 13 125.0 12.50 Glo 
, 
buligerina oxfordiana (Gigelis) 

36.5 106.0 13 125.0 12.50 Globulkgerina oxfordiana (Gigelis) 

36.5 104.0 4 175.0 18.75 Globullgerina oxfordiana (Giigelis) 

36.5 104.0 3 137.5 12.50 Globuligerina oxfordiana (Giigclis) 

36.5 104.0 3 200.0 25.00 Globutigerina oxfordiana (Giigelis) 

36.5 103.0 3 137.5 12.50 Globulkizerina oxfordiana (Gtigelis) 

36.5 101.5 3 162.5 12.50 Globuligerina oxfordiana (Giigclis) 

36.5 97.0 4 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

36.5 97.0 ,4 1 50.0 31.25 Globuligerina oxfordiana (Grigclis) 

36.5 96.0 14 _ 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

36.5 95.0 14 150.0 12.50 Globuligerinaoxfordiana (Giigelis) 

36.5 94.0 3 162.5 6.25 Globuligerina oxfordiana (Giigelis) 

36.5 85.0 4 162.5 12.50 Globuligerina oxfordiana (Grigclis) 

36.5 83.0 4 162.5 12.50 Globuligerina oxfordiana (Giigelis) 

36.5 81.5 3 150.0 12.50 
. 
Globuligerina oxfordiana (Gtigelis) 

36.5 80.0 3 150.0 18.75 Globuligerina o. ýfbrdiana (Grigelis) 

36.5 79.5 4 175.0 18.75 Globuligerina oxfordiana (Grigelis) 

36.5 78.0 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

36.5 78.0 4 175.0 18.75 Globuligerina oxfordiana (Grigelis) 

36.5 76.5 13 187.5 18.75 Globuligerina oxfordiana (Gfigelis) 

36.5 76.5 3 112.5 12.50 Globuligerina oxfordiana (Gtigelis) 

36.5 74.5 3 87.5 6.25 
. 
Globuligerina aýfordiana (Gtigelis) 

36.5 74.5 4 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

36.5 73.0 3 200.0 25.00 Globuligerina oxfordiana (Grigclis) 

37.0 70.5 4 325.0 18.75 Globutigerina balhoniana gýjzanlea Wemli & G6r6g 

37.0 74.5 4 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

37.0 75.0 5 200.0 18.75 . Conoglobigerina aff. dagestanka Morozova 

37.0 80.5 3 162.5 18.75 1 Globulkizerina o. ýfordiana (Grigelis) 

37.0 80.5 4 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

37.0 82.5 3 125.0 18.75 Globuligerina oxfordiana (Giigelis) 

37.0 102.5 4 125.0 6.25 Globulkgerina oxfordiana (Gigelis) 

37.0 103.0 3 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 

37.0 106.5 3 125.0 18.75 
. 
Globuligerina oxfordiana (Grigelis) 

37.0 107.0 4 125.0 18.75 Globuligerina &ýfbrdiana (Giigelis) 

37.0 108.0 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

37.0 108.5 3 150.0 18.75 buligerina oxfordiana (Gigelis) 

37.5 108.5 3 150.0 25.00 Globuligerina oxfordiana (Gtigelis) 

37.5 103.5 3 100.0 12.50 
. 
Globuligerina oxfordiana (Grigelis) 

37.5 103.5 3 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 

37.5 98.0 4 200.0 18.75 Conoglobkgerina aff. dagestanica Morozova 

37.5. 98.0 4 187.5 18.75 Globuligerina oxfordiana (Gtigelis) 

37.5 97.5 3 175.01 18.75 Globulkizerina oxfordiana (Giigclis) 

37.5 95.5 3 175.0 12.50 
, 
Globuligerinao. ýfordiana (Grigclis) 

37.5 95.5 4 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 

37.5 95.0 5 200.0 18.75 Conoglobigerina aff. dagestanica Momma 

37.5 95.0 
.6 

200.0 18.75 Conoglobigerina aff. dagestanica Momova 

37.5 95.0 3 125.0 18.75 Globuligerina oxfordiana (Gigelis) 
37.5 92.0 4 187.5 18.75 1 Globulýkerina oxfordiana (Grigelis) 

37.5 90.5 3 125.0 18.75 Globuligerina oxfordiana (Gtigclis) 

37.5 88.0 3 162.5 12.50 Globuligerina oxfordiana (Gtigelis) 

37.5 81.0 3 187.5 12.50 Globulýizerina oxfordiana (Gtigelis) 
1 37.51 75.0 3 125.01 18.75 Globuligerina oxfordlana (Gtigclis) 
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SOMHEGY - LAYER H2 MAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
37.5 75.0. 3 175.0 12.50. Globulýqerinaoxfordiana (Giigelis) 

38.0 76.01 4 200.0 18.75 Conoglobigerina aff. dagestanica Momova 

38.0 95.01 3 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

38.0 97.01 3 200.0 18.75 Conoglobkgerina aff. dagestanica Momova 

38.0 98.01 4 200.0 18.75 Conoglob*rina aff. dagestanica Morozova 

38.0 101.01 3 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

38.0 105.0 3 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

38.0 105.5 4 162.5 12.50 Globuligerina oxfordiana (Gig6s) 

38.5 110.5 3 125.0 18.75 Globulýgerina oxfordiana (Grigelis) 

38.5 107.5 3 112.5 12.50 Globuligerina oxfordiana (Gigelis) 

38.5 103.5, 3 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

38.5 103.5 13 _ 175.0 18.75 1GIobulýgerinaoxfordiana (Gigelis) 

38.5 97.5 13 175.0 18.75 1GIobuligerinaoxfordiana (Gigelis) 

38.5 96.0 4 125.0 18.75 Globuligerina oNfordiana (Gigelis) 

38.5 92.0 4 150.0 12.50 Globuligerinaoxfordiana (Gigelis) 

38.5 78.0 4 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

38.5 77.5 3 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

39.0 74.0 3 125.0 25.00 Globuligerinaoxfordiana (Gigelis) 

39.0 75.0 3 137.5 18.75 Globulýgerina oxfordiana (Gigelis) 

39.0 75.0 3 125.0 25.00 Globuligerina oxfordiana (Gtigelis) 

39.0 81.0 3 225.0 18.75 Conoglobigerina aff. dagestanica Morozova 

39.0 82.0 3 350.0 37.50 Conoglobigerina avarýformis Kashnova alta 

39.0 85.5 4 150.0 18.75 
, 
Globuligerinaoxfordiana (Grigelis) 

39.0 85.5 4 150.0 18.75 1 Globuligerina oxfordiana (Gigelis) 

39.0 86.0 3 125.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 

39.0 86.0 3 175.0 18.75 Globuligerina oxfordiana (Grigelis) 

39.0 87.0 4 162.5 18.75 Globulýqerina oxfordiana (Gfigelis) 

39.0 
. 

98.0 4 150.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 

39.0 98.5 3 150.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 

39.5 102.0 3 150.0 18.75 1 Globuligerina oxfordiana (Gigelis) 

39.5 99.5 5 200.0 18.75 1 Conoglobigerina aff. dagestanica Morozova 

39.5 88.0 4 175.0 18.75 Globuligerina oXfordiana (Gtigelis) 

39.5 86.0 3 162.5 18.75 Globuligerinaoxfordiana (Gtigelis) 

39.5 79.5 13 125.0 12.50 Globuligerina oxfordiana (Giigelis) 

39.5 79.0 3 150.0 12.50 Globulýgerina oxfordiana (Grigclis) 

39.5 78.0 4 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

39.5 73.0 3 125.0 12.50 1 Globuligerina o. ýfbrdiana (Gtigelis) 

39.5 71.5 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

39.5 71.0 4 125.0 12.50 Globulkqerina oxfordiana (Gtigelis) 

39.5 68.5 3 100.0 12.50 Globuligerina oxfordiana (Giigelis) 

39.5 68.0 3 200.0 12.50 Conoglobigerina aff. dagestanica Moroz-ova 

40.0 68.5 3 137.5 12.50 
. 
Globuligerinaoxfordiana (Giigelis) 

40.0 70.5 3 125.0 18.75 1GIobufigerinaojýfordiana (GHgOis) 

40.0 71.0 4 150.0 18.75 1 Globuligerina oxfordiana (Gtigclis) 

40.0 72.5 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

40.0 73.5 3 100.0 18.75 Globuligerina oxfordiana (Gtigelis) 

40.0 74.5 3 175.0 18.75 Globuligerina oxfordiana (Grigelis) 

40.0 84.5 4 212.5 18.75 Conqglobigerina aff. dagestanica Momova 

40.5 107.0 4 125.0 18.75 
, 
Globuligerina oXfordiana (Grigelis) 

40.5 91.5 3 125.0 18.75 1 Globuligerina wffordiana (Gtigelis) 

40.5 88.5 3 150.0 18.75 1GIobuligerinaoNfordiana (Gtigelis) 

40.5 82.5 4 162.5 18.75 1 Globuligerina oXfordlana (Grigelis) 

40.5 81.5 4 137.5 18.75 1 Globuligerina oxfordiana (Giigelis) 

40.5 80.5 3 137.5 18.75 Globuligerinaoxfordiana (Giigelis) 

40.5 
1 

76.0 14 150.0 1 18.75 1 Globuligerina oxfordiana (Gtigelis) 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Prn) 

Wall Thickness 
4, M) 

Species 

Vert Hor Thick Thin 
40.5 75.0 3 125.0 12.50 Globulýqerinaoxfordiana (Grigelis) 
40.5 75.0 14 175.0 18.75 Globulýqerina oxfordiana (Gtigelis) 

40.5 68.0 13 137.5 12.50 Globuhgerina oxfordiana (Grigelis) 
41.0 75.0 4 175.0 12.50 Globulýqerina oxfordiana (Giigelis) 
41.0 76.0 4 137.5 12.50 Globulýzerina oxfordiana (Gigelis) 
41.0 76.5 3 137.5 18.75 Globuligerina oxfordiana (Gigelis) 

41.0 81.0 4 150.0 18.75 Globulýzerina oxfordiana (Giigclis) 

41.0 100.5 4 200.0 18.75 Conoglobýgerina aff. dagestanica Morozova 

41.5 105.5 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

41.5 102.0 3 125.0 18.75 Globuligerina o. ýfordiana (Gtigelis) 

41.5 100.5 4 150.0 18.75 Globuligerina oxfordiana (Gtiplis) 

41.5 88.0 3 175.0 18.75 
. 
Globulýqerina oxfordiana (Gtigelis) 

41.5 
. 

87.5 
.3 

175.0 18.75 1 Globulýgerina oxfordiana (GHgOis) 

41.5 84.0 3 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 
41.5 82.0 4 200.0 12.50 Conoglobkqerina aff. dagestanica Momzova 

41.5 81.5 3 125.0 18.75 Globuligerina oxfordiana (Griplis) 
41.5 73.0 3 150.0 12.50 Globulkgerina oxfordiana (Gigelis) 
42.0 84.5 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

42.0 88.0 4 200.0 18.75 ConQglobýgerina aff. dagestanica Morozova 

42.0 88.5 3 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

42.0 90.5 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

42.0 91.5 4 187.5 12.50 Globuligerina oxfordiana (Grigelis) 

42.0 95.5 4 175.0 18.75 
. 
Globulkizerinaoxfordiana (Gtigelis) 

42.0 96.0 
,4 

187.5 18.75 Globuligerina oxfordiana (Gtigelis) 

42.0 96.0 4 200-0. 12.50 Conoglobýgerina aff. dagestanica Morozova 

42.0 105.5 3 150.0 12.50 Globuligerina oxfordiana (Giplis) 

42.0 110.0 4 175.0 18.75 Globuligerinaoxfordiana (Gtigclis) 

42.0 110.0 3 137.5 18.75. Globuligerinaoxfordiana (Gjigelis) 
42.5 103.01 3 125.0 18.75 Globuligerina oxfordiana (Grigelis) 
42.5 100.5 3 125.0 18.75 Globulýgerina oxfordiana (Gigelis) 
42.5 99.5 3 150.0 12.50 Globuligerinaoxfordiana (Grigelis) 
42.5 98.5 3 175.0 18.75 Globulýjzerina oxfordiana (Giigelis) 
42.5 97.5 4 175.0 12.50. Globulkizerinaoxfordiana (Gtigelis) 
42.5 97.0, 3 125.0 18.751 Globuligerina oxfordiana (GHgOis) 
42.5 97.01 3 150.0 18.75 Globuligerinaoxfordiana (Grigelis) 

42.5 96.51 3 125.0 18.75 Globuligerinaoxfordiana (Giigelis) 
42.5 96.01 3 175.0 18.75 Globulkzerina oxfordiana (Grigelis) 
42.5 96.01 3 100.0 12.50 Globuligerinaoxfordlana (Gtigelis) 
42.5 93.0 3 175.0 18.75. Globuligerina aýfbrdiana (Gigelis) 

42.5 88.5 3 162.5 18.75 1 Globulkeerina oxfordiana (Gtigelis) 

42.5 87.0 3 150.0 18.75 Globuligerinaoxfordiana (Gigelis) 

42.5 83.0 3 162.5 18.75 Globulýzerinaoxfbrdiana (Gtigelis) 
42.5 83.0 3 150.0 12.50 Globuligerinaoxfordiana (Gdgelis) 
42.5 83.01 3 112.5 18.75 Globuligerinaaxfordiana (Gigelis) 
42.5 75.51 4 175.0 18.75. Globulýqerina oxfordiana (Gtigelis) 

_42.5 
68.01 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

43.0 68.5 4 125.0 18.75 Globulýgerlna oxfordiana (Gfigclis) 
43.0 74.5 4 162.5 18.75 Globulýizerina oxfordiana (Giigelis) 
43.0 74.5 4 150.0 18.75 Globuligerinaoxfordiana (Gtigelis) 
43.0 81.5 4 175.0 18.75 Globuligerina oxfordiana (Gigelis) 
43.0 82.0. 4 175.0 118.751 GIobulýqerinaoNfordiana (Grigelis) 

I 

43.0 83.0 5 175.01 18.75 GlobuAizerinaoxfordiana (Gtigclis) 
43 '0 43 83.5 4 187.5 18.75 Globulýgerina oNfordiana (Gtigelis) 
43.0 

E 

43 83.5 4 175.0 18.75 Globukizerina oxfordiana (Gigelis) 
43 .0 86.5 3 162.5 18.75 Globufigerinao; ýfordiana (Grigelis) 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Prn) 

Species 

Vert Hor Thick Thin 
43.0 86.5. 3 137.5 18.75. Globulýgerinaaýfordiana (Gigelis) 

43.0 86.51 3 150.0 18.75 Globuligerina aTfordiana (Gtigelis) 

43.0 87.0 3 137.5 18.75 Globuligerina oxfordiana (Gtigclis) 

43.0 87.0 3 125.0 12.50 Globuligerina o. ýfordiana (Griplis) 

43.0 89.0 4 200.0 12.50 Conoglobýgerina aff. dagestanica Morozova 

43.0 89.0 3 162.5 12.50 Globulkgerina oxfordiana (Gigelis) 

43.0 89.5 3 125.0 18.75 Globulýgerina oxfordiana (Gtigclis) 

43.0 89.5 3 175.0 18.75 Globuligerina oxfordlana (Gtigclis) 

43.0 89.5 3 137.5 18.75 Globuligerinaoxfordiana (Grigclis) 

43.0 90.5 3 150.0 12.50 Globuligerina o. ýfordiana (GrigOis) 

43.0 92.0 4 150.0 12.50 Globulýgerina oxfordiana (Gtiplis) 

43.0 97.5 3 200.0 18.75 Conoglobigerina aff. dagestanica Momova 

43.0 98.0 3 200.0 18.75 Conoglobýgerina aff. dagestanica Momova 

43.0 100.0 4 150.0 12.50 Globuligerina oxfordiana (Giplis) 

43.0 100.0 4 150.0 25.00 Globuligerina oxfordiana (Grigelis) 

43.0 100.0 4 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 

43.0 100.5 4 150.0 18.75 Globuligerina oxfordiana (GrigOis) 

43.0 103.5 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

43.0 103.5 4 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

43.0 104.0 4 162.5 18.75 
, 
Globuligerina oxfordiana (Giplis) 

43.0 106.5 3 125.0 18.75 1 Globuligerina oxfordiana (Gtigelis) 

43.0 108.5 4 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

43.5 105.5 4 175.0 18.75 Globuligerinaoxfordiana (Grigelis) 

43.5 104.5 3 187.5 18.75 Globuligerina oXfordiana (GigOis) 

43.5 104.0 4 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

43.5 103.5 3 100.0 12.50 , Globuligerina oxfordiana (Grigelis) 

43.5 102.5 3 162.5 18.75 Globuligerina oxfordiona (Gtigelis) 

43.5 102.0 4 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 

43.5 101.5 4 125.0 18.75 Globutigerina oxfordiana (Giigelis) 

43.5 101.0 13 175.0 18.75 Globuligerina oxfordiana (Gtigclis) 

43.5 100.5 14 150.0 18.75 Globuligerina oxfordiana (Gtigclis) 

43.5 91.0 3 150.0 18.75 Globuligerina oxfordiana (Gtigclis) 

43.5 89.5 3 112.5 12.50 Globuligerina oxfordiana (GHgOis) 

43.5 89.0 3 187.5 12.50 Globuligerina oxfordiana (Grigelis) 

43.5 88.0 4 150.0 12.50 Globuligerina aTfordiana (Grigelis) 

43.5 
_ 

88.0 3 137.5 18.75 
. 
Globuligerinaoxfordiana (Gfigelis) 

43.5 87.0 3 150.0 12.50 1 Globuligerina oxfordiana (Gtigclis) 

43.5 83.0 4 

1 

162.5 12.50 IG uligerinaoxfordiana(GrigOis) 
43.5 80.5 3 175.0 12.50 1 Globulýgerina oxfordiana (Grigelis) 

43.5 74.0 3 112.5 18.75 1GIobuligerinaoxfordiana (Gfigefis) 

44.0 74.0 
.4 

200.0 18.75 1 Conoglobigerina aff. dagestanica Morozova 

44.0 79.0 3 125.0 18.75 1GIobuligerinaoxfordiana (Grigelis) 

44.0 84.0 3 125.0 18.75 1 Globuligerina oxfordiana (GHgOis) 

44.0 92.0 3 175.0 18.75 Globuligerina oxfordiana (Gigelis) 

44.0 97.0 3 137.5 18.75 Globuligerina oxfordiana (Gtigelis) 

44.0 97.5 3 162.5 25.00 Globuligerina o. ýfordiana (GHgOis) 

44.0 98.5 4 125.0 12.50 Globuligerina oNfordiana (Giplis) 

44.0 99.0 5 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

44.0 100.0 4 200.0 18.75 Conoglobigerina aff. dagestanica Morozova 

44.0 106.5 ,4 
150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

44.0 107.0 4 162.5 12.50 Globuligerina oxfordiana (Griplis) 
44.0 107.5 4 150.0 25.00 Globuligerina oxfordiana (Gtigelis) 
44.0 107.5 3 162.5 18.75 Globuligerina oxfordiana (Grigclis) 

44.0 107.5 _ 3 175.0 buligerina avfordiana (GigOis) 

44.0 108.0 4 1 150.0 11 18.75 1 Globuligerina ojýfordiana (GigOis) 
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SOMHEGY - LAYER H2 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(tim) 

Wall Thickness 
(tim) 

Species 

Vert Hor Thick Thin 
44.0 108.0 3 200.0 18.75 

- 
Conoglobigerina aff. dagestanica Morozova 

44.0 108.0 3 62.5 6.25 1 Globulýzerina oxfordiana (Gigelis) 
44.0 108.0 3 150.0 18.75 1GIobulýqerinaoxfordiana (Gigelis) 
44.0 108.5 4 175.0 12.50 Globulýgerina oxfordiana (Gigelis) 
44.5 109.0 4 150.0 18.75 GloTuAgerina oxfordiana (Gigelis) 
44.5 108.5 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 
44.5 108.0 6 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 
44.5 107.5 4 125.0 18.75 Globulkzerina oxfordiana (Gtigelis) 
44.5 107.5 3 150.0 12.50 Globuligerina oxfordiana (Gfigelis) 
44.5 105.0 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 
44.5 104.5 

.4 
162.5 12.50 Globuligerina oxfordiana (Gii gel is) 

44.5 97.5 3 162.5 1 18.75 Globulkzerina oxfordiana (Gtigelis) 
44.5 92.0 4 200.0 18.75 

. 
Conoglobigerina aff. dagestanica Morozova 

44.5 90.0 3 112.5 12.50 Globuligerina o. ýfordiana (Gtiplis) 
44.5 89.5 4 175.0 18.75 Globuligerinaoxfordiana (Gtigelis) 
44.5 89.5 3 137.5 18.75 Globuligerina oxfordiana (Gdgelis) 
44.5 86.5 3 137.5 18.75 Globulýgerina oxfordiana (Gtigelis) 
44.5 86.0 4 137.5 18.75 Globulkgerina o. ýfordiana (Gtigelis) 
44.5 84.0 4 212.5 12.50 Conoglobigerina aff. dagestanica Morozova 

44.5 81.0 3 125.0 12.50 Globuligerina &ýfordiana (Giigelis) 
44.5 79.0 4 175.0 18.75 Globuligerina oxfordiana (Giplis) 
45.0 96.0 3 137.5 18.75 Globulkizerina oxfordiana (Gtigelis) 
45.0 97.0 4 125.0 12.50. Globuligerina oxfordiana (GHgelis) 
45.0 101.0 3 200.0 18.75 Conoglobigerina aff. dqgeslanica Morozova 
45.0 102.5 4 162.5 18.75 Globulkgerina oxfordiana (Gtigelis) 
45.0 104.0 3 150.0 12.50 Globulkizerinaoxfordiana (GFigelis) 
45.01 108.5] 4 162.5 18.75 Globuligerina oxfordiana (Gtigelis) 

Total Number of Specimens 67 730 797 
Relative Percentages 8 92 1 
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SOMHEGY - LAYER H4 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
_ 7.5 76.0 3 200.00 25.00 Globuligerina oxfordiana (GrigOis) 

9.5 78.0 13 287.50 37.50 Conoglobigerina avariformis Kasimova sLpliacrica 
10.5 90.0 14 125.00 25.00 Globuligerina aýfordiana (GrigOis) 
10.5 90.0 4 225.00 25.00 Globuligerina oxfordiana (GfigOis) 
11.0 88.5 4 275.00 25.00 P la"n _c Conoglobýgerina avar? formis Kasimova sphacrica 
11.0 90.0 4 175.00 

- 
18.75 Globuligerina oxfordiana (Gfigelis) 

11.0 90.5 4 275.00 37.50 Conoglobýgerina avariformis Kasimova alta 
11.5 93.0 4 275.00 25.00 Conoglobigerina avariformis Kasimova sphactica 
11.5 81.0 8 200.00 25.00 Globuligerina oxfordiana (Gtigelis) 

12.0 85.0 5 212.50 25.00 Globuligerina o. ýfordiana (GHgOis) 

12.0 85.0 3 200.00 25.00 Globuligerina oxfordiana (Giigelis) 
12.0 93.5 4 250.00 37.50 Conoglobigerina avariformis Kasimova sphaerica 
12.0 95.5 3 350.00 37.50 Conoglobigerina avariformis Kashnova sphaerica 
12.5 86.5 

.4 
175.00 25.00 Globuligerina oxfordiana (Gtigclis) 

12.5 86.0 5 175.00 12.50 Globuligerina oxfordiana (Gtigelis) 
12.5 86.0 3 250.00 25.00 Globuligerina oNfordiana (Gtigelis) 
12.5 85.5 3 175.00 25.00 Globuligerina oxfordiana (Gigelis) 
12.5 85.0 3 150.00 25.00 Globuligerina oxfordiana (Gtigelis) 
12.5 84.5 5 225.00 25.00 Globuligerina oxfordiana (Grigelis) 

13.0 85.5 4 175.00 37.50 Globuligerina oxfordiana (Gigelis) 

13.0 86.0 4 175.00 25.00 Globuligerina ojýfordiana (GHplis) 

13.0 86.0 4 125.00 25.00 Globuligerina o. ýfordiana (Grigelis) 

13.0 87.0 3 175.00 18.75 1 Globuligerina o. ýfordiana (Grigelis) 

13.5 90.0 3 175.00 25.00 Globuligerina oNfordiana (Gtigelis) 

13.5 89.0 
,3 

175.00 25.00 Globuligerina oxfordiana (Gdgelis) 

13.5 86.0 3 250.00 12.50 Conoglobigerina aff. dagestanica Morozova 

13.5 85.5 3 187.50 12.50 Globuligerina oxfordiana (Gfigelis) 

14.0 86.5 4 162.50 25.00 Globuligerina oxfordlana (Gfigelis) 

14.0 87.0 3 225.00 25.00 Globuligerina oxfordiana (Gfigefis) 
14.0 89.5 3 287.50 37.50 Conoglobigerina avariformis Kasimova alta 
14.5 91.5 5 175.00 25.00 Globuligerina oxfordiana (Giigelis) 
14.5 91.5 4 175.00 25.00 Globuligerina oxfordlana (Gfigelis) 
14.5 91.5 4 175.00 12.50 Globuligerina oxfordlana (Gfigelis) 

15.0 87.0 4 225.00 18.751 Conoglobigerina aff. dqgeslanica Morozova 

15.5 94.5 4 _ 150.00 12.50 1 Glabuligerina oxfordiana (Giigelis) 

15.5 91.5 4 175-00 25.00 Globuligerina oxfordiana (Grigelis) 
16.0 83.0 4 225-00 25.00 Globuligerina oxfordiana (Gfigefis) 
16.0 90.5 3 275.00 25.00 Conoglobigerina avariformis Kasimova alta 
16.0 91.5 4 237.50 25.00 Globuligerina oxfordiana (Gfigelis) 

16.0 91.5 3 137.50 12.50. Globuligerina oxfordiana (Gfigelis) 

16.0 94.0 3 175.00 12.501 GIobuliizerinaoifordiana (Gfigclis) 

16.0 95.0 3 250.00 18.751 Conoglobigerina aff. dagestanica Morozova 

16.0 95.0 4 200.00 25.00 l Globuligerinaoxfordiana (Grigelis) 
16.0 95.0. 4 200.00 25.00 1 Globuligerina oxfordiana (Gtigelis) 
16.0 95.5 4 225.00 12.50 Conoglobigerina aff. dagestanica Morozova 

16.0 95.5 4 212.50 25.00 Globuligerina oxfordiana (Grigclis) 

16.0 98.5 6 200.00 18.75 Conoglobigerina aff. dagestanica Morozova 

16.0 99.0 3 150.00 25.00 Globuligerina o. ýfordiana (Grigelis) 

16.5 98.5 6 200.00 18.75 Conoglobigerina aff. dagestanica Morozova 

16.5 97.01 4 200.00 25.00 Globuligerina oxfordiana (Giigelis) 
16.5 91.5 5 312.50 12.50, Globuligerina baihoniana gkizantea Wemli & G6r6g 
17.0 88.5 4 162.50 25.00 Globuligerina oxfordiana (Gigelis) 
17.0 94.5 4 250.00 18.75 Cono lobigerina aff. dqgestanica Morozova 
17.0 99.0 3 250.00 25.00 

1 1 

Globuligerina oxfordiana (GfigOis) 
1-7.0. 99.5 4 175.00 18.75 Globuligerina oýfordiana (GrigOis) 
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SOMHEGY - LAYER H4 (BAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Jim) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
17.5 103.0. 4 150.00 18.75 Globulýqerlna oxfordiana (Gtigclis) 

17.5 88.0 3 175.001 18.75 Globuligerina oxfordiana (Giplis) 

17.5 88.0 5 225.00 25.00 Globuligerina oxfordiana (Gigelis) 

17.5 87.5 6 175.00 18.75 Globulkgerina oxfordiana (Giplis) 

17.5 86.5 3 162.50 12.50 Globuligerina oxfordiana (Gtigelis) 

17.5 86.0 4 225.00 12.50 Conoglobigerina aff. dagestanica Moro 

18.0 89.5 5 200.00 18.75 Conoglobkizerina aff. dqgestanica Motwova 

18.0 90.0 6 200.00 12.50 Conoglobigerina aff. dagestanica Morozova 

18.0 99.0 6 225.00 12.50 Conoglobýzerina aff. dagestanica Morozova 

18.0 100.0 3 162.50 12.501 GIobuligerinaoxfordiana (Griplis) 

18.0 100.5 3 162.50 25.00 Globulýgerina oxfordiana (GrigOis) 

18.0 102.5 3 225.00 25.00 Globuligerina oxfordiana (GHgelis) 

18.0 104.0 4 175.00 18.75 1GIobulkizerinaoxfordiana (Grigclis) 

19.0 75.5 3 125.00 18.75 Globuligerina oxfordiana (Gig6s) 

19.0 76.0 6 175.00 25.00 GlobuNgerina oxfordiana (Gigelis) 

19.0 101.5 3 200.00 25.00 Globulýgerina oxfordiana (Gigelis) 

19.0 103.0 6 _ 225.00 25.00 Globuligerina oxfordiana (Gigelis) 

19.0 107.5 5 225.00 37.50 Globukgerina oxfordiana (Gigc1is) 

19.0 108.0 5 250.00 25.00 Globulýgerina oxfordiana (GfigOis) 

19.5 108.0. 3 200.00 25.00 Globuligerina oxfordiana (Grigclis) 

19.5 107.51 4 150.00 12.50 Globuligerina oxfordiana (Grigelis). 

19.5 101.01 4 187.50 37.50 Globuligerina o. ýfordiana (Gigelis) 

19.5 100.51 5 187.50 12.50 Conoglobkgerina aff. dagestanica Morozova 

19.5 99.01 5 225.00 18.75 Conoglobigerina aff. dagestanica Momzova 

19.5 91.0 4 237.50 12.50 Globuligerina oxfordiana (Gigelis) 

19.5 80.5 4 112.50 6.25 Globulýgerina oxfordiana (Gigelis) 

19.5 77.0 4 175.00 18.75 Globuligerina oxfordiana (Gigelis) 

19.5 74.0 3 250.00 25.00 Globuligerina oxfordiana (Grigelis) 

20.5 105.5 ,3 
250.00 25.00 Conoglobigerina avariformis Kashnova sphaerica 

20.0 63.0 3 275.00 18.75 
, Globuligerina bathoniana gkgantea Wemli & Gdr6g 

20.0 77.5 3 150.00 12.50 1GIobuligerinaoxfordiana (Gigelis) 

20.0 87.5 3 187.50 12.50 Globuligerina oxfordiana (Gigelis) 

20.0 96.0 3 250.00 25.00 Globuligerina oxfordiana (GHgOis) 

20.0 
. 

109.0 3 225.00 25.00 Globuligerina oxfordiana (Gtigelis) 

20.5 110.5 5 275.00 25.00 Conoglobigerina avariformis Kashnova alta 
20.5 105.5 3 _ 250.00 25.00 Globuligerina oxfordiana (Gigelis) 

20.5 93.0 3 162.50 25.00 Globuligerina ojýfbrdiana (Grigelis) 

20.5 92.5 5 175.00 12.50 Globuligerina oxfordiana (Grigelis) 

20.5 85.5 4 175.00 25.00 Globulkizerina oxfordiana (GHgOis) 

21.0 92.5 .6 
225.00 25.00 Globulkgerina oxfordlana (Gigelis) 

21.0 93.5 3 200.00 37. TO Globuligerina oxfordiana (Gdgclis) 

21.0 98.5 4 225.00 12.50 Conoglobigerina aff. dagestanica Morozova 

21.5 94.5 3 200.00 25.00 Globuligerina oxfordiana (Grigelis) 

22.0 91.0 3 175.00 18.75 Globulkizerina oxfordiana (Gigelis) 

22.0 91.5 ,4 
200.00 12.50 Conoglobkgerina aff. dagestanica Momma 

22.0 92.5 4 200.00 25.00 Globuligerina oxfordiana (Grigelis) 

22.0 93.0 3 175.00 25.00 Globuligerina o. ýfbrdiana (Gigelis) 

22.0 94.0 6 225.00 25.00 Globuligerina oxfordiana (Giigelis) 

22.0 95.0 4 162.50 18.75 1GIobulýgerinaoxfordiana (Gigelis) 

22.0 104.0 3 175.00 25.00 Globuligerina oxfordiana (Gtigelis) 

22.0 105.5 4 175.00 25.00 Globullgerina oxfordiana (Gigelis) 

22.5 96.0 3 225.00 25.00 Globuligerina oxfordiana (Gigelis) 

22.5 92.5 4 200.00 25.00 Globuligerina oxfordiana (GigOis) 

22.5 90.5 3 1 75.00 18.75 Globuligerina o. ýfordiana (Giigclis) 

22.5 89.0 4 _ 175.00 1 12.50 1 Globuligerina oxfordiana (Gfigclis) 
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SOMHEGY - LAYER H4 MAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(PM) 

Wall Thickness 
(tim) 

Species 

Vert Hor Thick Thin 
22.5 88-5. 4 175.00 25.00 Globulkgerina oxfordiana (Gigelis) 

23.0 92.51 4 225.00 18.75 Conoglobigerina aff. &kszestanica Momzova 

23.0 109.01 3 225.00 37.50 Globulýgerina oxfordiana (Grigelis) 

23.5 109.51 5 225.00 18.75 Conqqlobýqerina aff. dagestanica Mom7ova 

23.5 105.0 4 200.00 18.75 Conqglobýqerina aff. dagestanica Morozova 

23.5 92.0 3 162.50 12.50 Globulýqerina oxfordiana (Giigclis) 

24.0 90.0 3 162.50 12.50 Globuligerina oxfordiana (Gigelis) 

24.0 92.5 4 225.00 25.00 Globulýgerina oxfordiana (Giigclis) 

24.0 104.0, 4 175.00 25.00 Glabuligerina oxfordiana (Giigclis) 

24.0 104.51 3 200.00 25.00 Globuligerina o. ýfordiana (Grigelis) 

24.0 105.01 3 200.00 25.00 Globuligerina oxfordiana (Gigelis) 

24.0 105.51 3 125.00 
- 

18.75 Globulýgerinao. ýfordiana (Gigelis) 

24.5 94.51 5 250.00 25.00 Globuligerina oxfordiana (Grigclis) 

25.0 93.5 14 200.00 
- 

12.50 Conoglobigerina aff. dagestanica Momzova 

25.0 93.5 4 150.00 25.00 Globuligerina oxfordiana (Grigelis) 

25.0 108.5 4 250.00 12.50. Conoglobigerina aff. dagestanica Momzova 

25.5 108.0 3 200.00 25.00 Globuligerina oxfordiana (Gigelis) 

25.5 107.5 4 225.00 25.00 Globuligerina oxfordiana (Grigelis) 

25.5 106.5 4 200.00 18.75 Conqglobigerina aff. dagestanica Morozova 

25.5 99.5 4 212.50 12.50 Conoglobigerina aff. dckgesianica Moro7ova 

25.5 97.5 3 200.00 25.00 Globuligerina oxfordiana (Grigclis) 

25.5 95.0 3 200.00 25.00 Globuligerina oxfordiana (Gigelis) 

25.5 95.0 15 200.00 25.00 Globuligerina oxfordiana (Gtigelis) 

26.0 97.0 3 187.50 12.50 Globulkgerina oxfordiana (Grigelis) 

26.5 107.5 3 250.00 25.00 Globuligerina oxfordiana (Gtigclis) 

26.5 100.0 4 175.00 25.00 Globuligerina oxfordiana (Gigelis) 

26.5 100.0 4 200.00 25.00 Globuligerina oxfordiana (Gtigelis) 

26.5 97.5 3 175.00 12.50 Globuligerina oxfordiana (Grigelis) 

26.5 97.5 4 225.00 25.00 Globuligerina oxfordiana (Gigelis) 

26.5 97.5 3 175.00 18.75 GFobulkgerina oxfordiana (Gigelis) 

27.0 100.0 4 200.00 18.75 Conoglobkqerina aff. dagestanica Morozova 

27.0 100.5 4 250.00 12.50 
. 
Conoglobigerina aff. dagestanica Morozova 

27.0 102.0 4 200.00 12.50 Conoglobigerina aff. dagestanica Morozova 

27.0 104.5 4 175.00 18.75 Globulkizerina oxfordiana (Gtigelis) 

27.5 105.5 4 200.00 25.00 Globuligerina oxfordiana (Gtigelis) 

27.5 101.5 
.3 

225.00 37.50 Globuligerina oXfordiana (Gtigelis) 

27.5 101.0 4 225.00 25.00 Globuligerina oxfordiana (Gtigelis) 

27.5 100.0 4 175.00 18.75 Globuligerina oxfordiana (Gtigelis) 

28.0 101.5 3 137.50 18.75 
. 
Globuligerina oxfordiana (Giigelis) 

28.5 102.0 3 150.00 25.00 Globuligerina oxfordiana (Gtigelis) 

28.5 88.5 3 287.50 37.50 Conoglobigerina avarfformis Kasimova alta 

32.5 82.0 3 125.00 18.75 Globulkizerina oxfordiana (Giigelis) 

33.0 87.5 4 212.50 12.50 Conoglobigerina aff. dagestanica Morozova 

33.5 87.5 3 200.00 18.75 Conoglobigerina aff. dagestanica Morozova 

33.5 87.0 4 112.50 12.50 Globuligerina oXfordiana (GrigOis) 

33.5 77.5 3 125.00 18.75 Globuligerina oxfordiana (Gtigelis) 

34.0 97.0 4 175.00 12.50 Globulkizerina oxfordiana (Grigelis) 

34.5 99.0 4 125.00 12.50 Globuligerina oxfordiana (Gtigclis) 

34.5 98.5 3 150.00 12.50 1GIobuligerinaoxfordiana (Gtigelis) 

34.5 97.0 3 150.00 12.50 1 Globulkqerina oxfordiana (Gigelis) 

34.5 96.5 3 175.00 18.75 1GIobulkgerinaoxfordiana (GHgelis) 

35.0 99.5 4 125.00 18.75 1 Globulýqerina oxfordiana (Gigelis) 

35.0 99.5 4 125.00 18.75 Globuligerinaoxfordiana (Grigelis) 
=35. O 101.0 175.00 12.50 Globulýqerina oxfordiana (Gtigelis) 

37.5 1 81.0 200.00 1 25.00 Globuligerina oxfordiana (Grigclis) 
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SOMHEGY - LAYER H4 MAJOCIAN - HUMPHRIESIANUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(lim) 

Wall Thickness 
(pm) 

Species 

_Vert 
Hor Thick Thin 

38.0 87.0 4 162.50 12.50 
. 
Globulýqerinamfordiana (Gigefis) 

38.0 91.0 3 137.50 18.75 1GIbbuligerinaoxfordiana (Gigelis) 
38.0 91.5 3 200.00 12.50 Conoglobýqerina aff. dqizestanica Morozova 
38.0 92.0 4 175.00 25.00 Globulýgerina oxfordiana (Gigelis) 
38.0 92.0 4 225.00 25.00 Globulýgerina oxfordiana (Giigclis) 
38.5 93.0 3 250.00 18.75 Conoglobigerina aff. dagestanica Mom. ova 
38.5 92.5 4 187.50 12.50 Globulýzerina oxfordiana (Gigelis) 
38.5 92.0 3 150.00 12.50 1GIobulýgerinaoxfordiana (Giigclis) 
38.5 92.0 4 200.00 37.50 1 Globuligerina oxfordiana (Gigelis) 
38.5 91.0 4 200.00 25.00 Globuligerina mfordiana (Gtigclis) 
38.5 88.5 3 200.00 25.00 Globuligerina mfirdiana (Gigelis) 
39.0 92.5 3 162.50 12.50 Globulýgerina oxfordiana (Gtigelis) 
39.0 93.0 4 225.00 12.50 Conoglobigerina aff. dqgestanica Morozova 
39.0 98.0 4 137.50 18.75 Globuligerina oxfordiana (Giplis) 
39.5 98.0 3 200.00 18.75 Conoglobigerina aff. dagestanica Morozova 
39.5 97.5 3 200.00 12.50 Conoglobigerina aff. dagestanica Morozova 
39.51 95.5 3 125.00 18.75 Globuligerina oxfordiana (Gtigelis) 

Total Number of Specimens 94 88 182 
Relative Percentages 52 48 
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SOMHEGY - LAYER NI (BAJOCIAN - NIORTENSE ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Prn) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
9.5 86.0 3 162.50 6.25 Globulýgerina oXfOrdiana (Gtigelis) 

9.5 77.51 3 162.50 6.251 Globulýizerina oxfordlana (Grigelis) 

10.0 98.51 3 75.00 6.25 Globulýqerina o. ýfbrdiana (Grigelis) 

10.0 99.01 3 100.00 6.25 Globulkgerina o. ýfordiana (Gigelis) 

12.5 109.5 3 75.00 18.75 Globuligerina oxfordiana (Gigelis) 

12.5 96.0 3 100.00 12.50 Globuligerina oxfordiana (Gigelis) 

13.0 80.5 3 125.00 12.50. Globuligerina oxfordiana (Gigelis) 

13.5 110.0 3 250.00 25.00 1 Globuligerina oxfordiana (Gtigelis) 

13.5 101.5 5 125.00 6.251 GIobutigerinaoxfordiana (GigOis) 

13.5 99.0 3 150.00, 6.25 Globuligerina oxfordiana (Gigelis) 

13.5 90.0 3 75.00 6.25 Globulkqerina oxfordiana (Giigelis) 

13.5 87.5 3 100.00 12.50 Globulýqerina oxfordiana (Gigelis) 

13.5 85.5 3 112.50 12.50 Globuligerinaoxfordiana (Grigelis) 

14.0 79.0 3 100.00 25.00 . 
Globulkqerina oxfordiana (Gigelis) 

14.0 100.5 3 125.00 6.25 1 Globuligerina oxfordiana (Gigelis) 

14.0 103.5 4 212.50 12.501 Globuligerina aff. bathoniana (Pazdrowa) 

14.5 98.5 3 125.00 6.25 1 Globulýqerina oxfordiana (Gigelis) 

14.5 74.5 3 100.00 12.50 Globulkgerina oxfordiana (Gigelis) 

14.5. 74.5. 4 137.50 12.50 Globuligerina oxfordiana (Gtigelis) 

16.01 89.01 3 100.00 18.75 Glabulýqerina oxfordiana (Gtigelis) 

16.0 90.01 3 100.00 12.50 Globuligerina oxfordiana (Giigclis) 

16.5 107.51 3 225.00 12.50 Globulýzerina aff. bathonlana (Pazdrowa) 

16.5 71.51 3 150.00 12.501 Globulkgerina o. ýfordiana (Grigelis) 

16.5 71.0 17 100-00 18.75 Globulkqedna a0ordiana (Giigelis) 

17.0 82.5 3 137.50 12.50 Globulýgerina o. ýfbrdiana (Gtigelis) 

17.0 89.5 3 125.00 12.50 Globulýgerlna oxfordiana (Grigelis) 

17.5 77.5 7 75.00 12.50 Globulkgerina aýfbrdiana (Gtigclis) 

18.0 101.0 3 125.00 6.25 
. 
Globuligerina oxfordiana (Gigelis) 

18.0 , 101.0 4 125.00 12.50 Globuligerina oxfordiana (Grigelis) 

18.5 1 82.0 3 1 125.00 18.75 Globuligerina oxfordiana (Gigelis) 

19.5 72.5 5 225.00 37.50 Globulkeerina oNfordiana (Giigclis) 

21.0 108.5 5 125.00 18.75 Globuligerina oxfordiana (Gligelis) 

22.0 99.0 6 225.00 25.00 Globulkizerina oxfordiana (Giigelis) 

22.0 110.0 5 137.50 25.00 Globuligerina oxfordiana (Gtigelis) 

22.0 111.0 3 125.00 12.50 Globulýqerina oxfordiana (GigOis) 

22.5 
. 

77.0 7 250-00 12.50 Globuligerina aff. bothoniana (Pazdrowa) 

24.0 76.0 4 225.00 25.00 Globulkqerina oxfordiana (Gigelis) 

24.0 76.0 3 250.00 25.00 GlobuligerinaoNfordiana (GHgOis) 

24.0 91.5 4 137.50 25.00 Globulkqerina oxfordiana (Gtigelis) 

24.0 101.0 3 125.00 25.00 Globuligerina oxfordiana (GHgOis) 

24.5 
, 

98.0 4 125.00 6.25 1GIobulýgerinaoxfordiana (Giigclis) 

24.5 1 98.0 3 100.00 6.25 1 Globuligerina oxfordiana (Gigelis) 

25.5 1 75.5 4 225.00 25.00 Glbbukgerina oxfordiana (Gtigclis) 
26.0 1 82.0 3 287.50 25.00 Conoglobigerina avarffiormis Kashnova sphaerica 
27.0 78.0 3 100.00 12.50 Globulikerina ayfordiana (Gigelis) 

27.0 82.0 4 125.00 12.50 Globulkizerina oxfordlana (Gigelis) 

27.5 80.5 3 175.00 18.75 
. 
Globuligerinaoxfordiana (Gigelis) 

28.0 73.0 3 125.00 6.25 1 GTobufigerina &ýfordiana (Gigelis) 

28.0 
, 

107.5 3 237.50 25.00 Globulkgerina o: ýfordiana (GHgefis) 

28.0 109.0 6 225.00 25.00 Globulkqerina oxfordlana (Gigelis) 
28.5 85.5 3 187.50 25.00 Globulýirerina o. ýfordiana (Gigelis) 
31.0 81.0 4 225.00 18.75 Globulýgerina aff. bathonlana (Pazdvown) 
31.0 87.5 6 350.00 6.25 Globulýqerina balhonianagýqantea Wcmli & GiWig 
31.5 112.5 3 225.00 37.50 Globulýizerlna oxfordiona (Grigelis) 
32.0 

1 
77.0 4 275.00 25.00 Conoglobýgerina avariformis Kasimova sphnoica 
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SOMHEGY - LAYER NI (BAJOCIAN - NIORTENSE ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(pm) 

Wall Thickness 
(pm) 

Species 

Vert Hor Thick Thin 
32.0 79.0. 4 100.00 12.50. Globuligerinaoxfordiana (Griplis) 

34.0 81.5 4 250.00 25.00 I GIobukzerina oxfordiana (Gigelis) 
35.5 82.5 4 275.00 25.00 Conqqlobýgerina avariformis Kash-nova splinedca 
36.0 92.5 4 275.00 18.75 Crlobulýirerlna bathonlana gýizantea Wenfli & Giit-6g 

36.5 94.0 3 362.50 25.00 Conoglobýizerina avariformis Kashnova sphaerica 
37.5 77.0 3 200.00 25.00 Globuligerina oxfordiana (GHgOis) 

38.0 76.5 4 225.00 25.00 
_Globulýgerina 

oxfordiana (GigOis) 

38.0 103.0 4 300.00 25.00 Conoglobýqerlna avariformis Kashnova sphaerica 
40.0 93.5 3 200.00 18.75 Globulýqerina aff. bathoniana (Pazdrowa) 

-40.0 99.5 4 287.50 25.00 Conoglobýgerlna avarýformis Kasinnova sphaerica 
42.0 

. 
87.0 3 175.00 12.50 Globulkgerina oxfordiana (Gigelis) 

42.0 1 93.5 13 1 100-00 12.50 Globuligerina oxjordiana (Gnplis) 

Total Number of Specimens 23 44 67 
Relative Percentages 34 66 
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SOMHEGY - LAYER N2 (BAJOCIAN - NIORTENSE ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
_ 6.0 97.0 3 175.00 12.50 Globuligerina oxfordiana (GHgOis) 

6.0 99.0 3 287.50 37.50 Conqglobigerina avariformis Kasimova sphactica 
6.5 97.0 3 150.00 12.50 Globuligerina oxfordiana (Gtigclis) 

6.5 96.5 3 175.00 12.50 Globuligerina oxfordiana (Gtigclis) 

7.0 97.0 4 150.00 25.00 Globuligerina oxfordiana (Gigelis) 

7.5 88.0 3 225.00 12.50 Conoglobigerina aff. dagestanica Momova 

8.0 89.0 3 125.00 6.25 Globuligerina oxfordiana (Grigclis) 

8.0 89.0 3 100.00 6.25 Globulýgerina oxfordiana (Gtigclis) 

8.0 95.5 3 175.00 12.50 Globulýgerina oNfordiana (Gtigelis) 

8.0 96.5 3 150.00 12.50 Globuligerina oxfordiana (Gtigclis) 

8.5 
_ 

100.0 4 112.50 6.25 Globuligerina o. ýfordiana (Gtigelis) 

8.5 98.0 4 137.50 6.25 1 Globuligerina oxfordiana (Gtigclis) 

8.5 92.0 5 150.00 12.50 Globulýzerina aýfbrdiana (Gigelis) 

8.5 91.5 3 125.00 12.50 Globuligerinaoxfordiana (GHgOis) 

8.5 91.5 4 125.00 12.50 Globufigerinao. ýfbrdiana (Grigelis) 

8.5 
_ 

89.0 4 212.50 18.75 Conoglobigerina aff. dagestanica Morozova 

9.5 111.51 3 125.00 6.25 
. 
Globuligerina oxfordiana (Giigclis) 

10.0 111.5 3 175.00 6.25 Globuligerina oxfordiana (Grigclis) 

10.5 96.0 4 200.00 6.25 Conoglobigerina aff. dagestanica Morozova 

11.0 87.5 3 175.00 6.25 Globuligerinamfordiana (Grigelis) 

11.5 88.0 3 150.00 12.50 Globuligerina oxfordiana (Grigelis) 

11.5 88.0 ,3 
125.00 6.25 

. 
Globuligerina oxfordiana (Grigclis) 

12.0 83.0 4 250.00 37.50 Globuligerina oxfordiana (Gfigclis) 

12.0 105.0 6 250.00 50.00 Globuligerina oxfordiana (Giigclis) 

12.5 114.5 4 125.00 12.50 Globuligerina oxfordiana (Gtigclis) 

12.5 112.0 3 200.00 12.50 Conoglobkqerina aff. dagestanica Morozova 

12.5 111.0 3 125.00 12.50 Globuligerinaoxfordiana (Gigelis) 

12.5 102.5 3 125.00 12.50 
. 
Globuligerina oxfordiana (Gdgelis) 

13.0 91.0 3 162.50 25.00 Globuligerina oxfordiana (GFigelis) 

13.5 115.0 4 225.00 37.50 Globuligerina oxfordiana (Gtigelis) 

13.5 115.0 4 225.00 37.50 Globulýgerina oxfordiana (Gjigelis) 

13.5 115.0 3 162.50 25.00 Globuligerina oxfordiana (Gigelis) 

13.5 84.0 4 125.00 6.25 Globuligerina oxfordiana (Grigelis) 

13.5 83.0 4 100.00 6.25 
. 
Globuligerina oxfordiana (Gtigelis) 

14.0 79.0 3 200.00 37.56 Globuligerina oxfordiana (Gtigelis) 

14.0 89.0 3 125.00 25.00 Globuligerina oxfordiana (Gfigelis) 

14.5 112.5 8 200-00 12.50 Conoglobigerina aff. dagestanica Morozova 

14.5 112.5 8 225.00 37.50 Globuligerina oxfordiana (Grigelis) 

14.5 90.0 3 125.00 25.06 Globuligerina oxfordiana (Grigelis) 

15.0 92.0 3 175.00 25.00 Globuligerina oxfordiana (Giigclis) 

15.0 95.0 3 175.00 12.50 Globuligerina oxfordiana (GTigelis) 

15.0 110.0 3 100.00 25.00 Globuligerina oxfordiana (Giigclis) 

16.0 91.5. 4 150.00 12.501 Globuligerina aTfordiana (Grigclis) 

16.0 93.0 4 137.50 25.00 Globulýgerina oxfordiana (GigOis) 

16.0 94.5 3 287.50 25.00 Conoglobigerina avariformis Kashnova sphacrica 
16.0 111.0 4 125.00 12.50 Globufigerina aýfordiana (Gtigelis) 

16.5 114.0 3 100.00 12.50 Globuligerina &ýfbrdiana (Gtigelis) 

16.5 102.5 3 150.00 6.25 Globuligerina oxfordiana (Gtigclis) 

16.5 80.0 5 200.00 6.25 Conoglobigerina aff. dazestanica Morozova 

17.0 114.0 3 150.00 12.50 Globuligerina oxfordiana (Giigclis) 

17.5 109.5 4 150.00 25.00 Globuligerina oxfordiana (Gtigclis) 

17.5 108.0 3 125.00 12.50 Globuligerina oxfordiana (Gtigclis) 

18.0 91.0 5 137.50 12.50 Globuligerina oxfordiana (Gtigclis) 
1 18.01 91.0 4 175.00 6.25 

1 

Globuligerina oxfordiana (Giigclis) 
1 18.01 101.0 4 137.50 6.25 GIobuligerina o. ýfordiana (Gtigclis) 
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SOMHEGY - LAYER N2 (BAJOCIAN - NIORTENSE ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
18.0 103.5 

.5 
137.50 12.50 Globulkqerina o. ýfordiana (Gigelis) 

18.5 101.0 5 175.00 6.25 Globuligerina oxfordiana (GHplis) 

18.5 84.0 5 125.00 6.251 GIobuligerinaoxfordiana (Gigelis) 

18.5 73.0 4 200.00 25.00 Globulkgerina oxfordiana (Gtigelis) 

19.0 79.5 4 200.00 12.50 ConoglobýRerlna aff. dagestanica Momova 

19.0 80.0 4 137.50 25.00 GjohulýRerina oxfordiana (Gtigelis) 

19.0 82.5 15 125.00 6.25 Globuligerina oxfordiana (Gtigelis) 

19.5 82.5 13 125.00 12.50 Globuligerina oxfordiana (GHgOis) 

20.0 83.5 3 212.50 25.00 Globuligerina oxfordiana (GHgOis) 

20.0 84.5 5 187.50 6.25 Globuligerina oxfordiana (Gigelis) 

20.0 86.0 5 225.00 6.25 Conojqlobýjzerina aff. dagestanica Morozova 

20.5 90.0 3 175.00 6.25 Globulýgerina oxfordiana (Gigelis) 

21.0 72.0 3 225.00 50.00 Globuligerina oxfordiana (Gigelis) 

21.0 77.0 3 175.00 12.50 Globulýgerina oxfordiana (Gigelis) 

21.0 100.5 3 300.00 25.00 Conoglobigerina avariformis Kasimova sphaerica 
21.5 113.5 3 125.00 12.50 

. 
Globulýgerina oxfordiana (Gtigelis) 

21.5 97.5 3 275.00 25.03 Conoglobigerina avariformis Kasimova sphaerica 
21.5 97.5 3 125.00 6.25 Globulýgerina oxfordiana (Giigelis) 

21.5 81.5 3 75.00 6.25 Globuligerina oxfordiana (Gfigefis) 

21.5 71.0 3 175.00 12.50 Globuligerina oxfordiana (Gigelis) 

22.0 105.0 6 150.00 6.25 Globuligerina oxfordiana (Gtigelis) 

22.0 105.5 3 137.50 6.25 Globuligerina oxfordlana (Gigelis) 

22.0 106.5 3 125.00 6.25 Globulkzerina oxfordiana (Gtigelis) 

22.0 107.0 4 200.00 6.25 Conoglobigerina aff. dagestanica Morozova 

22.5 107.0 3 125.00 12.50 Globulkgerinaoxfordiana (Gigelis) 

22.5 106.0 6 250.00 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

22.5 105.0 5 175.00 12.50 . Globuligerina oNfordiana (Gigelis) 

22.5 79.5. 3 100.00 12.50 Globuligerina oxfordiana (Gigelis) 

22.5 72.5 5 275.00 25.00 Conoglobigerina avariformis Kasimova sphaerica 
23.0 75.0 3 125.00 12.50 Globuligerina oxfordiana (Grigelis) 
23.0 79.5 4 125.00 12.50 Globulkizerina oxfordiana (Gigelis) 
23.0 82.5 3 137.50 6.25 Globulkgerina oxfordlana (Gigelis) 
23.0 97.0 3 125.00 12.50 Globulkgerina oxfordiana (Gfigelis) 

23.0 98.0 4 125.00 12.50 Globulkgerina oxfordiana (Grigclis) 

23.0 104.5 5 162.50 6.25 Globuligerina oxfordiana (Grigelis) 

23.0 105.0 5 137.50 12.50 Globuligerina oxfordiana (Gtigelis) 
23.0 105.0 8 150.00 12.50 Globuligerina oxfordiana (Grigelis) 
23.5 106.5 6 150.00 25.00 Globuligerina oxfordiana (Gtigelis) 
23.5 106.5 6 162.50 12.50 1 Globukgerina oxfordiana (Gtigefis) 

23.5 106.5 4 175.00 12.50 Globuligerina oxfordiana (Gfigelis) 
23.5 106.5 6 150.00 12.50 Globuligerina oxfordiana (Giigelis) 

23.5 106.0 3 125.00 12.50 Globuligerina oxfordiana (GTigclis) 
23.5 106.0 3 125.00 12.50 Globuligerina oxfordiana (Gtigelis) 
23.5 106.0 3 137.50 6.25 . Globuligerina oxfordiana (Gtigelis) 
23.5 106.0 3 125.00 6.25 Globulýszerina oxfordiana (Grigelis) 
23.5 99.0 4 125.00 12.50 Globuligerina oxfordiana (Grigelis) 
23.5 98.0 3 162.50 12.50 Globuligerina oxfordiana (Gtigclis) 

23.5 87.0 4 137.50 12.50 Globulýizerina oxfordiana (Gtigclis) 
23.5 73.5 5 212.50 6.25 1 Conoglob*rina aff. dagestanica Morozova 
24.0 72.5 3 125.00 6.25 1GIobuligerinaoxfordiana (Gigelis) 
24.0. 74.0 4 150.00 6.25 1GIobulkerinaoxfordiana (Gtigelis) 
24.0 86.5 4 150.00 12.50 1 Globulkzerina oxfordiana (Gtigelis) 
24.0 98.0 3 150.00 6.25 Globuligerina oxfordiana (GHgchs) 
24.0 99.0 3 125.00 12.50 Globuligerinaoxfordiana (Grigelis) 

1 

24.0 103.01 41 75.00 6.25 GIobuligerina oxfordlana (Gigelis) 
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., nmwi: r. y . LAYER N2 MAJOCIAN - NIORTENSE ZONE) r 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(PM) 

Wall Thickness 
(IjM) 

Species 

Vert Hor Thick Thin 
24.0 103.0 

.4 100.00 6.25 Globuligerina oxfordiana (Gtigclis) 

24. 0 106.0 13 150.00 6.25 Globutigerina oxfordiana (Gigelis) 

24.5 72.5 4 175.00 6.25 Globuligerina oxfordiana (Gigelis) 

24.5 72.0 3 200.00 6.25 Conoglobigerina aff. dagestanica Morozova 

25.5 109.0 3 200.00 12.50 Conoglobigerina aff. dagestanica Morozova 

25.5 109.0 3 200.00 12.50 Conoglobigerina aff. dagestanica Morozova 

25.5 105.5 3 100.00 12.50 Globuligerina oxfordiana (Gtigclis) 

25.5 89.0 13 150.00 12.50 Globutigerina oxfordiana (Giigelis) 

25.5 87.0 13 287.50 6.25 Globuligerina bathoniana gigantea Wcmli & G8r6g 

26.0 72.0 14 150.00 6.25 Globuligerina oxfordiana (GrigOis) 

26.0 73.0 14 125.00 12.50 Globuligerina oxfordiana (Grigelis) 

26.0 75.0 14 100.00 6.25 Globuligerina oxfordiana (Giigclis) 
26.0 109-0 13 125.00 6.25 Globuligerina oxfordiana (Gtigelis) 
27.0 111-0 14 150.00 12.50 Globuligerina oxfordiana (Griplis) 
27.5 108.0 14 150.00 12.50 Globuligerina oxfordiana (Gtigelis) 
28.0 75.5 13 200.00 6.25 Conoglobkgerina aff. dagestanica Morozova 
28.0 76.0 13 162.50 12.50 Globuligerina oxfordiana (GdgcHs) 

28.0 82.0 14 100.00 12.50 Globuligerina oxfordiana (Giigclis) 
28.0 82.0 3- 100.00 12.50 Globuligerina oxfordiana (Grigclis) 
28.0 86.0 4 125.00 6.25 Globuligerina oxfordiana (Gtigclis) 

28.0 89.0 6 200.00 25.00 Globuligerina oxfordiana (Gtigclis) 
28.0 97.5 3 125.00 12.50 Globuligerina oxfordiana (GrigOis) 
28.0 107.0 

.4 125.00 12.50 Globuligerina oxfordiana (Grigelis) 
28.0 109-0 14 150.00 12.50 Globuligerina oxfordiana (Gdgelis) 
28.5 93.51 4 150-00 12.50 Globuligerina oxfordiana (Grigclis) 
29.0 73.51 3 75.00 1 12.50 Globuligerina oxfordiana (Gtigclis) 
29.0 82.51 6 150.00 6.25 Globuligerina oxfordiana (Gtigelis) 
29.5 95.01 4 150.00 25.00 Globuligerina oxfordiana (Giigclis) 
29.5 86.01 5 125.00 6.25 Globuligerina oxfordiana (Grigelis) 
29.5 81.01 4 150.00 6.25 Globuligerina oxfordiana (Grigetis) 

_ 
29.5 81.01 5 150.00 6.25 Globuligerina oxfordiana (Grigclis) 

_ 
29.5 74.01 4 100-00 37.50 1 Globuligerina oxfordiana (Grigclis) 

_30.0 
86.01 3 175.00 _ 12.50 Globuligerina oxfordiana (Gtigelis) 

_30.0 
86.01 3 187.50 12.50 Globuligerina oxfordiana (Gtigclis) 

_30.0 
88.01 6 125-00 25.00 1 Globullgerina oxfordiana (Grigelis) 

_30.0 
90-01 4 100-00 25.00 _ 1 Globuligerina oxfordiana (Gfigelis) 

30.0 90.51 4 100-00 25.00 1 Globuligerina oxfordiana (Giigelis) 

_30.0 
91.0 4 162.50 6.25 Globuligerina oxfordiana (Gtigclis) 

30.0 102.5 5 125.00 12.50 Globuligerina oxfordiana (Gtigelis) 
30.0 106.5 

. 
00 12.50 Cono-globigerina aff. dagestanica Momzova 

30.0 107.0 125-00 25.00 Globuligerina oxfordiana (Grigelis) 
30.0 107.0 3 75.00 

- 
12.50 Globuligerina oxfordiana (Gigelis) 

30.0 108.5 3 225.00 37.50 Globuligerina oxfordiana (Giigelis) 
30.5 108.5 -137.50 25.00 Globuligerina oxfordiana (GHgelis) 
30.5 88.0 150.00 6.25 Globuligerina oxfordiana (Grigelis) 
30.5 87.0 __ 400.00 12.50 Globuligerina balhoniana gigantea Wcmli & GC)r6g 

_31.0 
71.5 3 125.00 12.50 Globuligerina oxfordiana (Gtigelis) 

_ 
31.0 73.01 4 200.00 12.50 Conoglobigerina aff. dagestanica Morozova 

_31.0 
79.0 3 75.00 6.25 Globuligerina oxfordiana (Gtigelis) 

31.0 79.5 4 125.00 12.50 Globuligerina oxfordiana (Migelis) 
31.0 86.0 

ý3 125-00 25.00 Globuligerina aTfordiana (Gdgelis) 
31.0 86.5 3 125.00 12.50 Globuligerina oxfordiana (Grigelis) 
31.0 87.0 4 175.00 5,00 Globuligerina oxfordiana (Grigclis) 
31.0 87.0 

- --- 
3 100.00 6.25 1 Globuligerina oxfordiana (Gtigelis) 

31.0 87.51 4 ý13750 12.50 1 Globuligerina o. ýfordiana (Giigclis) 
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SOMHEGY - LAYER N2 (BAJOCIAN - NIORTENSE ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
31.0 102.5 5 100.00 12.50 Globulkgerina oxfordiana (Grigelis) 
31.5 102.0 6 175.00 12.50 1GIobuligerinaoxfordlana (Gigelis) 

31.5 93.5 5 175.00 37.50 1 Globulýqerina oxfordlana (Gtigclis) 

31.5 70.0 3 200.00 12.50 Con(kglobigerina aff. dagestanica Mommova 

32.0 72.0 5 125.00 6.25 Globuligerinaoxfordiana (Grigelis) 

32.0 77.0 3 150.00 25.00 Globuligerina oxfordiana (Gtigclis) 

32.0 94.0 7 250.00 6.25 Globuligerina aff. bathoniana (Pazdrowa) 

32.5 103.0 3 125.00 12.50 
- 
Glohuligerina oxfordiana (Gtigelis) 

32.5 87.0 4 125.00 6.25 1GIobuligerinaoxfordiana (Gtigelis) 

32.5 76.0 3 125.00 12.50 Globuligerinaoxfordiana (Grigclis) 

32.5 74.5 4 212.50 25.00 Globuligerina oxfordlana (Gtigclis) 

32.5 70.0 4 100.00 6.25 Globulýqerina oxfordiana (Gigelis) 

33.0 83.5 4 100.00 25.00 Globuligerina atfordiana (Gigc1is) 

33.0 84.0 6 125.00 12.50 
. 
Globulýgerinaoxfordlana (Gigelis) 

33.0 86.5 4 1 75.00 6.25 Globulýgerina oAfordiana (Giigelis) 

33.0 
, 

87.0 5 _ 125.00 6.25 Globulýgerinaoxfordiana (Gigelis) 

33.0 91.0 6 175.00 12.50 Globuligerina oxfordiana (Gigelis) 

33.0 91.5 3 75.00 6.25 Globuligerina oxfordiana (Gtigclis) 

33.0 92.5 3 150.00 6.25 Globulýqerina oxfordiana (Gtigclis) 

33.0 96.0 3 150.00 6.25 1 Globuligerina oxfordiana (Gigelis) 

33.0 99.5 3 100.00 12.50 Globuligerina oxfordiana (Grigclis) 

33.5 102.5 4 150.00 25.00 Globuligerina oxfordiana (Giplis) 

33.5 99.5 3 112-50 6.25 Globulkgerina oxfordiana (GHplis) 

33.5 83.5 6 150.00 12.50 Globuligerina oxfordiana (Gii gel is) 

33.5 83.5 6 125.00 12.50 Globuligerina oxfordiana (Grigclis) 

34.0 72.0 4 200.00 37.50 Globuligerina oxfordiana (Gtigelis) 

34.0 73.5 4 112.50 12.50 1GIobuligerinaoxfordiana (Gtigclis) 

34.0 76.0 5 125.00 12.50 Globulýizerina ojýfbrdlana (Grigelis) 

34.0 81.0 4 125.00 12.50 Globuligerina o. ýfbrdiana (Grigclis) 

34.5 94.0 3 200.00 12.50 Conoglobýgerina aff. dagestanica Momova 

34.5 79.0 5 150.00 12.50 1GIobuligerinaoxfordiana (GfigOis) 

35.0 71.0 5 175.00 25.00 Globuligerina oxfordiana (Gtigelis) 

35.0 80.0 3 150.00 12.50 Globuligerina oxfordiana (Grigclis) 

35.0 80.0 4 125.00 12.50 Globuligerina oxfordiana (Giigclis) 

35.0 86.5 6 125.00 12.50 Globuligerina oxfordiana (Griphs) 

35.5 90.0 3 150.00 6.25 Globuligerina oxfordiana (Giigclis) 

35.5 77.0 3 150.00 12.50 Globuligerina oxfordiana (GHplis) 

35.5 76.0 3 125.00 12.50 Globulkgerina oxfordiana (Griplis) 

35.5 75.5 4 200.00 12.50 Conoglobigerina aff. dagestanica Morozova 

35.5 72.0 5 137.50 37.50 Globulkgerina oxfordiana (Gigelis) 

37.0 69.0 4 150.00 12.50 Globuligerina &ýfordiana (Gtigclis) 

37.0 72.5 4 175.00 12.50. Globuligerina oxfordiana (Giigelis) 

37.0 72.5 3 112.50 6.251 Globuligerina oxfordiana (Gtigelis) 

37.0 73.0 3 137.50 12.501 Globulýzerina o. ýfordlana (Gtigelis) 

37.0 76.0 5 137.50 37.50 Globulýizerina oxfordiana (Giigelis) 

37.0 80.0 3 137.50 12.50 Globulýgerina oxfordiana (Gigelis) 

37.0 81.5 3 100.00 6.25 Globulýizerina oxfordiana (Gjigclis) 

37.0 85.0 6 150.00 12.50 Globuligerina oxfordiana (Giigclis) 

37.5 90.0 3 100.00 12.50 Glob4gerina oxfordiana (Gigelis) 

37.5 89.01 3 112.50 25.06 Globuligerina oxfordiana (Grigelis) 

38.0 72.01 6 112.50 6.25 Globulýqerina oxfordiana (Giigclis) 
38.0 72.0 3 150.00 6.25 Globuligerina oxfordiana (Gipchs) 
38.0 72.0 4 112.50 

1 
6.25 Globuligerina oxfordiana (GHplis) 

38.0 76.0 3 150.00 12.50 Globulýcerinaoxfordiana (Gtigelis) 

38.0 87.5 3 150.001 25.00 Globuligerina oxfordiana (Gigelis) 
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SOMHEGY - LAYER N2 (BAJOCIAN - NIORTENSE ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Ijm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
38.5 79.0 4 100.00 6.25 

_Globulýqerinaoxfordiana 
(GHgOis) 

38.5 77.0 3 125.00 12.50 Globuligerina aýfordlana (Gtigclis) 
38.5 71.0 4 225.00 12.50 Conoglobýqerlna aff. dagestanica Monmova 
38.5 71.0 3 175.00 12.50 Globuligerina oxfordiana (Giigclis) 
38.5 70.0 3 125.00 12.50 Globulýgerina oxfordiana (Gigelis) 
39.0 70.0 3 125.00 1.00 Globulýgerina oxfordiana (Gtigelis) 
39.0 70.5 4 112.50 12.50 Globuligerina aTfordiana (Gtigetis) 
39.0 76.0 4 187.50 18.75 Globuligerina oxfordiana (Gtigclis) 
39.0 77.0 3 237.50 18.75 Globuligerina aff. balhoniana (Pazdrowa) 
39.0 77.0 4 112.50 6.25 Globulýgerina oxfordiana (Gigelis) 
39.0 78.0 3 125.00 12.50 Globuligerina oxfordiana (Gtigclis) 
39.0 78.5 3 200.00 6.25 Conoglobigerina aff. dagestanica Morozova 
40.0 80.0 5 100.00 18.75 Globuligerina oNfordiana (Gtigelis) 
40.0 84.5 3 125.00 18.75 Globulkgerina oxfordiana (Gigelis) 
40.0 84.5 3 112.50 12.50 Globulýizerina oxfordiana (Grigelis) 
40.5 84.5 4 150.00 12.50 Globuligerina oxfordiana (Giigelis) 
41.5 86.5 

,7 137.50 18.75 buligerina oxfordiana (Gtigelis) 
42.0 73.0 3 112.50 6.25 Globulýgerina oxfordiana (Gtigelis) 
42.0 73.5 4 237.50 12.50 Glo bulýgerina aff. bathoniana (Pazdrowa) 

42.5 85.0 3 100.00 6.25 Globuligerina oxfordiana (Giigclis) 
42.5 74.0 4 137.50 12.50 Globutigerina oxfordiana (Gigelis) 
42.5 74.0. 4 150.00 12.50 

. 
Globulýjzerina oxfordiana (Giigelis) 

42.5 73.5 4 125.00 12.50 Globuligerina oxfordiana (Gtigelis) 
42.5 73.5 4 150.00 12.50 Globuligerina oxfordiana (Gtigelis) 
42.5 73.0 3 112.50 6.25 Globuligerina oxfordiana (Giigclis) 
43.0 75.0 3 162.50 18.75 Globuligerina oxfordiana (Grigelis) 
43.0 75.0 3 175.00 12.50 Globuligerina oxfordiana (Giigclis) 
43.0 75.0 4 150.00 12.50 Globuligerina o. ýfordiana (Grigclis) 
43.0 81.5 4 150.00 6.25 Globuligerina oxfordiana (Giigclis) 
43.0 81.5 4 175.00 12.50 Globuligerina oxfordiana (Gtigclis) 
43.5 86.0 5 100.00 12.50 Globuligerina oxfordiana (GFigclis) 
43.5. 86.0 6 125.00 6.25 buligerina oxfordiana (Gigelis) 
43.5 81.0 3 150.00 6.25 Globulýgerina o. ýfordiana (Gigelis) 
44.0 75.0 4 150.00 12.50 Globuligerina oxfordiana (Grigelis) 
44.0 81.0 3 150.00 6.251 Globulýgerina oxfordiana (Gigelis) 
44.0 84.0 4 175.00 25.00 1 Globuligerina oxfordiana (Giigelis) 
44.0 84.0 3 100.00 12.50 Globuligerina oxfordiana (Gtigelis) 
44.5 84.0 3 175.00 25.00 GloTulkgerina oxfordiana (Gtigelis) 
44.5 77.5 8 162.50 18.75 Globulkqerina aýfordiana (Gigelis) 
44.5 71.5 4 175.00 12.50 Globuligerina oxfordiana (Giigelis) 
45.0 77.5 3 125.00 12.50 Globulýgerina oxfordiana (Grigelis) 
45.0 77.5 7 150.00 25.00 Globulkgerina oxfordlana (Gtigelis) 
45.5 80.0 3 87.50 6.25 Globulkeerina oxfordiana (Grigelis) 
45.5, 77.5, 4 175.00 12.50 Globuligerina oxfordiana (Gtigclis) 

rT: 
otal Number of Specimens 51 213 264 

Relative Percentages 19 81 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(lim) 

Wall Thickness 
(wm) 

Species 

Vert Hor Thick Thin 
7.0 96.5 3 212.50 18.75 Conoglobýi! erina aff. dagestanica Morozova 

- 7.0 97.5 3 100.00 12.50 1 Globuligerina o. ýfordiana (Giigclis) 
7.5 101.0 4 225.00 18.75 IConoglobigerina aff. dagestanica Morozova 
8.0 98.5 3 212.50 12.50 Conoglobýqerina aff. dagestanica Morozova 

8.0 99.0 3 250.00 12.50 Globulýgerina aff. bathoniana (Pazdrowa) 

8.0 101.5 3 250.00 25.00 Globuligerinaoxfordlana (Gigelis) 

8.0 102.5 3 187.50 18.75 Globulýqerina oxfordiana (Gigelis) 

9.0 90.0 3 200.00 18.75 Conoglobigerina aff. dagesianica Morozova 

9.0 94.5 3 250.00 25.00 Globuligerina oxfordiana (Gigelis) 

9.0 95.0 4 275.00 37.50 Conoglobýqerina avar? formis Kasiinova sphaerica 
9.0 100.5 3 250.00 50.00 Globulýgerina oxfordiana (Gtigelis) 

9.5 100.5 4 262.50 25.00 Conoglobigerina avariformis Kashnova sphaerica 
10.0 88.5 4 312.50 18.75 Globuligerina hathoniana gigantea Wemli & G6r6g 

10.0 89.5 3 225.00 18.75 Conoglohigerina aff. dakestanica Morozova 

10.0 91.5 4 300.00 43.75 ConQjzlobigerina avariformis Kasimova sphacdca 
10.0 95.0 4 300.00 43.75 Conqglobigerina avarffiormis Kashnova sphacdca 
10.5 96.0 3 275.00 18.75 Globuligerina bathoniana gigantea Wemli & G6t-8g 

10.5 90.0 4 237.50 18.75 Globuligerina aff. baihoniana (Pazdt-owa) 

10.5 88.5 3 175.00 25.00 Globuligerina oxfordiana (Gfigelis) 

10.5 83.0 4 287.50 25.00 Conoglobigerina avariformis Kashnova sphaerica 
11.0 86.0 3 225.00 31.25 Globuligerina oxfordiana (GHplis) 

11.0 93.5 5 325.00 25.00 Conoglobigerina avariformis Kashnova sphaeiica 
11.0 97.0 3 275.00 50.00 Conoglobýgerina avariformis Kashnova sphaerica 
11.0 97.5 3 250.00 50.00 Globuligerina oxfordiana (Grigelis) 

11.5 106.0 3 275.00 18.75 Globuligerina bathoniana gýizantea Wemli & G6r6g 

11.5 102.5 3 162.50 12.50 Globuligerina oxfordiana (Grigelis) 

11.5 97.5 4 350.00 25.05 Conoglobigerina avariformis Kasimova sphacrica 
11.5 94.0 4 287.50 37.50 Conoglobigerina avarýformis Kasimova sphaerica 
11.5 93.0 3 275.00 37.50 Conoglobýqerinaavariformis Kasimovasphaerica 

11.5 91.5 4 287.50 37.50 1 Conoglobigerina avariformis Kasimova sphaedca 
11.5 90.0 6 375.00 18.75 Globulkzerina bathoniana gýzanlea Wemli & GC)r6g 

11.5 88.5 5 350.00 31.25 Conoglobigerina avariformis Kashnova sphacrica 
12.0 92.5 4 287.50 43.75 Conoglobkgerina avariformis Kasimova sphaerica 
12.0 94.5 6 325.00 31.25 Conoglobigerina avariformis Kashnova sphacrica 
12.0 98.5 4 312.50 31.25 

- 
Conoglobigerinaavariformis Kasimovasphaetica 

12.0 99.5 3 275.00 25.00 Conoglobigerina avariformis Kasitnova sphaedca 
12.0 101.0 4 275.00 18.75 Globukizerina bathoniana gigantea Wemli & G6r6g 

12.5 106.5 4 200.00 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

12.5 97.0 3 325.00 37.50 Conoglobýgerina avariformis Kashnova sphaerica 
12.5 94.5 6 250.00 31.25 Conoglobýgerina avariformis Kashnova sphacrica 
12.5 89.0 5 200.00 12.50, Conoglobigerina affidagestanica Morozova 

13.0 74.0 3 200.00 31.25 Globuligerina &Tfordiana (Gtigelis) 

13.0 79.0 3 287.50 37.50 Conojzlobýgerina avariformis Kashnova sphaerica 
13.0 84.5 4 275.00 37.50 Conoglobigerina avariformis Kasimova spImetica 
13.0 85.0 5 375.00 18.75 Globukgerina bathoniana g1gantea Wcmli & G6r8g 

13.0 86.0 4 250.00 18.75. Globuligerina aff. bathoniana (Pazdrowa) 

13.0 89.0 4 362.50 18.75 1 Globukizerina bathoniana ggantea Wemli & Gdrag 

13.0 93.5 5 325.00 37.50 Conoglobigerina avariformis Kashnova sphaefica 
13.0 98.5 4 250.00 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

13.5 103.5 5 275.00 18.75 Globuligerina bathoniana gigantea Wemli & Giftig 
13.5 102.0 4 300.00 50.05 Conoglobýgerina avarffiormis Kashnova sphamica 
13.5 101.0 4 262.50 18.75 Globuligerina bathoniana gigantea Wemli & GC)r6g 
13.5 99.51 -4- 1 250.00 37.50 Globuligerina oxfordiana (Gigelis) 
13.5 99.5 31 225.00 37.50 

1 
J GIobulýgerinaoxfordlana (GtigelisX14) 

13.5 90.51 31 300.00 25.00 1 Conoglobigerinaas-ariformis Kasimovasphaerica 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Prn) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
_ 13.5 89.5 6 312.50 50.00 Conoglobýgerina avarýformis Kasimova sphamica 

13.5 88.5 3 325.00 25.00 Conoglobýgerina avariformis Kasimova sphacrica 
13.5 83.0 4 175.00 37.50 Globuligerina oxfordiana (GigOis) 
13.5 80.5 3 200.00 25.00 Globuligerina oxfordiana (Gigelis) 
13.5 77.5 4 212.50 25.00 GlobulýiZerina oxfordiana (Gigc1is) 
13.5 74.5 3 250.00 18.75 Globuligerina W. hathoniana (Pazdmwa) 

13.5 74.0 4 237.50 37.55 Globuligerina oxfordiana (Gtiplis) 

13.5 74.0 3 212.50 18.75 1 Globulýzerina W. balhoniana (Pazdrowa) 

14.0 76.0 3 200.00 18.75 Globulýqerina W. bathoniana (Pazdrowa) 

14.0 79.0 4 325.00 18.75 Globulýkerina bathoniana gigantea %Vcmli & Girag 

14.0 81.0 
.4 

250.00 25.00 Globulýqerina oxfordiana (Gtigclis) 
14.0 82.5 4 250.00 37.50 Globuligerina oNfordlana (Gtigelis) 
14.0 85.0 4 275.00 25.00 Conoglobigerina avariformis Kashnova sphaetica 
14.0 90.5 5 275.00 37.50 Conoglobigerina avariformis Kashnova sphactica 
14.0 91.5 4 275.00 31.25 Conoglobkgerinaavarfformis Kasimovasphaenca 
14.0 92.0 

.4 
275.00 25.00 Conoglobkgerina avariformis Kashnova sphactica 

14.0 93.5 3 200.00 18.75 Globuligerina aff. bathoniana (Pazdrowa) 
14.0 95.0 3 275.00 31.25 Conoglobkizerina avarfformis Kashnova sphaenca 
14.0 98.5 4 200.00 18.75 Globuligerina aff. badjoniana (Pazdrowa) 

14.0 102.0 4 300.00 37.50 Conoglobigerina avarýformis Kasimova sphamica 
14.5 111.0 4 275.00 37.50 Conoglobigerina avarýformis Kasimova sphactica 
14.5 99.5 4 300.00 25.00 Conoglobkqerina avariformis Kasimova sphaenca 
14.5 98.5 5 300.00 18.75 Globuligerina bathoniana gýgantea Wemli & G6r6g 

14.5 93.5 4 287.50 31.25 Conoglobigerina avariformis Kasimova sphaerica 
14.5 93.5 4 300.00 31.25 Conoglobkizerina avariformis Kasimova sphaedca 
14.5 90.5 4 287.50 25.00 Conoglobkizerina avariformis Kasimova sphaerica 
14.5 84.0 4 287.50 37.50 Conoglobkgerina avariformis Kashnova sphaerica 
14.5 81.0 3 225.00 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

14.5 75.0 4 325-00 31.25 Conoglobigerina avariformis Kasimova sphaedca 
14.5 74.5 3 262.50 31.25 Conqelobigerina avariformis Kasimova sphacrica 
14.5 72.0 3 225.00 18.75 Glohuligerina aff. bathoniana (Pazdrowa) 
14.5 72.0 4 375.00 18.75 Globuligerina bathoniana gigantea Wemli & Gdrdg 

14.5 70.5 3 300-00 37.50 Conoglobigerina avariformis Kasimova sphacdca 
15.0 66.5 4 325.00 43.75 Conoglobigerina avar? formis Kasimova sphaerica 
15.0 67.0 5 200-00 18.75 Globulkizerina aff. bathoniana (Pazdrowa) 

15.0 67.5 3 237.50 31.25 Globuligerina oxfordiana (Gigelis) 

15.0 70.5 4 275.00 37.50 Conoglobigerina avariformis Kasimova sphaerica 
15.0 71.0 4 275.00 31.25 Conoglobkgerina avariformis Kashmova sphacdca 
15.0 72.5 4 275-00 37.50 Conoglobkqerina avariformis Kasimova sphacrica 
15.0 75.0 4 250-00 50.00 

1 
Globuligerina oxfordiana (Gtigelis) 

15.0 76.0 4 300-00 37.50 Conoglobigerina avariformis Kashmova sphaefica 
15.0 80.01 3 275.00 18.75 Globuligerina bathoniana gigantea Wemli & G6r6g 

15.0 80.51 4 262.50. 31.25 Conoglobigerina avarýformis Kasimova sphactica 
15.0 82.01 4 _ 275.00 31.25 Conoglobigerina avariformis Kasimova sphaenca 
15.0 82.01 4 225.00 25.00 Globuligerina oxfordiana (Gtiplis) 

15.0 85.5 3 275.00 25.00 Conoglobigerina avarýfbrmls Kasimova sphactica 
15.0 85.5 3 250.00 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

15.0 86.0 4 300.00 37.50 Conoglobigerina avariformis Kasimova sphaefica 
15.0 87.5 4 287.50 37.50 Conoglobigerina avariformis Kasimova sphaerica 
15.0 88.5 3 225.00 37.50 Globuligerina oxfordiana (Gigelis) 
15.0 90.0 3 250.00 37.50 Globulýgerinaoxfbrdiana (Grigelis) 
15.0 90.5 5 312.50 37.50 Conoglobýqerina avarffiormis Kashnova sphaerica 
15.0 94.5 4 275.00 31.25 Conoglobigerina avariformis Kasimova sphacrica 
15.0 110.0 3 225.00 25.00 Globuligerina oxfordiana (Gigelis) 
15.5 101.5 4 250.00 18.75 Globulýgerina aff. bathoniana (Pazdrowa) 
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SOM HEGY - LAYER P (13AJOCIA N- FAKKINbUNI 4UNt) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor hick Thin 

15.5 94.0 16 325.00 . 
00 25.00 0 Conoglobýgerlna avariformis Kasitnova sphacrica 

15.5 93.5 13 187.50 

ffl 

12.50 Globuligerina o. ýfordiana (Gtigclis) 
15.5 91.0 13 300.00 25.0 0 Conoglobigerina avariformis Kasimova sphacrica 
15. 5 87.5 14 225.00 25.00. Globulkqerina oxfordiana (Gigelis) 
15. 5 85.0 14 262.50 31.251 Conoglobýzerina avariformis Kashnova sphacdca 
15. 5 85.0 13 225.00 37.50 1 Globulýjzerina oxfordiana (Giigclis) 
15. 5 82.0 14 275.00 31.25 _ Conoglobkqerina avariformis Kashnova sphacrica 
15. 5 81.5 14 337.50 31.25 Conoglobigerina avariformis Kasimova sphaenca 
15. 5 76.5 13 300.00 37.50 Conoglobigerina avariformis Kashnova sphacdca 
15. 5 71.0 13 250.00 37.50 Globuligerina oxfordiana (GHgelis) 
15.5 70.0 14 275.00 37.50. Conoglobkqerina avariformis Kasimova sphacrica 
16.0 65.5 14 300.00 37.50 Conoglobkzerina avariformis Kashnova spliacnica 
16.0 65.5 14 287.50 37.50 Conojglobýgerina avariformis Kashnova sphaenca 
16.0 66.0 14 250.00 37.50 Globuligerina oxfordiana (Giigelis) 
16.0 67.5 3 200.00 18.75 ConQsz1obigerina aff. dagestanica Momova 
16.0 68.5 3 237.50 18.75 Globu ligerina aff. bathonlana (Pazdrowa) 
16.0 75.0 5 250.00 18.75 Globuligerina aff. bathoniana (Pazdrowa) 
16.0 75.5 4 250.00 31.25 1 Globuligerina oxfordiana (Gigelis) 
16.0 76.0 

.4 
325.00 37.50 _ Conoglobigerinaavariformis Kasimovasphaerica 

16.0 77.0 3 250.00 37.50 Globuligerina oxfordiana (Gigelis) 
16.0 81.0 4 325.00 37.50 Conoglobigerina avariformis Kasimova sphactica 
16.0 81.5 3 250.00 37.50 Globuligerina oxfordiana (GrigOis) 
16.0 83.0 3 175.00 12.50 Globu4izerina oxfordiana (Gtigclis) 
16.0 89.0 4 287.50 37.50 

, 
Conoglobigerina avariformis Kasimova sphacrica 

16.0 96.5 4 325.00 25.00 Conoglobigerina avariformis Kasimova sphacrica 
16.0 103.5 4 325.00 31.25 Conoglobigerina avariformis Kasimova sphaerica 
16.0 105.0 4 250.00 18.75 Globuligerina aff. bathoniana (Pazdrowa) 
16.0 105.0 3 250.00 25.00 Globulýgerina oxfordiana (Gtigelis) 
16.0 107.5. 5 275.00 37.50 

. 
Conoglobigerina avariformis Kashnova sphaetica 

16.0 112.01 3 325.00 31.25 Conoglobigerina avariformis Kashnova sphavica 
16.5 112.51 3 275.00 37.50 Conoglobigerina avarffiormis Kasimova sphaunica 
16.5 110.51 3 212.50 37.50 Globulýgerina oxfordiana (Giigelis) 
16.5 110.51 3 200.00 25.00 Globulkgerina oxfordiana (Grigelis) 
16.5 108.51 4 225.00 12.50 Conoglobigerina aff. dagestanica Morozova 
16.5 108.01 5 262.50 25.00 1 Conoglobigerina avariformis Kasimova sphaefica 
16.5 106.5 3 225.00 37.50 Globuligerina o. ýfordiana (Grigclis) - 
16.5 103.0 3 275.00 37.50 Conoqlobýgerina avariformis Kashnova sphactica 
16.5 103.0 4 250.00 12.50 Globuligerina aff. bathonlana (Pazdrowa) 
16.5 102.0 5 275.00 31.25 Conoglobýqerina avariformis Kashnova sphactica 
16.5 101.5 4 237.50 31.25 Globulkgerina oxfordlana (GTigclis) 
16.5 100.0 3 287.50 12.50 Globulkgerina bathoniana gigantea Wemli & Gdr6g 
16.5 85.5 4 237.50 25.00 Globuligerina oxfordiana (Grigelis) 
165 855 3 ý-75.00 31.25 Conoglobigerina avariformis Kasimova spliacrica 
16.5 85.0 3 275.00 18.75 Globuligerina bathoniana gkgantea Wcmli & G8r8g 
16.5 75.5 - 5 250.00 18.75 Globulkizerina aff. bathoniana (Pazdrowa) 
16.5 73.5 3 250.00 31.25 Globuligerina oxfordlana (Gigelis) 
170 680 3 250.00 31.25 Globukqerina oXfordiana (GigOis) 
170 78 5 05.00 37.50 Globuligerina oxfordiana (Giigclis) 
17.0 79.5 4 312.50 37.50 Conoglobigerina avariformiv Kasimova sphactica 
170 830 3 275.00 25.00 Conoglobigerina avariformis Kashnova sphactica 
170 900 4 300.00 18.75 Globulýgerina bathoniana gigantea Wcmli & Qirft 
17.0 94.0 225.00 25.00 Globulýgerina oxfordiana (Giigclis) 
17.0 100.5 3 237.50 37.50 GlobuligerinaoNfordiana (Gtigclis) 
17.0 

[ 101.5 3 275.00 31.25 Conoglobkgerina avariformis Kashnova sphaelica 
=17.0 E: 110.5 

_ 
275.00 

, 
3125 1 J Conoglobigerinaawriformis Kashnovasphamica 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
17.0 112.0 5 250.00 25.00 Globulýqerlna oxfordiana (GHgOis) 
17.5 112.0 4 175.00 18.75 1GIobukizerinaoxfordiana (Gigelis) 
17.5 112.0 4 250.00 25.00 Globuligerina oxfordiana (Grigclis) 
17.5 111.5 3 237.50 31.25 Globuligerina oxfordiana (Gigelis) 
17.5 111.0 5 325.00 12.50 Globulýgerina bathoniana gýqanlea Wemli & Giiriig 

17.5 109.5 3 262.50 18.75 Globulýizerina bathonlana gýsrantea Wcmli & G8ffig 

17.5 109.0 4 312.50 25.00 Conoglobýqerina avariformis Kashnova sphactica 
17.5 106.0 4 337.50 31.25 

_Conoglobigerinaavariformis 
Kashnovasphaoica 

17.5 105.5 4 275.00 31.29 Conoglobigerina avariformis Kashnova sphactica 
17.5 104.5 3 237.50 25.00 Globulkgerina o. ýfordiana (Gigelis) 

17.5 103.0 4 250.00 31.25 Globuligerina oxfordiana (Gigelis) 

17.5 97.5 5 275.00 37.50 Coneglobigerinaawriformis Kashnovasphactica 

17.5 95.0 4 325.00 18.75 Globuligerina bathoniana gkizantea Wemli & Ginig 

17.5 93.0 4 300.00 18.75 Globuligerina bathoniana gýqanlea Wcmli & Giivbg 

17.5 86.0 3 275.00 31.25 Conoglobigerina avariformis Kasimova sphaerica 
17.5 86.0 

,4 
200.00 25.00 Globuligerina oxfordiana (Gigelis) 

17.5 85.5 4 225.00 37.50 Globulkgerina oNfordiana (Gigelis) 
17.5 84.5 5 262.50 37.50 

-Conoglobigerinaavariformis 
Kasimovasphacrica 

17.5 80.5 5 262.50 31. T5 Conoglobigerina avariformis Kasimova sphaerica 
17.5 80.0 4 300.00 25.00 Conoglobigerina avarýformis Kasimova sphaerica 
17.5 79.5 4 237.50 25.00 Globulýgerina oxfordiana (Gigelis) 

17.5 79.0 3 262.50 37.50 Conoglobkizerina avariformis Kasimova sphactica 
17.5 71.5 4 300.00 37.50 Conoglobkgerina avariformis Kasimova sphaenca 
17.5 71.0 4 250.00 37.50 Globulkizerina oxfordiana (Gtigetis) 

17.5 68.5 3 250.00 37.50 Globuligerina oxfordiana (Grigclis) 

18.0 66.0 3 200.00 25.00 Globulkizerina oxfordiana (Gtigelis) 

18.0 70.0 5 262.50 31.25 Conoglobigerinaawriformis Kasimovasphaerica 

18.0 76.5 4 300.00 37.50 Conoglobigerina avariformis Kashnova sphaerica 
18.0 78.5 4 325.00 12.50 Globuligerina bathoniana gigantea Wcmli & G6r6g 

18.0 78.5 4 275.00 31.25 Conoglobýgerina avariformis Kasimova sphaerica 
18.0 80.5 6 275.00 25.00 Conoglobkqerina avariformis Kasimova sphactica 
18.0 84.0 4 287.50 37.50 Conoglobigerina avariformis Kasimova sphactica 
18.0 - 84.5 5 287.50 37.50 Conoglobigerina avariformis Kasimova sphamica 
18.0 97.0 4 200.00 18.75 Concqzlobigerina aff. dagestanica Momova 

18.0 98.0 3 125.00 12.50 Globulkwina oxfordiana (Gtigelis) 

18.0 98.5 4 225.00 31.25 Globulýgerina oxfordiana (Gtigelis) 
18.0 100.5 3 237.50 31.25 Globukizerina oxfordiana (GtigOis) 
18.0 102.5 5 362.50 18.75 Globulkizerina balhoniana gigantea Wcmli & Giift 

18.0 107.0 4 225.00 25.00 Globulkgerina oxfordiana (Gdgclis) 

18.0 112.5 3 250.00 37.50 Globulýgerina oxfordiana (Gigelis) 

18.0 112.5 3 175.00 37.50 Globuligerina oxfordiana (Gigelis) 

18.5 111.0 3 212.50 18.75 Conoglobkqerina aff. dqgestanica Morozova 

18.5 110.0 6 262.50 18.75. Globulkqerina bathoniana gýganlea Wemli & Gdr6g 

18.5 109.0 4 325.00 18.751 GIobulýgerinabailionianagigantea Wcmli&Gdrdg 

18.5 107.5 3 225.00 25.00 Globuligerina oxfordiana (Grigelis) 

18.5 105.51 4 300.00 43.75 ConqizWkirerina avariformis Kasimova sphaedca 
18.5 100.0 3 237.50 31.25 Globulkizerina oxfordiana (Giigelis) 

18.5 100.0 3 250.00 37.50 Globuligerina aýfordiana (GHgOis) 

18.5 98.0 3 200.00 25.00 Globulkgerina oxfordiana (Gtigelis) 

18.5 96.5 3 250.00 37.50 Globuligerina oxfordiana (GHgOis) 
18.5 95.0 3 300.00 25.00 Conoglobigerina avariformis Kashnova sphactica 
18.5 92.0 4 325.00 25.00 Conoglobigerinaawriformis Kasimovasphaerica 
18.5 92.01 4 275.00 37.50 Conoglobigerina avariformis Kashnova sphaerica 
18.5 87.51 31 250.001 37.501 Glob Ikirefinaoxfordiana (GHgclis) 
18.5 85.5 F51 325.001 25.001 1 Conoglobigerina avarffiormis Kashnova spliacrica 
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SOMHEGY - LAYER P MAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Prn) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
18.5 81.5, 4 275.00 37.50 Conoglobtizerina avariformis Kashnova sphacrica 
18.5 81.01 6 300.00 25.00 Conoglobigerinaavarffiormis Kashnovasphacrica 

18.5 75.5 3 250.00 37.50 Globukizerina oxrordiana (Grigelis) 

18.5 69.0 4 300.00 25.00 Conoglobigerina avarifomis Kasimova sphaerica 
18.5 68.5 3 225.00 12.50 Conoglobýizerina MY dqReslanica Morozova 

19.0 65.5 3 225.00 31.25 Globultgerina oxfordiana (Grigelis) 

19.0 71.5 5 275.00 25.00 Conoglobigerina avariformis Kasirnova sphacrica 

19.0 72.01 4 150.00 112.50. Globulýqerinaoxfordiana (Grigclis) 

19.0 77.51 4 275.00 37.50 Conoglobigerina avariformis Kasimova sphacrica 

19.0 79.0 4 225.00 18.75 Conoglobigerina aff. dekgestanica Morozova 

19.0 82.5 5 250.00 18.75 Glo bulýgerina aff. bathoniana (Pazdrowa) 

19.0 83.0 3 262.50 18.75 Globullgerina bathoniana gtizantea Werrili & G8r6g 

19.0 88.0 4 325.00 25.00 Conoglobigerina avariformis Kasimova sphacrica 

19.0 92.0 4 325.00 25.00 ConQizlobigerina avariformis Kasirnova sphaerica 

19.0 92.5 5 237.50 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

19.0 93.0 5 312.50 25.00 Conoglobigerina avariformis Kasirnova sphacrica 
19.0 100.0 4 275.00 37.50 Conoglobigerina avariformis Kasirnova sphacrica 
19.0 109.0 4 325.00 18.75 Globukizerina bathoniana gýqantea Werrili & G8r6g 

19.0 111.5 5 250.00 18.75 1 Glohuligerina aff. bathoniana (Pazdrowa) 

19.5 111.0 3 262.50 18.75 1GIob, uligerinabathonianagiganica Werrifi&G61ag 

19.5 93.0 3 175.00 25.00 1 Globuligerina oxfordiana (Griplis) 

19.5 93.0 4 275.00 18.75 Globulkizerina bathoniana gkizantea Wernh & G6rdg 

19.5 93.0 5 312.50 25.00 Conoglohigerina ararffiormis Kasimova sphacrica 

19.5 91.5 4 250.00 18.75 Globukgerina aff. badjoniana (Pazdrowa) 

19.5 90.5 3 212.50 25.00 Globukizerina o. ýfordiana (Grigclis) 

19.5 90.0 3 200.00 31.25 Globuligerina oxfordiana (GrigOis) 

19.5 84.5 5 262.50 37.50 Conoglobigerina avarffiormis Kasimova sphaerica 

19.5 82.5 3 250.00 37.50 Globuligerina oxfordiana (Grigelis) 

19.5 82.0 4 262.50 31.25 Conoglobigerinaawrif-rmis Kasimovasphacrica 

19.5 81.5 4 287.50 12.50 Globuligerina bathoniana gýganlea Werrili & Gbr6g 

19.5 79.5 3 187.50 18.75 Globultgerinaoxfordiana (Grigelis) 

19.5 76.5 4 325.00 31.25 Conoglobigerina avariformis Kasirnova sphaerica 
19.5 76.0 3 325.00 31.25 Conoglobigerina avariformis Kasimova sphaerica 

19.5 75.0 ,4 
250.00 37.50 Globuligerinaoxfordiana (Grigelis) 

19.5 70.5 6 375.00 12.50 Globufigerinabathonianagýgantea Wemli&G8r6g 

20.0 67.0 3 262.50 37.50 Conoglobigerina avariformis Kasimova sphaerica 
20.0 73.5 3 262.50 37.50 Conoglobigerina avariformis Kasimova sphaerica 
20.0 78.5 3 250.00 37.50 Globuligerina oxfordiana (Grigclis) 

20.0 88.5 3 225.00 25.00 Globulýgerina oxfordiana (Grigelis) 

20.0 90.0 3 300.00 31. T5 Conoglobigerina avariformis Kasimova sphaerica 

20.0 92.0 3 212.50 50.00 Globulýqerinaoxfordiana (Gfigelis) 

20.0 92.0 4 300.00 37.50 Conoglobigerinaawri rmis Kasimovasphactica 

20.0 92.5 4 312.50 37.50 Conoglobýgerina avarýformis Kasirnova sphaerica 
20.0 96.0 ,4 

262.50 31.25 Conoglobigerina avariformis Kashnova sphaerica 
20.0 109.0 5 325.00 31.25 Conoglobigerina avariformis Kashnova sphaerica 

20.0 113.5 4 250.00 37.50 Globuligerina oxfordiana (Grigelis) 

20.5 103.5 4 _ 250.00 37.50 Globuligerina oNfordlana (Grigclis) 

20.5 103.5 3 262.50 25.00 Conogl6btgerina avariformis Kasimova sphacrica 
20.5 103.5 4 225.00 18.75 

. 
Conoglobigerina aff. dagestanica Morozova 

20.5 102.5 ,4 
237.50 31.25 Globuligerina oxfordiana (Grigelis) 

20.5 100.0 4 250.00 31.25 GlobulýRerina oxfordiana (Griplis) 

20.5 98.0 4 262.50 37.50 ConoglobtRerina avariformis Kasitnova sphaerica 
20.5 97.0 4 _ 200.00 18.75 conqqlobigerina aff. dagestanica Morozova 

20.5 96.5 5 337.50 37.50 Conoglobtizerina avariiormls Kasirnova sphaefica 
20.5 96.5 4 325.00 37.50 1 Conoglobigerina avariformis Kashnova sphacrica 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
20.5 95.0 3 275.00 18.75 Globulýgerina bathoniana gýgantea Wemli & Mr8g 
20.5 94.5 5 300.00 1 18.75 Globuligerina bathoniana gýRantra Wemli & G&Og 

20.5 94.0 3 300.00 18.75 Globjdýqerina bathoniana gýgantea Wcmli & GiWig 
20.5 90.0 3 300.00 37.50 Conoglobýgerina avarffiormis Kasimova sphacrica 
20.5 89.0 5 325.00 25.00 Conoglobýizerina avariformis Kashnova sphiedca 
20.5 

_ 
88.5 3 300.00 25.00 Conoglobýkerinaavariformis Kashnovasphaerica 

20.5 82.5 4 287.50 31.25 Conoglobýzerina avarirarmis Kasimova sphaerica 
20.5 81.0 5 312.50 37.50 Conoglobýgerina avariformis Kasimova sphamica 
20.5 80.5 4 225.00 31.25 Globulýgerina oxfordiana (Gtigclis) 

20.5 80.5 3 262.50 25.00 ConoglobýErerina avariformis Kasimovi sphacrica 
20.5 73.5 15 337.50 31.25 

_Conoglobigerinaavariformis 
Kasimovasphaerica 

20.5 73.0 3 275.00 25.00 Lonoglobýqerina avariformis Kasimova sphaenca 
20.5 70.5 3 150.00 18.75 1 Globuligerina oxfordiana (Giigelis) 
20.5 70.0 4 300.00 25.00 Conoglobýgerina avariformis Kashnova sphacrica 
20.5 69.0 4 300.00 18.75 Globuligerina baffioniana gýizanlea Wemli & G6r6g 

20.5 68.0 3 237.50 37.50 Globuligerina oxfordiana (Gigelis) 
20.5 66.0 4 300.00 18.75 Globulkqerina balhoniana gýqantea Wcmli & G6r6g 

21.0 65.5 4 300.00 25.00 ConQglobigerina avariformis Kasimova sphaerica 
21.0 67.5 3 350.00 25.00 Conoglobýizerina avariformis Kasimova sphacdca 
21.0 68.0 3 262.50 25.00 Conoglobigerina avariformis Kashmova sphaedca 
21.0 72.5 4 337.50 25.00 Conoglobigerina avariformis Kasimova sphacdca 
21.0 78.5 3 262.50 31.25 Conoglobkkerina avariformis Kasimova sphaerica 
21.0 81.0 3 250.00 37.50 Globulýgerina oxfordiana (Grigelis) 

21.0 85.5 6 337.50 25.00 Conoglobkgerina avariformis Kasimova sphaefica 
21.0 99.0 5 275.00 25.00 Conoglobigerina avarffiormis Kasimova sphactica 
21.0 99.5 4 250.00 18.75 Globulýqerina aff. bathoniana (Pazdrowa) 

21.0 102.0 3 275.00 37.50 Conoglobigerina avariformis Kasitnova sphaerica 
21.0 104.5 4 250.00 25.00 Globuligerina aýfordiana (Giigclis) 

21.0 107.5 3 _ 250.00 25.00 Globulýgerina oxfordiana (Grigelis) 
21.0 109.0 3 187.50 18.75 Globuligerina oxfordiana (Gigelis) 
21.0 109.5 3 250.00 43.75 Globuligerina oxfordiana (Gtigclis) 
21.5 114.0 4 300.00 25.00 Conoglobigerina avarýformis Kasimova sphaerica 
21.5 113.5. 3 250.00 18.75 Globulýgerina aff. bathoniana (Pazdrowa) 

21.5 113.5 3 287.50 37.50 Cono, globkgerina avariformis Kasimova sphactica 
21.5 112.5 4 325.00 37.50 Conoglobkgerina avariformis Kasimova sphaerica 
21.5 107.5 7 325.00 18.75 Globulýizerina bathonlana gigantea Wemli & CiMig 

21.5 105.0 4 325.00 37.50 ConoglobýZerina avarffiormis Kasimova sphactica 
21.5 104.5 4 300.00 25.00 Conoglobigerina avariformis Kashnova sphaerica 
21.5 104.51 4 275.00 37.50 Conoglobýqerina avariformis Kashnova sphaefica 
21.5 104.0 3 325.00 37.50 Conoglobigerina avariformis Kashnova sphaedca 
21.5 97.0 4 325.00 25.00 Conoglobýizerina avariformis Kasimova sphacdca 
21.5 95.5 3 275.00 37.50 Conoglobýgerina avariformis Kasimova sphaerica 
21.5 93.5 4 325.00 37.50 Conoglobýgerina avariformis Kasitnova sphaerica 
21.5 92.5 4 287.50 43.75 Conoglobigerina avariformis Kashnova sphaerica 
21.5 91.0 4 275.00 37.50 Conoglobýgerina avariformis Kashnova sphactica 
21.5 81.0 4 325.00 31.25 Conoglobigerina avariformis Kasimova sphaerica 
21.5 80.0 4 300.00 12.50 Globulýzerina bathoniana gigantea Wemli & G8r8g 

21.5 78.0 4 187.50 25.00 Globulkqerina oxfordiana (Gtigelis) 

21.5 77.5 4 300.00 31.25 Conoglobigerina avariformis Kashnova sphacdca 
21.5 77.0 4 250.00 25.00 Globuligerina oxfordiana (Gtigelis) 
21.5 76.5. 5 250.00 37.50 Globuligerina oxfordiana (Gigelis) 
21.5 76.0 4 325.00 25.00 Conoglobkqerina avariformis Kasimova sphaerica 
21.5 76.0 4 250.00 12.50 Globuligerina aff. bathoniana (Puditma) 

21.5 75.0 3 225.001 37.50 Globulkirerina oxfordiana (Gtigelis) 
-Vi 72.0 4 237.501 25.00 Globulkqerina oxfordiana (GigOis) 
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SOMHEGY - LAYER P MAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
21.5 70.5. 3 275.00 25.00 Conoglobýizerlna avariformis Kasimova sphicrica 
21.5 69.0 6 300.00 . 31.25 Conoglobý%Zerina avariformis Kashnova sphactica 
21.5 68.0 4 _ 237.50 25.00 Globuligerina oxfordiana (Gigelis) 

21.5 67.0 4 300.00 37.50 Contkglobýizerina avarirormis Kashnova sphactica 
21.5 66.5 4 300.00 37.50 Conoglobigerina avariformis Kashnova sphaerica 
22.0 65.5 5 300.00 25.00 Conojglobýgerina avariformis Kashnova sphacrica 
22.0 73.5 5 300.00 31.25 Lonoglobýgerina avariformis Kashnova sphactica 
22.0 75.0 3 262.50 37.50 Conojglobýizerina avarffiormis Kashnova sphactica 
22.0 83.5 4 325.00 12.50 Globulýqerina bathoniana gýganrea Wcmli & Giffig 

22.0 92.0 3 287.50 25.00 Conoglobigerina avariformis Kasitnova sphaerica 
22.0 94.5 4 275.00 18.75 Globuligerina bathonlana g1gantea Wemli & GC)r6g 

22.0 101.0 6 350.00 37.56 Conoglobigerina avariformis Kashnova sphactica 
22.0 101.5 3 262.50 37.50 Conoizlobiizerinaat, ariformis Kasimovasphamica 

22.0 108.0, 3 275.00 31.25 ConoglobýgerinaavaKformis Kasimovaspliamca 

22.0 108.0 3 275.00 18.75 Globuligerina bathoniana gigantea Wcmli & G&iig 

22.0 111.0 6 300.00 18.75 Globuligerina balhoniana gýqantea Wcmli & G6r6g 

22.0 111.5 4 325.00 31.25 Conoglobýzerina avarýformis Kashnova sphaefica 
22.0 113.0 4 237.50 18.75 Globukizerina aff. bathoniana (Pazdmwa) 

22.0 114.0 4 275.00 25.00 Conoglobigerina avariformis Kasi mova sphaoica 

22.5 112.5 7 262.50 25.00 Conoglobýgerina avariformis Kashnova sphaetica 

22.5 111.5 3 300.00 37.50 Conoglobigerina avarýformis Kasimova sphaoica 

22.5 105.5 4 275.00 25.00 Conoglobkgerina avarýfonnis Kasimova sphaerica 

22.5 105.5 4 250.00 25.00 Globulýirerina aTfordiana (GfigOis) 

22.5 105.5 17 275.00 25.00 Conoglobigerina avariformis Kasimova sphaetica 

22.5 101.5 14 275.00 37.50 Conoglobigerina avariformis Kasimova sphactica 

22.5 101.0 7 287.50 25.00 Conoglobkgerina avariformis Kasimova sphaenca 

22.5 97.5 4 237.50 37.50 Globuligerina oxfordiana (Gtigclis) 

22.5 94.5 4 275.00 18.75 
, 
Globuligerina bathoniana gkgantea Wcmli & G6r8g 

22.5 92.0 4 287.50 18.75 1 Globuligerina bathoniana gigantea Wemli & Mrag 

22.5 87.5 4 325.00 37.50 1 Conoglobigerina avariformis Kashnova sphaedca 
22.5 86.5 5 350.00 25.00 Conoglobýgerina avariformis Kashnova sphacdca 
22.5 85.5 3 200.00 18.75 Conoglobýgerina aff. dagestanica Morozova 

22.5 80.5 4 250.00 31.25 Globuligerina oxfordiana (Giigclis) 

22.5 
. 

80.5 4 225.00 18.75 Conoglobigerina aff. dcýqeslanica Morozova 

22.5 80.0 3 200.00 25.00 Globuligerim oxfordlana (Gfigdis) 

22.5 80.0 5 337.50 31.25 Conoglobigerina avariformis Kashnova sphaerica 
22.5 78.5 4 312.50 31.25 Conoizlobýzerina avariformis Kasimova spliacdca 
22.5 78.0 4 262.50 18.75 Globulkizerina bathonlana gýgantea Wemli & G6r6g 

22.5 77.5 
.4 

275.00 37.50 ConQglobýqerina avari rmis Kashnova sphaerica 

22.5 76.5 13 200.00 18.75 
. 
Conoglobigerina &ff. dageslanica Morozova 

22.5 76.5 3 225.00 12.50 Conoglobigerina aff. dqqestanica Morozova 

22.5 76.5 4 225.00 31.25 Globuligerina &ýfordiana (GHgOis) 

22.5 76.5 4 300.00 31.25 Conoglobigerina avariformis Kasitnova sphactica 
22.5 74.0 4 275.00 37.50 Conoglobigerina avariformis Kashnova sphaerica 
22.5 

. 
71.5 5 300.00 37.50 ConoglobkZerina avariformis Kashnova sphamica 

22.5 71.0 5 250.00 31.25 Globuligerina o. ýfordiana (Grigclis) 

22.5 70.0 4 275.00 31.25 Conoglobigerinaawriformis Kasitnovasphaerica 

22.5 70.0 4 275.00 25.00 Conoglobigerina avariformis Kasimova sphacdca 
23.0 70.0 

.4 
312.50 18.75 Globuligerina bathoniana gkgantea Wcmli & G8Mg 

23.0 77.0 5 275.00 25.00 Conoglobigerina avariformis Kashnova sphactica 
23.0 96.0 3 250.00 31.25 Globulkizerina oxfordiana (Gigelis) 

23.0 103.0 4 287.50 25.00 Conoglobigerina avariformis Kashnova sphacrica 
23.0 104.5 4 275.00 25.00 Conoglobkgerina avariformis Kasimova sphaerica 
23.0 106.5 3 250.00 12.50 Globuligerina aff. bathoniana 

-(-Pazdi-oWa) - 210T 110.5 13 1 250.00 1 37.50 Globulkgerina oxfordiana (Gigelis) 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
23.0 112.0 

_4 
300.00 37.50 Conoglobigerina avariformis Kasimova sphacrica 

23.0 112.0 4 275.00 25.00 Conoglobigerina avariformis Kashnova sphnerica 
23.0 112.5 3 200.00 18.75 Conoglobigerina aff. dagestanica Momova 

23.0 112.5 3 200.00 18.75 Conoglobigerina aff. dagestanica Momzova 

23.5 113.5 3 287.50 31.25 Conoi zlobýgerina avariformis Kasit-nova sphaerica 

23.5 111.5 4 350.00 37.50 Conoglohýgerina avariformis Kasimova sphactica 

23.5 111.0 6 325.00 31.25 Conoglobigerina avariformis Kasit-nova sphacrica 
23.5 109.0 5 300.00 25.00 Conoglobigerina avariformis Kasit-nova sphacrica 
23.5 107.5 5 300.00 31.25 Conqglobigerina avariformis Kashnova sphaenca 
23.5 107.5 3 225.00 25.00 Globuligerina oxfordiana (Gtigclis) 

23.5 106.5 4 300.00 31.25 Conoglobigerina avariformis Kashnova sphacrica 

23.5 106.0 4 225.00 18.75 1 Conoglobýgerina aff. dagestanica Momova 

23.5 102.5 3 262.50 31.25 Conoglobigerina avariformis Kasitnova sphactica 
23.5 101.5 6 337.50 18.75 Globuligerina bathoniana gýqanrea Wemli & G6r8g 

23.5 100.0 3 200.00 31.25 Globuligerina oxfordiana (Gigelis) 

23.5 99.5 4 300.00 25.00 Conoglobýgertna avariformis Kasimova sphamica 
23.5 88.5 4 275.00 37.50 Conoglobýqerlna avarffiormis Kashnova sphacrica 
23.5 88.0 3 225.00 12.50 Conoglobigerina aff. dagestanica Morozova 

23.5 88.0 4 300.00 25.00 Conoglobigerina avariformis Kasimova sphaerica 

23.5 83.0 4 250.00 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

23.5 82.0 4 312.50 18.75 Globuligerina bathoniana gigantea Wemli & GCir8g 

23.5 81.0 5 300.00 25.00 Conoglobigerinaavariformis Kasitnovasphactica 

23.5 80.0 4 262.50 25.00 Conoglobkgerinaavarýformis Kasimovasphaerica 

23.5 80.0 5 175.00 18.75 Globuligerina oxfordiana (GrigOis) 

23.5 79.5 4 250.00 25.00 Globulkgerina ojýfordiana (Gtigelis) 

23.5 78.0 4 325.00 31.25 Conoglobigerina avariformis Kasimova sphaerica 

23.5 77.5 3 262.50 '25.00 Conoglobkgerina avariformis Kasimova sphacrica 

23.5 77.5 4 250.00 18.75 Globuligerina aff. baihoniana (Pazdrowa) 

23.5 74.0 4 275.00 18.751 Globuligerina bathoniana g1gantea Wcmli & G6r6g 

23.5 67.5 4 250.00 12.501 Globuligerina aff. bathoniana (Pazdmwa) 

23.5 66.0 6 325.00 25.00 Conoglobkgerinaavariformis Kasimovasphacdca 

24.0 69.0 3 200.00 25.00 Globuligerina axfordiana (GrigOis) 

24.0 70.0 4 200.00 25.00 Globullgerina oxfordiana (Gigelis) 

24.0 71.5 4 300.00 18.75 Globulkgerina bathoniana gkgantea Wemli & G6r6g 

24.0 72.0 4 250.00 25.00 Globutigerina o. ýfordiana (Grigelis) , 

24.0 72.5 3 275.00 37.55 Conoglobkizerina avariformis Kasimova sphacdca 
24.0 72.5 4 250.00 37.50 Globulkgerina oxfordiana (Gtigclis) 

24.0 73.0 3 225.00 18.75 Conoglobýizerina aff. dagestanica Morozova 

24.0 73.5 3 225.00 37.50 Globulkizerina oxfordiana (Giigclis) 

24.0 76.5 3 275.00 37.50 Conoglobigerina avariformis Kashnova sphacfica 

24.0 77.0 3 275.00 37.50 Conoglobýizerinaavariformis Kashnovasphaerica 

24.0 77.5 4 262.50 18.751 Globutigerina bathontana gýgantea Wcmli & G8r8g 

24.0 78.5 4 250.00 31.25 Globulýzerina oxfordiana (Gigelis) 

24.0 80.0 5 325-00 25.00 Concýizlobigerina avariformis Kasimova sphaerica 
24.0 80.0 4 275.00 31.25 Conoglobýzerina avarýfbrmis Kasimova sphacrica 

24.0 83.0 4 250.00 25.00 Globulýgerlna o. ýfordiana (Gtigelis) 

24.0 88.5 5 275.00 37.50 Conoglobýqerina ovariformis Kasimova sphacrica 

24.0 89.0 4 262.50 25.00 Conoglobigerina avarffiormis Kashnova sphacHca 
24.0 89.0 3 200-00 37.50 Globulkqerina oxfordiana (Gtigelis) 

24.0 90.0 3 225.00 18.75J Conoglobýgerina aff. dikizestanica Morozova 

24.0 95.0 4 325.00 25.00 Conoglobigerina avariformis Kasimovii sphacrica 
24.0 105.5 3 300-00 25.00 Conoglobýgerina avariformis Kasitnova sphactica 
24.0 107.5 4 225.00 25.00 Globuligerina oxfordiana (Grigelis) 

24.0 111.0 3 275.00 

1 

25.00 Conqjzlobigerina avariformis Kasimovasphacrica 

24.5 114.0 3 237.50 25.00 Globulýqerina oxfordiana (Gigelis) 
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SOMHEGY - LAYER P MAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(ýJm) 

Wall Thickness 
(Ijm) 

Species 

Vert Hor Thick Thin 
24.5 106.5. 3 275.00 25.00 Conoglobýgerlna avariformis Kasimova sphacrica 
24.5 106.5 3 300.00 31.25 Conoglobigerina avariformis Kasiniova sphacdca 
24.5 105.0 3 225.00 12.50 Conoglobýizerina aff. dagestanica Morozova 

24.5 103.5 3 250.00 25.00 Globulýgerlna oxfordiana (Gtigclis) 

24.5 103.5 6 262.50 37.50 Conoglobýgerina avariformis Kasimova sphacrica 

. 24.5 103.5 3 250.00 25.00 Globuligerinaoxfordiana (Gtigelis) 

24.5 103.5 14 200.00 25.00 G butigerina o. ýfordiana (Gtigclis) 

24.5 103.5 13 250.00 25.00 Globuligerina oxfordiana (Grigelis) 

24.5 100.0 4 300.00 37.50 Conoglobigerina avariforods Kasimova sphactica 
24.5 81.0 4 275.00 37.50 Conoglobigerina avariformis Kasiniova, sphacrica 
24.5 77.5 4 275.00 37.50 Conoglobigerina avariformis Kasimova sphacrica 
24.5 72.5 3 275.00 37.50 Conoglobigerina avarýformis Kashnova sphactica 
24.5 72.5. 4 237.50 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

24.5 71.5 3 275.00 1.50 Conoglobigerina avariformis Kasimova sphacdca 
24.5 69.5 4 225.00 18.75 Conoglobigerina aff. dagestanica Morozova 

24.5 68.5 4 225.00 25.00 Globuligerina o. ýfordiana (Gtigclis) 

24.5 67.5 5 200.00 18.75 Conoglobkgerina aff. dagestanica Morozova 
_ 25.0 66.0. 6 287.50 43.75 Conoglobkgerina avariformis Kasitnova sphacrica 

25.0 70.0 4 275.00 43.75 Conoglobýgerina arariformis Kasimova sphactica 
25.0 70.5 4 300.00 37.50 Conoglobigerina avariformis Kashnova spliacdca 
25.0 75.0 5 312.50 37.50 Conoglobýgerina avariformis Kasimova sphaenca 
25.0 76.5 5 262.50 37.50 Conqglobýgerina avarýformis Kashuova sphactica 
25.0 94.5 4 200.00 25.00 Globuligerina oxfordiana (Gtigelis) 

25.0 94.5 4 225.00 25.00 Globuligerina oNfordiana (Gtigelis) 

25.0 95.5 3 200.00 25.00 Globuligerina &ýfordiana (GrigOis) 

25.0 97.5 6 300.00 25.00 Conoglobigerina avariformis Kasimova sphacrica 
25.0 103.5 4 250.00 25.00 Conoglobigerina avariformis (KasimovaXI17) 

25.0 103.5 5 262.50 25.00 Conoglobigerina avarilormis Kasimova sphaerica 
25.5 105.0 4 262.50 37.50 Conoglobýgerina avariformis Kasimova sphaerica 
25.5 102.5 3 275.00 25.00 Conoglobigerina avarffiormis Kasimova sphaerica 
25.5 101.5 3 275.00 37.50 Conoglobýqerina avariformis Kashnova sphamca 
25.5 101.0 4 250.00 25.00 Globuligerina oxfordiana (Giigelis) 

25.5 97.0 3 237.50 18.75 Globuligerina aff. bathoniana (Pa7. drowa) 

25.5 92.0 5 250.00 25.00 Globulkizerina oxfordiana (Giplis) 

25.5 91.5. 3 300.00 25. TO Conoglobigerina avariformis Kashnova sphaerica 
25.5 89.01 5 237.50 12.50 Globulkgerina aff. bathoniana (Pa7. drowa) 

25.5 89.01 4 300.00 31.25 Conoglobkgerina avariformis Kasimova sphaerica 
25.5 89.0 4 300.00 18.75 Globuligerina bathoniana gigantea Wcmli & Gdt-8g 

25.5 76.0 4 250.00 12.50 
. 
Globutigerina aff. bathoniana (Pazdrowa) 

25.5 70.5 4 200.00 18.75 Conoglobigerina aff. dagestanica Morozova 

25.5 70.5 4 225.00 31.25 Globuligerina oxfordiana (Gdgelis) 

26.0 67.5 4 275.00 37.50 Conoglobigerina avarfformis Kasimova sphacdca 
26.0 67.5 5 237.50 31.25 Globullgerina oxfordiana (Gtigelis) 

26.0 67.5 4 287.50 37.50 Conoglobigerina avariformis Kasimova sphaerica 
26.0 68.0 5 _ 325.00 18.75 Globulkirerina bathoniana gýiranlea Wcmli & GMig 

26.0 91.5 4 275.00 37.50 Conoglobigerina ararffiormis Kashnova sphacdca 
26.0 92.0 5 275.00 18.75 Globulkgerina badjonlana gigantea Wemli & Gdrag 

26.0 96.5 5 350.00 25.00 Conoglobýqerina avariformis Kasimova sphaefica 
26.0 98.0 4 250.00 37.50 Globuligerinaoxfordiana (Gigelis) 

26.0 102.5 4 300.00 37.50 Conoglobkgerina avari rmis Kasimova sphacfica 
26.0 103.5 4 275.00 18.75 Globuligerina bathoniana gigantea Wemli & GC)r6g 

26.0 104 0 3 287.50 37.50 Conoglobýgerlna avariformis Kasitnova sphactica 
26.0 

3 

111.0 111.0 4 275.00 37.50 Conoglobýgerina at ormis Kashnova sphaerica wrif 
26.5 106.5 106.5 4 300.00 37.50 Conqg1obkRerina avariformis Kasimova sphactica 
26.5 106.5 106 .5 

3 225.00 25.00 Globulkgerina oxfordiana (Gigelis) 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Prn) 

Wall Thickness 
(Prn) 

Species 

Vert Hor Thick Thin 
26.5 101.0 5 275.00 25.00 Conqqlobýgerina avariformis Kasimova sphactica 

26.5 100.0 13 225.00 12.50 Conoglobýjzerina aff. dagestanica Morozova 

26.5 98.5 4 250.00 25.00 Globuligerina oxfordiana (Gtigclis) 

26.5 98.0 4 275.00 31.25 1 Conoglobýqerina avarýfbrmis Kasimova sphaenca 
26.5 97.0 4 250.00 12.50 Globuligerina MY balhoniana (Pazdrowa) 

26.5 95.0 4 300.00 31.25 Conoglobigerina avariformis Kasimova sphactica 
26.5 94.5 

.4 
275.00 31.25 Conoglobigerina avariformis Kashnova sphactica 

26.5 93.5 4 275.00 25.00 Conoglobigerina avariformis Kasimova sphacdca 
26.5 92.0 4 300.00 37.50 Conoglobigerina avariformis Kashnova sphactica 
26.5 92.0 5 325.00 37.50 Conoglobýgerina avariformis Kasimova sphactica 
26.5 91.5 3 275.00 25.00 Conoglobkgerina avariformis Kashnova sphacrica 
26.5 88.0 4 225.00 37.50 Globuligerina oxfordiana (Gtigelis) 

26.5 84.0 4 225.00 18.75 Conoglobigerina aff. dagestanica Momova 

26.5 77.5 4 337.50 37.50 Conoglobigerina avariformis Kasimova sphamica 
26.5 76.5 4 300.00 25.00 Conoglobkgerina avariformis Kasimova splinciica 
26.5 71.5 4 275.00 37.50 Conoglobigerina avariformis Kashnova sphaenca 
26.5 67.5 

.4 
325.00 31.25. Conoglobkgerina avariformis Kashnova sphaoica 

26.5 66.5 4 300.00 31.25 Conoglobigerina avariformis Kasimova sphaenca 
26.5 65.0 5 325.00 18.75 Globulkzerina bathoniana gigantea Wcmli & G8r6g 

27.0 63.5 6 325.00 37.50 Conoglobigerina avariformis Kasimova sphactica 
27.0 65.0 3 225.00 25.00 Globulkizerina oxfordiana (Gtigelis) 

27.0 66.5 3 237.50 37.50 Globuligerina oxfordiana (Gtigelis) 

27.0 67.0 14 300.00 37.50 Congelobigerina avariformis Kasimova sphactica 
27.0 69.5 14 275.00 25.00 Conoglobigerina avary'ormis Kasimova sphaenca 
27.0 73.01 3 250.00 37.50 Globuligerina oxfordiana (Gtigelis) 

27.0 73.51 4 225.00 12.50 Conoglob*rina aff. dagestanica Morozova 

27.0 73.51 3 225.00 25.00, 
_ 

Globuligerina o. ýfordiana (Gtigelis) 
27.0 76.01 4 300.00 25.001 Conoglobigerina avariformis Kasimova sphaerica 
27.0 83.51 4 275.00 37.501 Conoglobigerina avariformis Kasimova sphacnca 
27.0 83.51 3 250.00 31.251 ConQglobigerina avariformis Kashnova sphacrica 
27.0 84.51 4 350.00 18.75 Globukzerina bathoniana gigantea Wemli & G6r6g 
27.0 93.51 4 350.00 25.00 Conoglobigerina avariformis Kasimova sphnfica 
27.0 96.01 3 300.00 43.75 Conoglobýgerina avariformis Kasitnova sphaerica 
27.0 104.51 4 275.00 31.25 Conoglobigerina avariformis Kasimova sphaenca 
27.0 106.5 4 300.00 31.25 Conoglobigerina avariformis Kashnova sphaerica 
27.0 107.0 4 300.00 25.00 Conoglobigerina avariformis Kasimova sphaffica 
27.0 107.5 5 200.00 31.25 Conoglobkgerina avariformis Kasitnova sphaerica 
27.0 108.5 3 275.00 31.25 Conoglobýgerlna a variformis Kasimova sphaerica 
27.5 114.0 4 300.00 18.75 Globuligerina bathoniana gigantea Wcmli & Gdr6g 
27.5 111.0 3 300.00 37.50 Conoglobigerina avariformis Kashnova sphactica 
27.5 110.0 

-- 
4 275.00 37.50 Conoglobkizerina avariformis Kasimova sphaefica 

2 7.5 ýo 9-0 .0 
4 275.00 25.00 Conoglobýgerina avariformis Kashnova sphaedca 

27.5 
- 

108.5 4 287.50 31. Conoglobigerina avarffiormis Kasimova sphacrica 
27 5 707 5 

- 
4 250.00 37.50. Conoglobigerinaawriformis (KashnovaXIII I) 

275 7075 4 350.00 12.50 Globuligerina bathoniana gkizantea Wemli & Gdrdg 
275 1 OF5 4 312.50 31.25 Conoglobigerina avar? formis Kashnova sphaerica 
27.5 107.0 4 250.00 31.25 Globulks! erina oxfordiana (Grigelis) 
275 1070 5 200.00 31.25 Globuligerina oxfordiana (Grigclis) 
27.5 ý06.0 4 200.00 18.75 Conoglobigerina aff. dagestanica Momova 
27-5 99.0 3 237.50 31.25 Globuligerina oxfordiana (Gtigclis) 
27.5 99.0 5 275.00 25.00 Conoglobkzerina avariformis Kashmova sphactica 
27.5 97.5 3 275.00 31.25 Conoglobkgerina avariformis Kasimova sphactica 
27.5 78.0 3 275.00 0 0 18.75 Globuligerina bathonlana gigantea Wemli & G8r6g 
27-5 5 76.0 5 275.00 17 

. 
50 37.50 Conoglobkzerina avarfformis Kashnova sphaenca 

2 77.5 71.5 4 0 262. 5 0 37 
. 
50 Conoglobkizerina avariformis Kashnova sphactica 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(ijm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
27.5 71.5 4 275.00 37.50 Conoglobigerina avariformh Kashnova sphaerica 
27.5 71.0 4 250.00 25.00 Globulýsrerina oxfordiana (GigOis) 
27.5 71.0 4 275.00 25.00 Conoglobýqerina avariformis Kasimova sphacrica 
27.5 70.5 4 250.00 18.75 Globukszerina aff bathoniana (Pa;, dmwa) 

27.5 66.0 4 _ 337.50 31.25 Conoglobýgerina avarýformis Kasimova sphactica 
27.5 65.5 4 237.50 31.25 Globuligerinaoxfordiana (Gtigelis) 
27.5 64.5 4 300.00 31.25 Conoglobigerina avar? formis Kashnova sphaerica 
27.5 64.5 4 

1 

300.00 37.50 Conoglobkqerina avar? formis Kasimova sphamica 
27.5 64.0 3 212.50 37.50 Globulýgerina o. ýfordiana (Grigelis) 

28.0 67.0 5 275.00 31.25 ConeýRlobýgerlna avari rmis Kashnova sphacrica 
28.0 67.5 6 275.00 12.50 Globulýqerina bathoniana gýqantea Wemli & Giiriig 

28.0 68.0 5 287.50 25.00 Conoglobigerina avariformis Kashnova sphactica 
28.0 68.5 4 275.00 37.50 Conoglobigerina avarffiormis Kasimova sphamica 
28.0 69.5 4 275.00 25.00 Conoglobkqerina avariformis Kasimova sphactica 
28.0 75.0 3 200.00 25.00 Globuligerina oxfordiana (Giigelis) 
28.0 76.0 5 262.50 37.50 Conoglobigerina avariformis Kashnova sphamica 
28.0 76.5 5 287.50 18.75 Globuligerina balhoniana gigantea Wcmli & GC)r6g 

28.0 104.5 4 300.00 37.50 Conoqglobýgerina avariformis Kashnova sphaerica 
28.0 109.5 4 225.00 12.50 Coniýglobýgerina aff. dagestanica Morozova 

28.0 110.5 3 200.00 18.75 Conoglobýqerina aff. dagestanica Mom. 

28.0 112.0 3 300.00 31.25 Conoglobigerina avarfformis Kashnova sphactica 
28.0 114.0 3 250.00 25.00 Globulýqerina &ýfordiana (Grigelis) 

28.5 114.0 4 200.00 18.75 Concýglobigerina aff. dagestanica Momova 

28.5 113.5 4 337.50 31.25 Conoglobýgerina avariformis Kashmova sphaerica 
28.5 113.5 5 212.50 18.75 Conoglobkgerina aff. dagestanica Morozova 

28.5 110.5 4 275.00 25.00 Conoglobýizerinaavarffiormis Kashnovasphacrica 

28.5 110.0 4 287.50 37.50 lConoglobkgerinaavariformis Kashnovaspliacrica 

28.5 109.5 4 300-00 25.00 Conoglobigerina avariformis Kashnova sphaedca 
28.5 109.0 5 250.00 37.50 Globuligerina oxfordiana (GHgOis) 

28.5 107.5 4 262.50 25.00 Conoglobigerina avariformis Kashnova sphaenica 
28.5 106.0 3 225.00 25.00 Globuligerina oxfordiana (Gigelis) 
28.5 102.5 4 300.00 37.50 

-Conoglobigerinaawriformis 
Kashnovasphactica 

28.5 102.5 4 287.50 31.25 Conoglobýirerina avariformis Kasimova sphactica 
28.5 99.0 4 300.00 25.00 Conpqlobý%Zerina avariformis Kasimova sphactica 
28.5 99.0 4 275.00 37.50 Conoglobkgerina avariformis Kashnova sphaefica 
28.5 98.5 3 250.00 31.25 Globul4gerina oxfordiana (Gtigelis) 

28.5 95.0 3 300.00 25.00 ConoglobkRerina avariformis Kasimova sphaerica 
28.5 92.0 5 300.00 37.50 Conoglobkgerina avariformis Kasimova sphaefica 
28.5 87.5 4 312.50 37.50 Conoglobkqerina avariformis Kashnova sphacrica 
28.5 75.5 4 275.00 37.50 Conoglobigerina avariformis Kashnova sphaerica 
28.5 72.0 3 312.50 37.50 Conoglobkizerina avariformis Kashnova sphaerica 
28.5 68.5 5 312.50 37.50 Conoglobigerina avarfformis Kashnova sphacdca 
28.5 68.5 6 325.00 31.25 Conoglobkszerina avariformis Kasimova sphacdca 
28.5 65.5 4 350.00 25.00 Conoglobýqerina avariformis Kashrova sphacdca 
28.5 64.5 5 300.00 31.25 Conoglobýqerina avariformis Kasimova sphactica 
28.5 64.5 3 250.00 37.50 Globuligerina o. ýfordiana (Grigelis) 

28.5 63.5 4 250.00 37.50 Globuligerina o. ýfbrdiana (GHplis) 

29.0 66.0 3 237.50 37.50 Globuligerinaoxfordiana (Gigelis) 
29.0 78.0 3 312.50 31.25 Conoglobigerina avarffiormis Kasimova sphaerica 
29.0 78.0 3 300.00 25.00 Conoglabigerina avariformis Kashnova splimica 
29.0 84.0 3 262.50 12.50 Globuligerina bathonlana gkRanlea Wcmli & GC)t. 8g 
29.0 92.0 3 275-00 25.00 Conoglobigerina avarffiormis Kashnova sphactica 
29.0 103.0 3 250.00 25.00 Globuligerina oxfordiana (Giigclis) 
29.0 107.5 3 250.00 37.501 1 Globuligerina oxfordiana (Gtigelis) 
29.51 112.5 6 325.001 51.251 1 Conoglobigerina avariformis Kasimova sphacrica 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
41m) 

Species 

Vert Hor Thick Thin 
29.5 110.5 3 262.50 18.75 

. 
Globukqerina bathoniana gýqanlea Wemli & Mrag 

29.5 110.0 4 275.00 25.00 Conoglobýqerina avariformis Kasimova sphaerica 
29.5 107.5 4 350.00 31.25 Conoglobýqerina avariformis Kasimova sphaterica 
29.5 1 96.0 5 300.00 37.50 Conoglobýqerina avariformis Kashnova sphactica 
29.5 84.0 3 275.00 12.50 Globuligerina bath6nlana gýqantea Wcmli & Giltiig 
29.5 77.0 4 300.00 37.50 Conoglobigerina avariformis Kasinnova sphacdca 
29.5 76.5 4 287.50 31.25 Conoglobýgerina avarýformis Kashnova sphactica 
29.5 74.0 5 287.50 50.00 Conoizlobýizerina avariformis Kashnova sphacdca 
29.5 69.5 5 300.00 31.25 Conoglobýqefina avariformis Kasiniova sphaerica 
29.5 66.5 3 175.00 18.75 Globuligerina oxfordiana (Gigelis) 
30.0 66.0 3 200.00 12.50 Conoglobkgerina aff. diýqeslanica Morozova 
30.0 66.0 4 200.00 18.75 Conoglobýgerina aff. dagestanica Morozova 
30.0 67.0 4 150.00 6.25 Globulýgerina oxfordiana (Gigelis) 
30.0 73.0 3 225.00 31.25 Globuligerina oxfordiana (Gtigelis) 
30.0 96.0 4 262.50 25.00 Conoglobýjzerina avariformis Kashnova sphaerica 
30.0 108.0 4 337.50 37.50 Conoglobigerina avariformis Kasimova sphaerica 
30.0 108.5 4 325.00 25.00 Conoglobýgerina avariformis Kasimova sphacrica 
30.0 109.5 4 300.00 31.25 Conoglobýqerina avariformis Kasimova sphamica 
30.0 112.5 3 337.50 18.75 Globuligerina bathoniana gýgantea Wemli & G6r8g 
30.0 113.0 3 275.00 18.75 Globuligerina badioniana gýgantea Wemli & G&3g 
30.5 112.0 5 275.00 31.25 Conoglobki! erina avarýformis Kashnova sphacrica 
30.5 110.0 5 275.00 31.25 Conoglobigerina avariformis Kasimova sphaefica 
30.5 109.0 4 300.00 25.00 Conoglobýgerina avariformis Kasimova spliamca 
30.5 108.0 5 325.00 37.50 Conojglobýgerina avariformis Kasimova sphacdca 
30.5 102.0 4 325.00 25.00 Conoglobigerina avariformis Kasimova sphaerica 
30.5 93.0 4 250.00 31.25 Globuký, erina oxfordiana (Giigclis) 
30.5 90.0 4 300.00 31.25 Conoglobigerinaavariformis Kasimovasphactica 
30.5 87.0_ 5 300.00 18.75 Globuligerina baihoniana gigantea Wemli & G8r6g 
30.5 85.51 3 275.00 31.25 Conoglobigerina avariformis Kashnova sphaerica 
30.5 74.51 3 300.00 31.25 Conoglobigerina avariformis Kasimova sphamica 
30.5 74.0 5 300.00 25.00 Conoglobkizerina avariformis Kasimova sphactica 
30.5 68.0 4 275.00 31.25 Conoglobýzerina avarffiormis Kasimova sphaefica 
30.5 67.0 5 325.00 25.00 Conoglobýjzerina avariformis Kasimova sphaenca 
31.0 64.0 5 300.00 18.75 Globuligerina bathoniana gkzantea Wemh & G8r6g 
31.0 102.5 4 300.00 18.75 Globulkgerina bathoniana gýgantea Wemli & Mrft 
31.5 106.0 3 275.00 25.00 Conoglobkgerina avariformis Kashnova sphamica 
31.5 93.5 5 275.00 18.75 Globulýgerina bathoniana gkgantea Wemli & G6r6g 
31.5 71.5 4 325.00 37.50 ConqgIobkzerIna avarfformis Kasimova sphactica 
31.5 70.5 4 275-00 37-50 Conqzlobýqerina avariformis Kashnova sphacdca 
32.0 82.51 3 287.50 31.25 Conqizlobýizerina avariformis Kashnova sphacdca 
32.0 88.51 3 225.00 12.50 Conoglobýizerina aff. dagestanica Morozova 
32.0 96.51 5 325.00 25.00 Conoglobigerina avariformis Kasimova sphactica 
32.0 101.51 5 300.00 18.75 Globuligerina bathoniana gigantea Wemli & Gdrx5g 
32.0 103.01 4 225.00 37.55 Globulkgerina oxfordiana (Gtigclis) 
32.0 110.51 4 325.00 12.50 Globuligerina bathoniana gkganlea Wemli & Glift 
32.5 113.51 4 225.00 0.50 Conoglobkqerina aff. dagestanica Morozova 
32.5 113.01 3 250.00 25.00 Globuligerina oNfordiana (Gtigelis) 
32.5 113.01 4 275.00 31.25 Conoglobigerina avariformis Kashnova sphaerica 
32.5 110.51 4 262.50 25.00 Conoglobigerina avariformis Kasimova sphictica 
32.5 94.5 3 275.00 31.25 Conoglobkqedna avariformis Kasimova sphactica 
32.5 94.0 4 262.50 31.25 Conoglobkqerina avariformis Kasimova sphacdca 
32.5 82.5 3 287.50 31.25 Conaglobkgerina avarffiormis Kasimova sphavica 
32.5 70.5 4 287.50 31.25 Conoglobigerina avariformis Kasimova spluiewica 
33.01 75 *0 4 287.50 1 25.00 Conoglobkqerina avariformis Kasimova sphacdca 
33.01 78.5 6 300.00 31.25 Conoglobigerina avarffiormis Kasitnova sphactica 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
33.5 94.0 

.4 
237.50 37.50 Globuligerina oxfordiana (Gigelis) 

33.5 92.0 4 225.00 37.50 Globuligerina oxfordiana (Gtigelis) 

33.5 91.0 5 275.00 12.50 Globulýs! erlna balhonlana gýganlea Wcmli & G8Mg 

33.5 87.5 3 275.00 37.50 Conoglobýqerina avariformis Kasimova sphiedea 
33.5 87.0 4 225.00 18.75 Conoglobýqerina aff. dagestanica Morozova 

33.5 82.0 4 300.00 25.00 Conqglobýgerina avariformis Kasimova sphacrica 
33.5 79.0 14 275.00 31.25 Conoglobigerina aswrýformis Kashnova sphacrica 
33.5 78.5 15 250.00 31.25 Glo. bulýqerina aTfordiana (GHgOis) 

33.5 78.5 4 200.00 31.25 Globuligerina oxfordiana (Giigclis) 

34.0 74.0 5 300.00 25.00 Conoglobýizerina avariformis Kasinnova sphactica 
34.0 77.5 5 287.50 37.50 Conqglobigerina avariformis Kasimova sphactica 
34.0 81.0 3 325.00 25.00 Conoglobigerina avariformis Kashnova sphaerica 
34.0 82.5 4 325.00 18.75 Globuligerina balhoniana giganlea Wcmli & G8dig 

34.0 86.0 5 275.00 37.50 Conoglobigerina avariformis Kasimova sphaerica 
34.0 88.0 4 262.50 25.00 Cowglobýizerina avariformis Kashnova sphacrica 
34.0 88.5 3 275.00 18.75 1GIolbuligerinabatlionianagýizantea WemH&GIffig 

34.0 88.5 4 300.00 18.75 1 Globulkeerina baffioniana gýqantea Wemli & GC)Mg 

34.0 97.0 4 325.00 25.00 Conoglobigerina avariformis Kasinnova sphacdca 
34.0 109.5 5 275.00 25.00 Conoglobigerina avariformis Kasimova sphacrica 
34.0 109.5 3 275.00 37.50 Conoglobigerina avariformis Kasimova sphacdca 
34.5 109.5 5 250.00 31.25 Globuligerina oxfordlana (Gigelis) 

34.5 105.0 4 250.00 25.00 Globullgerina oxfordiana (Grigclis) 

34.5 104.0 5 275.00 50.5-0 Conoglobkizerina avariformis Kasimova sphacrica 
34.5 96.0 3 300.00 

, 
50.00 Conoglobigerina avariformis Kashnova sphamica 

34.5 93.5 4 225.00 18.75 Conoglobigerina aff. dagestanica Morozova 

34.5 93.5 4 250.00 25.00 Globuligerina oxfordiana (Grigclis) 

34.5 90.5 4 237.50 25.00 Globuligerina oXfordiana (Gfigelis) 

34.5 89.0 4 237.50 25.00 Globuligerina oxfordiana (Giigelis) 

34.5 88.5 14 175.00 25.00 Globuligerina aTfordiana (Giigclis) 

34.5 88.0 16 275.00 25.00 Conoglobkizerina avarýformis Kasimova sphactica 
34.5 86.5 14 225.00 37.50 Globuligerina oXfordiana (Gfigefis) 
34.5 86.0 14 225.00 37.50 Globuligerina oxfordiana (Gtigelis) 

34.5 83.5 13 225.00 25.00 Globuligerina o. ýfordiana (Gfigelis) 

34.5 76.5 13 225.00 18.75 1 Conoglobigerina aff. dagestanica Morozova 

34.5 75.0 14 300.00 18.75 1 Globuligerina bathoniana gkizantea Wcmli & Gdrdg 

34.5 74.0 13 200.00 12.50 Conoglobigerina aff. dagestanica Morozova 

34.5 70.0 15 300.00 25.00 Conoglobigerina avariformis Kashnova sphaerica 
34.5 70.0 0 . 0 5 325.00 25.00 Conoglobigerina avarffibrmis Kasimova sphaetica 
35.0 69.0 9 0 4 262.50 18.75 Globuligerina bathoniana gýzantea Wemli & Gbift 

35.0 832.0 2 0 6 325.00 31.25 Conoglobigerina avariformis Kashnova sphactica 
35.0 836.0 3 6 0 3 162.50 25.00 Globuligerina aýfbrdiana (Gtigelis) 

35.0 91.0 

] 

3 275.00 37.50 Conoglobkizerina ovariformis Kasimova sphaerica 
35.0 94.5 ) 5 262.50 25.00 Concýqlobýgerina avariformis Kasimova sphaerica 
35.0 5. 0 95.0 3 275.00 25.00 Conoglobkgerina avarffibrmis Kashnova sphactica 
35.0 9.5 99.5 4 275.00 31.25 Conqjzlobýizerina avarffiormis Kasimova sphactica 
35.5 2.5 112.5 5 300.00 31.25 Conoglobigerina avariformis Kasimova sphaerica 
35.5 111 20 3 275.00 25.00 Conoglobkqerina avariformis Kashnova sphacrica 
35.5 111.5 3 237.50 25.00 Globulhzerina oxfordiana (Grigelis) 
35.5 111.0 5 275.00 37.50 Conoglobýqerina avariformis Kasimova sphaerica 
35.5 110.0 4 225.00 31.25 Globullgerina oxfordiana (Grigelis) 
355 -7095 4 262.50 12.50 Globukzerina bathoniana gigantea Wcmli & Gor6g 
35.5 -709-0 5 337.50 31.25 Conoglobkqerina avariformis Kasimova sphactica 
35.5. 108.5. 4 212.50 31.25 Globulýgerina oxfordiana (Gigelis) 
35.51 108-51 -4 250.00 31.25 Globulkgerina oxfordiana (Gigelis) 

r 1_0 ý8O 41 337.501 31.251 1 Conoglobigerina avarffiormis Kasimova sphaerica 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
35.5 105.0 4 162.50 18.75 Globuligerina oxfordiana (Grigelis) 
35.5 104.5 4 300.00 25.00 Conoglobýizerina avarirormis Kasimova sphaenca 
35.5 102.0 4 250.00 31.25 Globulýsrerina oxfordiana (Gigelis) 
35.5 101.0 5 250.00 31.23 Globuligerina oxfordiana (Gigelis) 

35.5 101.0 5 200.00 18.75 Conoglobýkerina MY Pestanica Momzova 

35.5 100.0 4 300.00 18.75 Globuligerina bathoniana gigantea Wemli & GCiti3g 

35.5 98.5 4 250.00 1.25 Globuligerina oxfordiana (Grigelis) 

35.5 98.5 4 212.50 12.50 Conoglobigerina aff. dagestanica Moruzova 

35.5 98.0 5 275.00 31.25 Conoglobýzerina avariformis Kasimova sphamica 
35.5 96.5 4 250.00 31.25 Globulýgcrina oxfordiana (Grigclis) 

35.5 96.5 5 275.00 12.50 Globuligerina bathonlana ogantea Wemli & G8r8g 

35.5 95.5 4 187.50 12.50 Globuligerina oxfordiana (Gigelis) 

35.5 95.0 7 275.00 31.25 Conoglobigerina avariformis Kasimova sphactica 
35.5 90.5 4 250.00 18.75 Globulig. rina aff. bathoniana (Pazdrowa) 

35.5 70.0 3 _ 225.00 18.75 Conoglobkgerina aff. dageslanica Momzova 

35.5 69.5 3 225.00 25.00 Globuligerina o. ýfordiana (Gigelis) 

35.5 68.5 4 212.50 18.75 Conoglobigerina aff. dekizestanica Morozova 

36.0 68.0 4 275.00 37.50 Conoglobkgerina avariformis Kashnova sphactica 
36.0 74.0 4 262.50 37.50 Conoglobigerina avariformis Kasimova sphaenca 
36.0 76.0 4 250.00 12.50 Globuligerina aff. baihoniana (Pazdrowa) 

36.0 95.0 5 300.00 25.00 Conoglobýgerina avariformis Kasimova sphacdca 
36.0 95.5 3 200.00 12.50 Conoglobkkerina aff. dagestanica Morozova 

36.0 97.0 5 225.00 12.50 Conoglobigerina aff. dagestanka Momzova 

36.0 99.5 3 212.50 12.50 Conoglobýjzerina aff. dagestanica Morozova 

36.0 100.0 4 300.00 12.50 Globuligerina bathoniana gkizantea Wemli & G8r6g 

36.0 107.0 3 275.00 18.75 Globuligerina hathoniana gigantea Wemli & G6r6g 

36.0 110.5 6 300.00 12.50 Globuligerina badjoniana gýzantea Wemli & Gijr6g 

36.0 92.0 3 212.50 18.75 Conoglobigerina aff. dqizestanica Morozova 

36.0 93.5 3 275.00 37.50 Conoglobigerina avarirormis Kashnova sphaedca 
36.5 111.5 3 275.00 12.50 GlobuligerinabatlionianagiganteaWemli&Gijr6g 

36.5 111.5 4 312.50 25.00 Conoglobkszerina avariformis Kasimova sphactica 
36.5 108.5 5 237.50 37.50 Globuligerina o. ýfordiana (Gtigelis) 

36.5 107.5 4 300.00 37.50 Conoglobigerinaavarffiormis Kasimovasphactica 

36.5 107.5 6 375.00 37.50 Conoglobigerina avariformis Kashnova sphaoica 
36.5 96.0 4 250.00 37.50 Globuligerina oxfordiana (Gtigelis) 

36.5 95.5 3 200.00 25.00 Globuligerina o. ýfordlana (Gigelis) 

36.5 95.0 3 300.00 18.75 Glo, buligerina bathoniana gýqantea Wemli & GiWg 

36.5 95.0 3 300.00 18.75 Globuligerina bathoniana gigantea Wemli & G8ibg 

36.5 94.5 5 300.00 37.50 Conoglobigerina avariformis Kasimova sphaenca 
36.5 94.5 5 300.00 31.25 Conoglobigerina avariformis Kashnova sphactica 
36.5 94.0 3 250.00 31.25 Globuligerina oxfordiana (Grigelis) 

36.5 80.51 3 300.00 43.75 Conoglobigerina avariformis Kashnova sphaerica 
36.5 80.0 4 162.50 18.75, Globuligerina oxfordiana (Gigelis) 

36.5 74.5 3 212.50 12.50 Conoglobigerina aff. dagestanica Morozova 

36.5 71.5 4 312.50 25.00 Conoglobigerina avariformis Kashnova sphaerica 
37.0 68.5 4 262.50 25.00 Conoglobigerina avarffiormis Kashnova sphaenca 
37.0 69.5 4 325.00 1 8.7ý Globuligerina balhoniana gýqantea Wemh & G8rag 

37.0 70.0 3 287.50 18.75. Globuligerina balhoniana gýgantea Weimli & G8r8g 

37.0 72.0 3 275.00 37.50 Conoglobkqerina avarýfbrpds Kashnova sphacdca 
37.0 85.0, 4 275.00 37.50 Conoglobýgerina avariformis Kashnova sphacdca 
37.0 91.0 4 312.50 43.75 Conoglobigerina avariformis Kashnova sphaenca 
37.0 95.0 4 275.00 12.50 Globulýgerina bathoniana gigantea Wcmli & G6ibg 
37.0 98.0 3 200.00 18.75 Conoglobkizerina aff. dagestanica Momova 

37.0 99.0 5 200.00 18.751 Con 
. 

lobigerina aff. dqsrestanica Morozova 

37.0 108.0 3 225.00 12.50 1 Conqg1obigerina aff. dagestanica Momzova 
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Thin Section 
Co-ordinates 

No. of 
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Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
37.0 109.5 4 350.00 25.00 ConqRlobýgerina avariformis Kasitnova sphaoica 
37.5 109.0 3 225.00 25.00 Globuligerina oxfordiana (Gtigelis) 
37.5 107.5 3 275.00 25.00 ConqRlobýRerina avariformis Kasimova sphaerica 
37.5 106.0 3 275.00 25.00 Conoglobýqerina avariformis Kasimova sphacdca 
37.5 100.0 4 250.00 31.25 GlobulýRerina oxfordiana (Gtigelis) 
37.5 84.5 4 300.00 25.00 Conoglobýgerina avariformis Kasimova sphacdca 
37.5 70.0 4 300.00 18.75 Globulýqerina bathoniana gýizantea Wcmli & Gi! T)C)g 
37.5 70.0 4 312.50 37.50 Conoglobýgerlna avariformis Kasimova sphunca 
37.5 69.5 3 225.00 12.50 Conqqlobýgerina aff. dqizesfanica Morozov a 
37.5 68.5 4 275.00 25.00 Conqqlobýgerlna avarfformis Kashnova sphaenca 
37.5 67.5 4 225.00 37.50 Globulýgerina o. ýfordiana (Gigelis) 
38.0 67.5 4 275.00 37.50 Conqglobýgerina avarýformis Kashnova sphacdca 
38.0 67.5 4 225.00 25.00 Globuligerina oxfordiana (Gigelis) 
38.5 91.0 3 300.00 37.50 Conqglobýgerina avariformis Kasimova sphacrica 
38.5 91.0 4 262.50 37.50 Conoglobýgerina avariformis Kasimova sphaerica 
38.5 90.5 4 287.50 25.00 Conoglobýjzerina avariformis Kasimova sphaerica 
38.5 81.0 4 325.00 37.50 Conoglobýqerina avariformis Kasimova sphaerica 
38.5 81.0 3 187.50 25.00 Glohulýgerlna oxfordiana (Gigelis) 

38.5 70.5 4 275.00 18.75 Globuligerina bathoniana gigantea Wemli & GC)r6g 

38.5 68.0 4 300-00 25-00 Conoglobýgerina avarfformis Kasimova sphaerica 
39.0 72.5 3 212.50 37.50 Globulýgerina aýfordiana (Gigelis) 

39.0 73.5 3 250.00 25.00 Glohulýgerina oxfordiana (Grigelis) 

39.0 91.0 3 300.00 25.00 Conoglobigerina avariformis Kashnova sphaerica 
39.5 104.0 4 225.00 31.25 Globulýgerina oxfordiana (Gtigelis) 

39.5 80.0 3 250.00 25.00 Globulkgerina oxfordiana (Gtigelis) 

39.5 78.0 3 275.00 31.25 Conoglobigerina avarýfhrmlr Kasimova sphaenca 
40.0 72.5 3 262.50 37.50 Conoglobýgerina avariformis Kasimova sphactica 
40.0 81.0 4 325.00 50.00 Conoglobigerina avariformis Kasimova sphactica 
40.0 84.0 3 300.00 37.50 Conoglobkirerina avariformis Kasimova sphactica 
40.0 85.0 3 262.50 25.00 Concýqlobkgerina avariformis Kasimova sphacrica 
40.0 99.0 5 312.50 37.50 Conoglobkqerina avariformis Kasimova sphaerica 
40.5 70.01 4 212.50 18.75 Conoglobigerina aff. dagestanica Morozova 
40.5 69.0 6 375.00 18.75 Globuligerina bathoniana gigantea Wemli & G8r6g 

41.0 65.0 4 325.00 18.75 Globuligerina bathoniana gkizantea Wcmli & Giffig 

41.0 86.0 3 250.00 25.00 Globuligerina oxfordiana (Gfigelis) 

41.0 96.5 4 225.00 18.75 Conoglobkgerina aff. dagestanica Morozova 

41.0 111.0 7 300.00 25.00 Conoglobkqerina avariformis Kasimova sphaerica 
41.5 112.5 4 312.50 18.75 Globuligerina bathoniana gigantea Wemli & G6r6g 

41.5 111.51 5 275.00 25.00 Conoglobigerina avariformis Kasimova spliaerica 
41.5 110.01 4 300.00 Conoglobýqerina avariformis Kashnova sphaenca 
41.5 105.0 5 300.00 Conqqlobigerina avariformis Kashnova sphaenka 
41.5 101.0 4 325.00 18.75 Globulkgerina bathoniana gigantea Wemli & G6r6g 

41.5 97.0 4 275.00 18.75 Globukszerina bathonlana gigantea Wemli & GC)tf)g 
41.5 93.0 4 287.50 18.75 Globulkkrerina bathonlana gýgantea Wemli & Gai, 8g 
41.5 87.5 4 287.50 Globulýgerina badjoniana gigantea Wenih & Giirfig 

41.5 4 1 . 5 74.5 4 275.00 Glo buligerina bathoniana gigantea Wemli & Giiiiig 

41.5 4 1 5 74.0 4 300.00 37.50 Conoglobýgerinaavariformis Kasimovasphaerica 

41.5 4 1 5 65.0 4 225.00 18.75 Conoglobigerina aff. dagestanica Morozova 

42.0 4 2 0 72.0 3 250.00 37.50 Globulýgerina akfordiana (GHgclis) 

42.0 111.0 

1 

4 300.00 37.50 Conoglobkgerina avarffiormis Kashnova sphacrica 
42.5 113.0 4 287.50 37.50 Conqqlobigerina avarffiormis Kashnova splinedca 
42.5 109.5 4 275.00 37.50 Conoglobkqerina avariformis Kasimova sphactica 
42.5 100.0 4 175.00 12.50 Globuligerina oxfordiana (Gtigelis) 

42.5 97.0 3 300.00 25.00 Conoglobigerina avariformh Kasimova sphactica 
4 42.5 2 5 

_3 
225.00 25.00 ordlana (Gigelis) Globuligerina oxf 
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SOMHEGY - LAYER P (BAJOCIAN - PARKINSONI ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall Thickness 
(Pm) 

Species 

Vert Hor Thick Thin 
43.0 89.5 3 237.50 18.75 Globutigerina aff. bathonlana (Pa/dmwa) 
43.5 112.5 5 275.00 1 Conoglobýqerlna avariformis Kashnova sphacrica 
43.5 107.5 3 275.00 25.00 Conoglobigerina avariformis Kashnova sphactica 
43.5 99.5 4 250.00 31.25 Globulýgerina oxfordiana (Gigelis) 

43.5 97.0 3 275.00 Globulýizerina bathoniana gýgantra Wcmli & Giltiig 

43.5 97.0 3 300.00 31.25 Conoglobigerina avarýformis Kasimova sphacrica 
43.5 95.0 4 250.00 31.25 Globulýgerina o. ýfordiana (Giphs) 

43.5 95.0 3 250.00 31.25 Globuligerina oxfordiana (Grigchs) 

43.5 94.0 3 250.00 31.25 Globulýgerina oxfordiana (Giigclis) 

43.5 85.0 3 250.00 Globulýqerina oxfordiana (Giigelis) 

43.5 
_ 

85.0 4 287.50 37.50 Conoglobkgerina avariformis Kasimova sphacdca 
43.5 82.0 4 300.00 37.50 Conoglobigerina avarffiorrnis Kasiniova sphacrica 
43.5 82.0 4 237.50 25.00 Globuligerina oxfordiana (Gigelis) 

43.5 78.5 4 325.00 Globuligerina bathoniana gýqantea Wemli & G6t, 6g 

44.0 67.0 4 375.00 37.50 Conoglobigerina avarfformis Kashnova sphaoica 
44.0 68.0 3 225.00 6.25 Con oirlobigerina aff. dagesianica Momzova 

44.0 69.5 5 325.00 37.50 Conoglobkgerina avariformis Kashnova sphacdca 
44.0 72.01 4 275.00 31.25 Conoglobýqerina avariformis Kashnova sphacrica 
44.0 75.51 3 200.00 12.50 Conoglobýqerina aff. dagestanica Morozova 

44.0 84.5 4 275.00 25.00 Conoglobigerina avariformis Kashnova sphaetica 
44.0 85.0 4 275.00 18.75 Globulýgerina bathoniana gigantea Wcmli & G8r6g 

44.0 95.0 3 312.50 31.25 Conoglobigerina avariformis Kasitnova sphactica 
44.0 103.0 3 250.00 18.75 Globulkqerina aff. bathoniana (Pazdrowa) 

44.0 102.0 3 250.00 43.75 Globulýqerina oxfordiana (Gtigelis) 

44.5 108.0 3 275.00 37.50 Conoglobigerina avariformis Kashnova sphactica 
44.5 108.0 3 250.00 18.75 Globulýgerina aff. bathonlana (Pazdrowa) 

44.5 103.5 3 200.00 37.50 Globuligerina oxfordiana (Gtigelis) 

44.5 103.5 4 325.00 25.00 Conoglobigerina avariformis Kashmova sphactica 
44.5 102.5 4 250.00 25.00 Globulkgerina o. ýfordiana (Grigelis) 
44.5 102.5 4 300.00 37.50 Conoglobigerina avariformis Kasimova sphaetica 
44.5 98.5 4 250.00 31.25 JGIobulýgerina o. ýfbrdiana (Gtigelis) 
44.5 98.0 6 300.00 18.75 1GIobutigerinabathonianagýi! antea Wemfi&G8r6g 
44.5 97.0 5 287.50 18.75 1 Globulkzerina bathoniana gýganlea Wemli & G&-ag 

44.5 85.5 4 337.50 18.75 1 Globuligerina bathonlana gýgantea Wemli & G8ffig 

44.5 75.0 4 275.00 25.00 1 Conoglobigerina avariformis Kashnova sphaerica 
44.5 74.5 3 200.00 18.75 Conoglobigerina aff. dqgestanica Momova 
44.5 69.0 4 350.00 37.50 Conoglobýzerina avariformis Kasimova sphaerica 
45.0 97.51 3 275.00 37.50 Conoglobkzerina avariformis Kasimova sphuenca 
45.0 102.0 3 225.00 18.75 Conoglobigerina aff. dqizeslanica Morozova 

45.0 103.5 3 300.00 25.00 Conoglobkizerinaavariformis Kashnovasphactica 

45.0 107.0 3 300.00 31.25 Conoglobigerina avariformis Kashnova sphaerica 
45.0 107.5 51 225.00 12.50 Conoglobigerina aff. dagestanica Morozova 

. 
Total Number of Specimens 635 232 867 

I Relative Percentages 73 27 
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NIEDZICA SUCCESSION: NIEDZICA PODMAJERZ - NP-13/2 (LOWER BATHONIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Prn) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
4.5 77.5. 4 262.5 18.75 Globulýgerina balhoniana gýRantea Wcnih & G&Og 

5.0 74.51 4 187.5 12.50 Globulýgerina oxfordiana (GHgOis) 

5.0 74.51 3 150.0 12.50 Glubulýgerina &ýfbrdiana (GHgOis) 

5.5 81.0 3 175.0 25.00 Globuligerina oxfordiana (Giigclis) 

5.5 81.0 3 162.5 12.50 Globulýgerina oxfordiana (Giigclis) 

5.5 80.5 3 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

5.5 72.0 3 150.0 18.75 Globuligerina oxfordiana (Giigelis) 

6.0 72.0 3 200.0 25.00 Globulýgerina oxfordiana (Gtigclis) 

6.0 72.0 3 225.0 50.00 GlobulýRerina oxfordiana (Gtigclis) 

6.0 77.0 3 237.5 37.50 Globulkizerina oxfordiana (Gtigclis) 

6.5 80.5 4 212.5 12.50 Globuligerina aff. bathoniana (Pa/. drowa) 

6.5 78.0 4 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 

7.5 91.0 3 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 

7.5 81.0 4 187.5 25.00 Globuligerina oxfordiana (Gtigelis) 

8.0 78.0 4 225.0 31.25 Globuligerina oxfordiana (Gigdis) 

8.0 79.0 4 175.0 31.25 Globulýeerina oxfordiana (Giigelis) 

8.0 79.0 4 175.0 18.75 Globuligerina oxfordiana (Gtigclis) 

8.0 80.01 3 137.5 25.00 Globuligerina oxfordiana (Grigelis) 

8.0 81.01 3 162.5 18.75 Globuligerina oxfordlana (Grigclis) 

8.0 81.51 3 137.5 31.25, Globuligerina oxfordiana (Gtigelis) 

8.0 87.01 3 150.0 0.00 18.75 Globuligerina oxfordiana (Gtigelis) 

8.5 94.01 4 137.5 0.00 12.50 Glob4izerina oxfordiana (Grigelis) 

9.0 91.5 3 187.5 37.50 Globukizerina oxfordiana (Grigelis) 

9.5 93.5 4 200.0 12.50 Conoglobigerina aff. dagestanica Morozova 

9.5 92.0 4 162.5 25.00 Globuligerina oxfordiana (Giigclis) 

9.5 91.5 4 262.5 31.25 Globuligerina oxfordiana (Gigelis) 

9.5 86.0, 3 225.0 18.75 Conoglobigerina aff. dagestanica Morozova 

10.0 92.51 3 175.0 25.00 Globuligerina oNfordiana (Grigelis) 

10.5 91.0 3 162.5 18.75 Globuligerinaoxfordlana (Giigclis) 

10.5 81.0 4 275.0 0.00 18.75 Globuligerina bathoniana gigantea Wemli & G6r6g 

10.5 76.0 4 225.0 0.00 18.75 Conoglobkgerina aff. dqgestanica Morozova 

11.0 95.5 4 162.5 25.00 0.00 Globuligerina oxfordiana (Grigelis) 

11.5 95.0 3 187.5 18.75 Globuligerina oxfordiana (Gigelis) 

11.5 94.5 4 250.0 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

11.5 80.0 4 125.0 18.75 Globuligerina oxfordiana (Gtigclis) 

12.0 83.5 4 150.0 25.00 Globulkizerina o. ýfbrdiana (Grigelis) 

12.0 90.0 3 200.0 25.00 Globulkizerina oxfordiana (Giigclis) 

12.0 95.01 3 200.0 25.00 Globukgerina oxfordiana (Giigclis) 

12.5 104.5 3 200.0 18.75 Conoglobkkrerina aff. dagestanica Morozova 

12.5 96.0 4 187.5 12.50 Globuligerina oxfordiana (Gtigclis) 

12.5 95.5 3 175.0 25.00 Globuligerina o. ýfbrdiana (Grigclis) 

12.5 87.0 3 212.5 18.75 Conoglobýgerina aff. dagestanica Morozova 

13.0 82.5 3 175.0 12.50 Globuligerina mfordiana (Gtigclis) 

13.0 83.0 4 200.0 25.00 Globukizerina oxfordiana (Giigelis) 

13.5 83.5 4 175.0 31.25 Globuligerina oxfordiana (Gtigclis) 

14.5 108.5 4 250.0 25.00 Globuligerina oNfordiana (Grigclis) 

14.5 80.0 4 162.5 18.75 Globulýgerina oxfordiana (Gtigclis) 

15.0 85.0 3 162.5 25.00 Globulkizerina oxfordiana (Gtigelis) 

15.0 86.0 4 175.0 18.75 Globukgerina oxfordiana (GHgelis) 

15.0 97.0 4 237.5 12.50 Globuligerina aff. balhoniana (Pay. dmwa) 

15.0 104.0 3 200.0 12.50 Conoglobýeerina aff. dagestanica Morozova 

15.5 108.0 4 225.0 12.50 Globulýsrerina aff. bathoniana (Pazdmwa) 

15.5 99.5 3 250.0 12.50 Globulkgerina aff. bathoniana (Pazdrowa) 

15.5 99.5 3 200.0 12.50 Conoglobigerina aff. dqqestanica Morozova 

16.5 108.0 3 200.0 
. 

18.75 
. 
GlobulýgerinaafT. bathoniana(Pa,, drowa) 
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NIEDZICA SUCCESSION: NIEDZICA PODMAJERZ - NP-13/2 (LOWER BATHONIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(w ) 

Species 

Vert Hor Thick Thin 
15.5 85.5 4 175.0 25.00 Globuligerina oxfordiana (Gigelis) 
15.5 85.0 4 262.5 18.75 Glohidigerina bathonlana gýganfea Wemli & QWýg 

16.0 86.0 4 137.5 18.75 Globulýqerina oxfordiana (Gigc1is) 
16.0 101.0 4 225.0 18.75 Globulýzerina aff. bathoniana (Pazdrowa) 

16.5 108.0 3 200.0 18.75 Globuligerina aff. bathoniana (Paidmwa) 

16.5 102.5 5 200.0 25.00 Globuligerina oxfordiana (Gigelis) 

16.5 85.0 3 187.5 25.00 Globuligerina oxfordiana (Gtigclis) 

16.5 84.0 3 150.0 18.75 Globulýzerina oxfordiana (Gtigelis) 

16.5 76.0 3 237.5 18.75 Globuligerina aff. bathoniana (Pa, -. dmwa) 

17.0 77.0 4 187.5 25.00 Globulýirerina oxfordiana (Giigclis) 

17.0 78.5 
,3 

200.0 37.50 Globulýqerina axfordiana (Gtigelis) 

17.0 79.5 4 162.5 18.75 Globulýgerina o)ýfordiana (Gigelis) 
17.0 80.0 3 175.0 25.00 1 Globuligerina oxfordiana (Gtigelis) 

17.0 84.5 3 212.5 31.25 Globutigerina oxfordiana (Grigetis) 

17.0 89.5 4 200.0 25.00 Globulkqerina oxfordiana (Gtigclis) 
17.0 94.5 3 212.5 31.25 Globulýgerina oxfordiana (Gtigclis) 
17.0 96.5 5 187.5 12.50 Globulýgerina oxfordiana (Gigelis) 

17.5 99.0 5 175.0 12.50 Globuligerina o. ýfordiana (Gigelis) 

17.5 98.0 3 150.0 25.001 Globuligerina oxfordiana (Gtigclis) 

17.5 96.5 3 162.5 1 18.75 Globuligerina oxfordiana (Gigelis) 

17.5 84.0, 4 212.5 31.251 Globuligerina oxfordiana (Giigelis) 

17.5 83.0 4 212.5 31.25 Globuligerina oxfordiana (Gigelis) 

17.5 82.5 4 175.0 25.00 Globuligerina oxfordiana (Grigelis) 

18.0 83.0 

1 

4 175,0 25.00 Globuligerina oxfordiana (Gigelis) 

18.0 83.0 4 212.5 25.00 Globuligerina oxfordiana (Gigelis) 

18.0 83.5 3 150.0 25.00 Globuligerina oxfordiana (Gigelis) 

18.0 86.0 3 162.5 25.00 Globuligerina oxfordiana (Grigelis) 

18.0 86.0 3 175.0 25.00. Globukgerina oxfordiana (Gtigelis) 

18.0 104.5 3 250.0 12.50 Globulkqerina aff. bathoniana (Pazdrowa) 

18.5 101.0 4 212.5 12.50 Globuligerina aff. baihoniana (Pazdrowa) 
19.0 72.5. 4 237.5 37.50 Globuligerina oxfordiana (Gtigelis) 
19.0 84.0 4 275.0 18.75 Globuligerina bathoniana gkzantea Wemli & G8r6g 

19.0 85.0 3 212.5 18.75 Conoglobkqerina aff. dagestanica Morozova 

19.0 104.0 4 225.0 12.50 Conoglobkzerina aff. dagestanica Momova 

19.0 104.0 3 162.5 18.75 Globulkqerina oxfordiana (Giigelis) 

19.5 105.5 3 125.0 25.00 Globuligerina oxfordiana (Giigelis) 
19.5 105.0 4 150.0 12.50 Globuligerina oxfordiana (Gtigclis) 
19.5 103.5 4 125.0 12.50 Globulkqerina oxfordiana (Gfigclis) 
19.5 102.0 4 200.0 25.001 Globulkizerina oxfordiana (Gtigelis) 

19.5 85.0 3 175.0 18.75 Globuligerina oxfordiana (Giigelis) 

19.5 76.0 4 212.5 25.00 Globulkgerina oxfordiana (Gtigelis) 

19.5 68.0 3 225.0 25.00 Globulkkerina oxfordiana (Gtigelis) 
20.0 105.0 4 112.5 12.50 Globu Ikizerina oxfordiana (Gtigclis) 
20.5 85.0 6 150.0 12.50 Globuligerina aýfordiana (Grigclis) 
20.5 80.0 3 237.5 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

Rotal N umber of Specimens 45 55 100 
I Relative Percentages 45 55 
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NIEDZICA SUCCESSION: CZAJAKOWA SKALA - Cs4-0,4 (UPPERMOST CALLOVIAN/OXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
_ 5.5 100.5 3 187.5 18.75 Globulýqerina oxfordiana (Gtigelis) 

6.0 99.0 3 162.5 18.75 Globulýqerina oxfordiana (Grigelis) 
6.0 100.0 3 200.0 37.50 Globuligerina oxfordiana (Gigelis) 
6.0 100.5 6 225.0 31.25 Glohulýgerina oxfordiana (Gigelis) 
6.0 101.5 4 150.0 25.00 Globulýgerina oxfordiana (Gtigclis) 
6.0 104.5 3 175.0 31.25 Globuligerina oxfordiana (Gtigelis) 
6.5 102.5 3 212.5 18.75 Conoglobigerina aff. dqizestanica Momzova 

6.5 98.0 3 187.5 31.25 Globulýqerina oxfordiana (Gtigelis) 

6.5 96.0 3 200.0 31.25 Globulýqerinaoxfordiana (Gtigclis) 
7.0 97.5 3 287.5 37.50 Globulýirerina o. ýfordiana (Gigelis) 
7.0 105.5 

.4 
162.5 25.00 Globuligerina oxfordiana (Gigelis) 

7.5 108.0 3 250.0 37.50 Globuligerina mfordiana (Gigdis) 
7.5 107.5 3 187.5 37.50 Globuligerina oxfordiana (Gtigelis) 
7.5 107.0 5 225.0 31,25 

1 

Globuligerina oxfordiana (Gigc1is) 
7.5 105.0 4 250.0 25.00 Globuligerina mfordiana (GHgOis) 
7.5 97.5 5 225.0 18.75 Globul*rina aff. bathonlana (Pazdrowa) 
7.5 96.5 4 187.5 31.25 Globulýgerina oxfordiana (Gtigclis) 
8.0 97.0 4 237.5 18.75 Globuligerina aff. bathoniana (Pa7drowa) 
8.0 105.5 4 250.0 31.25 Globuligerina oxfordiana (Gfigelis) 

8.0 108.5 3 250.0 18.75 Globulýgerina aff. bathoniana (Pazdmwa) 

8.5 109.5 
.3 

250.0 31.25 Globuligerina oxfordiana (Gigelis) 

8.5 106.0 4 250.0 25.00 Globuligerina oxfordiana (GHgclis) 

8.5 101.5 3 150.0 18.75 Globulýgerina oxfordiana (GFigelis) 

9.0 91.5 3 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

9.0 92.5 3 175.0 18.75 Globukgerina oxfordiana (Giigclis) 

9.0 102.0 , -3 275.0 25.00 Globulýqerina oxfordiana (Gtigelis) 

9.0 102.5 4 275.0 25.00 Globulkgerina o. ýfordiana (Gtigelis) 

9.0 104.0 3 250.0 37.50 Globuligerina oxfordiana (Gdgelis) 

9.0 105.5 3 225.0 31.25 Globulkizerina oxfordiana (GHgOis) 
9.0 109.5 3 300.0 37.50 Globuligerina oxfordiana (Giigclis) 

9.0 110.0 3 250.0 37.50 Globuligerina oxfordiana (Gigelis) 
9.5 107.0 4 225.0 18.75 Globulkgerina aff. bathonlana (Pazdrowa) 
9.5 106.0 4 137.5 25.00 Globuligerina o-ifordiana (Gtigclis) 

9.5 105.5 3 125.0 12.50 Globulýgerina o. ýfordiana (Gtigelis) 

9.5 105.5 3 162.5 12.50 Globuligerina oxfordiana (Gtigelis) 

9.5 105.5, 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 
9.5 104.0 3 262.5 31.25 Globuligerina oxfordiana (Gtigclis) 
9.5 102.0 4 287.5 18.75 Globulýgerina bathoniana gigantea Wemli & Gdr8g 

9.5 101.5 4 275.0 18.75 Globu 7tgerina balhoniana gkgantea Weimli & G6r6g 

9.5 95.5 4 225.0 37.50 Globuligerina oxfordiana (Gtigelis) 

10.0 91.0 4 312.5 31.25 Globukizerina oxfordiana (Giigclis) 

10.5 110.5 4 287.5 18.75 Globuligerina bathoniana gýgantea Wemli & G&6 g 
10.5 110.0 3 187.5 25.00, Globulýgerina oxfordiana (Gigelis) 
10.5 107.0 4 150.0 18.75 Globuligerina oxfordiana (Gigelis) 
10.5 103.0 3 237.5 25.00 Globuligerina oxfordiana (Gtigelis) 

10.5 103.0. 3 200.0 31.25 Globulkgerina o. ýfordiana (GHgOis) 

10.5 101.5 5 00.0 37.50 Globulkeerina oxfordiana (Giigelis) 

10.5 100.5 4 125.0 25.00. Globuligerina oxfordiana (Grigclis) 

10.5 99.0 3 275.0 37.50 Globuligerina oxfordiana (Grigclis) 

10.5 95.0 3 187.5 31.25 Globuligerina oxfordiana (Gtigelis) 
10.5 91.5 3 200.0 25.00 Globuligerina oNfordiana (Gigelis) 
11.0 95.0 4 200.0 37.50 Globukgerina oxfordiana (Gtigelis) 
11.0 96.0 4 175.0 31.25 Globuligerina arfordiana (Gtigelis) 
11.0 96.0 4 -5 

::: ý 18.75 Globuligerina bathoniana gýizantea Wemli & G8r6g 
11.0 97.5 31 187.51 25.001 Globullgerina oxfordiana (Giigclis) 
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NIEDZICA SUCCESSION: CZAJAKOWA SKALA - Cs4-0,4 (UPPERMOST CALLOVIANIOXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 

11.0 100.0 4 287.5 25.00 Globuligerina oxfordiana (Gfigelis) 

11.0 100.5 4 162.5 37.50 lGlobuligerinaoxfordiana (Grigelis) 

11.0 101.5 4 225.0 25.00 Globuligerina oxfordiana (Gfigelis) 

11.0 109.5 5 325.0 18.75 Globuligerina bathoniana giganlea Wemli & Gdr6g 

11.5 111.5 3 250.0 31.25 Globuligerina oxfordiana (Grigelis) 

11.5 110.5 4 225.0 25.00 Globuligerina oxfordiana (Gtigelis) 

11.5 108.0 3 125.0 12.50 Globuligerina oxfordiana (Gfigclis) 

11.5 107.0 3 187.5 37.50 Globuligerina oxfordiana (Grigelis) 

11.5 102.5 '3 225.0 31.25 Globuligerina oxfordiana (Gtigelis) 

11.5 94.5 4 250.0 37.50 Globuligerina oxfordiana (Gigelis) 

11.5 94.5 3 150.0 37.50 Globuligerina oxfordiana (Gfigc1is) 

11.5 89.5 13 150.0 12.50 Globuligerina oxfordiana (Gfigclis) 

12.0 97.5 3 112.5 31.25 Globuligerina oxfordiana (Gfigelis) 

12.0 98.0 3 200.0 25.00 Globutigerina oxfordiana (Gtigelis) 

12.0 99.0 3 225.0 37.50 Globuligerina oxfordiana (Grigelis) 

12.0 110.0 3 200.0 37.50 Globuligerina oxfordiana (Gigelis) 

12.5 
. 

108.0 4 200.0 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

12.5 101.5 3 175.0 31.25 Globuligerina oxfordiana (Gigelis) 

12.5 94.5 4 250.0 25.00 Globuligerina oxfordiana (Grigelis) 

12.5 94.0 4 212.5 37.50 Globuligerina oxfordiana (Grigelis) 

13.0 105.0 3 287.5 25.00 Globuligerina oxfordiana (Grigelis) 

13.0 113.5 
13 

225.0 50.00 Globuligerina oxfordiana (Gfigdis) 

13.5 101.0 13 137.5 6.25 
, 
Globuligerina oxfordiana (Grigelis) 

13.5 97.5 4 137.5 12.50 Globuligerina oxfordiana (Gtigelis) 

13.5 96.5 4 200.0 25.00 Globuligerina oxfordiana (Grigel is) 

13.5 95.0 3 225.0 50.00 Globuligerina oxfordiana (Gfigelis) 

13.5 94.5 3 175.0 31.25 Globuligerina oxfordiana (Gfigelis) 

14.0 92.0_ 4 250.0 31.25 Globuligerina oxfordiana (Grigelis) 

14.0 92.5 3 187.5 18.75 Globuligerina oxfordlana (Gfigelis) 

14.0 93.0 3 187.5 18.75 Globuligerina oxfordiana (Gfigelis) 

14.0 93.5 4 312.5 25.00 Globuligerina oxfordiana (Gfigelis) 

14.0 97.5 3 187.5 18.75 Globuligerina oxfordiana (Gtigelis) 

14.0 103.0 4 162.5 18.75 Globuligerina oxfordiana (Gfigdis) 

14.0 104.0 4 287.5 25.00 Globuligerina oxfordiana (Gtigelis) 

14.0 105.0 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

14.5 111.0 3 225.0 18.75 Globuligerina oxfordiana (Gfigelis) 

14.5 109.0 3 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 

14.5 108.5 5 175.0 18.75 Globuligerina oxfordiana (Gigelis) 

14.5 107.5, 4 200.0 37.50 Globuligerina oxfordiana (Gfigelis) 

14.5 101.51 3 250.0 31.25 Globuligerina oxfordiana (Gtigelis) 

14.5 97.51 4 150.0 12.50 Globuligerina oxfordiana (Gfigelis) 

14.5 97.51 4 225.0 31.25 Globuligerina oxfordiana (Grigelis) 

14.5 97.01 4 162.5 112.501 GIobuligerinaoxfordiana (Gfigclis) 

14.5 96.51 3 175.0 25.00 1 Globuligerina oxfordiana (Gtigelis) 

14.5 95.51 3 187.5 12.501 Globuligerina oxfordiana (Gfigelis) 

14.5 95.01 5 262.5 31.25 Globuligerina oxfordiana (Gfigelis) 

15.0 89.51 3 150.0 50.00 Globuligerina o. ýfbrdlana (Gtigelis) 

15.0 90.51 4 287.5 18.75 Globuligerina bathoniana gigantea Wemli & G6r6g 

15.0 92.5 3 187.5 6.25 Globuligerina oxfordiana (Gigelis) 

15.0 93.5 3 275.0 18.75 Globuligerina bathoniana gigantea Wemli & G6r6g 

15.0 102.0 3 212.5 37.50 Globuligerina oxfordiana (Gtigelis) 

15.0 106.5 3 212.5 25.00 Globuligerina oxfordiana (Gfigelis) 

15.0 107.0 3 237.5 37.50 Globuligerina oxfordiana (Grigelis) 

15.0 

H 

109-01 3 250.0 37.50 Globulýjzerina oxfordiana (Gfigelis) 

15.0 
_ _1 

10.51 41 237.5 18.75 Globuligerina aff. bathoniana (Pazdmwa) 
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NIEDZICA SUCCESSION: CZAJAKOWA SKALA - Cs4-0,4 (UPPERMOST CALLOVIANIOXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(11 ) 

Species 

Vert Hor Thick Thin 
15.5 115.0 

_3 
212.5 37.50 Globuligerina oxfordiana (GHgOis) 

15.5 114.0 3 237.5 31.25 Globuligerina oxfordiana (Gigelis) 

15.5 109.0 3 237.5 37.50 Globuligerina oNfordiana (Gtigelis) 
15.5 101.0 3 175.0 18.75 1 Globutigerina oxfordlana (Gigelis) 
15.5 96.0 4 287.5 18.75 1 Globulýjzerina bathoniana gkizantea Wcmli & GC)rbg 

15.5 90.5 4 262.5 31.25 Globuligerina oxfordiana (Grigclis) 

15.5 90.0 3 262.5 50.00 Globuligerina oxfordiana (GHplis) 

16.0 98.0 3 200.0 25.00 Globuligerina oxfordiana (GHgOis) 

16.0 106.0 4 237.5 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

16.5 109.5 3 187.5 25.00 Globuligerina oxfordiana (Gtigclis) 

16.5 108.5 4 150.0 18.75 1GIobutigerinaoxfordiana (Gtigclis) 

16.5 106.5 3 150.0 18.75 1GIobulikerinaoxfordiana (Gtigelis) 

16.5 103.5 4 225.0 31.25 Globulýgerina oxfordiana (Gigelis) 

16.5 98.0 4 275.0 25. Globuligerina oxfordiana (GrigOis) 
16.5 96.5 4 262.5 25.00 Globuligerina oxfordiana (Grigelis) 

16.5 95.5 5 287.5 25.00 Globuligerina oxfordiana (Grigetis) 

16.5 90.0 4 212.5 18.75 Globutigerina aff. bathoniana (Pa7. dmwa) 

17.0 89.0 3 237.5 37.50 1 Globuligerina oxfordiana (GHgOis) 

17.0 94.0 3 162.5 12.50 1 Globuligerina oxfordiana (Gdgclis) 

17.0 95.0 4 150.0 12.50 1 Globuligerina oxfordiana (Grigelis) 

17.0 96.5, 4 212.5 18.75 1 Globu Figerina 
aff. bathoniana (Pazdrowa) 

17.0 110.5 4 162.5 18.75 1 Globuligerina oxfordiana (Grigelis) 

17.0 109.5 3 175.0 31.25 Globulýgerina oxfordiana (Grigelis) 

17.5 110.0 3 250.0 37.50 Globuligerina axfordiana (Grigelis) 

17.5 109.0 4 225.0 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

17.5 106.51 4 262.5 37.50 Globuligerina oxfordiana (Grigelis) 

17.5 104.01 3 237.5 31.25 Globuligerina ojýfordiana (Gfigelis) 

17.5 100.5 4 187.5 31.25 Globulýgerina oxfordiana (Giigclis) 

17.5 96.0 4 225.0 18.75 Conoglobigerina aff. dagestanica Morozova 

17.5 94.0 4 175.0 31.25 Globuligerina oxfordiana (Gtigelis) 
17.5 90.5 3 250.0 50.00 Globuligerina oxfordiana (Grigelis) 
18.0 93.0 4 250.0 37.50 Globuligerina o. ýfordiana (Gtigelis) 

18.0 94.0 4 250.0 37.50 Globuligerina oxfordiana (Grigelis) 

18.0 95.0 3 162.5 25.00 Globuligerina oxfordiana (Grigclis) 

18.0 96.5 3 187.5 18.75 Globuligerina oxfordiana (Grigelis) 
18.0 100.0. 3 162.5 18.75 Globuligerina oxfordiana (Gtigelis) 
18.0 106.51 3 200.0 37.50 Globuligerina oxfordiana (GigOis) 

18.0 107.51 3 262.5 18.75. Globulýgerina bathoniana gýizantea Wemli & Gift 

18.5 117.01 4 212.5 31.25 Globuligerina oxfordiana (Gfigelis) 

18.5 112.01 3 212.5 37.50 Globuligerina oXfordiana (Grigclis) 

18.5 112.0 3 200.0 25.00 Globuligerina oxfordiana (Gigelis) 

18.5 108.5 3 150.0 18.751 GIobulkgerinaoxfordiana (GigOis) 
18.5 107.0 4 225.0 37.50 Globukgerina oxfordiana (Gtigelis) 

19.0 106.0 3 212.5 25.00 Globuligerina oxfordiana (Grigelis) 

19.0 110.0 4 250.0 31.25 Globuligerina oxfordiana (Gtigelis) 

19.0 116.0 4 325.0 37.50 Globuligerina oxfordiana (GrigOis) 

19.5 113.0 4 300.0 37.50 Globuligerina oxfordiana (Gtigclis) 

19.5 110.0 4 237.5 31.25 Globulýizerina oxfordiana (Gigelis) 
19.5 98.0 3 275.0 25.00 Globuligerina oxfordiana (Giigelis) 
20.0 95.5 3 237.5 31.25 Globuligerina oxfordiana (Gtiplis) 
20.0 96.0 3 162.5 18.75 Globulýizerinaoxfbrdiana (Gtigelis) 
20.0 97.0 4 225.0 25.00 Globuligerina oxfordiana (GHgelis) 
20.0 99.0 4 162.5 12.50 Globuligerina oxfordiana (Gigelis) 
20.0 110.0 4 212.5 25-00 Globukizerina oxfOrdiana (Gigelis) 
20.5 106.5t 4 21251 --7 18.75 Conoglobýgerina aff. dagestanka Momova 
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NIEDZICA SUCCESSION: CZAJAKOWA SKALA - Cs4-0,4 (UPPERMOST CALLOVIAN/OXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
20.5 105.5 3 250.0 25.00 Globulýqerina oxfordiana (Giigcliq) 
20.5 105.0 3 175.0 25.00 Globulýqerina o, ýfordiana (GHgOis) 
20.5 98.0 3 200.0 18.75 Globulýqerina aff. bathonlana (Pazdrowa) 
20.5 97.0 3 275.0 18.75 Globuligerina bathoniana gýRantva Wemli & CAInIg 

21.0 95.5 3 250.0 18.75 Conqszlobigerina MY dagestanica Morozova 
21.5 109.0 3 212.5 18.75 Conoglobkzerina aff. dqqestanica Mom. 

21.5 104.5 6 225.0 25.00 Globutigerina oxfordiana (Gigelis) 
21.5 103.5 4 200.0 31.25 Globuligerina oxfordiana (Gtigelis) 

21.5 103.5 4 300.0 25.00 Globuligerinaoxfordiana (Gtigelis) 

21.5 103.5 4 212.5 31.25 Globulýgerina oxfordiana (Gtigclis) 
21.5 103.01 3 262.5 25.00 Globulýqerina oxfordiana (Grigclis) 
22.0 103.0 3 237.5 18.75 Globuligerina aff. bathoniana (Pazdrowa) 
22.0 105.5 4 175.0 18.75 Globulkerina oxfordiana (Gigelis) 

22.5 111.0 3 175.0 37.50 Globuligerina oxfordiana (Gtigelis) 
22.5 107.0 4 125.0 25.00 Globulýgerina oxfordiana (GHgcIis) 
22.5 107.0 4 137.5 25.00 Globuligerina oxfordiana (Gigc1is) 
23.0 102.0 4 200.0 25.00 Globukgerina oxfordiana (Gigelis) 

23.0 103.5 3 200.0 18.75 Conoglobigerina aff. dqizeslanica Morozova 

23.0 104.0 4 287.5 18.75 Globuligerina bathoniana gýgantea Wemli & Girrig 

23.0 106.0 4 225.0 25.00 Globuligerina oxfordiana (Gtigclis) 

23.0 109.51 3 225.0 25.00 1 Globulkqefina oxfordiana (Gtigelis) 

23.5 113.51 4 337.5 18.75 Globuligerina badjoniana gkizantea Wemli & Girag 

23.5 110.51 5 275.0 18.75 Globuligerina balhoniana gigantea Wcmli & GWig 

23.5 106.57 3 125.0 18.75 Globuh erinaoxfordiana (Gtigelis) 
rTotal 

Number of Specimens 120 69 189 
I Relative Percentages 63 37 
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CZORSZTYN SUCCESSION: CZORSZTYN CASTLE KLIPPE - CzZ 5b (OXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
3.0 90.0 3 225.0 31.25 Globulýgerina oxfordiana (Gtigclis) 

4.5 109.0 4 237.5 12.50 Globuligerina aff. bathoniana (Pazdrown) 

5.0 107.0 3 225.0 12.50 Globulýgerina aff. bathoniana (Pai. drowa) 

5.5 109.5 3 275.0 18.75 Globuligerina baihonlana gýzantra Wemli & Gift 

6.0 109.0 4 287.5 25.00 Globulkgerina oxfordiana (Gtigclis) 

6.5 108.5 4 225.0 25.00 Globuligerina oxfordiana (Giigelis) 

7.0 87.5 3 225.0 12.50 Globuligerina aff. bathonlana (Pazdrowa) 

7.0 106.5 3 225.0 18.75 Globuligerina aff. bathonlana (Pazdrowa) 

7.0 112.0 5 237.5 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

7.0 113.0 3 225.0 18.75 Globulkgerina aff. bathoniana (Pazdrowa) 

7.5 
. 

115.0 3 187.5 12.50 Globulkwina oxfordiana (Gigelis) 

7.5 114.5 5 250.0 12.50 Globuligerina aff. baihoniana (Pazdmwa) 

7.5 110.5 4 212.5 25.00 Globuligerina aff. balhoniana (Pazdrowa) 

7.5 109.5 4 225.0 25.00 Globuligerina oxfordiana (Gigdis) 

7.5 107.5 4 250.0 12.50 Globulýizerina oxfordiana (Gigelis) 

7.5 88.0 
.4 200.0 31.25 Globuligerina oxfordiana (Gtigelis) 

8.0 107.0 4 250.0 25.00 Globukgerina oxfordiana (Giigelis) 

8.0 110.0 5 212.5 6.25 Globuligerina aff. bathonlana (Pazdrowa) 

8.5 110.5 3 225.0 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

8.5 110.0 3 212.5 31.25 Globulýgerina oxfordiana (Grigclis) 

9.0 110.0 3 275.0 18.75 Globuligerina baihoniana gýqaniea Wemli & G8r6g 

9.0 114.0 4 250.0 18.75 , Globuligerina aff. bathoniana (Pazdmwa) 

9.0 114.5 14 250.0 18.75 1 Globulkizerina aff. bathoniana (Pazdmwa) 

9.5 112.0 4 262.5 18.75 Globuligerina bathoniana gkgantea Wemli & G8mg 

10.0 90.0 3 250.0 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

10.0 92.0 4 175.0 6.25 Globulkizerinaoxfordiana (Gtigelis) 

10.0 94.0 4 212.5 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

10.0 101.5 4 212.5 12.50 Globuligerina aff. bathoniana (Pazdmwa) 

10.0 111.0 4 250.0 12.501 Globuligerina aff. bathoniana (Pazdmwa) 

10.5 108.0 4 200.0 18.751 Globuligerina aff. bathoniana (Pazdmwa) 

10.5 103.0 3 200.0 12.501 GIobuligerina aff. bathoniana (Pazdvowa) 

10.5 102.0 4 237.5 18.75 Globuligerina aff. bathoniana (Pazdmwa) 

10.5 90.0, 4 275.0 37.50 Globuligerina oxfordiana (Gigelis) 

10.5 87.0 4 250.0 12.50 Globulkqerina aff. balhonlana (Pazdrowa) 

11.0 88.5 4 237.5 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

11.0 90.0 3 287.5 12.50 Globuligerina bathoniana gigantea Wernh & G8r6g 

11.5 100.0 3 200.0 25.00 Globuligerina oxfordiana (Gtigelis) 

11.5 87.51 3 225.0 12.50 , 
Globulkirerina aff. bathoniana (Pazdmwa) 

12.0 86.01 3 275.0 12.50 1 Globuligerina bathoniana gýqantea Wemli & Gorog 

12.0 86.0 3 237.5 12.50 Globukizerina aff. bathonlana (Pazdmwa) 

12.0 87.0 4 212.5 12.50 Globuligerina aff. bathoniana (PazArowa) 

12.0 87.0 4 212.5 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

12.0 88.5 3 237.5 37.50 Globuligerina oxfordiana (Gigelis) 

12.0_ 94.0 3 225.0 31.25 Globuligerina oxfordiana (Gigelis) 

12.0 96.0 3 237.5 37.50 Globukzerina oxfordiana (Gigelis) 

12.0 104.5 4 287.5 18.75 Globullgerina bathoniana gýganlea Wcmfi & Mrft 

12.0 107.7 3 225.0 18.75 Globuligerina aff. bathoniana (Pazdn)wa) 

12.0 109.0 3 250.0 25.00 Globulkqednaoxfordiana (Gigelis) 

12.5 109. 3 275.0 12.50 Globulkgerina bathoniana gkizantea Wemli & Giiibg 

12.5 113.5 3 225.0 18.75 Globuligerina aff. bathoniana (Pazdrown) 

12.5 110.0 3 262.5 12.50 Globullgerina bathoniana gýqantea Wcmli & G8r6g 

12.5 107.5 4 237.5 18.75 Globulkqerina aff. bathoniana (Pazdvowa) 

12.5 101.0 3 250.0 37. LO lobuligerina oxfordiana (Gtigelis) 

12.5 101.0 3 225.0 25.20 
- 

Glob Globuligerina oxfordlana (Gigelis) 

12.51 100.01 4 237.5 8.75 Glob Globullgerina aff. bathoniana (Pazdrowa) 
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CZORSZTYN SUCCESSION: CZORSZTYN CASTLE KLIPPE - CzZ 5b (OXFORDIANI 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(lim) 

Wall 
Thickness 

(Ij ) 

Species 

Vert Hor Thick Thin 
12.5 99.0 4 250.0 12.50 

. 
Globulýgerina aff. bathoniana (Pa/Almwa) 

12.5 95.0 3 275.0 18.75 Globuligerina barhoniana g1gantra Wemli & GOrOg 

12.5 94.0 3 225.0 25.00 Globulkizerina oxfordiana (Gigelis) 

12.5 92.5 4 237.5 12.50 Globukizerina all bathoniana (Pa/dmwa) 

12.5 89.0 4 225.0 12.50 Globulkizerina aff. bathoniana (Pa? dmwo) 

13.0 85.5 
.4 262.5 18.75 Globulýqerina balhoniana gýRantea Wcmli & GOnig 

13.0 86.5 4 225.0 18.75 Globuligerina aff. bathoniana (Pudmwa) 

13.0 87.5 4 250.0 12.50 Globuligerina aff. bathoniona (Pazdmwa) 

13.0 93.0 4 300.0 37.50 Globulýgerina oxfordiana (Gtigelis) 

13.0 93.5 3 225.0 18.75 Globulikerina aff. bathoniana (Pazdrowa) 

13.0 
. 

94.5 4 262.5 18.75 Globulýizerina bathoniana gýgantea Wernh & GWig 

13.0 95.0 4 237.5 25.00 Globulýzerina oxfordiana (Grigclis) 

13.0 96.0 3 200.0 31.25 Globuligerina akfordiana (Giigclis) 

13.0 97.5 3 225.0 25.00 Globuligerina oxfordiana (Gtigelis) 

13.0 103.5 4 262.5 18.75 Globuligerina baihoniana gýzantea Wcmli & G8r6g 

13.0 107.0 13 187.5 12.50 Globuligerinaoxfordiana (GFigchs) 

13.0 108.0 4 262.5 25.00 Globuligerina oxfordiana (Gigelis) 

13.0 110.0 3 225.0 37.50 GlobulkZerina oxfordiana (Gigelis) 

13.0 110.5 4 287.5 12.50 Globuligerina bathoniana gkZanlea Wemli & GC)if)g 

13.0 113.0 3 300.0 25.00 Globuligerina oxfordiana (Gigelis) 

13.5 114.5 3 275.0 25.00 Globuligerina oxfordiana (Gtigelis) 

13.5 114.5 3 300.0 25.00 lGlobuligerinaoxfordiana (Gigelis) 

13.5 113.5 3 287.5 25.00 Globuligerina oxfordiana (Gtigclis) 

13.5 113.5 3 300.0 25.00 Globuligerina wfordiana (Giigclis) 

13.5 108.0 4 262.5 18.75 Globulkgerina bathoniana gýizantea Wemli & CPC)i-6g 

13.5 106.5 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 

13.5 101.0 4 250.0 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

13.5 100.0 4 262.5 37.50 0.00 Globuligerina oxfordiana (Gtigelis) 

13.5 93.5. 4 250.0 25.00 0.00 Globulkgerina oxfordiana (Gtigelis) 

13.5 93.5 4 262.5 18.75 Globulýgerina balhoniana gýjzantea Wcmli & Mnig 

13.5 93.0 3 250.0 18.75 Globullgerina aff. bathoniana (Pazdmwa) 

13.5 92.5 5 300.0 18.75 Globuligerina bathoniana gýgantea Wemli & GdKig 
I 

13.5 92.0 -3 262.5 18.751 GIobu ligerina aff. bathoniana (Pazdmwa) 

13.5 92.0. 3 275.0 25.00 1 Globulýzerina axfordiana (Gtigel is) 

13.5 90.0 4 250.0 12.50 Globuligerina aff. bathoniana (Pazdmwa) 

13.5 89.5 4 200.0 12.50 Globulýjzerina aff. bathoniana (Pazdrowa) 

13.5 88.0 3 250.0 37.50 Globuligerina oxfordiana (Gtigelis) 

13.5 88.0 3 225.0 25.00 Globulýgerina oxfordiana (Gigelis) 

13.5 96.5 4 237.5 25.00 Globukizerina oxfordiana (Grigclis) 

13.5 85.01 3 212.5 18.75 Globulýirerina, aff. bathoniana (Pazdmwa) 

14.0 85.01 4 200.0 25.00 Globullgerina oxfordiana (Gigelis) 

14.0 87.51 3 175.0 18.75 Globulýizerinaoxfordiana (Gtigelis) 

14.0 89.01 4 275.0 25.00 Globulikerina mfordiana (GHgOis) 

14.0 89.51 3 225.0 18.75, Globukgerina aff. bathoniana (Pazdmwa) 

14.0 90.01 3 250.0 25.00 1 Globuligerina oxfordiana (Gtigelis) 

14.0 90.5 3 150.0 18.751 Globuligerina oxfordiana (Gigelis) 

14.0 92.0 4 237.5 18.75 Globuligerina aff. baihonlana (Pazdrowa) 

14.0 92.5 4 200.0 18.75 Globuligerina aff. bathoniana (Pazdmwa) 

14.0 95.0 4 150.0 18.75 Globuligerina &IT. bathonlana (Pazdmwa) 

14.0 98.5 4 237.5 25.00 Globuligerina oxfordiana (Giigclis) 

14.0 99.0 4 237.5 18.75 Globuligerina W. badionlana (Pazdrowa) 

14.0 99.5 3 275.0 25.00 Globuligerina aNfordlana (Grigchs) 

14.0 104.0 4 250.0 25.00 Globuligerina oxfordiana (Gigelis) 

14.01 105.0 4 250.0 12.50 Globuligerina aff. balhonlana (Pazdmwa) 

14.01 107.0. 3 237.5 12.50 Globuligerina aff. balhoniana (Puzdmwa) 
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CZORSZTYN SUCCESSION: CZORSZTYN CASTLE KLIPPF. r77 rh myrnnniAm 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
14.0 108.5 5 262.5 12.50 

. 
Globuligerina a[T. bathonlana (Pazdn)wa) 

14.0 112.0 3 287.5 12.50 Globuligerina Or. bathoniana (PaAlrowa) 

14.0 112.0 3 275.0 18.75 Globuligerina afr. bathoniana ft/drowe) 
14.5 111.0 4 250.0 18.75 Globuligerina aff. bathoniana (Pudrowa) 
14.5 104.0 4 275.0 12.50 Globulkgerina bathoniona gýRantea Wemli & GirOg 

14.5 102.0 14 262.5 37.50 Globuligerina oxfordiana (Gigelis) 

14.5 102.0 3 250.0 18.75 Globulýqerina aff. baihoniana (Pazdrown) 

14.5 92.0 4 275.0 25.00 Globuligerina mfibrdiana (Gigelis) 

14.5 90.0 4 275.0 18.75 Globuligerina bathoniana gýgantea Wcmli & Gorog 

14.5 86.0 4 225.0 12.50 Globuligerina aff bathoniana (Pa7drowa) 

15.0 85.5 
.4 250.0 18.75 Globuligerina aff. baihoniana (Paidrowa) 

15.0 87.0 14 262.5 18.75 Globuligerina bathoniana gýqantea Wemli & Gomg 

15.0 87.5 13 212.5 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

15.0 88.5 14 225.0 18.75 Globuligerina aff. baihoniana (Pazdmwa) 

15.0 89.0 4 275.0 18.75 Globufigerinabathonianagýqantea WemH&G&Og 

15.0 90.5 5 300.0 18.75 Globuligerinabailionianagýtrantea Wcm1i&GWIg 
15.0 91.0 4 275.0 12.50 GlobulýqerinabaihonianagýRantea WemIi&G6tiig 

15.0 91.0 3 262.5 18.75 1 Globuligerina bathoniana gýRantea Wemli & G86ig 

15.0 92.5 
,4 

212.5 12.50 Globuligerina aff. baihoniana (Pazdrowa) 

15.0 96.5 4 275.0 25.00 Globuligerina oxfordiana (Gtigelis) 

15.0 100.5 3 212.5 18.75 Globuligerina aff. bathoniana (Paz. dmwa) 

15.0 106.0 4 262.5 18.75 Globuligerina aff. baffioniana (Paidrowa) 

15.5 104.0 3 200.0 25.00 Globuligerina oxfordiana (Grigelis) 

15.5 102.0 ,3 225.0 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

15.5 97.5 4 300.0 25. LO 
-- 

Globuligerina oxfordiana (Gtigelis) 

15.5 96.0 3 250.0 18.75 - FGlobutigerina 
aff. bathoniana (Pazdrowa) 

15.5 94.0 3 225.0 12.50 1 Globuligerina aff. bathoniana (Pazdrowa) 

15.5 93.0 4 175.0 12.501 GIobuligerinaoxfordiana (Gtigclis) 

15.5 93.01 4 237.5 18.75 Globuligerina aff. bathoniana (Pazdmwa) 

15.5 91.01 4 325.0 18.75 Globuligerina bathoniana ARantea Wcmli & Griticig 

15.5 91.01 3 287.5 18.751 GIobuligerinabathonianagigantea WemIi&G6ff)g 

15.5 87.51 3 225.0 18.75 Globuligerina off. baffioniana (Pazdmwa) 

15.5 86.51 4 250.0 31.25 Globullgerina aýfbrdiana (Gigelis) 

16.0 
16.0 

85.01 
85.5 

3 
4 

225.0 
262.5 

12.50 
12.50 

Globuligerina aff. bathoniana (Pa7dmwa) 

Globuligerina bathonlana gigantea Wemli & Gdrag 

16.0 87.5 5 275.0 25.00 Globulýqerinaoxfbrdiana (GHgOis) 

16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 
16.0 

87.5 
88.5 
88.51 
92.51 
94.01 
95.51 
96.01 
96.51 
97.01 
97-51 
99-51 

100.0 
100.5 
104.0 
104.0 
104.5 
105.51 

4 
4 
4 
4 
3 
3 
3 
3 
3 
4 
3 
3 

-3 

4 
3 
4 
3 

300.0 
287.5 
250.0 
225.0 
225.0 
200.0 
250.0 
187.5 
212.5 
262.5 
225.0 
300.0 
225.0 
225.0 

262.5 
287.5 
237.5 

25.00 
25.02 

25.00 
25.00 

37.50 
25.00 
25.0 

25.00 
31.29 

37.50 

18.75 
18.75 
18.75 

18.75 
1875 

18.75 

18.75 
--- 

Globuligerina O. vfordiana (Gigelis) 

Globuligerina oxfordiana (Gigelis) 

Globuli erina aff. balhoniana (Pa. -drowa) 
Globuligerina aff. bathoniana (Pazdrowa) 

Globuligerina aff. bathoniana (Pazdrowa) 

Globuligerina 0. ýfbrdiana (Gigelis) 
fi, Globuligerina ox ordiana (Givelis) 

T16bulikerina ft. bathoniana (Pudmwa) 
Flobukizerina 

aff. bationiana wazdmwa) 
f Globuligerina OX Ordiana (Grigelis) 

Globuligerina o. vfordiana (CidgOis) 
------- lobutigerina Oxfordiana (Gtigelis) 

Globuligerina aff balhoniana (Paidmwa) 

Globuligerina oxfordiana (Gdgelis) 

Globulig rina x ordiana (GigOis) 

Globuligerina batlsonianaRigantea Wemn & Qwg 
Globuligerina oxfordiana (Gigc1is) 

d l i a(P 16.0 
16.0 

106.5 
109.51 

4 
4 

200.0 
275.0 25.00 

18.7 i 
-ý l 

al. mwa) ion an Globuligerinaaff. bat 

Globuligerinaofordiana (GigOis) 
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fl7r%rio, 7, r-. im ei i#, r-CQClnPJ- r-7nl2--, 7TYN CARTI F KLIPPE - CZZ 5b (OXFORDIAN) 

Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(pm) 

Wall 
Thickness 

(pm) 

Species 

Vert Hor Thick Thin 

16.0 109.5 3 237.5 25.00 Globulýqerina oxfordlana (Citiplis) 

16.0 112.5 4 250.0 18.75 1GIobulýgerina aff. bathonlana (Pa/dmwa) 

16.0 113.0 4 275.0 1 ý. 75 Globuligerina balhoniana xigantea Wcmli & GiOg 

16.0 114.0 3 225.0 1 -8.75 GlobOgerina aff. barhoniana (Pa; -dmwo) 

16.5 109.5 4 250.0 18.75 Globuligerina aff. balhoniana (Pazdmwa) 

16.5 105.5 4 287.5 18.75 1GIobuli rinabaihonianagigantea Wcmli&GC)r6g 

16.5 105.0 3 175.0 1 Globuligerina oxfordiana (Gtigelis) 

16.5 104.0 3 275.0 25.00 Globuligerina oxfordiana (Grigelis) 

16.5 1 104.0 4 M. 5 37.50 Globuligerinaoxfordiana (Giigclis) 

16.5 1 103.0 3 300.0 18.75 Globulýqerlna aff. hathoniana (Pazdmwa) 

16.5 102.0 3 237.5 25.00 Globuligerina oxfordiana (Grigelis) 

16.5 100.0 3 250.0 18.75 Globuligerina aff. bathonlana (Pazdmwa) 

16.5 100.0 3 200.0 18.75 1GIobuligerina off. bathoniana (Pazdmwa) 

16.5 99.5 3 262.5 12.50 Globuligerina bathoniana gýgantea Wemli & Giffig 

16.5 99.0 3 237.5 12.50 Globuligerina aff. balhoniana (Pazdn)wa) 

16.5 97.5 4 212.5 50-00 Globukgerina oxfordiana (Cidgelis) 

16.5 96.0 
.4 

262-5 37.50 Globulkgerina oxfordiana (Grigelis) 

16.5 96.0 1 4-- 225.0 37.50 1 Globuligerina oxfordlana (GFigelis) 

16.5 94.0 14 250.0 31.25 Globuligerina oxfordiana (Grigelis) 

16.5 92.5 3 225.0 18.75 Globuligerina aff. bathoniana (Pazdmwa) 

16.5 92.0 3 237.5 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

16.5 90.5 3 212.5 31.25 Globuligerina oxfordiana (Gtigdis) 

16.5 90.0 4 212.5 31.25 Globuligerinaoxfordiana (Gtigelis) 

16.5 88.5 4 237.5 25.00 Globulýgerina oxfordiana (Grigelis) 

17.0 85.0 4 237.5 18-75 Flobul(gerina 
aff. balhoniana (Pazdmwa) 

17.0 85.5 3 225.0 25.00 
_ . 

Globuligerina oxfordiana (Gtigclis) 

17.0 87.5 3 275.0 18.75 Globuligerina baihoniana gigantea Wemli & MrOg 

17.0 

17.0 

88.0 

89.0 
3 
3 

250.0 
YlT-2-5 - 

18.75 
-18.7 5 
' - 

Globuligerina aff. bothoniana (Pazdmwa) 
Globuligerina aff. bathoniana (Pazdmwa) 

17.0 90.0 4 212. T8 75 
, - 
Globuligerina aff. bathoniana (Pazdmwa) 

17.0 91.0 4 300.0 37-50 Globuligerina aýfordiana (Gigelis) 

_ 
17.0 92.0 4 

ý 
4 250.0 25.00 . - 

GlobuligerinaoXfordiana (Gtigelis) 
17.0 
17.0 

92.5 
94.0 

- 3 
4 
3 - 150.6 

ý187.5 
- 

- 

31.25 
50 72 Globutilgerinaoxfordiana (Grigelis) 

Glýobu-jjperj gerina oxfordiana (Gtigclis) 
17.0 96.0 4 225.0 25 00 Globuligerina oxfordiana (Gtigclis) 
17.0 98.0 3 

1 

200.0 25.00 Glohufigerina ox fiardiana (Cidgelis) 
17.01 98.0 3 162.5 

- 
25-00 Globuligerina oxfordiana (Grigelis) 

17.0 101.0 4 200.0 25.00 Globulij gerina oxfordiana (Gtigclis) 
17.0 109.5 4 0.0 37.5 Cý10bufigerina oxfordiana (Grigelis) 
17.0 
17.5 
17.5 
17.5 
17.5 
17.5 
17.5 
17.5 
17.5 
17.5 
1 
1 
17.5 
17*5 

75 
17.5 
17.5 

ff 

114.0 
113.5 
113.0 
112.5 
109.5 
108.5 
108.0 
107.5 
107.0 
106.0 
104.0 
1 C03.5 
102.5 
99.5 

98.5 

3 

-- 
3 
4 

'-4 

---_4 -- 
,4 4 

4 
4 
4 

--- 4 
--- 

13 
.3- - 

- 
275-0 
1 qO 6 
175.0 
237.5 
237.5 
312.5 
325.0 

---187.5 

275. () 
312.5 
262. S 

250 C) 

37.50 
- 

25.00 

1 

25.00 
00] 

ý5-0 
0 0 

]E500 2 

25.00 
25.00 

-- 25.00 

31.25 
25-00 

0 

18.75 

- 12.50 
18.75 

--ý8-7 5 

--- 1875 

Globuligerina oxfordiana (Grigelis) 
Globuligerina oxfordiana (Gtigelis) 
G' 0buligerina oxfordiana (Grigelis) 
Globufiýerina arf. balhoniana (Pazdrowa) 
Globuliýe--rinaaff. hadjonlana (Pazdrowa) 
Globuligerina 

oyfordiana (Grigelis) 
U10bulikerina oxfordiana (Grigelis) 

_GlobujisZerina oxfordiana (Gtigclis) 
Globujilzerina 

oxfordiana (Cidgelis) 
Globulizerina baihoniana gýizantea Wemli & Gift)g 

--'-O_b-UIiARerin-a o0fordiana (Grigelis) G 

Obuligerina bathonlana gtk-antea Wemli & GartIg 
10buligerina oxfordiana (Cidgelis) 

aoxfordiana (Grigelis) ItRerin 
l 7.5 95.5 250 

2;. 5;,. 0 
25.00 

WobutiRerina oXfordiana (Gtigclis) 

-Z&Obulizerina oxfordiana (Gfi get is) 
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CZORSZTYN SuCCESSION: CZORSZTYN CASTLE KLIPPE - CzZ 5b (OXFORUIANI 
Thin Section 
Co-ordinates 

No. of 
Chambers 

I 

Visible 

Maximum 
Diameter 

(Prn) 

I Wall 
Thickness 

(orn) 

Species 

Vert I Hor I Thick I Thin 
1 17.51 94.5 4 275.0 31.25 Globulýqerina oxfordiona (GHgOis) 

17. 51 94. 0 3 250.0 118.75 10obulýgerina aff. bathoniana (Pazdrowa) 
17. 94. 0 3 225.0 18.75 Globuligerina aff. bathoniana (Pazdmwa) 
17.5 5 93. 0 4 237.5 1 50.00 Globulýgerina oxfordiana (Gigelis) 
17.5 91.0 5 4 250.0 1 37.50 Globujýgerina oxfordiana (Giigclis) 
17.5 89.0 4 287.5 31.25 Globuligerinaoxfordiana (Gtigclis) 
17.5 88.0 3 262.5 37.50 1 Globulkgerina oxfordiana (Gigelk) 
17.5 86.0 3 325.0 18.75 1 Globutigerina bathoniana gýzantea Wemli & Mr6g 
17.5 86.0 3 237.5 12.50 1 Globulkizerina aff. bathoniana (Pazdmwa) 

1 17.5 1 85.0 4 212.5 25.00 Globulýzerlna o. ýfordiana (Giplis) 
1 18.0 1 80.0 3 237.5 25.00 Globuligerina oxfordiana (Gtigelis) 

18.0 84.0 4 275.0 37.5ý Globukqerinaoxfordiana (Giigclis) 
18.0 91.0 4 250.0 25.00 Globuligerina oxfordiana (Giigclis) 
18.0 94.0 3 175.0 118.75 

. 
Globulýzerinaoxfordiana (Gigelis) 

18.0 97.0 3 275.0 31.25 Globulýizerina oxfordiana (Gtigelis) 
18.0 18 0 18.0 109.0 9 0 10 0 9 .0 3 225.0 18.75 Globulkgerina aff. bathoniana (Pa7dmwa) 
18.0 109.0 9 0 0 9 0 0 3 225.0 18.75 Globukizerina aff. bathoniana (Pa, -drowa) 
18.5 110.0 0 0, 0. 0 4 250.0 37.50 Globuligerina oxfordiana (Gtigelis) 
18.5 108.0 8* 0 

1 

0 8 0 0 3 175.0 50.00 
. Globulkizerina oxfordiana (Gtigelis) 

18.5 106.5 5 6. 0 
. 

6 5 0 3 275.0 25.00 Globuligerina oxfordiana (Giigelis) 
18.5 0 106.0 6, 0 6. 0 0 4 325.0 25.00 Globuligerina oxfordiana (Gigelis) 
18.5 

t 

9. 9 99.5 5 9 5 4 300.0 25.00 Globuligerina o. ýfordiana (Giigclis) 

.5 96.5 9 6. 5 
. 

6 5 3 237.5 37.50 Globulkgerina oxfordiana (Gtigclis) 
18.5 96.5 3 250.0 12.50 Globuligerina aff. bathoniana (Pazdrowa) 
18-5 96.0 4 275.0 12.50 Globuligerina bathoniana gýqantea Wemli & GC)nig 
18. 5 95.5 3 250.0 18.75 Globulýzerina aff. bathoniana (Pazdrowa) 
18. 5 92.0 3 

- 
237.5 31.25 Globuligerina oxfordiana (Gtigelis) 

18 5 3 200.0 25.00. Globuligerina orfordiana (Gtigelis) 
119. 9. 0 84 o 0 840 4 275.0 18.75, -8g Globulkgerina bathoniana gkgantea Wmli & GCU 
19.0 91.0 4 250.0 18.75 Globulkgerina aff. bathoniana (Pazdrowa) 
19-0 91.5 4 250.0 25.00 Globulýqerina oxfordiana (Gtigclis) 
19-0 

- 
930 

--Oj :t 
4 287.5 18.75 Globulkgerina balhoniana gigantea Wemli & rj8r6g 

19-0 97.5 3 300.0 43.75 Globulkizerina oxfordiana (Gigelis) 
19.0 ý1* 100.0 

- 
5 337.5 25.00 Globulkizerina oxfordiana (GHgelis) 

14 : i = 100.5 4 187.5 37.50 Globulkgerina oxfordlana (Giigelis) 
11.0 90 

- 
101.0 101.0 3 262.5 25.00 Globukizerina oxfordiana (Gtigelis) 

19.0 105.0 4 262.5 37.50 Globulkqerina oxfordiana (Grigelis) 
19.0 109.0 4 275.0 18.75 Globulkgerina bathoniana gýqanlea Wcmli & G6Ff)g 
19.0 1100 4 225.0 31.25 1 Globulýzerina oxfordiana (Gtigelis) 
19. () 1115 3 275.0 25.00 l Globuligerina arfordiana (Gtigelis) 
19.5 110.5 4 237.5 18.75 Globulýgerina aff. baihoniana (Pazdmwa) 
19.5 108.5 3 262.5 18.75 Globulýi! erina bathoniana gýqantea Wemli & GCw8g 
19.5 108.0 3 250.0 37.50 Globulýqerina oxfordiana (GHgOis) 
19-5 106.0 3 237.5 31.25 Globulýgerina oxfordiana (Gigelis) 
19.5 105.5 4 262.5 31.25 Globukzerina oXfordiana (Gigelis) 
19.5 103.0 4 300.0 31.25 J GIobulýgerlnao. ýfordiana (Gigelis) 
19.5 
19 

98.5 3 212.5 18.75 1 Globuligerina aff. bathonlana (Pa, -dmwa) 
.5 97.5 4 262.5 18.751 Globul4irerina bathoniana gýqantea Wemli & Gift 

- 19 
94.0 4 200.0 25.00 Globulýzerina &Tfordiana (Gtigclis) 

.5 
19 

93.0 4 275.0 25.00 Globulýqerina oxfordiana (Grigelis) 
.5 

19 5 
91.5 3 212.5 25.00 Globulýqerina oxfordlana (Gigelis) 

. 
19 5 

91.0 4 225.0 37.50 Globulýqerina oxfordiana (Gigelis) 
. 

19 5 
90.5 4 287.5 18.75 Globukqerina bathonlana gýgantea Wenih & GdOg 

. 
19 5 

89.0 4 212.5 37.501 1 Glo ulýqerlna aTfordlana (Gigelis) 
. 88.5 262.5 1 18.75 1 Globulýgerlna bathonlana g4trantea Wemli & rA5 
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CZORSZTYN SUCCESSION: CZORSZTYN CASTLE KLIPPE - CzZ 5b (OXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Prn) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
19.5 87.0 

.3 
225.0 37.50 

_Globuligerinaoxfordiana 
m-tigOis) 

19.5 86.5 3 287.5 25.00 1 Globulýgerina oxfordiana (Gtigclis) 
19.5 86.0 4 237.5 18.75 Glohulýgerina aff. bathoniana (Pa;, dmwa) 

20.0 89.0 3 225.0 12.50 Globulýzerina aff. bathonlana (Pa. -dmwa) 
20.0 90.0 4 225.0 25.00 Globulýgerina oxfordiana (Giplis) 

20.0 90.5 3 225.0 31.25 Globulýqerina oxfordlana (Gtigclis) 

20.0 92.0 13 212.5 31.25 Globulýqerina oxfordiana (Gigelis) 

20.0 92.5 4 237.5 18.75 1 Globuligerina aff. bathoniana (Pa7dvowa) 

20.0 93.5 4 250.0 18.75 1GIobuligerina aff. bathoniana (Pazdrowa) 

20.0 96.0 3 237.5 18.75 1 Globulýizerina aff. bathoniana (Pazdmwa) 

20.0 96.0 4 187.5 12.50 1 Globulýgerina aff. bathoniana (Pazdmwa) 

20.0 96.5 
,3 

212.5 25.00 JGIobulýgerinaoxfordiana (Gtigclis) 

20.0 97.5 4 250.0 37.50 Globuligerina oxfordiana (Gigelis) 

20.0 98.5 3 250.0 25.00 Globulkqerina oxfordiana (Gigelis) 
20.0 101.5 3 250.0 18.75 Globulkirerina aff. bathoniana (Pazdmwa) 

20.0 105.5 3 237.5 18.75 Globulkgerina aff. bathonlana (Pazdmwa) 

20.0 106.0 3 262.5 18.75 Globulkgerina bathoniana gýgantea Wcmli & Girag 

20.0 106.0 4 250.0 25.00 Globuligerina oxfordiana (Grigelis) 

20.0 106.5 3 250.0 31.25 Globulýgerina oxfordiana (Grigelis) 

20.0 110.5 4 250.0 25.00 Globuiýgerina oxfordiana (Gtigelis) 

20.5 110.0 4 275.0 50.00 Globulkgerina oxfordiana (Gfigclis) 

20.5 109.0 
,3 187.5 18.75 Globulkgerina oxfordiana (Gtigclis) 

20.5 106.5 14 250.0 37.50 Globuligerina aff. bathoniana (Pazdrowa) 

20.5 10-0 14 187.5 18.75 Globuligerina oxfordiana (GigOis) 

20.5 104.5 13 187.5 37.50 Globuligerina oxfordiana (Gtigelis) 

20.5 103.5 4 237.5 25.00 Globulkgerina axfordiana (Gigelis) 

20.5 101.5 4 237.5 18.75 Globulkgerina aff. bathoniana (Pazdrowa) 

20.5 100.5 4 287.5 12.50 Globulkgerina bathoniana gkeawea Wemli & Mrag 

20.5 100.0 4 262.5 37.50 Globuligerina oxfordiana (Gigelis) 

20.5 99.5, 3 250.0 25.00 Globulkgerina oxfordiana (Gigelis) 

20.5 99.5 3 212.5 31.25 Globulkgerina oxfordiana (Gtigelis) 

20.5 99.0 3 262.5 25.00 Globulýgerina oxfordiana (GtigOis) 

20.5 98.5 3 262.5 37.50 Globuligerina oxfordiana (Gigelis) 

20.5 98.0 3 250.0 18.751 Globuligerina aff. balhoniana (Pazdrowa) 

20.5 97.0 4 237.5 37.50 Globuligerina oxfordiana (GHplis) 
20.5 96.0 4 237.5 37.50 Globuligerina oxfordiana (Gigelis) 

20.5 95.5 4 212.5 31.25 Globulkgerina oxfordiana (Grigelis) 

20.5 95. -0 3 212.5 18.75 Globuligerina off. bathoniana (Pazdrowa) 

20.5 94.5 3 187.5 31.25 Globuligerina oxfordiana (Gigelis) 

20.5 92.0. 4 212.5 25.00 Globu ligerina aTfordiana (Grigelis) 

20.5 91.0 4 250.0 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

20.5 90.0 3 287.5 43.75 Globulkgerina oxfordlana (Gtigclis) 

20.5 85.5 -4 175.0 31.25 Globuligerina aTfordiana (Grigelis) 

20.5 85.0 3 200.0 37.50 Globulkgerina oxfordiana (GigOis) 

21.0 86.0, 3 200.0 25.00 Globuligerina oxfordiana (Gtigclis) 

21.0 88.01 4 262.5 25.00 1 Globulýizerina oxfordiana (Gtigelis) 

21.0 88.01 4 225.0 18.75 Globulýgerina aff. bathoniana (Paz. dmwa) 

21.0 88.01 4 300.0 18.75 Globuligerina aff. bathoniana (Pazdmwa) 

21.0 94.0 4 200.0 31.25 Globuligerina oxfordiana (Gtigclis) 
21.0 95.0 4 237.5 37.50 Globulýqerina oxfordiana (Giigclis) 
21.0 96.0 3 250.0 37.50 Globullgerina oxfordiana (Gigelis) 
21.0 98.0 4 225.0 25.00 Globulýgerina oxfordiana (Gtigclis) 
21.0 98.5 3 212.5 18.75 Globulkirerina afT. bathonlana (Pazdrowa) 
21.01 100.5 3 212.5 18.75 Globuligerina &IT. bathonlana (Pazdmwa) 
21.01 101.51 3-1 - 212.5 37.50 Globulkwina oxfordlana (Gtigclis) 
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CZORSZTYN SUCCESSION: CZORSZTYN CASTLE KLIPPE - CzZ 5b (OXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(ýJrn) 

Wall , 
Thickness 

(Ij ) 

Species 

Vert Hor Thick Thin 
21.0 102.5 4 225.0 18.75 

. 
Globulýizerina aff. bathoniana (Pa., dmwa) 

21.0 103.5 3 275.0 18.75 1 Globuligerina balhoniana gýqantea Wanli & GiWig 

21.0 105.5 3 250.0 18.75 1GIobulýgerina aff. bathoniana (Pazdrown) 
21.0 

. 
106.5 4 312.5 18.75 Globuligerina bathoniana gýganlea Wcnfli & GinIg 

21.0 107.5 3 287.5 18.75 Globuligerina bathoniana gýgantea Wcmli & GNiýg 

21.0 108.0 3 225.0 37.50 Globulikerina o. ýfordiana (Gigelis) 

21.0 109.5 4 262.5 25.00 GlobulýZerina oxfordiana (Gig6s) 

21.0 110.0 4 262.5 37.50 0.00 
-Globulýqerlnaoxfordiana 

(Gtigclis) 

21.5 109.0 4 262.5 18.75 Globulýqerina bathoniana gigantea Wcmli & Gomg 

21.5 106.5 4 250.0 25.00 Globulýgerina oxfordiana (Gigelis) 

21.5 105.0 3 225.0 37.50 Globuligerina oxfordiana (Gdgc! is) 

21.5 104.0 3 275.0 37.50 Globulkeerina ojýfordiana (Giigclis) 

21.5 
. 

102.5 3 250.0 25.00 Globulkizerina oxfordiana (Grigelis) 

21.5 1 101.5 3 237.5 37.50 Globuligerina oxfordiana (Gtigclis) 

21.5 99.0 4 200.0 31.25 Globuligerina oxfordiana (Gigelis) 

21.5 97.0 3 225.0 31.25 Globuligerina oxfordiana (Gigelis) 
21.5 94.5 3 250.0 31.25 Globulkqerina oxfordiana (Gigelis) 

21.5 94.5 4 325.0 31.25 Llobuligerina o: ýfordiana (Gtigelis) 

21.5 
, 

92.0 3 237.5 31.? 5 Globulkkerina oxfordiana (Grigelis) 

21.5 92.0 3 237.5 18.75 Globuligerina aff. balhoniana (Pazdrowa) 

21.5 90.5 3 312.5 18.75 Globuligerina bathoniana gýqanlea Wcmli & GCmig 

21.5 90.0 4 275.0 25.00 Globuligerina oxfordiana (Gigelis) 

21.5 90,0 4 237.5 25.00 Globulýqerinaoxfordiana (GdgcIis) 

21.5 , 90.0 4 300.0 31.25 Globukizerina oxfordiana (Grigelis) 

21.5 89.5 4 225.0 18.75. Globuligerina aff. balhoniana (Pazdrowa) 

21.5 89.0 4 250.0 31.25 Globulýizerina oxfordiana (Gtigelis) 

21.5 88.0 3 225.0 18.75 Globuligerina aff. badjoniana (Pazdrowa) 
' 

21.5 88.0 4 275.0 18.75 uligerina bathoniana gigantea Wcmli & GC)r6g Glob 

21.5, 88.0 3 175.0 18.75 Globuligerina aff. bathonlana (Pazdrowa) 

21.51 82.0 31 250.0 18.75. Globuligerina aff. badioniana (Pazd rowa) 
22.0 85.0 3 212.5 25.00 Glohuligerina oxfordiana (Gtigelis) 
22.0 86.5 4 250.0 31.25 Globuligerina oxfordiana (Grigelis) 

22.0 89.0 4 237.5 25.00 Globukgerina oxfordiana (Gtigelis) 

22.0 89.5 4 225.0 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

22.0_ 90.0 3 237.5 18.75 Globuligerina aff. badroniana (Pazdmwa) 
22.0 90.0 3 275.0 37.50 Globuligerina oxfordiana (Gdgclis) 

22.0 90.0 3 275.0 25.00 Globuligerina o. ýfordiana (Gtigelis) 

22.0 92.0 4 250.0 18.75 Globulýgerina aff. bathoniana (Pazdrowa) 

22.0 93.5 4 262.5 37.50 Globuligerina o. ýfbrdiana (GHgclis) 

22.0 96.0 3 287.5 37.50 Globulýgerina oxfordiana (Grigelis) 

22.0 96.0 3 237.5 18.75 Globulýizerina aff. hwhoniana (Pazdmwa) 

22.0 97.0 3 250.0 18.75 Globulýgerina aff. bathoniana (Pazdrowa) 

22.0 98.5 4 250.0 18.75 Globulkgerina aff. bathonlana (Pazdrowa) 
22.0 99.5 4 237.5 25.00 Globukqerina oxfordiana (Gtigclis) 

'22.0 99.5 3 275.0 18.75 Globulýizerina bathoniana gýganlea Wemli & Gdr8g 

22.0 100.0 4 300.0 50.00 Globuligerina oxfordlana (Gfigelis) 

22.0 100.0 4 312.5 25.00 Globuligerina ojýfordiana (Gtigelis) 

22.0 100.5 3 237.5 25.00 Globulkizerina o. ýfordiana (Giigclis) 

22.0 101.0 3 175.0 18.75 Globulýqerina aff. bathoniana (Pudmwa) 
22.0 101.5 4 275.0 18.75 Globuligerina bathoniana gýqantea Wemli & Gir8g 
22.0 103.01 3 225.0 31.25 Globulýgerina oxfordiana (Gtigelis) 
22.0 104.51 3 287.5 25.00 Globulýsrerina oxfordiana (Gigelis) 
22.0 106.01 4 300.0 25.00 Globulkeerina oxfordiana (Gig6s) 

E 22.0 106.51 4 225. 5 Globulýjzerlna oxfordiana (Gtigelis) 
22.0 107.01 3 ')'27, aff. bathoniana (Pazdrowa7 
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CZORSZTYN SUCCESSION: CZORSZTYN CASTLE KLIPPE - CzZ 5b (OXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
22.0 108.0 4 337.5 18.75 Globulýqerina bathoniana oeantra Wemli & Mtiýg 
22.5 109.0 4 237.5 43.75 Globulýqerlna oxfordlana (Gtigelis) 
22.5 107.5 3 250.0 18.75 Globukizerina aff. baihoniana (Pazdmwa) 
22.5 

. 
107.5 4 250.0 25.00 Globulýqerina oxfordiana (Gigelis) 

22.5 107.0 3 225.0 18.75 Globulýgerina aff. hathoniana (Paidmwa) 
22.5 107.0 3 212.5 31.25 0.00 Globulýqerina oXfordiana (Gigelis) 
22.5 106.0 4 250.0 37.50 0.00 Globulýqerina oxfordiana (Gigelis) 

22.5 105.5 4 175.0 12.50 Globuligerina aff. bathonlana (Paidrowa) 
22.5 

. 
105.0 3 212.5 - 18.751 Globuligerina aff. bathoniana (Pazdrowa) 

22.5 104.5 3 262.5 25.00 Globulkgerina oxfordiana (Giigclis) 
22.5 104.0 4 225.0 25.00 Globulýgerina oxfordiana (Giigclis) 
22.5 103.0 4 250.0 18.75 Globulýqerina aff. balhoniana (Pa. -dmwa) 
22.5 103.0 4 275.0 25.00 Globulýgerinaoxfordiana (Gigelis) 
22.5 102.0 4 262.5 18.75 Globuligerina bathoniana gýsrantea Wcmli & GC)r6g 
22.5 101.0 3 250.0 37.50 Globulýqerina oxfordiana (Gtigelis) 
22.5 101.0 3 150.0 18.75 1GIobuligerinaoxfordiana (Gigelis) 
22.5 101.0 4 300.0 37.50 Globulýgerina oxfordiana (Gigelis) 

22.5 95.0 3 200.0 18.75 Globuligerina aff. bathoniana (Paidmwa) 

22.5 
. 

94.0 3 275.0 50.00 Globuligetiiiaoxft)rdiana(GiigclisXllg) 
22.5 94.0 4 250.0 18.75 Globuligerina aff. bathoniana (PazdrowaT 

22.5 94.0 3 275.0 31.25 Globuligerina oxfordiana (Gfigelis) 

22.5 93.0 4 225.0 25.00 Globuligerinaoxfordiana (GHgelis) 

22.5 93.0 3 287.5 25.00 Globuligerina o. ýfbrdiana (Gii gc] is) 

22.5 92.5 3 225.0 25.00 Globuligerina o. ýfordiana (Gtigelis) 
22.5 92.5 4 300.0 25.00 Globuligerina oxfordiana (Giigclis) 

22.5 92.5 4 275.0 25.00 Globukgerina oxfordiana (Gtigelis) 

22.5 92.5 3 250.0 25.00 Globuligerina oxfordiana (Giigclis) 

22.5 92.0 3 250.0 18.75 Globuligerina aff. bathoniana (Pazdmwa) 
22.5 89.0. 4 250.0 18.75 Globuligerina aff. balhoniana (Pazdvowa) 
22.5 86.0 3 250.0 12.50 Globulýgerina aff. bathoniana (Pazdmwa) 
23.0 83.5 3 275.0 18.75 Globuligerina aff. bathoniana (Pazdrowa) 
23.0 86.0 4 325.0 18.75 Globuligerina bathoniana gigantea Wcmli & QUxIg 
23.0 87.0 3 225.0 18.75 Globulýirerina aff. bathoniana (Pazdrowa) 
23.0 87.0 3 225.0 18.75 Globuligerina aff. barhoniana (Pazdrowa) 
23.0 92.0 4 225.0 18.75 Globulýjzerina aff. bathoniana (Pazdmwa) 
23.0 93.5 3 250.0 18.75 Globulkizerina aff. bathoniana (Pazdrowa) 
23.0 95.5 3 237.5 31.25 Globuligerina oxfordiana (Gigelis) 
23.0 97.0 4 275.0 18.75 Globukqerina bathoniana gigantea Wcmli & G6ffig 

23.0 98.0 4 212.5 25.00 Globuligerina oxfordiana (Giigclis) 

23.0 98,0 5 250.0 18.75 Globulýqerina oxfordiana (Gtigelis) 

23.0 99.51 4 275.0 25.00 Globuligerina oxfordiana (Gigelis) 
23.0 104.51 3 212.5 31.25 Globulýgerina oxfordiana (Gtigelis) 
23.0 108.01 4 200.0 18.75 Globuligerina aff. bathoniana (Pa7drowa) 
23.0 108.51 4 200.0 18.75 Globulýgerina aff. bathonlana (Pazdmwa) 
23.5 108. 3 262.5 18.75. Globulýzerina bathoniana gýgantea Wcmli & Garcig 
23.5 108.01 3 250.0 25.00 1 Globuligerina oxfordiana (Gigelis) 
23.5 107.0 4 287.5 18.75 Globulýgerina bathoniana gýsrantea Wemli & GArtig 
23.5 104.5 3 237.5 25.00 Globuligerina ayfordiana (Gigelis) 
23.5 102.0" 4 287.5 18.75 Globullgerina bathoniana gýganlea Wemli & G8rtlg 
23.5 102.0 4 237.5 18.75 Globulýizerina aff. bathonlana (Pudmwa) 
23.5 98.5. 3 237.5 31.25 Globuligerina oxfordlana (Gigelis) 
23.5 97.5 3 225.0 25.00 Globulýqerina oxfordiana (Gigelis) 
23.5 

- 
96.0 4 300.0 25.00 Glo ulýgerina oXfordiana (Gigelis) 

23-5 95.5 3 T62-51 18.75 Globulýgerina bathonlana gýizantea Wemli & Gwg 
23.5 95.5 5 225.01 12.50 Globulýgerina aff. bathonlana (Pazdrowa) 
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CZORSZTYN SUCCESSION: CZORSZTYN CASTLE KLIPPE - CzZ 5b (OXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(Ij ) 

Species 

Vert Hor Thick Thin 
23.5 95.0 4 275.0 25.00 Globulýgerina oxfordiana (Gtigelis) 
23.5 95.0 4 262.5 37.50 lGlobuligerina oxfordiana (Gtigclis) 
23.5 94.5 3 275.0 31.25 Globulýgerina oxfordiana (Gigc1is) 
23.5 94.0 4 237.5 37.50 Globukqerina oxfordiana (Gigelis) 
23.5 93.5 3 162.5 6.25 Globuligerina oxfordiana (Gtigelis) 
23.5 91.5 4 187.5 18.75 Globuligerina oxfordiana (Gtigclis) 

23.5 91.0 3 212.5 25.00 Globulýgerina oxfordiana (GHgclis) 

23.5 90.5 3 262.5 31.25 Globulýgerina oxfordiana (Gigelis) 

23.5 90.5 3 200.0 31.25 Globulýgerina oxfordiana (Gtigclis) 

23.5 89.5 3 212.5 18.75 Globuligerina aff. bathoniana (Pazdmwa) 

23.5 87.0 
, 

4 187.5 31.25 Globuligerina oxfordiana (Gighs) 
[Total 

Numbe r of Specimens 225 226 451 
[Relative Percentages 50 

, 
50 
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CZORSZTYN SUCCESSION: STANKOWA SKALA - BED 2 (PROBALY OXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
3.0 79.0 3 175.0 37.50 Globulýgerina oxfordiana (GHgOis) 
4.0 84.0 3 137.5 18.75 Globuligerina oxfordiana (Gigc1is) 
4.0 93.5 4 200.0 12.50 Glubulýgerina aff. bathoniana (Pa/dmwa) 
4.5 102.0 3 150.0 12.50 Glabulýszerina oxfordiana (Gigelis) 
4.5 97.5 4 175.0 25.00 Globulkqerina oxfordiana (Gigelk) 
4.5 92.0 4 150.0 18.75 Globulýgerina oAfordiana (Gigelis) 
4.5 87.0 3 175.0 25.00 Globuligerina oxfordiana (Giigclis) 
5.0 99.0 3 150.0 12.50 Globuligerina o. ýfordiana (Gtigelis) 
5.0 1 100.5 6 200.0 18.75 Globuligerina aff bathoniana (Pazdrowa) 

5.5 94.0 4 162.5 18.75 Globulýqerina oxfordiana (Gtigelis) 
5.5 93.5 4 175.0 25.00 Globuligerina oxfordiana (Gtigclis) 
5.5 93.0 4 150.0 18.75 1GIobuligerinaoxfordiana (Gigelis) 
5.5 93.0 4 162.5 12.50 Globulýgerina oxfordiana (Grigelis) 
5.5 93.0 3 162.5 25.00 Globuligerina o-ýfordiana (Gtigclis) 
5.5 92.5 3 175.0 18.75 Globulýqerinaoxfbrdiana (Gtigclis) 
6.0 94.0 3 200.0 25.00 Globuligerina oxfordiana (Gigc1is) 
6.5 106.0 4 225.0 18.75 Globuligerina aff. balhoniana (Pazdmwa) 
6.5 106.0 4 162.5 18.75 Globuligerina oAfordiana (Gigelis) 
6.5 

, 
101.0 4 225.0 31.25 Globulkqerina oxfordiana (Gigelis) 

6.5 101.0 3 200.0 18.75 Globuligerina aff. balhoniana (Pazdrowa) 

6.5 94.5 3 200.0 25.00 Globuligerina oxfordiana (Gigelis) 

7.5 101.0 4 200.0 18.75 Globulýqerina aff. bathoniana (Pazdrowa) 

7.5 100.0 4 137.5 12.50 Globufigerinao. ýfordiana (Gigelis) 
7.5 82.0 3 187.5 18.75 Globukgerinaoxfordiana (Gigelis) 
8.0 97.0 4 200.0 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

8.5 97.0 4 162.5 18.75 Globuligerina oxfordiana (Giigclis) 

8.5 95.0 3 225.0 37.50 Globulkizerina oxfordiana (Gigelis) 
9.0. 103.5 3 200.0 50.00 Globuligerina oxfordiana (Gfigclis) 

9.5 96.0 3 175.0 25.00 Globulýgerina oxfordiana (Gtigclis) 
10.0 84.0 4 175.0 25.00 Globuligerina oxfordiana (Gtigelis) 
10.5 90.0 4 262.5 25.00 Globuligerina o. ýfordiana (Gigelis) 
11.0 90.5 4 175.0 25.00 Globuligerina oxfordiana (Gtigelis) 
11.0, 97.0 4 150.0 25-00 Globuligerina oxfordiana (Gtigclis) 

11.0 100.0 4 162.5 12.50 Globuligerina oxfordiana (Gigelis) 
11.5 102.5 3 150.0 12.50 Globuligerina oxfordiana (Grigelis) 
11.5 101.0 3 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 
11.5 99.0. 3 175.0 18.75 Globufigerina oxfordiana (Giigclis) 
11.5 91.51 4 175.0 25.00 Globuligerina oxfordiana (Gigelis) 

11.5 84.01 4 150.0 18.75. Globuligerina ayfordiana (Gigelis) 

11.5 104.01 4 212.5 12.50 1 Globuligerina oxfordiana (Giigclis) 

12.0 90.0 4 150.0 112.501 GIobulýqerinao: ýfordiana (Gtigelis) 
12.0 95.5 4 137.5 25.00 Globulkqerina o. ýfbrdiana (Gtigelis) 
12.0 95.5 3 150.0 25.00 Globuligerina oxfordiana (Gaigelis) 
12.0 97.5 4 162.5 25.00 Globuligerina o. ýfordiana (Giplis) 
12.5 103.0 3 212.5 18.75 Globulýgerina aff. bathoniana (Pazdmwa) 
12.5 102.0. 3 212.5 12.50 Globulýgerina aff. bathoniana (Pa/dmwa) 
12.5 98.01 3 187.5 12.50 Globuligerina oxfordiana (Giigclis) 
12.5 98.01 4 175.0 18.75 Globulkizerina oxfordiana (Gtigelis) 
13.0 82.51 4 137.5 12.50, Globukizerina oxfordiana (Gtigclis) 
13.0 106.0 3 187.5 18.751 Globuligerina oxfordiana (Giigclis) 
13.5 106.5 4 125.0 12.50 Globulkqerinaaýfbrdiana (Gigelis) 
13.5 102.5 4 187.5 12.50 GlobulýzerinaoNfbrdiana (Gtigelis) 
13.5 101.0 4 187.5 12.50 Globuligerina atfordiana (Gigelis) 
13.5 97.5 3 137.5 12.50 Globullgerinaoxfordiana (Griplis) 
13.51 97.5 3 150.0. 12.50 Globuligerina oxfordiana (Giigclis) 
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CZORSZTYN SUCCESSION: STANKOWA SKALA - BED 2 (PROBALY OXFORDIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(pm) 

Wall 
Thickness 

(Ij ) 

Species 

Vert Hor Thick Thin 
13.5 88.5 3 162.5 25.00 Globulýqerlna oxfordiana (Gigelis) 
13.5 82.5 3 137.5 12.50 Globulýqerina oxfordiana (Gtigelis) 
14.0 96.5 4 200.0 18.75 1GIobulkizerina aff. bathoniana (Paidmwa) 
14.0 

. 
100.0 4 137.5 12.50 Globuligerinaoxfordiana (Gtigelis) 

14.0 103.5 4 212.5 12.50 Globulýqerina aff. bathoniana (Pa., dmwa) 

14.5 98.5 4 150.0 18.75 Globukeerinaoxfordiana (Gigelis) 
14.5 98.5 4 175.0 18.75 Globuligerinaoxfordiana (Gtigclis) 

14.5 98.0 4 137.5 25.00 Globuligerina oxfordiana (Gigelis) 
14.5 86.0 3 200.0 12.50 Globuligerina all bathoniana (Pazdmwa) 
15.0 102.0 3 162.5 25.00 Globuligerinaoxfordiana (Gtigelis) 
15.5 105.5 4 187.5 18.75 Globuligerina oxfordiana (Gigelis) 
15.5 97.5 4 175.0 25.00 Globuligerina o. ýfordiana (Grigclis) 
15.5 

. 
97. 3 175.0 18.75 Globuligerina oxfordiana (Grigelis) 

15.5 94.0 4 125.0 112.50 
. 
Globukizerinaoxfordiana (Grigelis) 

15.5 90.0 4 200.0 25.00 IGIobulýgerina oxfordiana (Gtigelis) 
16.0 89.0 3 150.0 25.00 Globulýgerina oxfordiana (Grigclis) 
16.0 95.5 3 300.0 25.00 Globuligerina oxfordiana (Grigelis) 

16.0 97.0 5 175.0 25.00 Globulkzerina o. ýfordiana (Giigclis) 

16.0 98.0 3 162.5 18.75 Globuligerina oxfordiana (Gtigdis) 

16.5 101.0 4 175.0 50.00 Globuligerina oxfordiana (Gtigclis) 

16.5 101.0 4 187.5 25.00 Globuligerina o. ýfordiana (Giigclis) 

16.5 98.0. 3 162.5 12.50 Globuligerina oxfordiana (Gtigelis) 

16.5 98.0 4 162.5 31.25 Globulýgerina oxfordiana (Gtigclis) 
16.5 94.0 4 162.5 18.751 Globulýzerina oxfordiana (Gigelis) 
16.5 93.5 3 150.0 18.75 Globuligerinao. ýfordiana (Griplis) 

16.5 90.5 3 162.5 18.75 Globulýjzerina oxfordiana (Giigclis) 

16.5 87.51 4 187.5 12.50 Globuligerina oNfordiana (Gigelis) 

17.5 100.01 3 162.5 37.50 Globuligerina oxfordiana (Giigclis) 
17.5 93.01 3 175.0 18.75 Globuligerina oxfordiana (Giigclis) 
17.5 86.0 3 150.0 25.00 Globulýgerina oxfordiana (Giplis) 
18.0 94.5 4 162.5 18.75 Globuligerina o. ýfordiana (GigOis) 
18.0 104.5 3 175.0 12.50 Globulýgerina oxfordiana (Gigelis) 
18.5 98.0 3 162.5 12.50 Globuligerina oxfordiana (Gigelis) 

19.0 99.5. 3 162.5 12.50. Globukizerinaoxfordiana (Gfigclis) 

19.0 100.01 4 125.0 6.25 1 Globuligerina oxfordiana (Gigelis) 
19.5 90.01 3 150.0 18.75 Globuligerina oxfordiana (Gtigelis) 
20.5 91.01 3 137.5 25.00 Globuligerina oxfordiana (Grigelis) 
21.0 94.01 3 187.5 12.50 Glabukizerina oxfordiana (Gigelis) 

21.0 97.01 3 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

21.0 102.51 5 150.0 18.75. Globuligerina oxfordiana (Giigclis) 

21.0 102.5 3 225.0 18.75 1 Globulýqerina aff. bathonlana (Pazdwwa) 
22.0 97.5 3 150.0 37.50 #REFI Globuligerinaoxfordiana (Gtigelis) 
22.5 99.5 3 137.5 18.75 Globuligerina oxfordlana (GrigOis) 
23.0 98.0 3 137.5 25.00 Globuligerina o. ýfordiana (Gigelis) 
23.0 100.5 4 175.0 25.00 Globuligerina oxfordiana (Gtigelis) 
23.5 100.0 3 150.0 12.50 Globulkizerina o. ýfordiana (Gtigclis) 
23.5 

1 

100.01 3 162.5 37.50 1 Globuligerina oxfordiana (Giigclis) 
Total N umber of Specimens 37 65 102 
Relative Percentages 36 64 
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CZORSZTYN SUCCESSION: KRUPIANKA CREEK - Krp 6 (KIMMERIDGIAN) 
Thin Section No. of 
Co-ordinates Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
7.0 108.0 3 225.0 25.00 Globulýqerina oxfordlana (Gigelk) 

8.0 101.5 4 162.5 18.75 1 Globsdýqerina oxfordiana (Gigelis) 

8.0 110.0 3 162.5 25.00 Globuligerinaoxfordiana (Gtigelis) 

8.5 1 107.5 3- 137.5 25.00 Globutigerina oxfordiana (GHgelis) 

9.0 1 100.5 4 175.0 12.50 Globuligerina avlordiana (Gigelis) 

9.0 108.5 4 162.5 18.75 Glob ukizerina oxfordiana (Gigc1is) 

9.0 116.0 3 200.0 25.00 Globuligerina oxfordiana (Grigelis) 

9.5 102.5 3 175.0 25.00 Globulýgerina oxfordiana (Gigdis) 

10.0 109.5 3 175.0 118.75 1GIobulýgerinaoxfordiana (Gtigclis) 

10.0 
. 

109.5 6 187.5 25.00 Globuligerina oxfordiana (GigOis) 

10.0 1 119.0 4 200.0 31.25 Globulýgerina o. ýfordiana (Gtigelis) 

10.5 118.5 4 187.5 31.25 Globuligerina oxfordiana (Gtigclis) 

10.5 113.0 4 175.0 12.50 Globuligerina o. ýfordiana (Giigclis) 

10.5 109.5 3 162.5 18.75 Globuligerina oxfordlana (Gigelis) 

10.5 104.5 4 162.5 12.50 Globulýgerina oxfordiana (Gigelis) 

10.5 104.0 4 175.0 12.50 Globukizerina o. ýfordiana (Gtigclis) 

11.0 81.5 3 150.0 12.50 Globuligerina oxfordiana (Grigclis) 

11.0 82.0 3 200.0 18.75 Globuligerina aff. bathoniana (Pazdrowa) 

11.0 117.5 3 137.5 12.50 Globulýqerina oxfordiana (Gtigelis) 

11.0 
. 118.5 3 150.0 12.50 Globulýgerina oxfordiana (Gfigclis) 

11.5 117.0 3 137.5 12.50 
. 
Globuligerina oxfordiana (Gfigdis) 

11.5 105.5 3 200.0 12.50 Globuligerina aff. bathoniana (Pazdrowa) 

11.5 82.0 8 212.5 18.75 Globulkizerina aff. bathoniana (Pazdmwa) 

12.0 76.0 4 162.5 18.75 Globuligerinaoxfordiana (GHgOis) 

12.0 89.0 5 137.5 - 12.50 Globulkgerinaoxfordiana (GHgOis) 

12.0 103.01 4 125.0 118.75. Globulýzerinaoxfordiana (Giigelis) 

12.0 103.01 3 162.5 25.00 Globulýqerina oxfordiana (Giigelis) 

12.0 106.01 3 200.0 12.50 Globuligerina oxfordiana (Gigelis) 

12.5 118.51 5 262.5 12.50 Globulkizerina bathoniana gýganlea Wemli & GC)r8g 

12.5 85.51 3 125.0 18.75 Globulkizerina oxfordiana (Gtigclis) 

12.5 81.0 3 150.0 12.50 
- 
Globukgerina oxfordiana (GigOis) 

12.5 78.0 3 175.0 12.501 Globuligerina oxfordiana (Gigelis) 

12.5 77.5 3 200.0 12.50 Globuligerina aff. bathoniana. (Pazdmwa) 

12.5 76.5 4 100.0 6.25 Globulýgerina o. ýfordiana (Giigelis) 

13.0 77.0 3 200.0 12.50 Globulkzerina aff. bathoniana (Pazdmwa) 

13.0 112.5 5 150.0 12.50 Globulkgerina oxfordiana (Gigelis) 

13.0 113.0 3 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 

13.0 113.0 3 162.5 18.75 Globulýjzerina aTfordiana (Giigclis) 

13.0 117.0.3 162.5 25.00 Globulkgerina oxfordiana (Gtigelis) 

13.5 108.0 4 187.5 18.75 Globuligerinaoxfordiana (Gigelis) 

13.5 96.0 4 162.5 12.50 Globuligerina oxfordiana (GigOis) 

13.5 77.0 3 137.5 12.50 Globulkeerina oxfordiana (Gtigclis) 

13.5 75.5 4 212.5 12.50. Globulikerina aff. bathoniana (Pazd rowa) 
14.0 118.0,4 187.5 18.75 1 Globulkizerina oxfordiana (Gtigclis) 

15.0 111.01 4 162.5 18.75 Globulo-erina oxfordiana (GFigelis) 

15.0 115.01 3 187.5 25.00 Globulkizerina oxfordiana (Gigelis) 

15.5 110.51 3 212.5 12.50 Globulýqerina MY bathoniana (Pazdrowa) 

15.5 109.01 4 225.0 12.50 Globulýgerina aff. baihonlana (Pazdmwa) 

15.5 105.0 4 187.5 6.25. Globuligerina o. ýfbrdiana (Gigelis) 

16.0 110.5 4 187.5 25.00 1 Globulýqerina oxfordlana (Gigelis) 

17.5 117.0 3 212.5 12.50 Globukizerina aff. bathoniana (Pudrowa) 

17.5 111.5 3 162.5 12.50 Globulkizerina oxfordiana (Giigclis) 

1 8.0 112.0 3 - 175.0 18.75 Globulýgerina oxfordiana (Gtiplis) 

18.5 103.0 3 175.0 12.50 Globuflgerlnaaýfordlana (Gigelis) 

19.0 107.5 3 150-01 1250_ Globulkgerinao. vfordiana(Gtigclis) 
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CZORSZTYN SUCCESSION: KRUPIANKA CREEK - Kro 6 (KIMMERIDGIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
20.0 103.0 4 200.0 12.50 Globulkgefina aff. bathoniana (Pazdrowa) 
20.0 106-01 31 150.0 1.5 uligerina oxfordiana (Grigelis) 

Total Number of Specimens 
1 

13 

1 

44 57 

Relative Percentages 23' 77 
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AUENSTEIN - SAMPLE Au26 (OXFORDIAN - TRANSVERSAKlunn 
Thin Section 
Co-ordinates 11 

[ No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall 
Thickness 

() 

Species 

Vert Hor Thick Thin 
2 ) 8.0 112.0 5 255.00 15.00 Globuligerina oxfordiana (Grigelis) 

8.5 99.0 14 95.00 15.00 Globuligefina oxfordiana (Chigelis) 
12.5 98.0 4 110.00 15.00 Globuligerina oxfordiana (Gtigelis) 
13.0 88.0 3 170.00 25.00 Globuligerina oxfordiana (Gngelis) 

R) 7.0 100,0 3 90.00 12.50 Globuligerina oxfordiana (Giigelis) 
9.0 111.0 3 135.00 25.00 Globuligerina oxfordiana (Grigelis) 
9-0 111.0 3 155.00 20.00 Globuligerina oxfordiana (Grigelis) 
9.0 112.5 4 160.00 15.00 Globuligerina oxfordiana (Gtigelis) 

11.0 102.5 7 130.00 15.00 Globuligerina oxfordiana (Gtigelis) 
12.0 102.0 3 110.00 15.00 Globuligerina oxfordiana (Grigelis) 
13.0 93.5 4 125.00 12.50 Globuligerina oxfordiana (Grigelis) 
18.0 105.5 4 100.00 18.75 Globuligerina oxfordiana (Grigelis) 
20.5 116.01 3 150.00 18.75 Globuligerina oxfordiana (Gtigelis) 
22.5 111.01 5 125.00 18.75 Globuligerina oxfordiana (Grigelis) 
22ý5 111.01 4 125.00 18.75 Globuligerina oxfordiana (Grigelis) 
22.5 102.0 4 140.00 20.00 Globuligerina oxfordiana (Gtigelis) 
22.5 

1 
102.01 3 --f -120.00 20.00 ý Globuligerina oxfordiana (Gjigelis) 

Total N umber of Specimens 2 15 17 
Relative Percentages 12 88 

r. AMTPl-RrW. RAMPLF r. aR IMFORDIAN - TRANSVERSARIUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Jim) 

Wall 
Thickness 

(P ) 

Species 

N Fe 7 ýHo-r Thick Thin 
1) 3.5 101.5 4 90.00 10.00 

_ 
Globuligerina oxfordiana (Grigelis) 

3.5 108.5 3 85.00 7.50 Globuligerina oxfordiana (Grigelis) 
50 1095 4 135.00 7.50 Globuligerina oxfordiana (Gigelis) 

14.5 95.0 5 122.50 7.50 Globuligerina oxfordiana (Grigelis) 
15.0 92.5 3 125.00 15.00 Globuligerina oxfordiana (Grigelis) 
17.0 104.0 5 105.00 5.00 Globuligerina oxfordiana (Gtigelis) 
174 101.0 3 110.00 12.50 Globuligerina oxfordiana (Grigelis) 
18.0 99.0 3 90.00 5.00 Globutigerina oxfordiana (Grigelis) 
19.0 104.5 4 120.00 5.00 Globuligerina oxfordiana (Grigelis) 
19.5 111.0 4 130.00 1 10.00 Globuligerina oxfordiana (Grigelis) 
20.5 705.0 4 110.00 7.50 Globuligerina oxfordiana (Grigelis) 

2) 4.0 100. C) 4 105.00 5.00 Globuligerina oxfordiana (Gigelis) 

109.5 4 100.00 7.50 Globuligerina oxfordiana (Grigelis) 
22.0 102.5 4 85.00 12.50 Globuligerina oxfordiana (Grigelis) 
24.0 104.5 4 110.00 12.50 Globuligenna oxfordiana (Gngelis) 

R) 4.5 89.5 4 115.00 15.00 Globuligerina oxfordiana (Chigelis) 
4.5 107.5 4 125.00 7.50 Globuligerina oxfordiana (Grigelis) 

10-0 122.5 3 175.00 7.50 Globuligerina ox ordiana (Giigehs) 

I otai N umber of S ecimens 0 18 18 
Relative Percentages 0. 100 

- 
I 
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NISSIBACH - SAMPLE Nil 0 (OXFORDIAN - TRANSVERSARIUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chamber 

Visible 

Maximum 
s Diameter 

(Pm) 

Wall 
Thickness 

(ti ) 

Species 

Vert Hor Thick Thin 
1) 3.0 101.0 4 330.00 20.00 Globuligerinaoxfordiana (Gtigelis) 

3.0 101.5 3 270.00 1 20.00 1GIbbuligerinaoxfordiana (Gtigelis) 
3.0 102.0 4 235.00 20.00 14316buligerinaoxfordiana (Grigelis) 
3.0 102.0 7 200.00 20.00 Globuligerinaoxfordiana (Grigelis) 
3.0 102.5 3 200.00 7.50 Globuligerinaoxfordiana (Giigelis) 
3.0 103.0 4 275.00 20.00 Globuligerinaoxfordiana (Gtigelis) 
3.0 104.0 3 190.00 12.50 Globuligerinaoxfordiana (Giigelis) 
3.5 98. 0 6 255.00 20.00 Globuligerina oxfordiana (Gtigelis) 
4. 0 104. 0 4 110.00 7.50 1 Globuligerina oxfordiana (Gtigelis) 
4. 0 101. 0 2 150.00 10.00 Globuligerina oxfordiana (Gigelis) 
5. 5 89 0 3 225-00 15.00 Globuligerina oxfordiana (Grigelis) 
6. 0 102. 0 5 225.00 15.00 Globuligerina oxfordiana (Grigelis) 
6.0 101.0 4 150.00 15.00 Globuligerina oxfordiana (Gtigelis) 
6.0 100.0 2 175-00 15.00 Globuligerina oxfordiana (Grigelis) 
6.0 970 5 320.00 15.00 Globuligerina oxfordiana (Grigelis) 
6.0 91.0 3 175-00 7.50 Globuligerina oxfordiana (Giigelis) 
6.0 91.0 6 175.00 15.00 Globuligerina oxfordiana (Gtigelis) 
6.0 90.0 5 245.00 25.00 Globuligerina oxfordiarra (Grigelis) 
6.0 89.0 4 195.00 15.00 Globuligerina oxfordiana (Gtigelis) 
6.0 86.0 4 255-00 20.00 Globuligerina oxfordiana (Gtigelis) 
7.0 95.0 3 190.00 15.00 Globuligerina oxfordiana (Gtigelis) 
7.0 95.5 4 120.00 15.00 Globuligerina oxfordiana (Grigelis) 
7.0 95.5 4 180.00 15.00 Globuligerina oxfordiana (Giigelis) 
8.0 96.0 3 205.00 20.00 1 Globu. figerina oxfordiana (Grigelis) 
8.0 91.0 4 80.00 5.00 1 Globuligerina oxfordiana (Gtigelis) 
8.0 90.5 6 95.00 5.00 Globuligerina oxfordiana (Grigelis) 
8.0 89.5 5 220.0Q 15.00 Globuligerina oxfordiana (Gtigelis) 
8.5 83.0 5 215-00 15.00 Globullgerina oxfordiana (Giigelis) 
9.0 90.0 4 245.00 25.00 Globuligerina oxfordiana (Grigelis) 
9.0 111.0 3 170.00 7.50 Globuligerina oxfordiana (Grigelis) 

10.0 92.5 4 125.00 1 5.00 Globuligerina oxfordiana (Grigelis) 
10.0 89.0 7 245.00 20.00 Globuligerina oxfordiana (Grigelis) 
10.0 88,0 4 235.00 25.00 Globuligerina oxfordiana (Giigelis) 
10.0 87.5 4 270.00 25.00 Globuligerina oxfordiana (Gtigelis) 
11.0 87.0 4 230.00 7.50 Globuligerina aff. bathoniana (Pazdrowa) 
11.0 87.0 4 190.00 7.50 Globuligenna oxfordiana (Grigelis) 
11.0 96.5 

- 
4 105.00 7.50 Globuligerina oxfordiana (Grigelis) 

2 .0 
706.5 2 230.00 12.50 Globuligerina oxfordiana (Gtigelis) 

12.0 82.0 3 .0 4 225.00 15.00 Globuligerina oxfordiana (Grigelis) 
12.5 107.0 0 7 0 4 240.00 12.50 Globuligerina oxfordiana (Grigelis) 
13.0 106.0 106 '0 106.0 4 230.00 15.00 1 Globuligerina oxfordiana (Grigelis) 
13.0 106.0 4 300.00 10.00 Globuligerina oxfordiana (Gtigelis) 
14.0 105.5 

E 

5 235.00 7.50 Globuligerina aff. bathoniana (Pazdrowa) 
14,0 105.0 5 180.00 7.50 Globuligerina o*rdiana (Grigelis) 
14-0 100.0 100 0 100.0 3 195.00 30.00 Globuligerina oxfordiana (Grigelis) 
14.0 96 0 

.0 
96.0 3 140.00 20.00 Globuligerina oxfordiana (Grigelis) 

14-0 95.0 3 210.00 15.00 Globuligerina oxfordiana (Grigelis) 
14.5 83.5 3 250.00 25.00 Globu a oxfordiana (Giigelis) 

'15-0 98-5 3 140.00 7.50 Globuligerina oxfordiana (Grigelis) 

--LO 
15 3 245.00 15.00 Globuligerina oxfordiana (Grigelis) 

103.0 4 230.00 15.00 Globuligerina oxfordiana (Giigelis) 
15-0 106.0 5 225.00 15.00 Globuligerina oxfordiana (Grigelis) 

106-5 5 240.00 20.00 Globuligerinaoxfordiana (Giigelis) 
16-0 100.5 

- 
4 165.001 10.00 Globuligerina oxfordiana (Grigelis) 

116.0 99-5 3 120.001 1 7.50 1 Globuligerina oxfordiana (Grigelis) 

488 



NISSIBACH -SAMPLE NHO (OXFORDIAN - TRANSVERSARIUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chamber 

Visible 

Maximum 
s Diameter 

(Prn) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
16. 0 86. 04 175.00 7.5 0 Globuligerinaoxfordiana (Grigelis) 

17. 0 84. 53 170.00 15.0 0 Globuligerina oxfordiana (Gfigelis) 

17. 0 97. 55 200.00 10.0 0 Globuligerina oxfordiana (Gtigelis) 

17.0 108,0 4 250.00 15.00 Globuligerina oxfordiana (Grigelis) 

17.5 107.0 4 220.0 0 15.00 Globuligerina oxfordiana (Grigelis) 

18.0 99.5 4 160.00 15.00 Globuligerina oxfordiana (Giigelis) 

19.0 93.5 6 220.00 20.00 Globuligerina oxfordiana (Giigelis) 

19.0 103.5 4 150.00 7.50 Globuligerina oxfordiana (GHgelis) 

19.0 106.0 3 270.00 20.00 Globuligerina oxfordiana (Giigelis) 

20.0 89.5 4 180.00 20.00 Globuligerina oxfordiana (Grigelis) 

20.0 83.5 4 170.00 15.00 Globuligerina oxfordiana (Grigelis) 

21.0 96,0 4 145.00 12.50 Globuligerina oxfordiana (Gtigelis) 

23.5 85.0 3 165.00 12.50 Globuligerina oxfordiana (Gtigelis) 

23.5 97.0 4 190.00 12.50 Globuligerina oxfordiana (Grigelis) 

24.0 97.0 4 250.00 20.00 Globuligerina oxfordiana (Giigelis) 

24.0 96.5 3 170.00 12.50 Globuligenna oxfordiana (Grigelis) 

24.0 94.5 4 185.00 12.50 Globuligerina oxfordiana (Gtigelis) 

24.5 91.0 4 220.00 25.00 Globullgerina oxfordiana (Gtigelis) 

2) 4.0 102.5 5 245.00 30.00 Glob. ufigerina oxfordiana (Gfigelis) 

4.0 98.0 3 275.00 30.00 Globuligefinaoxfordiana (Grigelis) 

4.0 78ý 3 180.00 30.00 Globuligerinaoxfordiana (Gtigelis) 

6.0 87.0 4 270.00 15.00 Globuligefina oxfordiana (Grigelis) 

&0 86.0 4 210.00 7.50 Globulýgefina aff. bathoniana (Pazdrowa) 

7.0 99.0 4 180.00 30.00 Globuligerina oxfordiana (Grigelis) 

8.0 111.5 4 270.00 25.00 Globuligerina oxfordiana (Grigelis) 

8.0 99.0 i4 130.00 15.00 Globuligerina oxfordiana (Grigelis) 

10.0 108.0 3 185.00 25.00 Globuligerina oxfordiana (Giigelis) 

10.0 93.0 3 145.00 7.50 1 Globuligerina oxfordiana (Gigelis) 

10.0 87.5 7 240.00 25.00 Globuligetina oxfordiana (Gtigelis) 

11.0 92.5 4 185.00 15.00 Globutigerina oxfordiana (Giigelis) 

13.0 107.0 3 240.00 15.00 Globuligerina oxfordiana (GTigelis) 
14.5 88,0 3 175.00 10.00 Globuligerina oxfordiana (Gtigelis) 

15.0 109.0 3 160.00 10.00 Globuligerina oxfordiana (Gdgelis) 

15.0 109.0 4 245.00 15.00 Globullgerina oxfordiana (GHgelis) 

16.0 105.0 4 250.00 15.00 Globuligerina oxfordiana (Grigelis) 

16.0 103.5 3 155.00 15.00 Globuligerina oxfordiana (Grigelis) 

16.0 103.5 3 150.00 7.50 Globuligerina oxirordiana (Gigelis) 

16-0 102.0 4 225.00 25.00 Globuligerina oxfordiana (Giigelis) 

17.0 96.0 5 300.00 25.00 Globuligerina oxfordiana (Gdgelis) 

17.0 103.5 4 260.00 25.00 Globuligerina oxfordiana (Gjigelis) 

170 1055 4 215.00 22.50 Globutigerina oxfordiana (Chigelis) 

17.0 107.0 4 200.00 5.00 Globuligerina aff. bathoniana (Pazdrowa) 

18.0 106.5 4 300.00 25.00 Globuligerina oxfordiana (Gtigelis) 

18.0 105.5 4 260.00 25.00 Globuligerina oxfordiana (Grigelis) 

---19-() 
103.0 4 310.00 20-00 Globuligerina oxfordiana (Chigelis) 

190 1070 6 265.00 15.00 Globuligerina oxfordiana (Grigelis) 

19.5 87e5 4 140.00 7.50 G lobuligerina oxfordiana (Giigelis) 

20.5 106.5 3 165.00 7.50 G lobuligerina oxfordiana (Gfigelis) 
20.5 104.5 4 225.00 25.00 G lobutigerina oxfordiana (Gtigelis) 
205 1020 4 295.00 12.50 G lobuligerina oxfordiana (Gfigelis) 

--LO-5 22.0 
99.0 

103.5 
4 
4 

120.00 
210.00 

12.50 G 
7.50 G 

lobuligerina oxfordiana (Grigelis) 

lobuligerina aff. bathoniana (Pazdrowa) 
22.0 97.5 3 145.00 12.50 G lobuligerina oxfordiana (Grigelis) Hl iL 

3 95.00 F -7.501G Iobuligefinaoxfordiana (Grigelis) 
23.0 92.5 - a oxfordiana (Gtigelis) 
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NISSIBACH- SAMPLE Nilf) (OXFORDIAN -TRANSVFRSARItIM 7nmFi 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(lim) 

Wall 
Thickness 

() 

Species 

Vert Hor Thick Thin 
23. 0 94.0 5 240.00 25.0 0 Globuligerina oxfordiana (Grigelis) 
23. 0 94Z 6 175.00 17.50 Globuligerina oxfordiana (Grigelis) 
23. 0 97.0 4 270.00 15.00 Globuligerina oxfordiana (Grigelis) 
23. 0 100.0 3 155-00 12.50 Globuligenna oxfordiana (Grigelis) 

R) 5.5 117.0 4 240.00 15.00 Globuligerina oxfordiana (Gtigelis) 
6. 0 110.0 3 125-00 12.50 Globuligerina oxfordiana (Chigelis) 
6. 0 106.0 3 175.00 15.00 Globuligerina oxfordiana (Grigelis) 
6.0 97.0 4 170.00 12.50 Globuligerina oxfordiana (Gtigelis) 
6.0 94.0 3 135-00 12.50 Globuligerina oxfordiana (Grigelis) 
6.5 96. 0 3 165.00 12.50 Globuligerina oxfordiana (Gigelis) 
7.0 89. 5 5 155.0 0 15.00 Globuligerina oxfordiana (Grigelis) 
7.0 90. 0 4 195.00 22.50 Globuligerina oxfordiana (Gtigelis) 
7.0 92. 0 4 265.00 17.50 Globuligerina oxfordiana (Giigelis) 
80 90. 5 3 145.00 7.50 Globuligerina oxfordiana (Grigelis) 
85 716 5 3 185.00 10.00 Globuligerina oxfordiana (Gtigelis) 
8.5 98.0 3 1 285.00 15.00 Globuligerina oxfordiana (Grigelis) 
9.0 96.0 6 295.00 20.00 Globuligerina oxfordiana (Grigelis) 
9.0 114.0 6 245.00 12.5 0 Globuligerina oxfordiana (Gigelis) 
90 1180 4 295.00 12.50 Globuligerina oxfordlana (Gtigelis) 
95 89.0 4 215.00 25.00 Globuligetina oxfordiana (Gtigelis) 
9.5 92.0 3 170.00 10.00 Globuligerina oxfordiana (Grigelis) 
9.5 98.0 5 305.00 25.00 Globuligerina oxfordiana (Gtigelis) 

100 1145 5 235.00 12.50 Globuligerina oxfordiana (Grigelis) 
100 1145 5 310.00 12.50 1 Globuligerina o*rdiana (Gdgelis) 
10.0 10.0 102.0 3 140.00 7.50 Globuligerinaoxfordiana (Grigelis) 
10.0 10.0 * 96.0 4 125.00 7.50 Globuligerina oxfordiana (Grigelis) 

.0 

L 

'00 95.0 4 245.00 20.00 Globuligerinaoxfordiana (Grigelis) 
0.0 1 92.5 4 215.00 15.00 Globuligerina oxfordiana (Grigelis) 

, 0- 92.5 4 135.00 7.50 Globuligerina oxfordiana (Grigelis) 
10.0 92.0 4 150.00 20.00 Globuligerinaoxfordiana (Grigelis) 

5 10 ,5 1015 4 160.00 15.00 Globuligerina oxfordiana (Gtigelis) 
5 105 C), 1015 3 145.00 5.00 Globuligerinaoxfordiana (Grigelis) 

10-5 95.5 4 275.00 22.50 Globuligerina oxfordiana (Grigelis) 
11.0 93.5 3 180.00 10.00 Globuligerina oxfordiana (Grigelis) 
11.0 115.5 4 190.00 15.00 Globutigerina oxfordiana (Grigelis) 
11.5 1015 5 190.00 15.00 Glohuligerina oxfordiana (Grigelis) 
11 .5 1015 6 220.00 10.00 Globuligerina oxfordiana (Gigelis) 
2.0 117.5 3 300.00 15.00 Globuligerina oxfordiana (Gdgelis) 

12.0 107.0 3 175.00 7.50 Globuligerina oxfordiana (Grigelis) 
12.0 1040 3 185.00 15.00 Globuligerina oxfordiana (Chigelis) 
12.0 102.0 4 155.00 15.00 Globuligerina oxfordiana (Gigelis) 

___L2 
0 1015 4 145.00 17.50 Globuligerina oxfordiana (Grigelis) 

12.0 101.0 5 275.00 25.00 Globuligerina oxfordiana (Grigelis) 
12.0 100.5 4 305.00 25.00 Globuligerina oxfordiana (Chigelis) 
12.0 95.5 6 115.00 12.501 Globuligerina oxfordiana (Grigelis) 
12.0 95.0 3 135.00 10.00 Globuligerina oxfordiana (GTigelis) 
12.0 95.0 4 200.00 27.50 Globuligerina oxfordiana (Grigelis) 
12.5 100.5 4 120.00 5.00 Globuligerina oxfordiana (Grigelis) 
13.0 95.0 3 225.00 17.50 Globuligerina oxfordiana (Giigelis) 
130 955 4 130.00 15-00 Globuligerina oxfordiana (Grigelis) 
13.0 96.0 3 155.00 12.50 Globuligerina oxfordiana (Giigelis) 
13.0 1()0.0 4 250.00 27.50 Globuligerina oxfordiana (Grigelis) 
13.0 100.0 4 220.00 27.50 Globuligerina oxfordiana (Grigelis) 
13.51 qn nl A 175.00 7.50 Globuligerina oxfordiana (Grigelis) 

1 13.51 ini ni It 275.001 30-001 Globuligerina oxfordiana (Grigelis) 
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NISSIBACH - SAMPLE Nil 0 (OXFORDIAN - TRANSVERSARIUM ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
14. 0 110. 54 210.00 7.5 0 Globuligerina aff. bathoniana (Pazdrowa) 
14. 0 105.0 3 170.00 7.5 01 Globuligerina oxfordiana (Gfigelis) 
14,0 105.0 3 235.00 7.5 01 Globuligerina oxfordiana (Grigelis) 
14.0 102.0 4 175.00 7.50 Globuligerina oxfordiana (Chigelis) 
14.0 96.5 4 200.00 25.00 Globuligerina oxfordiana (Grigelis) 
14.0 96.0 4 245.00 20.00 Globuligerina oxfordiana (Grigelis) 
14.0 96.0 3 210.00 7.50 Globuligerina oxfordiana (Grigelis) 
14.0 95.0 3 235.00 25.00 Globuligerina oxfordiana (Grigelis) 
14.0 95.0 4 110.00 7.50 Globuligerina oxfordiana (Gtigelis) 
15.0 89.5 4 112.50 12.50 Globuligerina oxfordiana (Giigelis) 
15.0 89.5 3 170.00 7.50 Globuligerina oxfordiana (Grigelis) 
15.0 93.5 3 240.00 15.00 Globuligerina oxfordiana (Grigelis) 
15.5 98.5 8 215.00 7.50 Globuligerina aff. bathoniana (Pazdrowa) 
15.5 98.5 4 235.00 22.50 Globuligerina oxfordiana (Grigelis) 
16.0 97.5 3 165.00 15.00 Globuligerina oxfordiana (Grigelis) 
16-5 96.5 3 135.00 15.00 Globuligerina oxfordiana (Gtigelis) 
16.5 95.0 4 215.00 ; 15.00 Globuligerina oxfordiana (Gtigelis) 
16.5 93.0 3 162.50 7.50 Globuligerina oxfordiana (Grigelis) 
16.5 90.5 4 162.50 12.50 1 Globuligerina oxfordiana (Gigelis) 
17.0 97.5 4 105-00 10.00 1 Globuligerina oxfordiana (Grigelis) 
17.5 104.5 4 235.00 15.00 1 Globuligerina o*rdiana (Gfigelis) 
18.0 102.0 4 270.00 15.00 Globuligerina oxfordiana (Grigelis) 
18, C) 92.5 4 180.00 7.50 Globuligerina oxfordiana (Grigelis) 
18,0 91.5 4 305.00 12.50 Globuligerina oxfordiana (Grigelis) 
18.0 91.0 3 215.00 15.00 Globuligerina oxfordiana (Grigelis) 
20.5 99.5 3 140.00 7.50 Globuligerina oxfordiana (Grigelis) 
205 950 4 110.00 12.501 Globuligerina oxfordiana (Grigelis) 
210 910 6 255.00 15.001 GIobuligerinaoxfordiana (Gtigelis) 
21.0 91.0 3 135.00 15.001 GIobuligerinaoxfordiana (Giigelis) 
210 940 4 260.00 15.001 GIbbuligerinaoxfordiana (Caigelis) 
21.0 97.5 4 125.001 17.50 Globuligerina ajobrdiana (Grigelis) 
21.0 98.0 3 205.00 15.00 Globuligerina oxfordiana (Grigelis) 
21.0 99.0 3 175.00 17.50 Globuligerina oxfordiana (Grigelis) 
21.0 99.5 4 180.00 

1 

15.00 Globuligerina o*rdiana (Gtigelis) 
215 960 3 110.00 7.50 Globuligerina oxfordiana (Grigelis) 
21.5 100.0 4 165.00 20.00 Globuligerina oxfordiana (Grigelis) 
21.5 104.5 6 115.00 15.00 Globuligerina oxfordiana (Grigelis) 
220 1035 3 180.00 12.50 Globuligerina oxfordiana (Grigelis) 
220 980 3 180.00 12.50 Globuligerina oxfordiana (Grigelis) 
22.0 96.0 4 190.00 7.50 Globuligerina oxfordiana (Giigelis) 
220 955 4 205.00 25.00 Globuligerina oxfordiana (Gfigelis) 
22.0 88.5 3 155.00 12.50 Globuligerina oxfordiana (Gtigelis) 
22-5 96-0 6 145.00 12.50 Globuligerina oxfordiana (Grigelis) 
22.5 90. () 4 180.00 22.50 Globuligerina oxfordiana (Grigelis) 
22.5 88.0 4 185.00 22.50 Globuligerina oxfordiana (Giigelis) 
23,0 23'0 93.0 3 .0 3 170.00 15.00 Globuligerina oxfordiana (Grigelis) 
23.5 106.0 0 6 6 225.00 15.00 G lobuligerina oxfordiana (Grigelis) 
24.0 96.0 4 270.00 25.00 G lobuligerina oxfordiana (Gigelis) 
24.5 

R 

89.5 4 

M 

240.00 20.00 G lobuligerina oxfordiana (Grigelis) 
25.0 89A) 

I 

3 275.00 20.00 G lobuligefina oxfordiana (Grigelis) 

.0 90.0 41 205.00 12.50, G lobuligerina oxfordiana (Grigelis) 

tiv 

TI Otal Number of S ecimens TR 

elative Perc entages 
39 
-- 18 

177 
82 

216 
1 
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MADONNA DELLA CORONA - SAMPLE Mr-3 (TRANSVERSARIUM OR BIFURCATUS ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
1) 5.0 101.5 5 185-00 15.00 Globutigerina oxfordiana (Grigelis) 

5.0 101.5 3 170.00 10.00 1 Globuligerina oxfordiana (Gigelis) 
5.0 103.0 4 170.00 12.50 Globuligerina oxfordiana (Giigelis) 

- 
5.0 1 104.0 3 200.00 7.50 Globuligerina aff. bathoniana (Pazdrowa) 
5.0 106.0 4 215.00 15.00 Globulýgerina oxfordiana (Gtigelis) 
5.0 106.5 4 180.00 15.00 Globuligerina oxfordiana (Giigelis) 
5.5 103.5 5 185.00 12.50 Globuligerinaoxfordtana (GTigelis) 
5.5 106.5 6 330.00 12.50 Globuligerinaoxfordiana (GHgelis) 
5.5 108.0 4 345.00 15.00 Globuligerinaoxfordiana (Grigelis) 
7.0 101.0 3 185.00 20.00 Globuligerinaoxfordiana (Grigelis) 
7.0 103.0 3 150.00 17.50 Globuligerina oxfordiana (Grigelis) 
7.0 106.0 3 195.00 15.00 Globuligerina oxfordiana (Gigelis) 
7.0 108.0 4 180.00 15.00 Globuligerina oxfordiana (Gfigelis) 
7.0 112.5 5 195.00 15.00 Globuligerina oxfordtana (Grigelis) 
7.5 102.0 "3 185.00 17.50 Globuligerina oxfordiana (Grigelis) 
7.5 107.5 4 180.00 12.50 Globuligerina oxfordiana (Gtigel is) 
7.5 110.0 4 175.00 12.50 Globulkgerina oxfordiana (Giigelis) 
8.0 110.0 3 140.00 15.00 Globuligerina oxfordiana (Gigelis) 
8.0 103.5 4 145.00 10.00 Globuligerina oxfordiana (Grigelis) 
8.0 103.0 4 185.00 20.00 Globuligerina oxfordiana (Grigelis) 
8.5 111.5 3 140.00 15.00 Globuligerina oxfordiana (Grigelis) 
8.5 111.5 6 195.00 15.00 Globuligenna oxfordiana (Grigelis) 
8.5 109.0 3 175.00 12.50 Globuligerina oxfordiana (Giigelis) 
8.5 1 105.5 4 1 75.00 12.50 Globuligerina oxfordiana (Gigelis) 
8.5 104.0 4 _ 162.50 20.00 Globuligerina oxfordiana (Grigelis) 
85 -7-0-15 3 210-00 15.00 Globuligerina oxfordiana (Giigelis) 
8.5 101.0 3 180.00 12.50 Globuligerina oxfordiana (Grigelis) 
85 101.0 4 172.50 12.50 Globuligerina oxfordiana (Gtigelis) 
85 970 5 185.00 12.50 Globuligerina oxfordiana (Grigelis) 
90 970 3 170.00 12.50 Globuligerina oxfordiana (Grigelis) 
9.0 101.0 4 180.00 15.00 Globulýgerina oxfordiana (Gigelis) 
9.0 1055 4 175.00 12.50 Globuligerina oxfordiana (Gigelis) 
9.0 107.0 4 155.00 12.50 Globuligerina oxfordiana (Gtigelis) 

100 1055 4 165.00 7.50 Globuligerina oxfordiana (Grigelis) 
11.0 102.5 4 210.00 22.50 Globuligerina oxfordiana (Gtigelis) 
110 1055 4 190.00 20.00 Globuligerina oxfordiana (Gtigelis) 
120 1165 4 175.00 15.00 Globuligenna oxfordiana (Chigelis) 
120 1085 4 160.00 15.00 1 Globuligerina oxfordiana (Grigelis) 
120 1060 4 185.00 25.00 J GIobu a oxfordiana (Grigelis) 
12.0 106.0 4 165.00 12.50 Globuligerina Oxfordiana (Grigelis) 
12.0 9TO 3 200-00 25.00 Globuligerina oxfordiana (Giigelis) 
12.5 ! 0940 4 155.00 17.50 Globuligerina oxfordiana (Gfigelis) 
12.5 105.0 3 155.00 20.00 Globuligerina oxfordiana (Grigelis) 
12.5 96,0 3 175.001 15.00 Globuligerina na (Giigelis) 
13.0 98.5 4 _ 200-00 _ 25.00 Globuligerina oxfordiana (Gigelis) 

13.0 99. () 4 200.00 22.50 Globuligerina oxfordiana (Grigelis) 

13.0 115.0 4 175.00 15.00 Glohuligerina oxfordiana (Grigelis) 

13.5 115.5 3 175.00 7.50 Globuligerina oxfordiana (Grigelis) 
14,0 118.0 3 145.00 25.00 Globuligerina rdiana (Grigelis) 
140 1180 3 

1 

160.00 15.00 Globuligerina oxfordiana (Grigelis) 
14.0 116.0 3 205.00 15.00 Globutigetina oxfordiana (Chigelis) 
14.0 115.5 3 175.00 15.00 Globuligerina oxfordiana (Gfigelis) 
14-0 109.0 4 145.00 12.50 Globuligerinaoxfordiana (Grige-fis) 
14.01 95.01 3 195.00 

1 
12.50 1 Globuligerina oxfordiana (Gtigelis) 

I&S 99.5 4 75.00 1 ýigelis) 
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MADONNA DELLA CORONA -SAK4PI F-= Mý'% 7(-INI=l 
Thin Sectio 
Co-ordinate 

n No. of 
s Chamber 

Visible 

Max. 
s Diameter 

(tim) 

Wall 
Thickness 

() 

Species 

Vert Hor Thic k Thin 
16. 0 99. 53 175.00 15.00 Globuligerina oxfordiana Pigelis) 
16. 0 9& 54 180.00 15.00 1GIobuligerinaoxfordiana(Ugetis) 
16. 0 95. 04 185.00 12.50 1 Globuligerina oxfordiana Ogelis 
16. 0 94. 04 160.00 15.00 Globuligerina oxfordiana (Caigelis) 
17. 0 92. 03 245.00 22.5 0 Globuligerina oxfordiana (Gdgelis) 
17. 0- 101. 54 175.00 12.50 Globuligerina oxfordiana (Gigelis) 
17. 0 106. 04 190.00 15.00 Globuligenna oxfordiana (Gigelis) 
17. 0 116. 03 1190.00 1 12.50 Globuligerina oxfordiana (Gigefis) 
17. 0' 117. 03 215.00 12.50 Globuligerina oxfordiana (Chigelis) 
17. 5 92. 04 255.00 22.5 0 Globuligerina oxfordiana (Gi6gelis) 
17.5 100.0 4 170.00 15.00 Globuligerina oxfordiana (Grigelis) 
17.5 102.0 3 155.00 17.50 Globuligerina oxfordiana (Grigelis) 
17.5 105.0 4 180.00 10.00 Globuligerina oxfordiana (Gfigelis) 
17.5 107.5 3 170.00 12.50 Globuligerina oxfordiana ((36gelis) 
17.5 111.5 4 235.00 22.50 Globuligerina oxfordiana (Gfigelis) 
17.5 115.0 4 205.00 7.50 Globuligerina aff. bathoniana (Pazdrowa) 
18.0 115.0 13 225.00 1 10.00 Globuligerina oxfordiana (Ugelis) 
18.0 113.0 4 215.00 20.00 Globuligerina oxfordiana (Gfigelis) 

18.0 109.0 4 240.00 12.50 Globuligerina oxfo rdiana (Grigelis) 

18-5 112.0 4 200.00 22.50 Globuligerina oxfordiana (Gfigelis) 

18.5 94.0 3 230.00 15.00 Globuligenna oxfordiana (Gigelis) 

19.0 103.0 3 120.00 Id. -O-0 Globuligerina oxfordiana (Chigelis) 

19-0 104,0 4 165.00 22.95 - Globuligerina oxfordiana (Gfigelis) 

19.0 109.0 4 195.00 15.00 Globuligerina oxfordiana (Grigelis) 

19.5 103.5 3 182.50 17.5 0 Globuligenna axfordiana (Grigelis) 

19.5 104.0 3 200.00 25.00 Globuligerina oxfordiana (Grigelis) 

20.0 108.0 
- 

4 162.50 12.5( ) Globuligerina oxfordiana (Grigelis) 

20.0 
_ 

705 0 - 4 210-00 15.00 Globuligerina oxfordiana (Grigelis) 

_20.0 
95 0 3 160.00 72-5500 2 1 .5 I Globuligerina oxfordiana (Grigelis) 

- 20.5 111.0 4 182.50 - 122.50 I- 50 1 Globuligerinaoxfordiana (Grigelis) 
205 1080 4 212.50 .0 

E1 

2 50 12-50 Globuligerina oxfordiana (Gtigelis) 

22.0 

22.0 
110j) 

110.0 

41 

4 
210-00 
175.00 

. 
10.00 

10.00 

Globuligerina oxfordiana (Griplis) 

1GIbbuligennaoxfordiana (Chigelis) 

22.0 107.0 3 195.00 12.50 
-- 

1 Globuligerina oxfordiana (Grigelis) 
- 23.0 100.5 3 195.00 1 --10 

. OO Globuligerina oxfordiana (Grigelis) T 
2) 5.5 

r' 

89.0 3 125-00 7.50 Globuligerina oxfordiana (Gfigelis) 

5.5 5.5 89.5 3 1150.00 15.00 Globuligerinaoxfordiana (Gfigelis) 

7.0 86.5 4 175-00 12-50 
- 

Globuligerinaoxfordiana (Grigelis) 

11 77n 
.0 86.5 4 160-00 - -T5 

. 
00 

. 
00 Globuligerinaoxfordlana (Grigelis) 

7.5 

7.5 

7.5 

95,5 

85.5 

88. () 

5 

4 

4 

185.00 
120-00 

T95-00' - 

12.50 
7.50 

12.50 

Globuligerinaoxfordiana (Grigelis) 
GlobuligeHmaoxfordiana (Gfigelis) 
Globuligerinaoxfordiana (Chigelis) 

7.5 

7.5 

7.5 

7.5 

88.0 

88. (), 

89.5 

92.0 

4 

3 
3 
4 

180-00 

125-090 
0 

. 
00 

00 
-16000 
-14-0.00 

12.50 
7.50 

12.50 
15-00 

Globuligerina ýordiana ý(cniigejisý 

Globuligerinaoxfordiana (Gliplis) 
Globuligerinaaxfordiana (Grigelis) 

f Globuligetina ox ordiana (Grigelis) 

7.5 

8-0 

81) 
8.0 

&5 
9.0 

9.0 
9.0 

9.0 

95.0 
I- 

92.0 

92.0 

90.5 

84.5 

86. () 
88.5 

89.5 

905 

3 
- 3 

4 

3 
4 

3- 
3 
4 

4 

Do 200-00 
- 
150-00 
T, -000 
T-50 00 
T7--000 

ý160-00 

135-00 
) 00 

1 0. ()0 
150-00 

171 00 

t- 

10.00 

15-00 
12.50 
12-50 
12.50 
15.00 
10.00 10.0ij 

1 

-7ý50 

OQ 

Globuligerinaoxfordiana (Gligelis) 

Globuligerina oxfordiana (Grigelis) 
Globuligerina oxfordiana ý(ýgelisý)ýý 

Globuligerina oxfordiana (Grigelis) 
Globuligerinaoxfordiana (Grigelis) 
Globuligerinaoxfordiana (Grigelis) 
Globuligerina oxfordiana (Gtigelis) 
Globuligerinaoxfordiana (Cnigefis) 
Globuligerina oxf iwdia a (Gigelis) 

4y. 7 



MADONNA DELLA CO RONA - SAMPLE Mr-3 (TRANSVERSARIUM OR BIFURCATUS ZONE) 
Thin Section 
Co-ordinate C 

f No. of 
s Chamber 

Visible 

Max. 
s Diamete 

(Pm) 

Wall 
r Thickness 

(Ii 

Species 

Vert i Hor Thick Thin 

9. 0 91. 04 1 160.0 0 15.0 01 Globuligerina oxfordiana (Grigelis) 
9. 0 92. 04 162.5 0 10.0 0 Globuligerina oxfordiana (Grigelis) 
9. 5 90. 53 175.00 15.0 0 Globuligerina oxfordiana (Grigelis) 
9. 5 91. 04 200.00 12.5 0 Globuligetina oxfordiana (Gdgelis) 

10. 0 94. 03 165.00 12.5 01GIobuligerinaoxfordiana (Grigelis) 
10.0 92.0 4 165.00 12.5 01GIobuligerinao*rdiana (Grigelis) 
10.5 90.5 4 152.50 12.50 1GIobuligerinaoxfordiana (Gtigelis) 
11.0 90.5 4 165.00 15.00 1 Globuligerina axfordiana (Grigelis) 
11.0 90-5 3 165.00 10.00 1 Globuligerina oxfordiana (Grigelis) 
11.0 92.0 3 160.00 115.00 1GIobuligerinao*rdiana (Gigelis) 
11.0 97.0 4 215.00 7.50 Globuligenna aff. balhoniana (Pazdrowa) 
11.5 94.0 3 185.00 12.50 Globuligerina oxfordiana (Cirigelis) 
11.5 89.5 4 180.00 12.50 Globuligefina oxfordiana (Grigelis) 
11.5 91.5 3 230.00 22.50 Globuligerina oxfordiana (Grigelis) 
11.5 93.0 3 165.00 15.00 Globuligerina oxfordiana (Grigelis) 
11.5 93.0 3 175.00 15.00 Globuligerina oxfordiana (Grigelis) 
11.5 93.5 4 210.00 15.00 Globuligerina oxfordiana (Grigelis) 
12.0 100.5 3 200.00 15.00 Globuligerina oxfordiana (Gtigelis) 
12.0 96.0 3 180.00 15.00 Globuligerina oxfordiana (Grigelis) 
12.0 95.5 4 205-00 15. ()0 1 Globuligerina oxfordiana (Grigelis) 
12.0 93. 4 185.00 - 15.00 Globuligerina oxfordiana (Giigelis) 
12.0 92.0 4 195.00 20.00 Globuligerina oxfordiana (Gligelis) 
12.0 88.5 4 125.00 15.00 Globuligerina oxfordiana (Grigelis) 
12.0 88,0 4 155.00 12.50 Globuligerina oxfordiana (Grigelis) 
12.0 88-0 ,3 165.00 15.00 Globuligerina oxfordiana (Grigelis) 
12.5 89.0 4 185.001 15.00 Globuligerina oxfordiana (Grigelis) 
12.5 86.5 4 165-00 15.00 Globuligerina oxfordiana (Grigelis) 
125 860 4 125.00 5.00 Globuligerina oxfordiana (Grigelis) 
13.0 84.5 4 240.00 15.00 Globuligenna oxfordiana (Grigelis) 
130 855 5 170.00 15.00 Globuligerina oxfordiana (Grigelis) 
13.0 86.5 3 160.00, 15.001 Globuligerina oxfordiana (Gti gelis) 
13.0 91.5 4 160.00 160.00 1 5.00' Globuligerina oxfordiana (Giigelis) 
13.0 92.0 4 150.00 11 50.00 10. ()0 Globuligerina oxfordiana (Gtigelis) 
13.0 94. o 3 225.00 225.00 15.00 Globuligerina oxfordiana (Gtigelis) 
13.0 94.0 3 2 200.00 200.00 00.00 15.00 Globuligerina oxfordiana (Grigelis) 
13.0 95.0 5 180.00 1 80.00 180.00 15-00 Globuligerina oxfordiana (Gtigelis) 
13.0 97.0 3 230.00 22.50 Globuligerina o*rdiana (Grigelis) 
13.5 88.5 3 212.50 15.00 Globuligerina oxfordiana (Giigclis) 
13.5 13.5 88-5 3 115.00 7.50 Globuligefina oxfordiana (Giigelis) 
13.5 13 _5 88.5 4 132.50 12.50 Globuligerina oxfordiana (Grigelis) 
13.5 13 .5 94.0 5 190.00 17.50 Globuligerina oxfordiana (Grigelis) 
13.5 13.5 94.5 4 200.00 20-00 Globuligerina oxfordiana (Grigelis) 
14 

.0 14.0 100. () 4 160.00 7.50 Globuligerina oxfordiana (Grigelis) 
14 ý0 14.0 99.0 4 180.00 20.00 Globuligerina oxfordiana (Grigelis) 
14 .0 14.0 96.0 4 190.00 20-00 Globuligerina oxfordia- (Grigelis) 
14 () 14.0 95. () 95 .0 

3 200.00 20.00 Globuligerina oxfordiana (Grigelis) 
14 C) 14.0 93 93.0 .0 4 155.00 7.50 G lobuligerina oxfordiana (Giigelis) 
14.0 

4 

91. () 91 .0 '0 3 140.00 7.50 G lobuligerina oxfordiana (Grigelis) 
14.0 88 .5 88.5 3 155.00 10.00 G lobuligerina oxfordiana (Grigelis) 
140 866.0 4 120.00 5.00 G lobuligerina oxfordiana (Grigelis) 
14.5 95.0 3 150.00 7.50 G lobuligerina oxfordiana (Grigelis) 
14.5 93.0 

_3 
190.001 7.501 G lobuligerina oxfordiana (Grigelis) 

14.5 JW5 3 145.00 7.50 G lobuligerinaoxfordiana (Chigelis) 
5.0 825 3 

j 

132.50 22.50 G 

I 

lobuligerina oxfordiana (Chigelis) 
I1 

.0 
5-0 83.0 n 

- gerina oxfordiana (Giigelis) 
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MADONNA DELLA CORONA - SAMPLE Mr-3 (TRANSVERSARIUM OR BIFURCATUS ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chamber 

Visible 

Max. 
s Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
15. 0 87 54 185.00 12.50 Globuligennaoxfordiana (Grigelis) 
15.0 94. 53 142.50 12.50 Globuligerina oxfordiana (Grigelis) 
15.0 96.0 3 142.50 7.50 Globuligerina oxfordiana (Gigelis) 
15.0 96.0 3 170.00 12.50 1GIobuligerinaoxfordiana (Grigelis) 
15.0 1100.0 3 230.00 15.00 Globuligerina oxfordiana (Giigelis) 
15.0 100.0 3 145.00 15.00 Globuligetina oxfordiana (Grigelis) 
15.5 83.0 5 182.50 12.50 Globuh#, ina oxfordiana (Grigelis) 
15.5 83.5 3 190.00 12.50 Globuligerina oxfordiana (Gtigelis) 
15.5 87.5 4 160.00 17.50 Globuligerinaoxfordiana (Grigelis) 
16.0 100.0 3 130.00 15.00 Globuligerinaoxfordiana (Grigelis) 
16.0 98.5 4 140.00 7.50 Globuligerina oxfordiana (Gtigelis) 
16.0 95.5 4 180.00 15.00 Globuligerina oxfordiana (Grigelis) 
16.0 890 4 150.00 17.50 Globuligerina oxfordiana (Grigelis) 
16.0 87.5 3 180.00 17.50 Globuligerina o. ýfordiana (Grigelis) 
160 86.0 4 150.00 12.50 Globuligerina oxfordiana (Gtigelis) 
160 85.0 4 145.00 7.50 Globuligerina oxfordiana (Gtigelis) 
17.0 85.0 3 130.00 12.50 Globulýgerinaoxfordiana (Grigelis) 
17.0 85.0 4 170.00 12.50 Globuligerinaoxfordiana (Gigelis) 
170 855 4 135.00 12.50 1 Globuligerina oxfordiana (Grigelis) 
17.0 86.0 3 180.00 12.50 Globuligerinaoxfordiana (Grigelis) 
17.0 86.0 3 230-00 12.50 Globufýqerinaoxfordiana (Gtigelis) 
17.0 87.0 3 175-00 12.50 Globuligerinaoxfordiana (Grigelis) 
17.0 88,5 5 185-00 15.00 Globuligerinaoxfordiana (Grigelis) 
17.0 90.0 3 142.50 12.50 Globulýgeinaoxfordiana (Gtigelis) 
17.0 97.5 3 155-00 12.50 1GIobuligerinaoxfordiana (Grigelis) 
17.0 98.0 3 170-00 12.50 1 Globuligerina oxfordiana (Gigelis) 
17.5 85.0 3 132.50 25.00 Globuligerina oxfordiana (Gfigelis) 
17.5 86.0 4 215.00 7.50 Globuligerina aff. bathoniana (Pazdmwa) 
17.5 86.5 3 205-001 15.00 Globutigerina oxfordiana (Grigelis) 
17.5 87.0 3 195.00 12.50 Globuligerina oxfordiana (Grigelis) 
18.0 100.0 3 215.00 10.00 Globuligerina oxfordiana (Grigelis) 
18.0 95.5 4 140.00 12.50 Globuligefina oxfordiana (Gtigelis) 
18.0 93.0 4 180.00 12.50 Globuligerina oxfordiana (Gtigelis) 
18.0 90,0 3 170.00 15.00 Globuligerina oxfordiana (Grigelis) 
18.0 86.0' 3 165.00 10.00 Globuligerina oxfordiana (Gtigelis) 
18-0 86.0 4 180.00 12.50 1 Globuligerina oxfordiana (Grigelis) 
18.5 99.5 3 182.50 12.50 Globuligerina oxfordiana (Gigelis) 
18.5 94.0 4 250.00 7.50 Globuligerina aff. bathoniana (Pazdrowa) 
18.5 90.5 3 145.00 15.00 Globuligerina oxfordiana (Grigelis) 
18.5 86.0 4 165.00 12.50 Globutigerina oxfordiana (Grigelis) 
19.0 86.0 3 135.00 15.00 Globuligerinaoxfordiana (Gigelis) 
190 89.0 3 245.00 17.50 Globuligerina oxfordiana (Gtigelis) 
19.0 91.0 3 155.00 15.00 Globuligerina oxfordiana (Grigelis) 
19.0 91.5 4 145.00 7.50 Globuligerina oxfordiana (Gigelis) 
19-5 87.0 4 190.00 17.50 Globuligerina oxfordiana (Grigelis) 
19-5 87.0 4 165.00 12.50 Globuligerina oxfordiana (Grigelis) 
19.5 88.0 3 125.00 12.50 Globuligerina oxfordiana (Grigelis) 
19-5 5 1ý- 1 9.5 91.5 4 240.00 1- 20.00 Globu gerinaoxfordiana (Gtigelis) 
200 .0 92.0 4 190.00 1 12 50 Globuligerina oxfordiana (Giigelis) 

L 

2 0.0 9I. C) 4 185.00 12.50 Globuligerina oxfordiana (Grigelis) 
200 20.0 88.5 4 1145.00ý 12.50 Globuligerinaoxfordiana (Gtigelis) 
0 22 

.0 0.0 88.0 4 175.00 15.00 Globuligerinaoxfordiana (Gtigelis) 
MID 88.0 .0 3 215.00 12.50 Globuligerinaoxfordiana (Gtigelis) 
20.5 ! 

91. () 3 182.50 20.00 Globuligerina oxfordiana (Gtigelis) 
2 0.5 0.5 91.0 3 185.00 15.00 Globuligerina oxfordiana (Gtigelis) 
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MADONNA DELLA CORONA - SAMPLE Mc3 (TRANSVERSARIUM OR BIFURCATUS ZONE) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
20.5 87.5 4 200.00 15.00 

. 
Globuligerina oxfordiana (Gigelis) 

21.0 91.0 4 155.00 7.50 1 Globukizerina oxfordiana (Grigelis) 

21.0 92.5 3 210.00 15.00 1 Globulýgerina oxfordiana (Giigcli%) 

22.0 
. 

95.0 3 220.00 15.00 Globulýgerinaoxfordiana (GHgcIis) 

22.0 95.0 3 145.00 7.50 Globulýqerina oxfordiana (GHgOis) 

22.0 94.0 4 200.00 15.00 Globulýqerina oxfordiana (Grigclis) 

22.0 93.0 3 190.00 15.00 Globulýizerina oxfordiana (Gigelis) 

23.0 91.0 3 160.00 115.00 
. 
Globulýzerinamfordiana (Gtigelis) 

23.0 
. 

92.5 3 150.00 7.50 1GIobulýgerinaoxfordiana (Gigelis) 

23.0 92.5 3 180.00 15.00 1 Globulýqerina oNfordiana (Gtigelis) 

23.0 97.0 4 140.00 112.00 1GIobulýqerinaoxfordiana (Gigelis) 

23.5 92.0 3 140.00 5.00 Globulkizerina oxfordiana (Gtigelis) 

23.5 92.5 4 180.00 10.00 Globuligerina oxfordiana (Gtigclis) 

23.5 . 93.0 3 230.00 12.50 Globuligerina oxfordiana (Giigclis) 

23.5 1 95.0 3 190.00 15.00 1GIobulksZerinaoxfordiana (Gtigelis) 

24.0 97.0 4 130.00 12.50 1GIobufigerinaaýfordiana (Gtigclis) 

24.0 97.0 4 150.00 7.50 1 Globulkgerina oxfordiana (Gtigclis) 

24.0 95.0 3 150.00 10.00 Globuligerinaoxfordiana (GHplis) 

24.0 94.0 4 180.00 5.00 Globuligerinaoxfordiana (Gdgclis) 

24.0 , 91.0 4 160.00 10.00 Globuligerinaoxfordiana (Gtigclis) 

24.0 1 90.0 3 180.00 7.50 Globuligerinaoxj6rdiana (Gigelis) 

R) 3.0 105.0 6 200.00 10.00 
, 06buligerinaoxfordiana (Gtigelis) 

4.0 112.0 4 175.00 10.00 Globulýjzerina oxfordiana (Grigelis) 

4.0 107.0 5 140.00 5.00 Globulýgerina oxfordiana (GrigOis) 

5.0 103.0 6 242.50 15.00 Globulkizerina oxfordiana (GHplis) 

5.0, 103.5 3 180.00 10.00 Globulýzerina oxfordiana (Gtigclis) 

5.0 104.0 4 140.00 7.50 Globuligerinaoxfordiana (Giigelis) 

5.0 108.0 4 180.00 20.00 Globulkzerina oxfordiana (Grigelis) 

5.0 113.0 4 200.00 7.50. Globulkgerina aff. bathoniana (Pa. -dmwa) 
5.0 113.5 4 210.00 10.00 Globulýgerina oxfordiana (Grigelis) 

5.5, 103.0 4 190.00 15.00 Globulýizerina oxfordiana (Giigclis) 

5.51 109.0 4 190.00 15.00 Globulkizerina oxfordiana (Gtigelis) 

5.51 113.0 3 205.00 15.00 Globulkizerina oxfordiana (Gigelis) 

6.01 121.0 3 190.00 15.001 GIobulkizerinao. ýfordiana (Giigelis) 

6.01 112.0 5 190.00 _ 15.00 Globutigerina oxfordiana (Gtigelis) 

6.01 111.5 31 180.00 15.00 Globulkizerina oxfordiana (Gtigelis) 

6.0 109.5 3 155.00 12.50 Globulýgerina oxfordiana (Gtigelis) 

6.0 109.5 4 140.00 7.50 Globufigerinao. ýfordiana (Gtigelis) 

6.0 107.0 4 195.00 15.00 Globuligerina oxfordiana (Gtigclis) 

7.0 102.5 4 160.00 15.00 Globsdýizerina oxfordiana (Giigclis) 

7.0, 104.5 3 180-00 12.50 Globuligerinaoxfordiana (Gigelis) 

7.01 108. 3 145.00 12.50. Globuligerina oxfordiana (Gigelis) 

7.01 109.0 4 240.00 7.50 Globulkqerina aff. bathoniana (Pa7dmwa) 

8.0 119.0 3 190.00 10.00 Globul*rina oxfordiana (Grigelis) 

8.0 107.5 3 205.00 12.50 Globuligerina o. ýfordiana (Gigelis) 

9.0 99.0 3 180.00 25.00 Globuligerina oxfordiana (Gigelis) 

9.0 103.0 4 162.50 7.50 Globuligerina oxfordiana (Gtigclis) 

9.0. 103.5 4 210-00 10.00 Globulýqerlna oxfordiana (Gdgclis) 

9.01 104.0 3 150.00 12.50 Globulýzerina o. ýfordiana (Grigclis) 

9.01 108.0 3 210.00 17.50 Globuligerina o. ýfordiana (Gtigclis) 

9.01 108.5 3 180.00 15.00 Globukizerina wfordiana (Gigelis) 

9.51 108.5 3 170.00 12.50 Globulýgerlna oxfordiana (Gigelis) 

11.0 96.01 41 150.001 7.50 FC 71obulýgerina 
oxfordiana (GHgclis) 

11.0 96.51 3 -1 160.001 1 7.501 Globulýgerlna o. ýfordiana (Giigclis) 

11.0 98.01 41 180.001 1 12.501 GIobuligerinaoxfonfiana (Gripchs) 
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MADONNA DELLA CORONA - SAMPLE Mc3 (TRANSVERSARIUM OR BIFURCATUS ZONEI 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Max. 
Diameter 

41m) 

Wall 
Thickness 

(Ij ) 

Species 

Vert Hor Thick Thin 
11.0 103.0 6 180.00 15.00 

. 
Globukizerinaoxfordiana (Gtigelis) 

11.0 105.0 3 155.00 20.00 1GIobuligerinaoxfordiana (Gigelis) 
11.0 107.0 3 140.00 12.50 Globulkqerina oxfordiana (Gigelis) 

11.0 110.5 3 170.00 12.50 Globuligerina oxfordiana (Gigelis) 
11.0 118.0 6 190.00 17.50 Globulýirerina oxfordiana (GtigcIis) 
11.0 119.0 4 180.00 12.50 Globuligerina oxfordiana (Gigelis) 
11.0 120.0 3 135.00 10.00 Globulýizerina oxfordiana (Gtigelis) 
12.0 114.5 4 200.00 15.00 Globuligerina oxfordiana (Gtigelis) 
13.0 112.0 3 170.00 12.50 Globuligerina o. ýfordiana (Grigelis) 
13.0 1165 3 170.00 12.50 Globulýgerina, oxfordiana (Gtigelis) 
13.5 119.0 3 185.00 15.00 Globuligerina o. ýfordiana (Gigelis) 
17.0 106.0 4 180.00 7.50. Globuligerina oxfordiana (Grigelis) 
17.5 116.5 4 170.00 15.00 Globulýgerinaoxfordiana (Giigelis) 
19.5 109.0 4 170.00 5.00 Globuligerina oxfordiana (Grigelis) 
20.0 104.5 4 200.00 10.00 Globuligerina aTfordlana (Gtigelis) 
20.0 104.0 3 205-00 7.50 Globuligerina aff. bathoniana (Pazdrowa) 
20.0 104.0 4 205.00 12.50 Globuligerina oxfordiana (GH gel is) 
20.0 102.0 3 160.00 10.00 Glohyligerina oxfordiana (Giigclis) 
20.5 104.5 3 190.00 15.00 Globuligerina oxfordiana (Gtigelis) 
22.0 104.0 4 200.00 15.00 Globuligerina oxfordiana (Grigelis) 
22.5 111.5 3 175.00 10.00 Globuligerina oxfordiana (Gigelis) 

ITotall N umbe r of Specimens 17 279 296 
I Relative Percentages 6 94 
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MONTE KUMETA -I (BAJOCIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(w ) 

Species 

Vert I Hor Thick Thin 
3.0 1 99.0 4 175.00 12.50 Globuligerinaoxfordiana (GHgelis) 

3.0 1 106.0 4 1 200.00 12.50 Conoglobýqerina aff. dagestanica (Morozova) 

3.0 107.0 3 100.00 12.50 Globuligerinaoxfordiana (Gigelis) 

3.0 107.5 4 125.00 12.50 Globuligerinaax-fordiana (GHgcIis) 

3.5 107.0 3 162.50 12.50 Globuligerinaoxfordiana (Gigelis) 

3.5 102.5 4 225.00 12.50 Conoglobigerina aff. dagestanica (Morozova) 

3.5 100.0 4 150.00 12.50 Globuligerina oxfordi . ana (Gtigelis) 

3.5 97.5 4 137.50 12.50 1 Globuligerina o. ýfordiana (Gigelis) 

5.0 94.5 3 200.00 12.50 1 Globulkgerina oxfordiana (Gtigelis) 

5.0 95.0 4 200.00 12.50 1 Conoglobigerina aff. dagestanica (Momova) 

5.0 100.0 3 162.50 12.50 Globulýgerina oxfordiana (Gtigelis) 

5.0 106.0 4 175.00 25.00 Globulkgerina oxfordiana (Gtigelis) 

5.0 
_ 1 106.0 51 175.00 18.75 Globulýgerina oxfordiana (Giigelis) 

5.5 1 111.5 51 175-00 12.50 Globulýqerina oxfordiana (Grigelis) 

5.5 1 106.0 41 175.00 18.75 Globuligerina oxfordiana (Gtigelis) 

5.5 1 105.5 31 150.00 12.50 Globuligerina oxfordiana (Gtigelis) 

5.5 1 100.5 31 112.50 12.50 Globuligerina oxfordiana (Gigelis) 

5.5 100.0 3 150.00 12.50 Globuligerina oxfordiana (Gigelis) 

5.5 94.0 4 150.00 12.50 Globuligerina oxfordiana (Gtigelis) 

6.0 92.0 4 162.50 12.50 Globuligerina o. ýfordiana (Gigelis) 

6.0 95.0 3 200.00 12.50 Conoglobigerina aff. dqqestanica (Morozova) 

6.5 96.0 3 150.00 
. 
37.50 Globuligerina oxfordiana (Grigelis) 

6.5 94.0 4 175.00 12.50 Globuligerina oxfordiana (Gigelis) 

6.5 88.0 4 125.00 12.50 Globuligerina oxfordiana (Gigelis) 

7.0 76.5 3 150.00 12.50 Globuligerina o. ýfordiana (Gtigelis) 

7.0 111.0 3 125.00 18.75 Globuligerina o. ýfbrdiana (Gtigelis) 

8.0 105.5 3 150.00 12.50 Globuligerina oxfordiana (Gtigelis) 

8.5 1 108.5 3 1 125.00 12.50, Globuligerina oxfordiana (Gtigelis) 

9.0 1 66.5 4 1 162.50 12.501 Globuligerina oxfordiana (Gtigelis) 

9.0 1 67.0 4 1 150-00 6.251 Globuligerina oxfordiana (Gtigelis) 

9.0 67.5 41 175.00 6.25 1 Globulkzerina oxfordiana (Gtigelis) 

9.0 69.5 4 137.50 12.501 GIobulýqerinaoxfordiana (Gtigelis) 

9.0 72.0 4 125.00 6.25 1 Globuligerina oxfordiana (Grigelis) 

9.0 74.0 4 187.50 12.501 GIobuligerinaoxfordiana (Grigelis) 

9.0 90.5 4 125.00 6.25 1 Globuligerina oxfordiana (Giigelis) 

9.0 94.5 -6 
150.00 6.25 Globuligerina oxfordiana (Giigelis) 

9.0 95.5 3 175.00 12.50 Globuligerina o)ýfbrdiana (GigOis) 

9.0 97.0 3 150.00 12.50 Globuligerinaoxfordiana (Gigelis) 

9.0 108.5 3 125.00 18.75 Globuligerina oxfordiana (Gtigelis) 

9.0 110.5 4 225.00 12.50 Conoglobigerina aff. dageslanica (Morozova) 

9.5 109.5 4 125.00 12.50 Globuligerina oxfordiana (Gtigelis) 

10.0 71.0 5 200.00 18.75 Conoglobigerina aff. dagestanica (Morozova) 

10.0 73.5 4 187.50 12.50 Globuligerina oNfordiana (Gtigelis) 

10.0 94.5 4 137.50 12.50 Globuligerinawýfordiana (Gtigetis) 

10.0 99.5 4 200.00 12.50 Conoglobigerina aff. dageslanica (Morozova) 

10.01 110.5 4 150.00 31.25 Globuligerina oxfordiana (Giigelis) 

10.5 110.5 4 175.00 37.50 Globuligerina oxfordiana (GHgelis) 

11.0 69.5 3 187.50 12.50 1 Globuligerina oxfordiana (GigOis) 

11.0 74.5 3 150.00 6.251 Globulýgerina oxfordiana (Giigelis) 

11.0 87.5 4 200.00, 18.75 1 Conoglobigerina aff. dagestanica (Momzova) 

11.0 105.0 4 200.00 18.751 Conoglobýgerina aff. dagestanica (Morozova) 

11.0 107.0 4 200.00 6.25 1 Conoglobigerina aff. dagestanica (Morozova) 

11.0 111.0 4 200.00 37.50 Globulýgerina oxfordiana (Gigelis) 

11.5 104.01 3 200.00 18.75 

1 

Conoglobýgerina aff. dagestanica (Morozova) 

11.5 102.51 41 150.00 6.25 GIobuligerina oxfordiana (GHgOis) 
- 
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MONTE KUMETA -I (BAJOCIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(w ) 

Species 

Vert Hor Thick Thin 
11.5 99.0 3 175.00 25.00 Globullgerina oxfordiana (Giplis) 
11.5 95.0 4 125.00 118.75 1GIobulýgerinaoxfordlana (Giigelis) 

11.5 87.5 4 200.00 18.75 ConQg1obigerina aff. dagestanica (Morozova) 
11.5 , 80.5 4 150.00 12.50 Globuligerina oxfordlana (Gtigelis) 

11.5 80.0 3 150.00 6.25 Globuligerina oxfordiana (Gtigclis) 
12.0 87.0 3 175.00 18.75 Globuligerina oxfordiana (Gigelis) 

12.0 87.0 5 237.50 12.50 Conoglobigerina aff. dagesianica (Morozova) 

12.5 96.5 3 262.50 25.00 Globuligerina oxfordiana (Gigelis) 

12.5 
. 

82.5 3 125.00 18.75 Globuligerina oxfordiana (Giigclis) 

12.5 80.5 4 125.00 6.25 Globuligerina oxfordiana (GHgcIis) 

12.5 66.0 4 125.00 6.25 Globulkizerina oxfordiana (Gigelis) 

13.0 86.5 4 175.00 12.50 
. 
Globuligerinaoxfordiana (Gtigelis) 

13.0 97.0 4 250.00 25.00 1 Globulýqerina oxfordiana (Gtigelis) 

13.5 101.0 4 175.00 18.75 1 Globulkizerina oxfordiana (Giigclis) 
13.5 82.0 5 162.50 6.25 Globuligerina oxfordiana (Gigelis) 

14.0 72.5 4 137.50 6.25 Globulkgerina oxfordiana (Gtigelis) 
14.5 73.5 4 175.00 12.50 Globuligerina oxfordiana (Gtigelis) 
15.0. 100.0 4 212.50 25.00 Globulkqerina oxfordiana (Gtigelis) 

15.51 105.0 4 150.00 25.00 Globuligerina oxfordiana (Gtigelis) 

16.0 109.0 3 125.00 112.50 1GIbbutigerinaoxfordiana (Gigelis) 

17.0 79.5 4 225.00 12.50I Conoglobigerina aff. dagestanica (Momova) 

17.5 106.5 3 175.00 12.50 Globuligerina aýfordiana (Gigelis) 

17.5 105.0 3 112.50 6.25 Globuligerina oXfordiana (Gigelis) 

19.5. 107.5 3 150.00 18.75 Globuligerinaoxfordiana (Grigelis) 

19.5 104.5 4 150.00 12.50 Globuligerina oxfordiana (Gtigclis) 

19.5 89.0 4 175.00 12.50. Globuligerina mfordiana (Gigelis) 

19.5 88.0 3 200.00 6.25 Conoglobigerina aff. dagesianica (Morozova) 

20.0 90.0 4 200.00 12.50 Conoglobigerina aff. dageslanica (Momova) 

20.5 88.0 3 200.00 12.50 Conoglobigerina aff. dagestanica (Morozova) 
22.5 95.5 3 200.00 12.50 Conoglobýgerina aff. dagestanica (Morozova) 
22.5 91.0 3 200.00 12.50. Conqqlobýgerina aff. dagestanica (Morozova) 
22.5 89.5 4 187.50 18.75 1 Globuligerina oxfordiana (Gtigelis) 
23.0 101.0 4 162.50 6.25 Globuligerina oxfordiana (Gigelis) 

23.5 98.5 3 225.00 18.75 Conoglobigerina aff. dagestanica (Morozova) 

23.5 94.0 3 150.00 6.25 Globuligerina oxfordiana (Gigelis) 

23.5 94.0 4 175.00 6.25 Globulkizerinaoxfordiana (Gtigelis) 
24.0 , 101.0 4 . 212.50 37.50 GloTufigerina oxfordiana (Grigebs) 

Total N umber of Specimens 11 81 92 
IRelative Percentages 12 88 
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MONTE KUMETA -2 (BAJOCIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(w ) 

Species 

Vert Hor Thick Thin 
4.0 69.0 3 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 
4.0 98.5 4 125.0 12.50 1 Globuligerina oxfordiana (Gigelis) 
4.0 99.5 4 150.0 18.75 Globulýqerinaaxfordiana (Gtigclis) 
4.0 111.5 4 137.5 18.75 Globufigerinao. ýfordiana (Giigelis) 
4.5 1 109.0 3 125.0 12.50 Globuligerinaoxfordiana (Gigelis) 
4.5 108.0 3 200.0 18.75 Conoglobýqerina aff. dagestanica (Morozova) 
4.5 107.5 4 175.0 12.50 Globuligerina oxfordiana (Gtigciis) 
4.5 107.5 3 175.0 12.50 1GIobuligerinaoxfordiana (Gtigelis) 
5.5 71.5 3 200.0 12.50 Conoglobigerina aff. davestanica (Morozova) 
5.5 70.0 4 150.0 12.50 Globuligerina oxfordiana (Gtigclis) 

5.5 69.0 3 225.0 25.00 Globuligerina oxfordiana (Gigelis) 
6.0 76.5 4 200.0 12.50 Conoglohigerina aff. dagesianica (Mamzova) 
6.0 89.0 3 150.0 18.75 Globulkgerina oxfordiana (Gigelis) 
8.0 94.5 4 137.5 25.00 Globulkeerina oxfordiana (Grigdis) 
9.5 89.5 3 200.0 37.50 Globuligerina oxfordlana (GHgOis) 

10.0 90.5 3 275.0 37.50 Globuligerina oxfordiana (Gtigclis) 
10.5 68.0 4 175.0 12.50 Globuligerina oxfordiana (Gig6s) 
10.5 67.0 3 1 150.0 12.50 Globulýgerina oxfordiana (Gigelis) 
10.5 66.5 4 137.5 12.50 Globuligerina oxfordiana (Gtigelis) 
10.5 66.0 3 112.5 6.25 Globuligerina oxfordiana (Grigelis) 

11.0 113.5 3 200.0 6.25 Conoglobigerina aff. dagestanica (Morozova) 
11.5 101.0 4 137.5 6.25 Globulkizerina oxfordiana (Grigelis) 

11.5 77.0 3 200.0 6.25 Conoglobigerina aff. davestanica (Morozova) 
11.5 76.0 3 200.0 12.50 Conoglobkizerina aff. dagestanica (Momova) 
12.0 

. 
78.0 3 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

12.0 101.0 4 200.0 12.50 Conoglobkerina aff. dagestanica (Morozova) 
12.5 112.5 4 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

12.5 74.0 3 187.5 12.50 Globuligerina oxfordiana (Gigelis) 
12.5 65.0 3 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 
13.0 65.0 4 175.0 12.50 Globuligerina oxfordiana (Gdgelis) 
13.0 66.0 4 187.5 12.50 Globulýqerinaoxfordiana (Gigelis) 
13.0 88.5 3 175.0 12.50 Globulýjzerina oxfordiana (Gigelis) 
13.0 89.0 3 125.0 18.75 Globuligerina oxfordiana (Gtigelis) 
13.5 65.5 3 150.0 12.50 Globukizerina oxfordiana (Gigelis) 
14.0_ 67.0 3 237.5 12.50 Conoglobigerina aff. dagestanica (Morozova) 
14.0 75.0 3 137.5 12.50 Globuligerina oxfordiana (Giigelis) 
14.0 108.0 3 175.0 6.25 Globuligerina oxfordiana (Gfigelis) 
14.0 108.5 3 237.5 6.25 Conoglobkerina aff. dagestanica (Morozova) 
14.0 112.5 4 125.0 18.75 Globulkizerina oxfordiana (Gtigefis) 
14.5 113.0 4 175.0 18.751 Globuligerina oxfordiana (Gtigclis) 
14.5 109.0 4 150.0 18.75 Globuligerina oxfordlana (Gtigelis) 
15.0 90.5 4 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 
15.5 70.5 3 150.0 18.751 Globuligerina oxfordiana (Gtigelis) 
15.5 66.0 3 225.0 18.75 Conoglobigerina aff. dagestanica (Morozova) 
16.5_ 101.5 3 200.0 12.50 Conoglobkgerina aff. dagestanica (Morozova) 
16.5 88.5 3 250.0 37.50 Globuligerina oxfordiana (Gtigclis) 
16.5 77.0 4 175.0 12.50 Glo buligerinaoxfordlana (Gtigelis) 
18.0 100.0 4 162.5 6.25 Globukgerina aýfordiana (Gigdis) 
18.5 67.0 4 237.5 31.25 1 Globuligerina oNfordiana (Gigelis) 
18.5. 66.5 4 _ 175.0 18.75 1 Globuligerina oxfordiana (Giplis) 
20.5 66.0 4 162.5 6.251 GIbbuligerinaoxfordiana (Gigelis) 
20.5 66.0 4 150.0 6.25 Globulýqerina oxfordiana (GHgelis) 
21.0 69.0 3 175.0 12.50 

- - 
Globuligerina oxfordiana (Gtigelis) 

21.0 72. OT 4 175.0 1 7150 uligerinaoxfordiana (Gngelis) 

Total N umber of Specimens 6 48 54 
Relative Percentages 11 89 
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MONTE KUMETA -3 (BAJOCIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(Pm) 

Wall 
Thickness 

(P ) 

Species 

Vert Ho "or Thick Thin 
2.0 64.0 4 200.0 18.75 Conoglobigerina aff. dqgestanica (Morozova) 
2.0 75.0 3 125.0 18.75 1GIobuligerinaoxfordiana (Gigelis) 
2.0 88.5 4 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 
2.0 92.0 5 150.0 12.50 Globuligerina oxfordiana (Gtigdis) 
2.0 92.5 4 225.0 25.00 Glohukgerina oxfordiana (Gigelis) 
2.0 92.5 3 175.0 18.75 Globulýqerina oxfordiana (Gtigelis) 

4.5 100.0 3 137.5 6.25 Globuki! erina oxfordiana (Giigelis) 
5.0 64.5 3 137.5 6.25 1GIobulýgerinaoxfordiana (Gtigclis) 

5.0 89.5 4 187.5 25.00 Globuligerina o: ýfbrdiana (Grigclis) 
5.0 1 97.5 4 1 187.5 18.75 Globuligerina oxfordiana (Gig6s) 

5.0 106.0 3 200.0 25.00 Globulýgerina oxfordiana (Gtigclis) 
6.0 62.0 4 225.0 18.75 Conoglobigerina aff. dagestanica (Morozova) 
6.0 65.0 4 175.0 18.75 

_Globufigerinao. 
ýfordiana (Gigelis) 

6.0 70.5 3 150.0 12.50 Globuligerina oxfordlana (Gtigclis) 
6.5 

- 
87.0 4 

- 
150.0 12.50 Globuligerina oxfordiana (Gtigclis) 

7.0 1 70.0 3 1 175.0 12.50 Globuligerina oxfordiana (Gigelis) 
7.0 93.0 3 150.0 18.75 Globuligerina ojýfbrdiana (Gtigclis) 
7.0 83.5 3 150.0 18.75 Globulkgerina oxfordiana (Gtigelis) 
7.5 104.0 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

7.5 110.5 3 125.0 12.50 Globuligerina oxfordiana (Grigclis) 

7.5 104.0 4 150.0 12.50 Globuligerina oxfordiana (Gigelis) 

8.0 69.0 3 125.0 12.50 Globuligerina oxfordiana (Grigelis) 

8.0 94.5 3 150.0 18.75 
. 
Globuligerina oxfordiana (Grigelis) 

8.0 95.0 4 175.0 12.50 1 Globulýgerina oxfordiana (Gtigelis) 

8.0 
. 

105.0 3 187.5 25.00 Globuligerina oxfordiana (Gtigelis) 

8.5 104.0 3 150.0 6.25 Globulkizerina oxfordiana (Grigelis) 

8.5 103.0 3 200.0 18.75 Conoglobigerina aff. dagestanica (Morozova) 
8.5 80.5 4 175.0 18.75 Globuligerina oxfordiana (Gfigclis) 

8.5 64.5 4 200.0 12.50. Conoglobigerina aff. dagestanica (Morozova) 
8.5 63.5 4 175.0 18.75 1 Globulkizerina oNfordlana (Gtigelis) 
9.0 66.5 4 162.5 6.25 Globuligerina oxfordiana (Giigclis) 
9.0 84.0 3 150.0 12.50 Globuligerina oxfordiana (Gtigelis) 
9.0 91.5 3 250.0 18.75 Conoglobýizerina aff. dagestanica (Morozova) 
9.0 102.0 4 200.0 12.50 Conigglobigerina aff. dagestanica (Morozova) 
9.0, 107.0 4 162.5 12.50. Globuligerina o. ýfordiana (Gtigelis) 

9.5 118.5 4 175.0 12.50 Globuligerina oxfordiana (GHgOis) 
10.0 74.0 4 200.0 12.50 Conoglobigerina aff. davestanica (Morozova) 
10.0 92.5 4 225.0 18.75 Conoglobigerina aff. dagestanica (Momova) 
10.0 109.0 4 212.5 12.50 Conoglobigerina aff. dagestanica (Morozova) 

10.0 120.0 4 225.0 25.00 Globuligerina oxfordiana (Gtigclis) 
10.5 90.5 4 187.5 12.50 Glob-figerina oxfordiana (Giigelis) 

10.5 71.5 3 200.0 18.75 Conoglobigerina aff. dagestanica (Morozova) 
10.5 70.0 3 125.0 18.7fl Globuligerinaoxfordiana (Gtigelis) 
11.5 81.5 3 125.0 12.50 Globuligerina oxfordiana (GHgcIis) 
12.5 71.0 4 150.0 12.50 Globulkqerina oxfordiana (Gigelis) 
13.0 64.0 4 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 
13.0 67.5 4 175.0 18.75 Globuligerina oxfordiana (Gtigelis) 
13.0 68.5 4 150.0 12.50 Globuligerina oxfordiana (Gdgefis) 
13.0 74.0 4 250.0 18.75 Conqglobýqerina aff. dqgestanica (Morozova) 
13.0 83.5 3 137.5 12.50 GlobuAkerina oxfordiana (Gtigclis) 
13.0 94.0 3 187.5 18.75 Globulýqerina oAfordiana (Gigelis) 
13.0 96.0 3 150.0 12.50 Globulýqerina oxfordiana (Gtigelis) 
13.0 99.5 3 150.0 18.75 Globulýjzerlna oxfordiana (Gtigelis) 
13.51 110.5 3 175.01 12.50 1 Globuligerina oxfordiana (Grigclis) 
13.51 109.01 Z-T 162.51 1 12.50 1 Globuligerina oxfordiana (Giigclis) 

501 



MONTE KUMETA -3 (BAJOCIAN) 
Thin Section 
Co-ordinates 

No. of 
Chambers 

Visible 

Maximum 
Diameter 

(ýJm) 

Wall 
Thickness 

(P ) 

Species 

Vert Hor Thick Thin 
13.5 103.0 4 125.0 12.50 

. 
Globuligerina oxfordiana (Gtigelis) 

13.5 101.5 4 125.0 6.25 1 GlobAgerina oxfordiana (Gigelis) 
14.0 70.5 4 187.5 12.50 Globuligerina oNfordiana (Gtigelis) 
14.0 114.0 4 150.0 18.75 Globulkgerina oxfordiana (Gigelis) 
14.0 114.5 3 200.0 31.25 Globulkzerina oxfordiana (Gigelis) 
14.5 90.5 4 187.5 18.75 Globuligerina oxfordiana (Gtigclis) 

14.5 71.5 4 100.0 12.50 Globuligerina oxfordlana (Gigelis) 

14.5 71.0 4 212.5 18.75 Conoglobigerina aff. dagestanica (Morozova) 

15.5 1 89.0 4 175.0 12.50 Globuligerina oxfordiana (Gigelis) 

16.0 97.0 3 150.0 18.75 Globuligerina &ýfordiana (Gtigelis) 

16.5 66.0 3 175.0 1 12.50 Globulfizerina oxfordiana (Grigelis) 

17.0 89.0 3 175.0 25.00 Globuligerina oxfordiana (Grigelis) 
17.5 101.0 3 125.0 12.50 Globuligerina oxfordiana (Gtigclis) 

17.5 100.0 3 187.5 12.50 Globuligerina oxfordiana (Giigclis) 

17.5 84.5 3 112.5 12.50 Globuligerina oxfordiana (Gtigclis) 
18.0 106.0 4 125.0 12.50 Globuligerina oxfordiana (Gtigelis) 
18.0 106.0 3 125.0 12.50 Globuligerina oxfordiana (Gigelis) 

18.5 76.0 3 112.5 12.50 Globuligerina oxfordiana (Gigelis) 

19.0 61.0 4 187.5 18.75 Globuligerina oxfordiana (Gtigclis) 

19.0 89.5 3 187.5 18.75 Globuligerina oafordiana (Giigclis) 

19.5 61.5 3 150.0 18.75 Globuligerina oxfordiana (Gigelis) 

20.0 73.0 4 225.0 12.50 Conoglobigerina aff. dagestanica (Mowova) 

20.0, 77.5 4 162.5 6.25 Globuligerina oxfordiana (Gigelis) 

20.0 89.0 4 200.0 12.50 Conoglobýgerina aff. dagestanica (Momzova) 

20.0 107.5 4 175.0 18.75 Globuligerina oxfordiana (Grigelis) 

20.0 107.5 4 200.0. 12.50 Concýqlobigerina aff. dagestanica (Morozova) 

20.5 108.0 4 150.01 12.50 Globuligerina oxfordiana (Gtigclis) 

21.0, 108.0 3 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

21.5 112.0 4 175.0 18.75 Globuligerina oxfordiana (Gigelis) 

21.5 108.5 3 175.0 12.50 Globuligerina oxfordiana (Gtigelis) 

21.5 107.0 3 162.5 12.50 Globuligerina oxfordiana (Gtigelis) 
22.0 109.0 4 212.5 12.50. Conoglobigerina aff. dagestanica (Morozova) 
22.0, 112.5 4 187.5 12.501 GIbbuligerinaoxfordiana (Gigelis) 

22.5 92.5 3 162.5 12.50 1 Globulkgerina oxfordiana (Gtigelis) 

22.5 92.0 3 200.0 18.75 Conoglobigerina aff. dagesianica (Morozova) 

23.0 109.0 4 175.0 18.75 Globutigerinaoxfordiana (Gtigclis) 

Total N umber of Specimens 7 84 91 
Relative Percentages 1 8 92 
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