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ABSTRACT
Aspects of the Micropalaeontology and Stratigraphy of Cretaceous
Shelf Carbonates from the Oman Mountains
by
Michael Derek Simmons B^c (Hons.)

Five outcrop sections (Wadi Mi'aidin, Wadi Bani Kharus, Jebel Madar, Jebel Madamar and Jebel Salak),
exposing Thamama and Wasia Group sediments were sedimentologically logged and sampled. Thin sections of
each of the Thamama Group samples were prepared for micropalaeontological and microfacies analysis. The
foraminifera, calcareous algae and calpionellids in each sample were recorded in order to provide a means of
biostratigraphic subdivision, and together with microfacies analysis and sedimentological observations made in
the field, provide a means of elucidating the depositional environments of the Thamama Group in the study
area. Correlation between outcrop sections has been attempted using a biozonation scheme developed in the
course of this project, and also by graphic correlation techniques. The taxonomy of 39 genera including 56
species of key foraminifera, calcareous algae and calpionellids is reviewed in detail.
A complete revision of Cretaceous Middle Eastern lithostratigraphic nomenclature is required. Some
recommendations for such a revision are proposed.
Within the Thamama Group, 13 biozones/subzones are recognised using the extinction and inception events for
key taxa. Both biozonal correlation and graphic correlation demonstrate that most Thamama Group formations
are diachronous and may also be condensed at some localities. Biostratigraphic studies demonstrate that in the
Central Oman Mountains region the Thamama Group formations are of the following ages: The Rayda
Formation is of Early Berriasian age. It possibly extends into the earliest Valanginian at some localities (eg.
Wadi Bani Kharus). The Salil Formation is of Berriasian - Valanginian age, possibly Hauterivian in age in its
upper part at some localities. The Habshan Formation is of Hauterivian age evoywhere, with possible extension
into the Late Valanginian in its IOWCT part The Lekhwair Formation is essentially of Hauterivian - Barremian
age (often largely Hauterivian). The Kharaib Formation is of typically Late Barremian - Early Aptian age,
whilst the Shuaiba Formation is of Early Aptian age.
Thamama Group deposition took place on an initially downwarped carbonate ramp, prograding towards the
Tethyan Ocean (towards the north and east). Offshore palaeowinds precluded the development of reefs, but an
oolitic shoal was located at the margin of the ramp, at least during Hauterivian times.
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CHAPTER 1: INTRODUCTION

1.1: Aims and Scope

Despite an upsurge in research over the last 15-20 years, including extensive hydrocarbon exploration, the
geology of the Oman Mountains is still poorly known. Th»e are virtually no published accounts concerning the
micropalaeontology and biostratigraphy of the autochthonous Early - mid Cretaceous shelf carbonates. Indeed,
the occurrence of Cretaceous microfossils in the Middle East region is still poOTly documented.
This study considers various aspects of the stratigraphy and micropalaeontology of the Early - mid
Cretaceous shelf carbonates of the Oman Mountains. The lithostratigraphy of both the Early Cretaceous
["Thamama Group"] and mid-Cretaceous ["Wasia Group"] is consid«ed in detail. This is followed by details of
micropalaeontological studies which focus on the calcareous microfossils of the Early Cretaceous Thamama
Group alone.
A major aim of this study was to record the foraminifera, calcareous algae and calpionellids present
within the Early Cretaceous shelf carbonates of the Oman Mountains and to document their stratigraphic range.
A biozonation scheme has been developed and suitable correlaticMi methods have been considered.
In addition, the taxonomy of certain microfossils has been studied in detail, and the palaeoenvironmental
significance of the microfossils and sediments has also been examined.
The project has been sponsored by AMOCO Petroleum Co. via the Earth Science Resource Institute
(ESRI) of the University of South Carolina and the University of Swansea. It forms part of AMOCOs'
explorati(») {HOgramme in Oman. Cettain aspects of this sbidy have therefcse been conducted with hydrocarbon
exploration in mind.

1.2: Fieldwork Area

The rock samples examined in this study arefroma number of localities in the Oman Mountains area (see
Figure 1.1). The Oman Mountains are on the southeastern edge of the Arabian Peninsula where they form a
spectacular arcuate barrier stretching for almost 700km. from the Straits of Hormuz in the north to the Ras al
Hadd area in the southeast Plate 1.1 shows a LANDS AT photograph of the central part of the mountains which
is the areafromwhich most of the studied samples woe collected.
The mountain belt is approximately 30 - 130km. wide. The highest peak, Jebel Akhdar. reaches a height
of approximately 3000m. To the northeast the mountains are bounded by the Trucial Oman coastal plain and
the Gulf of Oman. To the southwest there is a vast gravel plain of deflation lag deposits which passes into the
Rub al Khali erg. The smalls- ag of the Wahiba Sands bordo^ directly on to the East^n Oman Mountains.
The mountains are rugged, but in recent years a number of roads have been built through them which
allows reasonable access. Four wheel drive vdiicles are essential for field work wh^i the gravel plain needs to
be crossed, or when access into the numerous wadis which cut into the mountain range and outlying jebels is
required. It is these deep, gorge - like wadis which afford the best sections of outcrop. Exposure is frequently
1(X)% with little vegetation COVCT. The central mountains and outlying jebels are elongate domes with a NW SE axis. The wadis tend toflowNE - SW off these domes providing dip sections at right angles to the regional
strike. Temperatures often exceed 38 * C and rainfall is extremely rare. However sudden rainfall often results
in flashfloodswhich disrupt transport and are a hazard to geologists woiking in the field.
The samples studied in the course of this project are from outcrops in the Central Oman Mountains, an
area lying betwera Muscat, the Omani capital city, to the northeast and the Fahud oil field to the southwest (see
Figure 1.1).

1.3; Sample Collection and Analysis

Fieldwork was carried out in Oman for six weeks during the months of February and March 1983. The
majority of this time was spent logging and sampling Cretaceous shelf carbonate successions.
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Thisfieldworicwas carried out in association with a team of geologists funded by AMCXDO Petroleum Co.
and ESRI. This research team has been studying many different aspects of the geology of Oman. My part in
this project has been the investigation of the Early - mid Cretaceous shelf carbonates of the Oman Mountains,
and in particular their microbiostratigraphy.
I was assisted in the field by Dr. J.D. Smewing of ESRI and also by Professor MB. Hart and Mr. C.D.L.
Dodd of Plymouth Polytechnic, and by Dr. R.W. Scott and T.C. Connally of AMOCO Production Co.
The initial samples for this study were collected by Professor M.B. Hart, Dr. S. Crittenden and Dr. J.D.
Smewing during March 1982. These samples were collected from three localities; Wadi Mi'aidin, Wadi Hani
Kharus and Jebel Madamar (see Figure 1.1). These samples proved to contain a good microfauna and flora, so
during the 1983 field season these localities were relogged and sampled ftulh^ by the author. In addition, the
localities of Jebel Salak and Jebel Madar (see Figure 1.1) were investigated for the first time.
On account of the thickness of the successions and the limited time available to study them, it was not
possible to carry out detailed sedimentary logging. Instead, typical field work procedure involved the broad
scale logging of successions with a Jacob staff, although as many sedimentary features as possible were
recorded. Generally samples were taken at 10m. intervals, although very often at critical parts of the
successions (marked lithological breaks, rapid facies changes, zones with prolific larger Foraminifera, etc)
samples were taken at much closer int^vals. Wherever possible, macrofossils woe collected, although because
of time constraints it was not always possible to make a detailed search.
The samples collected for micropalaeontological analysis were roughly hand specimen sized (15 - 25
cms^). From each sample at least one standard thin - section (25x30mm, 30 microns thick) has been produced.
All the microfossils studied in this project have been studied in thin - section.
This is because:
(1) The limestones are particularly well indurated so virtually none of the samples would
disaggregate,
(ii) The microfossils involved in this study (larger Foraminifera, calcareous algae and calpionellids)
are much easier to identify in cross - sectional views on account of their complex internal structure
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which is used in their classification. It is often impossible to identify free specimens of larger
Foraminifera to even generic level, since the critical internal structure is not visible.
There are several problems to ova-come when identifying microfossils in thin - section. Initially it takes
time to become accustomed to identifying three dimensional objects in only two dimensions. Most importantly,
a number of random sections through a fossil may not produce the critical section needed for identification.
Since no individual specimens of microfossils were obtained it was not possible to make orientated sections
through single specimens. Therefore from a sample which contained a form which needed to be identified
precisely, a number of thin - sections had to be made until suitable cross - sections were seen.
An advantage of working with microfossils in thin - section is that one is bound to consider the fossil sediment relationship. By considering the entire assemblage preserved in the thin - section and the enclosing
sediments, palaeoenvironmental conclusions canreadilybe drawn.
In addition to the many thin - sections prepared from the author's samples, thin - sections were also made
available for study from the collections of ESRI. These included matoial from the five locaUties visited by the
author and also otho- localities such as Jebel Nakhl and a number of localities in the Saih Hatat area.
Material held by AMOCO Production Co. in Houston, Texas has been studied and samples from an
AMOCO well (Ma'Murah -1) in the Oman Mountains concession held by Robertson Research International
Ltd., Llandudno, U.K. has also been examined. Figure 1.1 shows the approximate position of this well. Finally
a large number of thin - sections of Cretaceous shelf carbonates from a number of localities in the Oman
Mountains and the Musandam Peninsula which were collected by Drs. K.W. Glennie and WPJI. Pillar of Shell
KSPEL were studied. These are held in Leiden Museum at present. The material is from the following
localities; Wadi Nakhl, Wadi Aiwa, Wadi Ratadi, Jebel Misht, Jebel Jalahia and Wadi Daiga (see Figure 1.1).
In total approximately 1100 thin sections of Cretaceous shelf carbonates from the Oman Mountains have
been examined in the course of this study. It should be pointed out howevo- that attention has been focused on
the five localities visited by the author, and in particular the three localities with good exposures of the Early
Cretaceous Thamama Group (Wadi Mi'aidin, Wadi Bani Kharus and Jebel Madar). The other material has
largely been used to provide various background information and help confirm general stratigraphic and
palaeoenvironmental conclusions.

As well as identification of microfossils from the thin - sections, the sedimentary microfacies of the
samples has been studied. Occasionally thisrequiredthe staining of sections with Alizarin Red-S solution to
determine the presence of dolomite.

Index of Sample Numbers.

As mentioned above, during the course of this study a large number of samplesfroma variety of sources
have been examined. To clarify the location and source of a sample when it is mentioned in the text, the
following index of sample/thin - section numbers is provided.
Samples prefixed with the letters 'Plr.' are the property of the Rijksmuseum van Geologie en
Mineralogie, Hooglandse KCTkgracht, Leiden, The Netherlands. The samples are held in the museums 'Oman
Mountains Collection' and are also given Rijksmuseum van Geologie en Mineralogie registration numbers
prefixed with the letters RGM. The following thin - sections WCTC studied:

Plr 798-813

(RGM 237785 - 237800)

Jebel Misht

Plr 828 - 829

(RGM 237814-237815)

Jebel Misht

Ph-1360-1384

(RGM 238345-238369)

WadiDaiga

Plr 1390-1396

(RGM 238375 - 238381)

Wadi Aiwa

Ph-1425 -1428

(RGM 238410-238413)

Wadi Aiwa

Ph-1429 -1431

(RGM 238414-238416)

Wadi Daiga

Ph-1504

(RGM 238489)

WadiNakhl

Ph-1507 -1539

(RGM 238492-238524)

WadiNakhl

P\r 1608 -1623

(RGM 238593 - 238608)

Wadi Aiwa

Pk 1691 -1694

(RGM 238676-238679)

Jebel Jalahia

Pb-1889 -1893

(RGM 238874-238878)

WadiRatadi

The following samples belong to the collections of ESRl and are held by Dr. J.D. Smewing, Department
of Geology (ERI), University College, Singleton Park, Swansea, U.K.:

Prefix 'BK' - Wadi Bani Kharus

(BKl - 88)

Prefix 'JM' - Jebel Madamar (South side)

(JMl -10)

Prefix 'WM' - Jebel Madamar (Nrath side - also called Wadi Madamar)

(WMl - 29)
(1 - 263)

No prefix - Wadi Mi'aidin

The following samples belong to the collections of the author and are at present located at the BP
Research Centre (Stratigraphy Branch), Chertsey Road, Sunbury on Thames, Middlesex. TW16 7LN, U.K.
(duplicates of some samples are held by Prof. M.B. Hart, Polytechnic South West):

Prefix 'JM' - Jebel Madamar

(JMl -13)
N.B prefix as for ESRl collections.

Prefix 'WMA' - Jebel Madamar (North side - also called Wadi Madamar)
Prefix 'JSN' - Jebel Salak
Prefix 'JS' - Jebel Salak
Prefix 'JSX' - Jebel Salak
Prefix 'WM' - Wadi Mi'aidin

(WMAl -14)
(JSNl - 22)
(JSl - 7)
(JSX2 - 5)
(WMl -107)

N.B ccMifusion with ESRl *WM* s^esfiromJebel Madamar.
Prefix 'WMX' - Wadi Mi'aidin
Prefix 'NU' - Wadi Mi'aidin

(WMX2-20)
(NUl - 29)

Prefix's'- Wadi Bani Kharus

(Bl -100)

Prefix'K'- Wadi Bani Kharus

(Kl - 35)

Prefix 'JMD' - Jebel Madar

(JMDl-1-2-22)

Prefix 'MR' - Jebel Madar

(MRJ - MRl - 16)

Prefix 'MS' - Jebel Madar

(MSI-91.4)

Prefix 'NM* - Jebel Madar
Prefix'N'- Jebel Madar

(NMl - 30)
(Nl-16)

1.4; Geological Investigations in Oman.

It is not possible to document the details of all the geological investigations that have taken place in
Oman. ThCTefwe within this section two aspects of the geology of Oman will be highlighted. These are firstly,
the arguments concerning the role of thrust tectonics in the geological history of Oman, and secondly,
observations and ideas about the Cretaceous shelf carbonates involved in this study and in particular, their
micropalaeontology.
There are a few iqx)rts about the geology of Oman in publications of the 19th cratury. and it was not until
1908 that the first serious study of Oman geology was published. This paper by Pilgrim (1908) gave a brief
outline of the geology of Oman; aresultof his explorations in 1904 and 1905. The hostile nature of the local
tribes prevented him from reaching many parts of the mountain range, including the Jebel Akhdar area, around
which there are considerable outcrops of Cretaceous shelf carbonates. Pilgrim divided the successions he saw
into two units; an "Oman Series" which included all sedimentary formations from Palaeozoic to Cretaceous age,
and a "Basic Igneous Series", which is now known as the Semail Ophiolite.
Lees (1928) made a major contribution to our knowledge of the geology of Oman, although he, like
Pilgrim, was unable to visit Jebel Akhdar. Lees was the first geologist to recognize the major rock units present
in Oman. He also recognized the importance of thrust tectonics in the geological history of Oman. He made a
detailed description of some of the fossils he collected during his study. A numbo- of Early and mid-Cretaceous
macrofossils (largely molluscs) are described, together with the first record of the larger foraminiferid
Orbitolina, from the shelf carbonates of Cretaceous age.
Many of the fossils collected by Lees were further described by the Austrian palaeontologist Kuhn
(1929), who made a detailed study of some of the molluscs and corals of Cretaceous age.
Lees recognized the following major rock units in Oman (from base to top):
(i) Pre - P^mian quartzites, limestCHies, phyllites, etc.

(ii) Permian limestones
(iii) Triassic Eliphinstone Beds (largely limestones)
(iv) Musandam Limestone (Jurassic - Early Cretaceous in age)
(v) Hawasina Series - shales, radiolarites. (Jurassic - Early Cretaceous in age)
(vi) Semail Igneous Series
(vii) Unconformable Late Cretaceous and Eocene sediments
(viii) Miocene shales, sandstones and coals
This sequence has been recognized by all following workers as the basic sub-division of the rock units in
Oman.
Lees believed that the Hawasina and Semail Series had been thrust into their present position in the rock
sequence, and were in fact, the age equivalents of the Musandam Limestone which underlies them. The ideas of
thrust tectonics and age equivalence concerning these rock units has been the subject of considerable
disagreement in publications on Oman geology, but most geologists now agree that Lees' model of thrust
emplacement for the Hawasina and Semail Series is correct
The 'Musandam Limestone* of Lees partially includes the Early - mid- Cretaceous carbonates of this
study.
Between 1949 and 1960 geologists of the Iraq Petroleum Company carried out extensivefieldsurveys for
Petroleum Development (Oman) Ltd. (PDO). This resulted in the publications of Morton (1959), Hudson
(1960) and Hudson et al. (1954a.b) and HudstOT and Chatton (1959).
Hudson and Chatton (1959) described in detail the Musandam Limestone (Jurassic - Early Cretaceous) of
the Musandam Peninsula. Howeva, they do not ttla to the equivalent and almost identical beds of the Central
Oman Mountains. As well as describing the lithology of the Musandam Limestone, they correlate the sections
in Musandam to wells in the Qatar Peninsula, thus placing the Lowo- Cretaceous part of the succession within
the Thamama Group, a lithostratigraphic unit used to (tescribe Lower Cretaceous carbonate sedimoits across the
Middle East
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Hudson and Chatton {op. cit.) divided the Musandam Limestone into a number of lithological units which
are dated on the basis of Foraminifera, calcareous algae and calpionellids, supported by macrofossil evidence
(although they found no ammonites).
They believed the Upper Musandam Limestone to be of Boriasian - Early Aptian age (age equivalent to
the Thamama Group in the Oman Mountains). Their lithological succession is the same as that in the Oman
Mountains. This includes a lower shale unit with radiolaria and Calpionella alpina Lorenz 1902 and upper
shelly and peloidal limestone units with common Foraminifera. Among the Foraminifera they record are;
Orbitolina sp. cf. O. discoidea Gras 1852, Orbitolina sp. cf. O. lenticularis (Blumenbach 1805), Dictyoconus
arabicus Henson 1948, Chojfatella decipiens Schlumberger 1904, Trocholina spp., Pseudochrysalidina sp.,
Pseudocyclammina lituus (Yokoyama 1890) and Pseudocydammina kelleri Henson 1948.
Morton (1959) described the geology of most of the Oman Mountains range, including Jebel Akhdar, and
presented a geological map of Oman. As well as describing the rock units present in Oman, his paper presents
palaeontological evidence for the age of parts of the succession, including the Cretaceous shelf carbonates. In
this respect there is mention of the larger Foraminifera Praealveolina cretacea d'Archiac 1837, Orbitolina sp.
cf. 0. discoidea, Orbitolina sp. cf. O. concava (Lamarck 1801) and the calpionellid Calpionella alpina.
The most important aspect of Morton's paper is that in direct opposition to Lees, he believed both the
Hawasina and Semail Series to be autochthonous. He states that the contact between the Hawasina Series and
the underlying mid Cretaceous carbonates is "sharp but concordant, while that between the Hawasina and
Semail is also concordant but slightly sheared to a degree which does not indicate important thrusting". He also
claims that "the Semail extrusions are deep - rooted in situ", although he remarks that the evidence for the actual
'roots* is undiscovCTed.
Morton thus believed that the whole Oman Mountains succession is a normal younging upwards
sequence and autochthraious. He was later supported in this view by Tschopp (1967a) and Wilson (1969).
During the 1960s considoablefieldwork was carried out by Shell geologists {(x PD(Oman) Ltd. During
this timefieldsurveys and exploration wells wext carried out by other oil companies for the first time. A result
oftiieexplwation studies by PD(Onian) Ltd. were the publications of Tschopp (1967a,b) and Wilson (1969).
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These authors supported Morton's hypothesis that the Hawasina and Semail Series were autochthonous.
One of the strongest reasons for their doing so is that the Hawasina turbidites are underlain by similar looking
turbidites containing not only reworked fossils of Early Cretaceous and Jurassic age, but also globotruncanids
(planktonic foraminifera) of Late Cretaceous age. HowevCT as Glennie et al. (1973a,b;1974) have shown, these
lower turbidites belong to a sq)arate autochthonous unit; the Muti Formation. The Hawasina Smes contains no
Late Cretaceous fossils only contemporaneous Jurassic and Early Cretaceous faunas in normal younging
upwards sequences repeated imbricately as a result of thrusting. By excluding the Muti Formation from the
Hawasina Series, the Hawasina Sales must be considered to be allochthonous.
Wilson (1969) believed that the Sranail Series represented autochthonous extrusive deposits and he placed
a possible zone of submarine fissure eruptions to the north and east of the present Oman coast (Wilson, 1969,
Fig.24).
Wilson placed the Early and mid-Cretaceous shelf carbonates within the Musandam Limestone. These
carbonates are divided into a, lower, Thamama Group of Berriasian - Aptian age, and an, uppo", Wasia Group,
of Late Albian - Cenomanian age.
Tschopp (1967b) documented the exploration history and the geology of the Fahud oil field which is
located approximately SOkm. southwest of the Oman Mountains (see Figures 1.1 and 1.2).
Three giant oil fields occur southwest of the Oman Mountains; Yibal, Natih and Fahud (see Figures 1.1
and 1.2). Fahud-1 was the first well to be drilled in Oman and was spudded in 1956. Oil was discovered in
commercial quantities at Natih in 1960. The oil reservoir was in Cenomanian shelf carbonates of the Wasia
Group. An anticlinal structure at Fahud was drilled by Fahud-2 in 1963 and oil discovered in commercial
quantities, also in limestones of the Wasia Group. Since this time oil has continued to be discovered in this
area. In 1983 production from the Yibal field was approximately 38 million barrels, from Fahud 24 million
barrels andfromNatih 10 milUon barrels (Hemo- and Pickford, 1984).
Tschopp discussed the stratigraphy of the Fahudfieldand divided the Cretaceous shelf carbonates into an,
upper, Wasia Group, and a, lower, Thamama Group. The Wasia Group was divided into an, upper, Wasia
Limestone Formation, (= Natih Formation of other authors), and a, lower, Nahr Umr Formation. Tschopp
defined seven members within the Wasia Limestone Formation, lettered a - g, on the basis of lithology and log
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response. These have since been recognized in other wells in the Oman area, and attempts have been made to
recognize them in the field, although all members are not always present
The first geologists to abandon Morton's ideas on the age and autochthonicity of the Hawasina and
Semail Series were Hareboure and Horstink in an unpublished PD(Oman) report (see Glennie et al., 1974).
Like Lees (1928) they believed that the Semail and Hawasina Series were thrust into their present position.
Their ideas were soon supported in p{q)ers by Reinhardt (1969) and Allemann and Peters (1972) on the Semail
Ophiolite.
During the late 1960s Shell KSPEL carried out a detailed geological survey of the Oman Mountains
under the supervision of K.W. Gl^mie. This survey team produced a number of publications on the geology of
Oman, notably Glennie et al. (1973a,b;1974) and Glennie (1977). The publication of 'The Geology of the
Oman Mountains' by Glennie et al. (1974) is the most comprehensive study of this area to date and it is
impossible to summarize here all the data and interpretations presented in this work.
Glennie et al. (1973a) presented evidence that the Hawasina and Semail Series are allochthonous.
Although Wilson (1973) attempted to defend the idea that they are autochthonous, his arguments are not
convincing. In particular, he could not explain the total lack of Late Cretaceous microfossils within the
Hawasina Series. As part of his argument, Wilson Hgured what he believed to be specimens of Orbitolina,
(Wilson, 1973, figure 1). However, these are in fact specimens of the Early Jurassic species Meyendorffina
(Lucasella?) cayewd (Lucas). Glennie et al. (1973b;1974) rejected Wilson's arguments and showed convincing
evidence that the Hawasina and Semail units are a series of allochthonous nappes.
Glennie et al. (1974) produced an extremely accurate geological map of Oman, a simplified version of
which is shown \KX& as Figure 1.3, and also gave v ^ detailed descriptions of the rock units {Resent They were
able to divide the siKxession in Oman into a large numbo' of units, groups, fonnations, etc. A summary table of
the rock units they determined is presented in Figure 1.4. A schematic cross - section through the Oman
Mountains as drawn by Glennie et al. (1974) is shown as Figure 1.5.
Glennie et al. (1974) recognized that the Semail Igneous Soies represented an ophiolite (i.e a fragment of
obducted mantle and oceanic crust). They recognized the pillow lavas, sheeted dykes, layered gabbros and
ultramafics, which form a classic ophiolite succession.
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The Semail Igneous Series is pa1iq)s the best example of an ophiolite in the world and since the advent of
plate tectonics in the late 1960's, it has been extensively studied. Major publications concerning the Oman
ophiolite include Reinhardt (1969). Allemann and Peters (1972), and the special issue on the Oman ophiolite in
Journal of Geophysical Research (V.86,1981). In the late 1970's a team from the Open University under the
supervision of Prof. I.G. Gass and Dr. J.D. Smewing conducted an extensive mapping study of the ophiolite,
and a numbo' of maps have been produced.
Glennie el al. (1974) divided the entire Oman succession into six major rock units lettered A - F (see
Figure 1.6). From base to top they are:
(A) A basement of granites, gneisses, partly metamorphosed sediments and metavolcanics. This
basement was folded in a pre-Permian orogeny.
(B) A sequence of mainly shallow marine carbonates that ranges from mid - Permian to Late Cretaceous
in age. This is largely the Hajar Super - group (see Figure 1.6), and the rocks studied in this project
occur in this unit
(C) The Sumeni Group; local thrust sedimentary sequences of Permian to mid - Cretaceous age. These
include carbonates, boundstones and conglomerates. These are overlain by Late Cretaceous
silicified conglom^ates, grainstones and cherts of the Anuna Group. The Sumeni Group was rarely
mraitioned by previous workers and was usually placed in unit D.
(D) The Hawasina Series; a complex association of folded and faulted turbidites, limestones and cherts
of Triassic to Cenomanian age, and shallow marine limestones of Permo - Triassic age sometimes
associated with basaltic pillow lavas.
(E) A thick sheet of basic and ultrabasic rocks (the Semail ophiolite) with a discordant contact with the
undo'lying Hawasina Series.
(F)

A sequence of shallow marine Maastrictian and Early Tertiary carbonates and conglomerates, that
overlie all oXdsx sequences unconformably.

Gleimie et al. (1974) deduced that the three major sedimraitary units [the Hajar Super - group (unit B). the
Sumeni Group (unit C) and the Hawasina Saies (unit D)] wo-e all dqrasited within the same mid - Permian to
Cenomanian time span. The Hajar Super - group was deposited in shallow water environments on the Arabian
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continental margin. The Sumeni Group was deposited on the continental edge and at the foot of the continental
slope, and the Hawasina Series on the continental rise and oceanic basin that lay to the northeast of the
continental margin. During the Late Cretaceous the Sumeni Group, the Hawasina Series and the Semail
Ophiolite were tectonically emplaced above the Hajar Supa - group.
Glennie et al. (1974) also deHned ten microfossil zones (I - X) within the mid - Permian to Late
Cretaceous sequences. The Early - mid Cretaceous sediments studied here fall into zone VI (the
'tintinnid/Cun£o/i/ia Zone'), zone VII (the 'Orbitolina Zone') and zone VIII (the 'Praealveolina Zone'). From
each zone Glennie et al. (1974) documented a reasonable microfauna and microflora which enabled them to
accurately date the succession.
As stated above the Cretaceous carbonates of this study fall within the autochthonous Hajar Super - group.
The Cretaceous part of the Hajar Super - group (partly synonymous with the Musandam Limestone of Lees
(1928)), is divided by Glennie et al. (1974) into a, lower, Kahmah Group and an, upper, Wasia Group (see
Figure 1.4).
The Kahmah Group as defined by Glennie et al. (1974) is a thick (c.750m) carbonate sequence with
porcellanites in the lower part conformably overlying the Jurassic Sahtan Group. The upper limestones have a
marked disconformity with the overlying Wasia Group. The age range for the Kahmah Group was thought to be
Tithonian to Aptian. Glennie et al. (1974) introduced the term Kahmah Group to replace the term Thamama
Group, which is in part defined by the presence of the underlying Hith Anhydrite, which is missing in Oman.
However the term Thamama Group has been retained by some wcvkers, including the author, and it is still used
in sub - surface work in Oman.
The Wasia Group was recognized by Glennie et al. (1974) as a succession of limestones and shales in the
lower part overlain by more massive limestones. Total thickness is 400m. The upper surface was described as
a marked disconformity with the overlying Aruma Group. The age span of this unit was thought to be Albian CencHnanian (? Early Turonian).
Glennie et al. (1974) did not originally divide the Wasia and Kahmah Groups into formations. However
Glennie (1977) (see Figure 1.4) suggested correlation with formations recognized in Dhofar and elsewhere in
the Arabian Peninsula. These formaticms are (from top to base):
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Natih Fm.
= Wasia Group
Nahr Umr Fm.

Shuaiba Fm.
KharaibFm.
Lddiwair Fm.
= Kahmah Group (Thamama Group)
Habshan Fm.
Salil Fm.
Rayda Fm.

These t^ms have since been widely used by geologists woiking in Oman and are used in this study.
Despite the above remarks, the publications of Glennie et ai. (1973,b; 1974) do not go into great detail
concerning the Kahmah and Wasia Groups. Although the basic lithology is described and a number of
measured sections presented (Glennie et al.. 1974, enclosure 3), there is little detail, and the
micropalaeontological content is limited to the mention of a few common or stratigr^hically important genera.
Since the publication of 'The Geology of the Oman Mountains' by Glennie et al. (1974), geological
investigations in Oman have been expanding dramatically. As mentioned above there has been considerable
work conducted on the Semail ophiolite in recent years.
Oil company interest in the geology of Oman has expanded in the 1970's and 1980's with a number of
companies now holding concessions within Oman (Figure 1.2 shows a m ^ of oil company concessions and oil
fields in Oman). However publications resulting from this exploration have been limited.

Elf Aquitaine

geologists Ricateau and Riche (1980) published a useful account of the geology of the Musandam Peninsula and
surrounding areas. This included details of offshore wells and evidence that the Nahr Umr Formation occurs in
this area. Micnq)alaeontologica] evidence for the age of the succession is presented.
Gulf Oil geologists Harris and Frost (1984) published an account of the nature of the mid - Cretaceous
carbonate reservoirs in Oman, including the Fahud field. This included a depositional model for the Wasia
Group, and details of porosity and permeability. Harris and Frost prefer to use 'Mishrif Formation' and
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'Mauddud Formation' in place of the term Natih Formation. These equate with similar Mishrif and Mauddud
facies seen elsewhere within the Arabian Peninsula (see also Chapter 2.1).
Geologists working for the ESRl research team, sponsored by Amoco, have produced a number of
publications on aspects of the geology of Oman (eg. Searle et al., 1983; Searle, 1985). Hopefully many more
publications will be forthcoming. However oil company restrictions may delay publication.
Oil exploration continues apace in Oman. In 1983 thirty sevra exploratory wells w»'e drilled, twenty of
which recorded hydrocarbons. 24,260km. of land seismic lines were shot and crude production totaled
140,162,000 bbl., an increase of 19.3% on 1982 (Hemer and Pickfrad, 1984).
There have been many publications on the overall geology of the Middle East which mention Oman, and
in particular, details of the Cretaceous geology of this area. It would be impossible to document all these
publications but some of the major papers include Henson (1951), Dunnington (1967), Sampo (1969), ElNaggar and Al-Rifay (1972,1973), Saint-Marc (1978), Murris (1981) and Harris et al. (1984).
Henson (1951) published an early account of the geology and nature of petroleum occurrences in the
Middle East and included notes on the stratigraphy of Oman. Dunnington (1967) provided details of the
stratigraphic distribution of oilfields in the Iraq - Iran - Arabia Basin. Detailed descriptions of the lithology,
stratigraphy and palaeontology of the Cretaceous geology of this region were given, including notes on the
correct use of the term 'Wasia Group'. Sampo (1969) described the microfacies and micropalaeontology of
Southwest Iran, which includes descriptions of microfossils that are also recorded from Oman. El-Naggar and
Al-Rifay (1972, 1973) provided details of the biostratigraphy and microfacies of the Cenomanian Magwa
Formation of Kuwait The Magwa Formation is partly equivalent with the Natih Formation in Oman and the
papers deal with the arguments conconing Wasia Group lithostratigraphic nomenclature. They also provided
numat)us photomicrographs of microfossils from this Cenomanian succession, many of which are also found in
Oman. Saint-Marc (1978) provided a good introduction to the geology of the Arabian Poiinsula and a synthesis
of ideas concerning the palaeogeography of this region. A correlation chart of Cretaceous formations in the
Arabian Peninsula is given.
The paper by Murris (1981) is a summary of the geologic evolution of the Middle East and how this
evolution relates to oil habitat. A series of palaeogeographic maps illustrate the environments of deposition.
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Two main styles of deposition are recognized, related to sea level change: (i) Ramp - type mixed carbonate clastic units related to regressions resulting in 'layer - cake' formations, and (ii) differentiated carbonate shelves
related to transgressions {Htxlucing time transgressive surfaces. The tectonicfinameworkis also discussed.
A recent pq)er by Harris et al. (1984) discussed regional unconformities and depositional cycles within
the Cretaceous of the Arabian Peninsula. The paper relates these cycles to world - wide and local sea level
changes and gives a palaeodepth curve for the study area. Details of the lithosvatigraphy and biostratigrs^hy of
the region are provided, and a calcareous nannofossil - planktonic Foraminifera - largo^ benthonic Foraminifera
biostratigraphic zonation is given. Much of the work of Harris et al. is based on outcrop and well samples from
Oman and thus has great relevance to this study.
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CHAPTER 2; UTHOSTRATIGRAPHY AND SEDIMENTOLOGY

2.1; Lithostratigraphic Nomenclature

The lithostratigraphic nomenclature used in this study is largely that of Glennie (1977), (see Figures 1.4
and 2.1). However the tram Thamama Group is preferred to Gloinie's torn Kalunah Group (for explanation see
below). The eight formations recognized by Glennie (see Figures 1.4 and 2.1) in Dhofar (Rayda - Natih
Formations), and tentatively ccBrelated by him to the Oman Mountains, are used in this study. Although there is
no published description of these formations in Oman, it has been oil company practice to apply these terms to
outcrop and well sections for the last few years (eg. unpublished AMOCO and BP rqwrts).
The lithostratigraphic nomenclature used to describe the Lower to mid-Cretaceous shelf carbonates in
Oman has been created in an unsystematic way. Almost every author who has described these sediments has
developed a different system of ncxnenclature, resulting in a large number of lithostratigraphic trams being used.
Figure 2.1 summarizes most of the lithostratigraphic schemes available. Furthermore, many terms are invaUd or
improperly used according to the rules of lithostratigraphic nomenclature. This is true of lithostratigraphy not
only in Oman, but also elsewhere in the Middle East. For example, many formational names are now used to
describe rock units that bear little apparent sedimentological relation to the same formations as described in
their type sections. A revision of Middle Eastern lithostratigraphic nomenclature, including that used in Oman,
is required, but this is outside the scope of the present study. Indeed such a revision is probably impracticable
since oil company geologists have been using some of the existing terms for many years.
The remainder of this sub-chapter discusses some of the problems of lithostratigraphic nomenclature of
the Cretaceous in Oman. These include use of the terms 'Musandam Limestone', 'Thamama Group' and
'Wasia Group', overlap and duplication of lithostratigraphic terms used in Oman, and correlation of
lithostratigr^hic units used in Oman with those used in other areas of the Middle East
Lees (1928) introduced the term 'Musandam Limestone' to describe the Jurassic and Lower Cretaceous
shelf carbonates outcroping in the Musandam Peninsula, and the Oman Mountains. This definition does not
include the Upper Albian - Upper Cenomanian/?Turonian shelf carbonates outcroping in the Central Oman
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Figure 2.1

Mountains which were placed by Glennie et al. (1974) within the Wasia Group. However, these sediments have
now also been recognized in the Musandam area (Ricateau and Riche, 1980). The term 'Musandam Limestone'
is still applied to the Jurassic and Lower Cretaceous shelf carbonates which outcrop in the Musandam
Peninsula, despite obvious similarities to the formations recognized in the the Central Oman Mountains.
Glennie (1977) preferred to use the term 'Musandam Group' to describe the Jurassic and Lower
Cretaceous carbonates of the Northern Oman Mountains, rather than the terms 'Sahtan Group' and 'Kahmah
Group' which he used for their equivalents in the Central Oman Mountains.
Ricateau and Riche (1980) introduced the term 'Musandam Super-group', which is equivalent to
Glennies' Musandam Group (see Figure 2.1). They divided this into 9 units lettered A - L Units G -1 represent
the Lower Cretaceous which is unconformably overlain by sediments of the Wasia Formation (= Wasia Group
of this study). However, units G -1 could be replaced by the formational terms used in the Central Oman
Mountains in this study (Rayda Formation, Salil Formation, etc.). In offshore well sections Ricateau and Riche
used the terms Fahiliyan Formation, Gadvan Formation and Dariyah Formation, which are used in onshore
southern Iran, instead of units G, H and I respectively (see Figure 2.1).
Allermann and Peters (1972) included 'the Musandam Limestone' within their Ruus al Jibal unit. The
latter unit comprises some 4000 metres of Permian - Campanian para-autochthonous carbonates outcroping in
the Musandam Peninsula. They tentatively correlated this unit to the Jebel Akhdar and Saih Hatat areas.
Hudson and Chatton (1959) produced an extremely detailed description of the Musandam Limestone in
the Musandam Peninsula. They divided the limestone into Lower (Jurassic) and Upper (Jurassic - Lower
Cretaceous) units. They correlated the Upper (largely Cretaceous) unit with formations in Central Arabia and
the Thamama Group of the Dukham wells of the Qatar area. This is the first mention of the term 'Thamama
Group' in connection with the Cretaceous shelf carbonates of the Oman Mountains.
The term 'Musandam Limestone' was used by Tschopp (1967a) and Wilson (1969). In both cases it was
applied to sediments both in the Musandam Peninsula, and the Central Oman Mountains. Both authors divided
the Cretaceous part of the Musandam Limestone into a lower, Thamama Group, and an upper, Wasia Group
(see Figure 2.1). However, in accordance with the original definition of the Musandam Limestone by Lees
(1928), both Tschopp and Wilson are wrong to place their 'Wasia Group' sediments within the Musandam
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Limestone. Lees recognized no Wasia Group equivalent sediments in his type description of the Musandam
Limestone.
Tschopp (1967a) was the first to divide the Cretaceous shelf carbonates of the Central Oman Mountains
into Thamama and Wasia Groups. He was also the first to introduce formational terms for these sediments. He
divided the Wasia Group into an upper, Wasia Limestone Formation, and a lower, Nahr Umr Formation (see
Figure 2.1). The Wasia Limestone Formation is equivalent to the tCTm 'Natih Formation', first used by Glennie
et al. (1974) and used in this study.
The Wasia Limestone Formation was subdivided by Tschopp (1967a;b) into seven members lettered a - g
fi'om top to base. The members are recognized on the basis of lithology and log response. They are usually
separated by shale layers or marly intercalations. The Uthology of the seven membCTS is as follows:
Member (a) (thickness approx. 65m, youngest member) consists of chalky wackestones and packstones.
The allochems are either skeletalfragments(including rudists) or benthonic foraminifera.
Member (b) (thickness approx. 90m) is typically bituminous with argillaceous packstones and
wackestones. Allochems are mainly planktonic foraminifera with whole and broken moUuscan shells.
Member (c) (thickness approx. SOm) is mainly a chalky and argillaceous wackestone with abundant
planktonic foraminifera. The lower part is partly dolomitized and most of the member is slightly
bituminous with thin shale intercalations.
Member (d) (thickness approx. 4Sm) comprises a bioclastic peloidal chalky packstone. The top S metres
are often bioclastic wackestones with rudist debris.
Monber (e) (thickness approx. 180m) largely consists of peloidal wackestones. At the base cherts occur,
whilst towards the top the membo- is sometimes sli^tly dolomitic.
Member (f) (thickness approx. 30m) consists of partly chalky and dolomitic wackestones, with some
argillaceous intervals.
Member (g) (thickness appmx. 20m) comprises chalky lime mudstones which develop into bioclastic and
peloidal wackestones towards the top of the unit
All seven members are oil producing. Members (a), (c), (d) and (e) are particularly good reservoir
intervals, and is from these sediments that the oil of the Fahudd and Natih fields is produced (Tschopp 1967b,
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Harris and Frost 1984). According to Harris and Frost {op. cit.), the reason for this is the presence of good
intraparticle porosity in grainstones, and, more importantly, the development of moldic porosity after fine rudist
debris, associated wiA meteoric wato* lenses. These authors believe these l»ises arerelatedto the development
of islands and subaerial exposure during sea level lows. The shales of the lower Fiqa Formation provide an
effective seal. Average porosities in the main reservoir intervals ranges from 25 - 32%, with permeabilities as
high as 10 - 20,000md (Harris and Frost, op. cit.).
Member (b) is thought to be a potential hydrocarbon source rock (Tschqjp, 1967b). Howevo- it cannot be
the source of the Fahudd and Natihfields,since it would not have reached maturation until the Middle Eocene.
The source for thesefieldsis thought to be Palaeozoic or Early Mesozoic (Harris and Frost, 1984).
The members defined by Tschopp (1967a;b) are still used as working terms by geologists in Oman,
particularly with refoence to subsurface sections southwest of the main Oman Mountains range (eg. Harris and
Frost, 1984).
Where possible these members are recognised in the sediments studied in this project. However, as
pointed out by Harris and Frost (1984), the use of these terms is not satisfactory for outcrop sections in the
Oman Mountains. This is because; (a) the shale and marl intervals that separate the members are absent, (b)
several of the upper members can be missing due to erosion or non-deposition, and (c) chalky, pelagic
limestones of intrashelf basin origin occur as lateral facies equivalents.
Glennie et al. (1974) formally described a number of lithostratigraphic terms which they applied to the
Cretaceous shelf carbonates of the Oman Mountains. As mentioned in the previous chapter, they placed these
sediments within the Hajar Super-group, which encompasses all the autochthonous sediments of Permian to
mid-Cretaceous age in the Oman Mountains.
The Cretaceous part of this succession in the Central Oman Mountains was divided by Glennie et al. into
two groups; the Kahmah Group and the Wasia Group. The Kahmah Group equivalent sediments of the
Musandam P^iinsula wa« placed within the Musandam Group (see Figure 2.1). As mentioned above, Glennie
et al. (1974) and Glennie (1977) did not feel justified in using the term Kahmah Group to describe the sediments
of the Musandam Peninsula, despiteremarksthat the Kahmah Group and the upper Musandam Group are very
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similar and can be correlated. The Musandam Group of Glennie et al. (1974) includes Jurassic sediments
equivalent to the Sahtan Group of the Craitral Oman Mountains.
The name Kahmah Group was introduced by Glennie et al. (1974) as a new term synonymous with
'Thamama Group' as used by Tschopp (1967a;b) and Wilson (1969). Glennie et al. argued that at its type
locality in Saudi Arabia, the Thamama Group is in part defined by the presence of the underlying Hith
Anhydrite. Since this does not occur in the Oman Mountains, the name Thamama Group cannot be used.
Curiously, Glennie et al. remarked that the name 'Thamama' could be retained in Oman for sub-surface work.
It has been oil company practice to do this, ^id to apply the name to outcrop sections, despite the comments of
Glennie et al.
The name Thamama Group is maintained in this project for both the description of outcrop and subsurface sections. This is partly because it is oil company practice to do so, and also because the absence of an
underlying lithology (i.e the Hith Anhydrite) should not prevent a lithostratigraphic term being used, if the
lithology of the unit being described is comparable to that of the type section. Neither the International
Stratigraphic Code (Hedberg, 1976), nor the North American Stratigraphic Code (NACSN, 1983), mention the
need for a lithostratigraphic unit to be constantly underlain by one lithology (or another lithostratigraphic unit).
It seems impractical to expect this. In any case, the prime consideration for defining a lithostratigraphic unit
must be the lithology of that unit, not that of the underlying rocks. Therefore, the term Kahmah Group as used
by Glennie et al. (1974) and Glennie (1977) is synonymous with Thamama Group as used in this study (see
Figure 2.1). Glennie et al.'s original description of the Kahmah Group is thus a useful introductory description
of the Thamama Group in Oman.
Glennie et al. (1974) described the Kahmah Group as a carbonate sequence of 750 metres maximum
thickness, ranging from deeper marine pelagic porcellanites and chats at the base of the succession, to shallow
marine limestones at the top. It was thought to be Tithonian - Aptian in age, which can now be slightly revised
(see subsequent chapters). A stratigraphic thinning to the east and northeast, recognized in this study, was
noted.
It is worth repeating Glennie et al.'s full description of the Kahmah Group here, as it provides an accurate
description of the Thamama Group in Oman.
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"The unit consists of a lower part of thin to thick bedded, microbioclastic mudstone and wackestone with
very fine, thin bedded, porcellaneous mudstones ('porcellanites') containing bl^k chat nodules at the base; and
an upper part of predominantly thick bedded bioclastic and peloidal wackestone and packstone, altranating with
thinner bedded, bioclastic mudstones and thick bedded, skeletal, oolitic and pelletal grainstone, the later being
commonly fossiliferous (e.g. Orbitolina). In the upper part of the sequence the wackestone contains nidists
(monopleurids and caprinids), while foraminiferal grainstone bands and coquina beds of thick shelled molluscs
become increasingly abundant toward the top." (Glamie el al., 1974, p. 140-1).
Glennie et al. remarked that it is possible to subdivide the Kahmah Group in the fleld into smaller
lithostratigraphic units (i.e. formations), especially along the southern flank of Jebel Akhdar (eg. at Wadi
Mi'aidin). However, they stated that towards the north across Jebel Akhdar, these units become inseparable in
thefield.In the experience of this author this is not the case. For example, at Wadi Bani Kharus on the northern
edge of Jebel Akhdar (see Figure 1.1), all the formations used in this study (see Figures 2.1 and 2.2) are
recognizable. Howeva, the boundaries between the formations are sometimes unclear and the condensed nature
of the formations may make them difficult to recognize initially (see Ch^ter 2.3). Glennie et al. did not define,
or name, any formational units within the Kahmah Group, because they thought them not recognizable across
the entire Oman Mountains area.
In this project the formations noted by Glennie (1977) in the Dhofar region and correlated to the Oman
Mountains are used. This follows nomenclature originally used by Petroleum Development (Oman) in an
internal report in 1971. Most of these formations are widely recognized across the Arabian Peninsula.
Descriptions of these formations are given in the subsequent subch^t^.
Glennie et al. (1974) thought that the Kahmah Group was conformable with the underlying Jurassic
Sahtan Group, whilst the coitact with the overlying Wasia Group was a disccHiformity.
The Cretaceous shelf carbonates overlying the Kahmah Group are placed within the Wasia Group by
Glennie et al. (1974), following the practice of Tschopp (1967a;b) and Wilson (1%9). The Wasia Group was
originally defined by Owen and Nasr (1958) in the subsurface of Kuwait (although see below lot a discussion of
problems with this nomenclature).
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LATE JURASSIC-CRETACEOUS LITHOSTRATIGRAPHIC CORRELATION, OMAN-MIDDLE EAST
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Glennie et al.'s description of the Wasia Group is a useful introductory account of this unit in Oman, and
can be repeated here. According to Glmnie et al. the Wasia Group is a sequeiK:e of shallow - marine sediments,
some 300 - 400 metres thick, thought to be of Albian - Cenomanian (?Turonian) age. The top and bottom of the
unit are defined by region-wide disconformities. The thickness of the unit reduces to the northwest and
increases to the southwest
According to Glennie et al. (1974, p. 219); "The lower quarter of the unit is a varyingly argillaceous
muddy carbonate interval with a uniform larger foraminiferal content (Orbitolina). Above this, the major part
of the unit is a soies of shoaling-up carbonate cycles each having a variably terrigenous thin basal interval. The
shallow marine carbonates show lateral variations through a variety of facies, the most striking comprising
biostromes of caprinid and radiolitid rudists".
The base of the Wasia Group is a region-wide disconformity with the carbonates of the Thamama Group.
Glennie et al. (1974) did not record the temporal extent of this disconformity, but the results of this study
indicate that sediments of Late Aptian - Early Albian age are absent
The disconformity with the Aruma Group at the top of the Wasia Group omits strata fiom the major part
of the Turonian stagefromthis region (see Figure 2.1).
Glennie et al. noted that the Wasia Group can be divided into the Nahr Umr and Natih Formations, equal
to the the Nahr Umr and Wasia Limestone Formations of Tschopp (l%7a)(see Figure 2.1). Howevw, the seven
members defined by Tschopp (1967b) are not recognized.
Harris and Frost (1984) and Harris et al. (1984) divide the uppermost carbonates of the Wasia Group
equivalent to the Natih Formation {sensu Glennie (1977) and this study) into three lithological units (see Figure
2.1). These are shallow shelf limestones of the Mauddud and Mishrif Formations, and the intrashelf basinal
facies of the Rumaila/Khatiyah Formation. The lower unit, the Mauddud Formation, is equivalent to Natih
Members E - G of Tschopp (l%7b), whilst the upper, Mishrif Formation is equivalent to Natih Members A - D
of Tschopp. Sediments of the Rumaila/Khatiyah Formation usually ovo-ly the Mishrif Formation, according to
Harris and Frost (1984) (but see below). Harris and Frost introduced the above lithostratigraphic terms because
they are widely used across the Persian Gulf area. In this study the tain Natih Formation is prefrared because it
has a useful local stratigraphic significance. However, reference will be made to the terms 'Mauddud',
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'Mishrif and 'Rumaila/Khatiyah', particularly in the context of the correlation of the Natih Formation with
these units elsewhere in the Middle East.
Brennan (1985) in a discussion of Harris and Frost (1984) argued that the Rumaila/Khatiyah Formation
should be referred to only as the Khatiyah Formation. This is correct since the term 'Rumaila' describes a
basinal facies commonly encountered in Kuwait and southeast Iraq. The term 'Khatiyah' describes a 'deepwater' facies encountered in the Trucial Coast region and Iran. Furthermore, Brennan states that the Khatiyah
Formation should always lie between the Mauddud and Mishrif Formations (Brennan (1985, figure 3), rather
than above the Mishrif Formation as stated by Harris and frost (1984, Hgure 7). Brennan also states that the
Mauddud and Khatiyah Formations are Cenomanian in age, whilst the Mishrif is Turonian. These ages are
somewhat incorrect for the Oman Mountains area, although this may be a functicm of diachronism.
With respect to the position of the Khatiyah Formation, this will occur within a sequence wherever
intrashelf basin facies are developed. In the Oman Mountains, this is at the top offlieNatih Formation (= top of
the Mishrif Formation - Natih members b and a?) and is of Late Cenomanian - Early Turonian age (e.g Jebel
Salak). It can also develop in the lower Natih Formation (Mauddud Formation equivalent - Natih member e?)
(e.g Jebel Madamar).
The variable position of this formation makes it at odds with the Intonational Stiatigraphic Guide's rules
for the use of the term 'formation' (Hedberg, 1976). Elsewhere in the Arabian Peninsula sediments of the
Khatiyah Formation and its equivalents are commonly encountered between those of the Mishrif and Mauddud
Fwmations (Burchette and Britton, 1985; El-Naggar and Al-Rifay, 1972; T.C. Connally Jr., pers. comm., 1985),
therefore its use in these areas is correct However in Oman the names Rumaila or Khatiyah Formation should
not be used, and if required, a new formation introduced to describe the intrashelf basinal sediments that ovo-ly
the Mishrif Formation equivalent sediments. In this study all these sediments are included within the Natih
Formation.
Some authors have questioned the use of the term 'Wasia Group' to describe sediments occurring in
Oman and elsewhoe in the Arabian Peninsula.
According to Dunnington (1967) the Wasia Formation as deflned by Steineke and Bramkamp (1952) at
outcrop in Saudi Arabia, is a marine sandstone unit of Cenomanian age which rests upon the eroded top of
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terrestrial sands of the Albian Biyadh Formation. Correlation of this unit to Kuwait places it directly above
limestones of the Mauddud Formation. Its top is placed by Dunnington at the unconformity with the ov^lying
Aruma shales and equivalents.
Owen and Nasr (1958) in their definition of the Wasia Group placed the upper boundary at the
unconformity with the Aruma Group and its equivalents. They also chose to carry the group downwards to
include the Mauddud and Nahr Umr Formations. Dunnington (1967) correctly notes that this application of the
same name to a group and to a formation which is part of that group is inadmissable under the rules of
lithostratigra^hic nomenclature. Despite this, the term Wasia Group quickly achieved widespread usage.
Further confusion arose when oil companies operating in Abu Dhabi defined the Wasia Group as
comprising only the lateral equivalents of the Mauddud and Nahr Umr Formations. These units soon became
known as the "Wasia Limestone" and "Wasia Shale" respectively. In Oman the Natih Formation became known
as the "Wasia Limestone" (e.g Tschopp, 1967a). This practice was incorrect since it meant that the "Wasia
Limestone" and "Wasia Shale" were in a stratigraphic position underlying the equivalents of the type Wasia
Formation. Because of this confusion Dunnington recommended that:
(1)

The name Wasia should be restricted to the Cenomanian sandstone unit that is mapped o\ex much
of Saudi Arabia

(2)

A new group name should be introduced to accommodate the Cenomanian limestone and shale
formations from Iraq to Oman.

(3)

Another new group name should be introduced for the Albian Mauddud Limestone and Nahr Umr
Shale Fonnations and their equivalents.

(4)

Use of the trams 'Wasia Limestone' and 'Wasia Shale' should be discontinued.

El-Naggar and Al-Rifay (1972) noted that the recommendations of Dunnington (1967), although
technically correct, are at variance with the current usage of the term 'Wasia'. They believed that the problems
created by using the term Wasia could be overcome by inclusion of the succession between the top of the
Thamama Group and the base of the Aruma Group into one major rock unit; the Wasia Group. The Xena Wasia
Formation should be dropped. El-Naggar and Al-Rifay state that further subdivision of the Wasia Group into
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fonnations and members in both marginal and marine (limestone) facies is possible, and achieved the following
subdivision for the marine facies.
They divide the Wasia Group occurring in the subsurface of the Kuwait area into the following fonnations
and members:
- Mishrif Member
MAGWA Fm.
- Rumaila Mranber
WASIA
GROUP

AMMADI Fm.
WARA Fm.
MAUDDUDFm.
BURGANFm.

Although the recommendations of Dunnington (1967) are more in line with the rules of lithostratigraphic
nomenclature, the use of the term Wasia Group, as defined by El-Naggar and Al-Rifay (1972) has become
widely accepted across the Middle East However not all the formations listed by El-Naggar and Al-Rifay for
the Wasia Group of Kuwait have been recognized elsewhere (see Figure 2.2, and Brennan (1985,figure2)).
The Burgan Formation is equivalent to the Nahr Umr Formation and the Wara and Ahmadi Formations
are not recognized outside the eastern Arabian Gulf. The Mishrif and Rumaila are usually described as
fonnations, rather than members, the term Magwa Formation not being used. All the equivalents of the
fonnations described in Kuwait by El-Naggar and Al-Rifay above the Burgan Formation are placed within the
Natih FcHmation in this study (see Figure 2.2).
From the above discussion of the usage of lithostratigraphic nomenclature for the Cretaceous carbonates
in Oman, several coiKlusions can be drawn. These are:
(1)

The terms 'Musandam Limestone", 'Musandam Group' and 'Musandam Super-group' should not
be used, and the relevant sediments be redefined into Sahtan Group (for the Jurassic), and
Thamama Group and subsequent formations (for the Early Cretaceous).
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(2)

The divisions of the Natih Formation defined by Tschopp (1967a,b), cannot easily be recognized
in thefieldoutcrops of the Oman Mountains.

(3)

The term Thamama Group should be prefored to the term 'Kahmah Groiq)' introduced by Glennie
e/a/. (1974).

(4)

The terms Mauddud Formation and Mishrif Formation, although valid, are not used in this study,
the term Natih Formation being p^fored.

(5)

The term Khatiyah Formation is invalid in Oman, and new terms should be defined {if required) perfai^s at the m^nber level - to describe the intrashelf basin sediments that occur within the Natih
Framation.

(6)

The term Wasia Group has a confused origin, and does not wholly comply with the rules of
lithostratigraphic nomenclature. However, it now has a well established meaning (eg. in Oman it
incorporates the Natih and Nahr Umr Formations), and is thCTcfore impractical to revise.

The lithostratigraphic nomenclature used in Oman in this study can be correlated with the nomenclature
used for the equivalent sediments in other parts of the Middle East. Figure 2.2 summarizes this correlation. It
should be emphasized that these correlations are only approximate. Difficulties arise because of the diachronous
nature of some of the units, and where different authors use a name for different meanings. Where this is the
case the scheme with the most common usage, or the most practical scheme has been chosen.
It can be seen that on one hand a large number of names are used to describe equivalent and similar
sediments, whilst on the other, some lithostratigraphic terms are used across the Arabian Peninsula despite
changes in lithology. Clearly, a revision of the lithostratigraphy of the Middle East is required, but as
mentioned earli^ this is probably impracticable.

2.2: Descriptions of the Lithostratigraphic Units

The eight formations recognized in the Early to mid-Cretaceous shelf carbonates of the Oman Mountains
in this study have never been fully described. This is particularly true of outcrop sections in the Oman
Mountains. These eight formations (Rayda - Natih; see Figure 2.1) are now briefly described. In the following
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sub-chapter more detailed descriptions of the formations are given as part of the sedimentological descriptions
of the localities visited and logged by the author. Note that between localities in the Oman Mountains
individual formations may show considerable small-scale variation.

RAYDA FORMATION: This formation is the basal formation of the Thamama Group and was originally
defined by Hassan et al. (1975) as a deep water equivalent of the basal part of their Habshan Formation
described from Abu Dhabi and Oman. This deep water facies occurs in Oman and the eastern United Arab
Emirates. The name Rayda is derived from 'Irq Rayda, a sand and gravel area near Lekhwair in Oman. The
lithology of the Rayda FormaticHi in Oman is very similar to that described by Hassan et al. for Abu Dhabi.
In Oman the Rayda Formation usually overlies the Jurassic Sahtan Group with a disconformity of variable
stratigraphic magnitude. The Sahtan Group generally consists of interbedded lime mudstones and ooid
grainstones.
The Rayda Formation has an average thickness of approximately 80 - 90 metres. At the base there is
sometimes a thin peloidal and bioclastic grainstone, but this rapidly passes up into light grey and pale pink
thinly to medium-bedded lime mudstones. Because of their extremely Hne grained nature they are often
referred to as 'porcellanites'. Chert nodules are common throughout this formation and form a diagnostic
feature. At some localities there is a zone of dolomitization in the middle of the formation. This is most likely
a late, post diagraetic feature. Radiolarians are common throughout the formation. These often appear to have
been altered to calcite. Calpionellids and rare planktonic foraminifera are other typical components of the
microfauna. Occasionally abundant belemnites are the only macrofauna recorded from this formation.
Bioturbation is common. The age of this formation is probably Boriasian.

SALIL FORMATION: The Salil Formation, like the Rayda Formation, was defined by Hassan et al. (1975) as a
deep water facies equivalent of the their Habshan Formation Oying above the Rayda Formation). The name of
this unit is derived bam Wadi as Salil near Lekhwair in Oman.
In the outcrop sections of the Oman Mountains, the Salil Formation is represented by approximately 110
metres (at Jebel Madar and Wadi Bani Kharus) to approximately 250 metres (at Wadi Mi'aidin) of light -
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medium grey lime mudstones and occasional bioclastic and peloidal wackestones. These sediments are usually
thinly bedded and often intensely bioturbated. The uppermost 20 metres of the formation consists of bioclastic
wackestones with bivalve and gastropod shells at some localities. Belemnites occur rarely in the lower part of
formation. Radiolarians are rarer in this formation than the underlying Rayda Formation, and a lack of cherts in
the Salil Formation distinguishes the two lithostratigraphic units. In all six sections, the Salil Formation is the
thickest of the six Early Cretaceous formations of the Thamama Group. Slight intraformational disconformities
occur within the Salil Fcsmation, notably at Wadi Bani Kharus.
The Salil Formation is generally poorly exposed and is often strongly tectonically deformed. At Wadi
Bani Kharus a strong cleavage has developed at a low angle to bedding, and bedding planes arefrequendylined
with hydrothermal calcite.
As well as rare radiolarians, the microfauna consists of rare calpionellids in the lower half of the
formation, sponge spicules and sporadic benthonic and planktonic foraminifera. This fauna suggests a ?Late
Berriasian - Valanginian age for the formation.

HABSHAN FORMATION: The Habshan Formation was defined by Hassan et al. (1975) in Abu Dhabi in the
Bab -2 well. There the formation consists largely of mudstones and wackestones probably deposited in very
shallow water. Some grainstones are also present. In the Oman Mountains the Habshan Formation is
represented by fossil rich bioclastic - peloidal wackestones and packstones, and most typically oolitic
grainstones. These are probably correlative with the Yamama Formation of the Saudi Arabia - Qatarregion(see
Figure 2.2). The type description of the Habshan Formation by Hassan et al. (1975) only applies to that
formation as seen in central and westran Abu Dhabi. Areferencesection for the Habshan Formation needs to be
formally described from the Oman Mountains.
The formation is approximately 60 metres thick and lies with a slight disconformity on the Salil
Ffflrnation.
In the Oman Mountains the Habshan Formation contains a macrofauna of molluscs, echinoids, corals,
stromatoporoids and sponges. Some units, especially the oolitic grainstones show trough cross bedding and
small scale channel structures. Oncoidal wackestones also occur within this formation.
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The microfauna includes smaller benthonic foraminifera and often abundant calcareous algae (notably
encrusting forms). The age of this unit is thought to be ?Valanginian - Hauterivian, and like all the Thamama
Group formations in the Oman Mountains is clearly diachronous.

LEKHWAIR FORMATION: As defined by Hassan et al. (1975), the type locality of this formation is the
Lekhwair -6 well in western Oman. It is equivalent to the flne grained limestones and shales of the Ratawi
Formation of the Hasa Coast (see Figure 2.2), which, east of Qatar, are rq)laced by shallow wat^ limestraies.
In Abu Dhabi Hasan et al. (1975) reported that the upper and lower limits of the Lddiwair Formation are
bounded by slight unconformities. No evidence of these unconformities was seen in the Oman Mountains
succession during this study.
The oil producing Zakum Member defined by Hassan et al. (1975) at the base of the Lekhwair Formation
in Abu Dhabi, has not been recognised in the Oman Mountains during this study. Hassan et al. noted that this
unit thins to the east in the Abu Dhabi area, which suggests that it is indeed likely to be absent in the Oman
Mountains.
Hassan et al. (1975) and Harris et al. (I9S4) record that the Lddiwair Formation in Abu Dhabi consists of
a series of sedimentary cycles, resulting in alternations between dense argillaceous lime mudstones and clean
porous peloidal wackestCHies and packstones. However, this cyclic sedimoitaticHi was not seen by this author in
the Oman Mountains.
In the Oman Mountains the Lekhwair Formation is approximately 120 metres thick at localities south of
Jebel Akhdar, and about 65 - 70 metres thick at localities to the north. It is medium - thickly bedded and
includes a number of limestone facies. Bioclastic wackestones and packstones are common, as are intraclastic
and oolitic grainstones and packstones. The presence of intraclasts is a particularly diagnostic feature. Cross bedding, channel structures and bioturbation are common. Sometimes cryptalgal laminates with mudcracks
occur in the upper part of the formation.
Macrofauna is common, but is rarely in life position. Often it is concentrated into storm lags. Bivalves
and gastropods are common throughout, as are toucasid rudists. Large corals and stromatoporoids are also
present in parts of the sequence.
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Microfauna/flora includes larger foraminifera, but is dominated by calcareous (mainly dasyclad) algae of
a number of goiera. This unit has an age range of Hauterivian - Early Banemian, and is clearly diachronous.

KHARAIB FORMATION: According to Hassan et al. (1975), the type locality of this formation is the Kharaib
-1 well in central Qatar. In Abu Dhabi a distinctive shale unit occurs at the top of the formation, known as the
Hawar Member (see Figure 2.2). In Qatar this is termed the Hawar Formation (see Figure 2.2). During this
study this unit could not be clearly recognised in the outcrop sections of the Oman Mountains, although at Wadi
Mi'aidin an \xppec shale unit is recognizable within the Kharaib Formation.
A major feature of the lithology of the Kharaib Formation is a cyclic sedimentation style (Hassan et al.,
1975; Johnson and Budd, 1975; Harris et al. 1968; 1984). Two scales of cyclicity are present: Large scale
cycles resulting in the development of two massive lime wackestone - packstone units, the upper being
underlain and overlain by recessive argillaceous lime mudstone - wackestone units (i.e 4 units in total; 2
massive, 2 recessive); within each of the larger units smaller sub-cycles are present. In the massive units
upwards coarsening cycles of mudstones grading to grainstones overlain by further mudstones occur. In the
argillaceous units Palorbitolina rich packstones grade into mudstones with burrows. This cyclic sedimentation
is present in the Kharaib Formation of the Oman Mountains and can most clearly be seen in the section at Wadi
Mi'aidin.
The larger foraminiferid Palorbitolina is very common in this formation and forms a diagnostic feature.
Palorbitolina is virtually the only allochem in the recessive argillaceous imits, whilst in the more massive units
microbioclasts and intraclasts are also present Corals, rudists and other molluscs are occasionally present in the
massive units. Biotuibation is common and stylolitization is also a commcm feature.
The thickness of the Kharaib Formation varies across the Oman Mountains fiom approximately 40 metres
at Wadi Bani Kharus, to q>proximately 120 metres at Wadi Mi'aidin.
Besides Palorbitolina, other larger foraminifera and calcareous algae are sporadically present. This
formation is thought to be of Early Barremian - Early Aptian age.
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SHUAIBA FORMATION: The name "Shuaiba" for the uppermost formation of the Thamama Group is widely
used in the Arabian Gulf area (see Figure 2.2). Originally described by Owen and Nasr (1958) and amended by
Dunnington et al. (1959), the type section is in the Zubair -3 well in southern Iraq. The lithology of this unit is
remarkably constant throughout the Arabian Gulf area, and the formation, as it is represented in the Oman
Mountains, is very similar to that recorded by Owen and Nasr (1958) in Iraq. Howevo*, in Abu Dhabi, Hassan
et al. (1975) recorded a three phase depositional series within the Shuaiba Formation. This is as follows:
Initially shallow shelf limestones were laid down across the entire Abu Dhabi area. These sediments are
referred to as "Zone A". In the north these sediments wa« followed by dsepa open marine sediments, whilst in
the south an algal platform developed overlain by rudist build-ups and shallow shelf sediments. The open
marine sediments to the north are referred to as the "Bab Member". In Oman the Bab Member is probably
absent due to erosion or non-deposition, since no 'deep-water' Shuaiba sediments occur. Hassan et al. (1975)
record an ammonite assemblage from the Bab Member which they thought to indicate a Late Aptian age for
these sediments. Dr. WJ. Kennedy of Oxford University (pers. comm., 1985) confirms that this ammonite
assemblage is of Late Aptian age. No Shuaiba Formation sediments of this age occur in Oman based on
microfossil evidence.
The Shuaiba Formation of the Oman Mountains consists of a massively bedded limestone unit with
stylolitic bedding. It is predominantly a microbioclastic lime mudstone - wackestone with Palorbitolina,
miliolids, bivalves, gastropods and rudists, although in the lower part extensive Bacinella - Lithocodium algal
boundstones may be developed. In parts, foraminifera - peloidal packstones and grainstones are common. In
the upper part biostromes of caprinid rudists are a diagnostic feature. Biotuibation is common. The thickness
of this unit is no greats than 45 metres.
In the Oman Mountains the Shuaiba Formation is of Early Aptian age.
The contact of the Shuaiba Formation with the overlying Nahr Umr Formation is a significant region wide disconformity. The coiformable OHitactrecordedbetween these two formations in southern Iraq by Owoi
and Nasr (1958) is almost certainly incorrect In the Oman Mountains this unconformity omits strata of Late
Aptian - Early Albian age, although elsewhere in the Arabian Gulf, the unconformity may be of variable extent.
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NAHR UMR FORMATION: The Nahr Umr Formation is the basal formation of the Wasia Group and was first
defined by Owen and Nasr (1958). The type locality is in the Nahr Umr -2 well in southern Iraq. This
formation, like the Shuaiba Formation, is recognised across much of the Arabian Gulf area (see Figure 2.2) and
displays a consistent lithology, although the carbonate content increases to the east. In the type section in
southern Iraq the lithology consists of interbedded shales and sandstones with few limestones. In Oman thinly
bedded limestones and calcareous shales are dominant
In the Oman Mountains outcrops, the Nahr Umr Formation consists of recessive, orange weathering
argillaceous lime wackestones and packstones with abundant Orbitolina and macrofauna. This includes
gastropods, bivalves and rare ammonites. Small scale cyclicity is present with shaley Orbitolina packstones
being repeatedly overlain by slightly thicker bedded muddy wackestones with macrofauna. Slight
disconformities occur throughout the formation. The thickness of this formation varies from 70 metres to 120
metres in the sections measured.
Apart from Orbitolina and a few oth^ larger foraminifera, little other microfauna/flora was recorded from
this formation in the course of this study. However in disaggregated micropalaeontological preparations,
ostracods are known to occur, sometimes in abundance (Dr. J. Athersuch, BP Research Centre, pers. comm.,
1985). On micropalaeontological evidence this formation is thought to be of late Early Albian - Late Albian
age.

NATIH FORMATION: The xerm Natih Formation wasfirstused by Glwinie et al. (1974), and as mentioned in
the preceding sub-chapter, has been used in Oman to describe sediments equivalent to the Mauddud, Mishrif
and Khatiyah Formations (see Figures 2.1 and 2.2). No type description of the Natih Formation exists in the
published literature, although since the term has been used by oil company geologists for the last 15 years, type
descriptions probably exist in unpublished oil company reports. The description of Tschopp (1967b) of the
Wasia Limestone Formation (=: Natih Formation) in the Fahudd oilfield, in which he divides that unit into seven
members (see Chapter 2.1), could be used as a temporary type description. However, as mentioned in the
preceding sub-chapter, the Natih Formation in the outcrop sections differs from the section described by

33.

Tschopp in that the mail horizons between members are absent, and the upper members are often missing due to
erosion or non-dqx>sition. Also intrashelf basin sediments occur as local lateral facies equivalents.
In the outcrop sections of the Oman Mountains, the Natih Formation is distinct from the underlying
orange weathering recessive limestones and marls of the Nahr Umr Formation, where the lower part of the
Natih Formation is a massive grey limestone, which forms a prominent ridge above the poorly exposed Nahr
Umr Formation. This lower unit is formed of bioclastic wackestones, interbedded with some argillaceous
limestones. They contain a fauna of oysters and large Orbitolina. Above this is ^proximately 50 metres of
thick, massive, shelly peloidal wackestone - packstone, with miliolids, large Orbitolina, oysters and small
biohoms and biostromes of caprinid and radiolitid rudists together with corals. The lemamdei of the formation
consists of medium - thickly bedded bioclastic - peloidal wackestones. About half way through the total
thickness of the formation, a distinct Echinoid Marker Bed occurs with an abundant fauna of holectypid
echinoids, in association with radiolitid rudist - coral bioherms.
At Jebel Madamar 50 metres of shaley argillaceous limestones occur in the lower half of the formation.
These contain planktonic foraminifera and represent a 'deep-water' facies not seen at other outcrop localities,
although known to occur in sub-surface sections in Oman. This is equivalent to the Khatiyah Formation of the
northern Arabian Peninsula, although as explained in Chapter 2.1, this term is not suitable for use in the Oman
Mountains.
Orbitolina occurs in the lower third of this formation. In the upper two-thirds of the formation
orbitolinids are replaced by alveolinids (notably PraealveoUna) as the dominant larger foraminiferal component
of the microfossil assemblage. A 5 metre maximum overlap occurs between the two foraminiferal groups.
Larger foraminifera and calcareous algae are abundant throughout the formation.
Intraformational unconformities occur within this formation and are clearly maiked by pyritized surfaces,
and well developed phosphatic hardground surfaces. Cyclicity in this formation, although recorded by Harris
and Frost (1984), is not clearly recognizable in the outcrop sections studied by this author, although small scale
limestone/marl cycles are visible in the upp^ Natih Formati(H> at Jebel Madar.
The maximum thickness of the formation is 300 metres, although no one outcrop section contains a
complete sequence. The formation clearly thins to the north. At Jebel Salak the uppermost part of the
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fonnation is present. These uppermost beds consist of dark grey bioclastic wackestones and mudstones with
planktCHiic foraminifera, togetho- with abundant ammonites at the top of the sequence.
The top of the Natih Formation (and thus the top of the Wasia Group) is a significant regional
unconformity with the overlying Muti or Fiqa Formations of the Aruma Group. This unconformity omits strata
of most of the Turtmian stage.
On account of the abundant and varied microfauna/flora present in this formation, it can be accurately
dated throughout The age of the entire Natih FcHmation is Late Albian - Earliest Turonian.

Chapter 23: Lithology of Outcrop Sections

Five outcrop sections of Cretaceous shelf carbonates were examined in detail by the author during the
course of field work in the Oman Mountains. These localities are Wadi Bani Kharus, Wadi Mi'aidin, Jebel
Madar, Jebel Madamar and Jebel Salak (see Figure 1.1). A brief description of the section at Wadi Mi'aidin
was given by Wilson (1969) and by Glennie et al. (1974), but no published descriptions of the other sections
exist.
Within this sub-chapter lithological descriptions of all five localities are provided. Lithological logs of
the localities are given (Figures 2.3 - 2.7), together with a key to the symbols used on these logs (Figure 2.8).
Whilst carrying out Held work in the Oman Mountains, Cretaceous shelf carbonate outcrops other than
those described below were briefly studied. Also thin sections of material from other localities (notably Saih
Hatat) and from the Ma'Murah -1 well have been examined. Although the lithology of this material is not
described here, the sedimentological information gained is incorporated in the interpretations made in the
subsequent chapters and sub-ch^tos.
At all the localities rock exposure is \ay good allowing samples to be taken at regular intervals. Samples
were taken, and logs constructed by the methods described in Ch£q)ter 1. The logs and descriptions given here
are not to a very high sedimentological standard, and the logs are drawn at a small scale. This is because
logging was done very quickly due to limited time available for field work. The Cretaceous carbonate
succession is about ISOO metres thick in the Central Oman Mountains, and only a few weeks were available for
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SUCCESSION MEASURED AT JEBEL MADAR SHOWING SAMPLING POINTS
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SUCCESSION MEASURED AT JEBEL MADAMAR
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SUCCESSION MEASURED AT JEBEL SALAK
SHOWING SAMPLE POINTS
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KEY TO LOGS OF CRETACEOUS SUCCESSION S MEASURED IN THE OMAN MTS.
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field woric in which to study five localities in detail. Furthermore, sedimentological data acquisition was not
the main aim of the project

WADI BANIKHARUS: A log of the succession measured at Wadi Bani Khanis, showing sampling points, is
provided as Figure 2.3.
Wadi Bani Kharus is a deeply incised valley which cuts into the northern edge of Jebel Akhdar. The
mouth of the wadi is close to the town of Awabi and the wadi initially runs due south from here. The entire
wadi is some 30km long and penetrates the exposed core of the Jebel Akhdar dome, where basement
Cambrian/Precambrian beds outcrop. The Cretaceous shelf carbonates are exposed near the mouth of the wadi
for approximately 2km. Exposure is very good on both sides of the wadi (see Plate 2.1), but the section
described and illustrated here is from the west side. General dip of the Cretaceous carbonates is 30 *N. This
allows for a continuous succession to be measured along the floor of the wadi, although to obtain more exact
measurement, the Salil, Nahr Umr and Natih Formations were measured in a continuous vertical section up the
side of the wadL
As originally noted by Glennie et al. (1974), Cretaceous carbonate sections on the north side of Jebel
Akhdar, such as that at Wadi Bani Kharus, are mher different to those to the south. This is due to the ccHidensed
nature of the formations to the north, and the difficulty in defining boundaries between the fcvmations.
The Sahtan Group/Thamama Group boundary is located where dark grey medium bedded lime
wackestones and mudstones underlie thinly bedded light grey porcellenites (= very fine lime mudstones). The
boundary appears to be scMnewhat gradational.
The Rayda Formation here is 102 metres thick and largely consists of bioturbated porcellanites with chms
(see Plate 2.2). Calcite veins occur along most bedding planes. The middle part of the formation (see Figure
2.3) shows evidence of dolomitization. Cherts are absratfromthis part of the formation and belemnites become
quite c(Mnmon. Above this interval cherts occur again and belemnites are absent.
The last occurrence of cherts is taken to mark the top of the Rayda Formation. Above this the Salil
Formation is estimated as being 134 metres thick. HowevQ-, this formation is cut by a number of small thrusts,
making its true thickness difficult to calculate. It is evident that the Salil Formation is much thinner here than at
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any other locality. Indeed, all the Thamama Group formations are thinner here than at any of the other
localities.
The lower part of the Salil Formation consists of bioturbated lime mudstones which are very thinly
bedded (see Plate 2.3) and largely barren of macrofauna, although Dr. R.W. Scott of AMOCO, Tulsa (pers.
comm., 1984) records a well preserved crinoid from this part of the sequence. Calcite veining is very common
within these beds.
A thin bioclastic packstone occurs SS metres up from the base of the framaticHi. This displays ripple cross
lamination and small asymmetrical current ripples. This bed is overlain by a further thick development of lime
mudstones. These mudstones become fossilif^ous about 95 metresfromthe base of the formation, and contain
exogyrine oysters, gastropods and the bivalve Lopha. Above this, bioclastic wackestones and packstones
develop with clear infill of burrows by intraclasts. Beds showing parallel lamination, flaser bedding and ripple
cross lamination also develop, these being overlain by further bioturbated mudstone units.
The boundary between the Salil and Habshan Formations is gradational at this locality and somewhat
difficult to define precisely. It is taken as occurring 234 metres from the base of the Cretaceous succession,
where there is a gradual increase in macrofossils abundance and of allochems in general.
The Habshan Formation is 72 metres thick at this locality and consists of a variety of carbonate Uthotypes
(see Plates 2.4 - 2.6). The lower units are burrowed muddy wackestones and packstones with fairly common
molluscs including Exogyra and nerineaid gastropods (see Plate 2.4). The rudists Toucasia and Pachytraga
paradoxa (Pictet and Campiche) (Dr. P.W. Skelton, Open University, pers. comm., 1985) occur at this level and
are conunon throughout the formation.
Dolomitization of these lower units is evident, particularly of burrows. Above this there is a 6.5 metre
bed of intraclastic wackestone. Size of the intraclasts increases upwards to a maximum diameter of 1cm.
Thalassinoides type burrows are common in this unit and are intraclast filled.
Overlying the intraclastic wackestone is a 9 metre thick unit of medium bedded, burrowed oolitic
grainstone with some shell debris. Oolitic grainstcxies are diagnostic of the Habshan Formation in Oman, but the
oolitic grainstones are not as well developed at Wadi Bani Kharus as at other localities.
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The oolitic grainstone showsripplecross lamination with sets 3cm thick in unburrowed oolite. The cross
lamination indicates a palaeocurrent direction towards north - northwest and appears to be unidirectional. Small
scale cyclicity is present with the grainstones repeatedly grading into thin mudstones. These mudstones are
stylolitized. Within the mudstones faecal pellets can be seen to infill some Thalassinoides-type burrows. Shell
debris is often accumulated into minor scours, whilst within the oolitic grainstones there are larger scours up to
1 metre across. Towards the top of the major grainstone unit large intraclasts are present Fauna within the
oolitic grainstone includes large gastropods, rare toucasid rudists and oysto^.
The grainstone is overlain by a shell debris rich packstone. Fauna includes bivalves and caprinid rudists.
Within this packstone 10cm thick cross sets are present which indicate a palaeocurrent direction towards the
northeast Shell debris is often concentrated into lag deposits. Rudist biostromes are evident in the upper part
of this unit with ooids becoming less common. Above the rudist biostromes a burrowed dolomitic rudist debris
wackestone is found. Small channels infilled with shell debris are also found.
These beds are overlain by a 0.5 metre thick bed rich in the oyster Exogyra sp. cf. E. conica (J. Sowerby).
This is in turn overlain by a thin bed containing very large intraclasts. Above this oysters again occur in
abundance. Ooids are increasingly common upwards together with rarer oncoids. The topmost Habshan
Formation therefore consists of interbedded oolitic wackestones - packstones and oyster rich beds (see Plates
2.5 - 2.6). Bioturbation is common throughout Some of the oolitic units show cross bedding with sets Scm
thick. A palaeocurrent direction towards the south is suggested.
The boundary between the Habshan and Lekhwair Formations is gradational and thus difficult to define.
It is taken to be where there is an increase in macrofauna (both in terms of diversity and absolute numbo^), and
where ooids have become scarce. At this locality the Lddiwair Formation is 67 metres thick.
The basal bed of the formation is a bioclastic wackestone - packstone, with a fauna of stromatoporoids,
rudists, bivalves, solitary corals and gastropods. Above this there is a series of beds alternating between shell
rich wackestones and biotmbated mudstones. The sheU beds are often latoally impo^istent and have a fauna of
bivalves and caprinid and toucasid rudists. Occasionally lenses of oolitic packstone occur. Cross bedding in
some units indicates a palaeocurrent direction towards north (see Plate 2.7). Set thickness is lOcms. Small
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oysters and branching corals occur 30 metres up from the base of the formation. Above this there are a number
of nidist biostromes. Intraformational unconformities or emission surfaces can be seen within this formation.
The upper part of the formation consists largely of bioclastic wackestones and interbedded bioturbated
mudstones and rudist biostromes. Bioturbation includes Thalassinoides type burrows. The rudist biostromes
occur at approximately 1 metre into^als and are 0.S -1 metre thick. Caprinid rudists are dominant (see Plates
2.8 - 2.9).
The boundary between the Lekhwair and Kharaib Formations is clearly marked where there is a sudden
change to thinly bedded nodular limestones (see Plate 2.10) with abundant Palorbitolina. At this locality the
Kharaib Formation is 38 metres thick; considoably thinner than at localities south of the Jebel Akhdar dome.
The lowest unit of the formation consists of a Palorbitolina - intraclast packstone. This is overlain by a
bioturbated wackestone^ckstone with Hne shell debris and Palorbitolina. Above these lower units repeated
cycles of orbitolinid wackestone^ackstone alternating with less fossiliferous mudstones and wackestones occur.
Towards the top of the formation are biostromes of caprinid rudists and other bivalves. Dr. P.W. Skelton (pers.
comm., 198S) records the rudist Ojfneria from this horizon. There are also rare chert nodules within this unit
Orbitolinids become rare towards the top of the formation. The rudist biostromes alternate with orbitolinid
wackestones.
The boundary between the Shuaiba and Kharaib Formations is easily recognised where there is a sudden
changefromnodular bedded orbitolinid wackestones to massive biowackestones with common upinid rudists.
The Shuaiba Formation is 34 metres thick here and forms a distinctive 'wall' of dark grey limestone with large
rudists on the western side of the wadi.
The lower part of the formation here is a 12 metre thick rudist - bivalve wackestone, although no
biostromes are present However, above this is a further massive wackestone, and within this there are very
distinctive biostromes of caprinid rudists. Caprina douvilleri Paquier is the most common species within these
biostromes, although Glossomyophorus costatus Masse, Skelton and Sliskovici Monopleura and Offneria also
occur (Dr. P.W. Skelton, pers. comm., 198S). The bivalve Chondrondonta is also present Bioturbation is
commcHi throughout the formation and some burrows show pyrite itiHlling.
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The boundary between the Shuaiba and Nahr Umr Formations is very clearly marked where there is a
sudden change firom massive rudist limestones to thinly bedded Orbitolina grainstones. The contact between
the two formations is uneven, with the Nahr Umr Formation infllling the eroded surface of the Shuaiba
Formation. At this locality the Nahr Umr Formation is 67 metres thick.
The majority of the Nahr Umr Formation is formed of oibitolinid packstones, although there are some
alternations with oibitolinid - bioclastic wackestones. The entire formation distinctively weathers to an dull
orange or brown colour. Macrofauna is scarce, although in the uppermost beds some oysters, toxasterid
echinoids and bivalves occur. The orbitolinids in the upper beds of the formation are very large, widi the largest
examples having a diameter of Scms.
The Natih Formation overlies the Nahr Umr Formation without any obvious disconformity. However,
there is a marked change from orange, nodular thinly bedded orbitolinid wackestones and packstones to grey
medium bedded biowackestones with rudists. The lower part of this formation is moreresistantto weathering
than the Nahr Umr Formation and forms a prominent overhang. The Natih Formation is not exposed on the
floor of the wadi and can only be located by climbing the west side of the wadi, near the wadi entrance. 31
metres of Natih Formation are exposed, although only the basal beds of the formation crop out at this locality.
The lower part of the formation consists of radiolitid rudist biowackestones and occasional Orbitolina.
Further up in the sequence radiolitid biostromes/bioherms alternate with oysisr beds and orbitolinid packstones.
Radiolitid rudist genera occurring in these beds include Sphaerulites, Eoradiolites and Praeradiolites
(identifications by Dr. P.W. Skelton and Dr. R.W. Scott). The most common oyster species is Exogyra
flabellata Goldfuss. At olher localities orbitolinid wackestones occur at the base of the Natih Formation, with
radiolitid rudists not present for the initial few metres. This is not the case here. Oth^ macrofauna associated
with the rudists includes bivalves and solitary corals.
The Natih Formation terminates at the top of the west ridge at the entrance to the wadi. The uppermost
beds are strcmgly recrystallized almost to a marble, and these are ova-lain by unusual deep red fouginous sands.
There is clear evidence for the tectonic deformation and removal of any stratigraphically higher Natih
Formation beds that may have been deposited here.
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Approximately 18km east of Wadi Bani Khanis, Wadi Mistal also cuts through Cretaceous shelf
carbonates on the north side of Jebel Akhdar. Near the mouth of the wadi, Natih Formation sediments are
exposed on both sides of the Wadi. At this locality structural deformation is quite intense with thrusting
evident, and also a strong degree of recrystallization. However, Natih Formation beds containing common
alveolinids were seen. Furthermore, some distance below this an overlap between oibitolinid and alveolinid
occurrences was noted. This indicates that at least the lower half of the entire Natih Formation is exposed at
this locality, which is considoably more than at Wadi Bani Khanis. Considering the close proximity of the two
localities, it seems likely that a similar considerable thickness of Natih Formation was originally deposited at
Wadi Bani Kharus but was subsequentlyremovedby tectonic deformation and erosion. It is difficult to say if
the upper half of the Natih Formation was ever deposited on the north side of Jebel Akhdar. No evidence for its
deposition exists in outcrops, although it may have been removed by erosion or tectonic thinning.
At Wadi Mistal the Natih Formation includes alveolinid biowackestones and chrysalidinid wackestones.
Above the last occurrence of Orbitolina caprinid - radiolitid nidist biostromes are common. No samples were
collected from this locality on account of the highly recrystallized nature of the sediment.

WADI MI'AIDIN: Wadi Mi'aidin cuts into the southern side of the Jebel Akhdar dome ISkm east of Nizwa and
10km west of Izki (see Figure 1.1). The wadi is clearly signposted from the main Muscat - Nizwa road.
In the section studied the wadi flows north to south. The wadi floor is approximately 400 metres wide
and the wadi sides are up to 2000 metres high. The wadi cuts through a number of rock units from Cambrian
basement beds near its source to Hawasina Soies sediments at the mouth of the wadi. The wadi is particularly
noted for its exposures of Mesozoic autochthonous sediments of the Hajar Super-group (see Plate 2.11). These
are well exposed in a continuous section along the floor of the wadi and this has led the locality to be one of the
most extensively studied in the Oman Mountains. Previously published descrq}tions of the locality are given by
WUson (1969) and Glennie et al. (1974).
Cretaceous shelf carbonates outcrop for 2-3km along thefloorof the wadi directly below sedimrats of the
Muti Formation, which are in turn overlain by the Hamrat Duru Group of the Hawasina Series. The boundary
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between the Sahtan Group and the Thamama Group is approximately S-6km north of the wadi mouth. Local
dipis35'S.
The section presented here is a composite taken from both sides of the wadi. A log of the succession
measured at Wadi Mi'aidin showing sampling points is given as Figure 2.4. This log is based on an original log
constructed by Dr. J.D. Smewing of ESRl and contains amendments noted by the present author during the
course of his field wrak.
The contact between the Sahtan Group and the Thamama Group occurs close to a water pump on the west
side of the wadi. Here light grey porcellanites of the Rayda Formation abruptly overlie dark grey shelly
packstones of the Sahtan Group. The upper Sahtan Group bedding surface is covered in Thalassinoides type
burrows (see Plate 2.12). Peloidal grainstones occur in the uppermost Sahtan Group. The boundary between
the Sahtan Group and Rayda Formation is sharp but not clearly erosional.
At this locality the Rayda Formation is 63 metres thick and largely consists of thinly bedded, bioturbated
radiolarian lime mudstones. These have a pinkish weathered appearance. Black nodular cherts are common
throughout most of the formation (see Plate 2.13), although not in the top or bottom 10 metres. Belemnites
often occur in abundance on bedding plane surfaces (see Plate 2.14).
The porcellanites of the Rayda Formation can be seen to befinelyinterbedded with silts. A typical cycle
consists of 40cms porcellanite - Scms silt - Scm porcellanite - Scms silt - 40cms porcellanite. The top of each
porcellanite layer appears to be slightly erosional. Occasionally the porcellanite - silt intercalations form small
mound like structures. The formaticMi of these features may be related to secondary styiolitizaticHi.
The boundary between the Salil and Rayda Formations £q}pears to be gradational and is difficult to define
precisely. It is taken as occuiring whoe burrowed recrystallized lime mudstraies oveilie porcellanites.
The Salil Formation is 313 metres thick at this locality. The lowest 90 metres consists of thinly bedded
bioturbated lime mudstones with no macrofauna (see Plate 2.15). These beds are overlain by 32 metres of
thinly bedded mudstones with some peloidal and intraciastic wackestones. Overlying this are 48 metres of
massively bedded mudstones with fairly common belemnites. The topmost 143 metres of the formation consist
of very thinly bedded bioturbated mudstones similar to the lower part of the formation.

42.

The base of the Habshan Fonnation is mariced where a ridge of slightly shelly mudstones overlies the
thinly bedded mudstones of the Salil Fonnation. The Habshan Formation is lOS metres thick at this locality.
The lowest part of the fonnation consists of burrowed shelly mudstones with rare corals and bivalves. Above
this are a variety of carbonate lithologies, but dominantly shelly oolitic and peloidal wackestones and
packstones. These are fairly rich in macrofauna especially bivalves, gastropods and echinoids. The caprotinid
rudist Pachytraga tubiconcha Aftre is present (Dr. P.W. Skelton, pCTS. comm., 1985). Biobirbation is common,
and oolitic packstones can be seen to channel into shelly wackestones.
Directly above this channelling there are alternations between bioturbated mudstones and oolitic
packstones. The burrows in this unit are sometimes infilled with shell debris. Overlying these units is a ridge
of massively bedded sediments. The lower pan consists of bivalve and gastropod rich intraclastic packstones,
whilst the upper part is a 28 metres thick oolitic grainstone unit with layers of molluscs and stromatoporoids.
The oolitic grainstone unit shows bimodal low angle planar cross bedding. Palaeocurrents are directed towards
northeast and southwest Some cross lamination appears to be large scale trough cross bedding.
The oolitic units appear to be slightly graded (i.e fining upwards). In places a sequence of cross bedded
oolite - paralld laminated oolite - burrowed intraclastic packstone - cross bedded oolite can be seen.
The base of the Lekhwair Formation occurs where beds with abundant poorly sorted bivalves, gastropods
and solitary corals overlie the oolitic grainstones of the Habshan Fonnation. The boundary between the two
formations appears to be gradational. At this locality the Lekhwair Formation is 127 metres thick.
The lower part of the fcvmadon consists of medium bedded mollusc rich wackestones and mudstones witii
some intraclasts. Overlying these beds are massively bedded bioturbated mudstones with biostromes of
bivalves and toucasid rudists. The rudists are usually selectively dolomitized. The topmost part of the
formation ccHisists of shelly intraclastic and peloidal wackestones, occasionally cross bedded.
The Kharaib Fonnation is 125 metres thick at Wadi Mi'aidin. The base of the fomation is marked where
massively bedded shelly wackestones - packstones overlie thinly bedded wackestones of the Lekhwair
Framation. The boundary between these two formations is gradational.
The lowest 48 metres of the Kharaib Formation at this locality consist of bivalve rich bioturbated
intraclastic wackestones and packstones (see Plate 2.16), usually massively bedded. Overlying this is 20 metres
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of argillaceous packstones with abundant Palorbitolina. Twelve cycles of Palorbitolina bearing packstones
grading into clean lime mudstone with burrows have been recognised in this unit (Dr. J.D. Smewing, pers.
comm., 1984). This cyclicity is typical of the Kharaib Formation. The upper part of the formation consists of a
massive bioturbated lime mudstone with Palorbitolina being overlain by a further Palorbitolina rich
argillaceous unit showing small scale cyclicity. Thus the large scale cyclicity thought to be typical of the
Kharaib Formation in die Arabian Gulf can be seen at this locality.
The Shuaiba Formation forms a 90 metre thick massively bedded limestone unit overlying the Kharaib
Formation. The boundary between the two formations is sharp but not erosional (see Plate 2.17). The Shuaiba
Formation can be seen as a prominent cliff feature on either side of the wadi (see Plate 2.18). The majority of
the formation consists of mudstones and wackestones with molluscs and occasional Palorbitolina. Pyrite
nodules occur along some horizons. Towards the top of the formation c^rinid rudist biostromes develop, but
are not as prominent as those at Wadi Bani Kharus. The most common caprinid is Caprina douvillei, but the
caprotinid Glossomyophorus costatus and the radiolitid Eoradiolites also occur (Dr. P.W. Skelton, pers. comm.,
1985).
The top surface of the Shuaiba Formation is here covered in rudist bivalve debris. The surface is clearly
an omission surface being strongly eroded and having numerous borings into it, these often being pyrite infilled.
The topmost few centimetres of the formation qipear to have developed into an ironpan deposit
The Nahr Umr Formation is not well exposed at this locality (see Plates 2.19 - 2.20). Large parts of the
succession are often covered by scree or vegetation. In g^eral the formation forms a recessive unit composed
largely of orange weathering, shaley Orbitolina grainstones and wackestones. The formation is 180 metres
thick at this locality.
The lowest S metres of the formation are Orbitolina grainstones. These are overlain by thinly bedded
shelly wackestones with Orbitolina. These are burrowed and contain gastropods (notably Strombus and Luetia)
and bivalves (notably Protocardium). Overlying this are several metres of alternating Orbitolina wackestones
and packstones. The wackestones oftea contain a well pres^ved mollusc fauna.
Towards the top of the formation the Orbitolina wackestones contain the oysters Exogyra flabellata
Goldfuss and E. conica, together with bivalves, gastropods, corals, rudists and flat toxasterid echinoids. The
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orbitolinids in this part of the succession are very large, up to 5cm in diameter. At the top of this formation,
there are rare caprinid ludists.
The Natih Formation forms a prominent ridge of grey limestone overlying the thinly bedded orange
limestones and marls of the Nahr Umr Formation (see Plates 2.19 - 2.20). The boundary between the two
formations is sharp but not oosimial. At this locaUty 310 metres of Natih Formation sediments are exposed.
The lowest 38 metres of the formation are framed of slightly shelly grey mudstones with occasional corals
and Orbitolina. Overlying this is a prominent massively bedded unit 70 metres thick. This consists of
orbitolinid mudstones alternating with bioclastic - intraclastic packstones and toucasid rudist biostromes. The
hydrozoan Parkeria is also recorded from this unit (Dr. R.W. Scott, pers. comm., 1984). The packstones
contain echinoid and radiolitid rudist debris. At the top of this unit there is an ovo-l^ in the occurrence of the
larger foraminifera Orbitolina and Praealveolina. In the beds above this only Praealveolina is common.
Above the Orbitolina - Praealveolina overlap the formation consists of thickly bedded mudstones and
bioclastic wackestones, with common Praealveolina. Laterally discontinuous radiolitid - caprinid rudist
biostromes develop, but no bioherms were noted. Within the upper part of the succession several
intraformational disconformities and hardground surfaces occur (see Plate 2.21), indicating parts of the
formation dqx>sited elsewhere may be absent here. •
About 215 metres from the base of the formation, a bed with abundant echinoids of the species
Coenholectypus cenomanensis (GuCTanger) occurs. This is refared to as the "Echinoid Markw Bed", and can be
traced to other localities (eg. Jebel Madar, Jebel Madamar).
The Natih Formation is terminated here by an erosive, unconformable contact with the overlying
conglomerates of the Muti Formation.

JEBEL MADAR: Jebel Madar is an isolated dome located on the southern side of the Oman Mountains, 50km
south of Ibra (see Figure 1.1 and Plate 2.22). The nearest village is Mudaybi, which is 20km to the north. No
road runs close to the jebel and it is best reached by driving due south from Mudaybi across alluvial gravel plain
deposits. The maximum elongation of the jebel is 8km in a SW - NE direction and it is 5km wide. The only
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published information on the geology of Jebel Madar is that shown on the 1:500,000 scale geological map of
Glennie et al. (1974).
Within the core of the dome, Triassic dolomitized grainstones of the Mahil Formation are exposed (Dr.
J.D. Smewing, pers. comm., 1984). These are overlain by a thin sequence of Jurassic carbonates of the Sahtan
Group, with Early - mid Cretaceous carbonates of the Thamama and Wasia Groups being exposed on the flanks
of the dome.
The domal aspect of Jebel Madar has commonly been attributed to salt diapirism, although there are
arguments that the dome developed by compressional tectonics (Dr. J J>. Smewing, pers. comm., 1984).
The Thamama and Wasia Groups are well exposed at Jebel Madar (see Plates 2.23 - 2.27), and a number
of sections can be logged, although there is no one continuous section encompassing all the formations present
Four sections were logged and sampled by the author. The position of these is shown on the geological map of
Jebel Madar presented as Figure 2.9. Logs of the measured sections are shown as Figure 2.5. Together these
successions form a composite section through all the Thamama and Wasia Group sediments exposed at Jebel
Madar.
The boundary between the Sahtan and Thamama Groups can be located near the core of the dome at
locality one (see Figures 2.5 and 2.9). Here the upper Sahtan Group can be seen to be formed of dark grey,
medium bedded, poorly fossiliferous lime wackestones, which are intensely biotuibated. The topmost Sahtan
Group beds are coarse grainstfMies and oyster rich ooUtic packstones. On the iqtper bedding plane surface of the
Sahtan Group a coarse sand is plastered which infills depressions in this eroded sur£ace. The topmost bedding
plane is also iron stained and contains pyrite nodules. Therefore, there is some evidence that a disconformity
sq)arates the Sahtan and Thamama Groups at this locality.
Chm nodules which are a diagnostic feature of the Rayda Formation are not present at this locality. It is
therefore impossible to distinguish between the Rayda and Salil Formations here. The combined thickness of
the two fcnmations is 154 metres.
The lowest 6 metres of the Rayda - Salil Formations are formed of light grey porcellanites with oysta and
echinoid debris, and well developed Thalassinoides burrow systems. Belemnites are abundant. Dr. J.D.
Smewing (pers. comm., 1984) records glauconite at the base of the Thamama Group. Above this there is a
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ENLARGED MAP OF JEBEL MADAR
(Based on work by John Smewing)
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monotonous sequence of poorly exposed, thinly bedded mudstones, porcellanous at the base, usually
bioturbated and sometimes containing molluscan debris and rare belemnites. In the uppomost Salil Formation,
shell debris occurs in abundance and beds become occasionally oolitic. At locality two (see Figures 2.S and
2.9) belemnites, bivalves, gastropods and echinoids are quite common at the top of the Salil Formation.
The Rayda - Salil Formations are abruptly overlain by oolitic grainstones of the Habshan Formation (see
Plate 2.28). The boundary between the two units is sharp but not oosive. The Habshan Formation was logged
at both localities one and two.
At locality one it is some 63 metres thick and consists of thick oolitic grainstones at the base. This unit is
highly stylolitized, is cross bedded and contains belemnites and shell lag deposits. Overlying this are highly
burrowed (Thalassinoides type burrows) mudstones, overlain by a further oolitic grainstone unit. Above this
are further burrowed mudstones and also macrofossil rich wackestones which contain bivalves, crinoid ossicles
and echinoids. Tops of bedding surfaces are particularly well burrowed. Some beds contain toucasid rudist
biostromes. Overlying the biostromes is a furtho- oolitic grainstone unit
At locality two the Habshan Formation is 43 metres thick and at the base Aerc is a thick oolitic grainstone
unit. This contains belemnites, Exogyra and large nerineaid gastropods. The unit displays a series of
coarsening upwards cycles with ooid size increasing. There is also some cross bedding, with a palaeocurrent
indicated towards the north and northeast. Above the grainstone unit there are a series of beds rich in
macrofossils and bioclasts with occasional ooids. The shelly beds are often rich in oysters or toucasid rudists
(see Plate 2.29). There are also small scale stromat(^roid and algal build-ups in the upper part of the Habshan
Formation at this locality, a feature not noted elsewhere (see Plate 2.30). Channels of oolitic grainstone are
noted cross-cutting algal bank developments. Cross bedding and parallel lamination are also common features
in the upper part of the formation. Cross bedding indicates palaeocurrent directions towards the north and
northeast In the topmost unit of the formation chert nodules are developed. Dolomitization and micritization
of ooids to peloids are features which are alsorecognizedin this formation at locality two.
Localities one and two are only 1km apart, yet the Habshan Formation shows differences in lithology and
thickness between the two. In particular, oolitic grainstones are better developed at locality one. Hiese
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differences can be explained by the fact that the Habshan Formation was deposited in a shelf margin
environment (see subsequent ch^tCTs), in which distinct lateral facies variations are likely.
At locality one the contact of the Habshan Formation with the Lekhwair Formation is not exposed.
However, at locality two intensely burrowed, poorly sorted bioclastic wackestones mark the base of the
Lekhwair Formation. The boundary between the two formations is gradational. At locality two 136 metres of
Ldchwair F(Bmation sediments were recorded.
A wide variety of carbonate lithologies exist within the Lekhwair Formation (see Plates 2.31 - 2.32),
especially burrowed bioclastic wackestones, peloidal grainstones, intraclastic packstones and oolitic
grainstones. Toucasid rudists, gastropods and oysters are common macrofauna. Bioclastic debris is often
concentrated into storm lags. Towards the top of the formation cryptalgal laminates with mudcracks occur.
There are also biostromes with stromatoporoids. These are often dolomitized. Throughout the sequence
burrows often appear to be preferentially dolomitized, and dolomitization is sometimes associated with
stylolitization. Dolomitizatirai is also particularly common towards the top of the formation.
Some units within the Lekhwair Formation at this locality display low angle cross bedding. Bimodal
palaeocurrent directions are indicated in southwest - northeast directions. In association with the low angle
cross bedding are symmetrical wave ripples. The cross bedding is usually concentrated in sand shoals. The
algal laminates ovo'lie these beds.
The sediments of the Lekhwair Formation pass into those of the Kharaib Formation without any distinct
boundary. The Kharaib Formation is 102 metres thick at this locality. Neither the large scale or small scale
cyclicity which is typical of the formation at other localities is clearly visible at Jebel Madar. The lowo' part of
the fonnation consists of medium bedded grey mudstones with burrows. These are overlain by thinly bedded
Palorbitolina packstcmes - grainstones. In these beds intraclasts and shell debris are also common. There are
also layers with caprinid nidists. Overlying the grainstones are mudstones and wackestones with intraclasts,
shell debris and sparse Palorbitolina. Within these beds an inverted whole stiomatoporoid was noted. Towards
the top of the formation there are beds of orbitolinid packstone. Some of the beds also display symmetrical
wave ripples.
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The Shuaiba Formation overlies the Kharaib Formation as a massive light grey limestone. The boundary
between the two beds is sharp but not erosive. At this locality the Shuaiba Formation is 40 metres thick
although the tc^ is not seen due to erosion.
The lower part of the formation contains a number of laterally discontinuous caprinid rudist biostromes.
OvCTlying these are bioclastic wackestones with PalorbitoUna. Rudist debris is common. The entire formation
is bioturbated. Dr. J.D. Smewing (pas. comm., 1984) records Rhizocorallium burrows. Towards the top of the
formation caprinid - toucasid rudist biostromes become common within a matrix of bioclastic wackestone.
Oysters are also common.
The contact between the Shuaiba Formation and the Nahr Umr Fcnroation was not observed at any locality
in the Jebel Madar area Exposure of the Nahr Umr Formation is very poor (see Plate 2.33) and the lowest beds
of the formation are never seen. An 82 metre thick section through the Nahr Umr Foimation was logged at
locality three (see Figures 2.5 and 2.9). This section represents almost the entire formation since the Shuaiba
Formation outcrops no more than 10 metres below the lowermost Nahr Umr Formation exposure, and the
contact with the ovwlying Natih Formation is visible.
The main lithologies of the Nahr Umr Formation are orange coloured shales and argillaceous Orbitolina
wackestones and packstones. The formation displays cyclicity with sandy orbitolinid packstones repeatedly
grading into mudstones containing a fauna of whole macrofossils. This includes bivalves, gastropods, corals,
echinoids and ammonites. This fauna is diverse including four species of echinoid, three species of gastropod
and four species of bivalve. IdentiHed taxa include the gastropod Strombus, the echinoid Toxaster, the bivalves
Exogyraflabellata and Protocardium, and the ammonite Knemiceras duberteri Basse. Bioturbation is very
common throughout the formation. Pyrite nodules and pyritization of macrofossils is also commrai.
The Natih Foimation abruptly ovo'lies the Nahr Umr Formation as a massive grey bioclastic wackestone.
However the Natih Formation is not well exposed at locality three, where it is largely removed by recent
erosion, so a full succession was measured at locality four (see Figures 2.S and 2.9). Here 208 metres of Natih
Framation WCK recorded.
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The lowest part of the formation consists of alternations of bioclastic wackestones and recessive,
bioclastic packstones (see Plate 2.34). Both lithologies are burrowed. Throughout the formation, but
particularly in the lowo' part, fissures occur infilled by shales of the Aruma Group.
The alternating wackestones and packstones are overlain by a 50 metre thick chalky, massively bedded
wackestone which forms a prominent cliff feature. Radiolitid rudists of the genus Sphaerulites are very
common at the base of this unit The majority of the unit consists of a bioclastic wackestone with bivalves,
corals, rudists and oysters. Orbitolina is rare in this unit Caprinid rudists become conmion towards the top of
this unit
Above the horizon rich in capnmAs is a recessive microbioclastic wackestone which contains alveolinids.
There is an overlap of about 5 metres in which both orbitolinids and alveolinids can be found. Within this zone
of overlap a possible emission surface was noted showing karstification effects.
The beds above this have a diverse mollusc macrofauna with caprinid and radiolitid rudists (see Plate
2.35), oysters (Exogyraflabellata), Protocardium, Lopha, Pecten and gastropods. Because of the abundance of
oysters these beds can be referred to as the "Exogyra Beds". The larger foraminifera Praealveolina is also
common and becomes very large in size at the top of this recessive unit Thin, pyrite rich sandstones are also
present towards the top of this unit and may represent intraformational disconformities. These sandstones are
clearly burrowed.
Overlying these units is a chalky massive bedded microbioclastic wackestone. Large Praealveolina are
common in this unit, but otha fauna is sparse. At the top of this unit is a distinctive red and and white mottled
bed (see Plate 2.36), overlain by a bed rich in large Praealveolina and the echinoid Coenholectypus
cenomanensis. This is equivalent to the "Echinoid Marker Bed" noted at other localities in the Oman
Mountains.
The uppermost 65 metes of the Natih Formation at this locality are medium bedded, microbioclastic
wackestones (see Plate 2.37). These are burrowed and contain Praealveolina, occasional bivalves (including
Isogoman), echinoids (including Hemiaster) and solitary corals. In the uppermost 25 metres a number of pyritic
hardgrounds occur.
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The contact of the Natih Fonnation with the overlying Aruma Group was not observed. However, basal
beds of the Aruma Group were observed only 6 - 7 metres above exposed beds of the Natih Fonnation along the
southeast flank of the Jebel. The basal Aruma Group here is formed of a feruginous brown sand, overlain by
red shales. The topmost exposed Natih Formation shows karst - like weathering features, and red mudstones
infill fissures in the uj^rmost Natih Formation.

JEBEL MADAMAR: A log of the succession exposed at Jebel Madamar, showing sampling points is provided
as Figure 2.6. This log was initially constructed by Dr. J.D. Smewing. The section is a composite measured at
two localities on the north and south sides of the jebel.
Jebel Madamar is a small elongate structure measuring about 12km along its long axis. In effect it is an
elongate anticline following the structural trend along which Jebel Salak and Jebel Hinqyd occur (see Glennie et
al., 1974, enclosure 2). The jebel is located about 1km north of the village of Adam (see Figure 1.1), and access
to the locality can be gained by driving eastfromthe main Muscat - Salalah road near this village.
Only beds of the Natih Formation are exposed at this locality (see Plate 2. 38). Almost 270 metres of
Natih Formation sediments were measured. The contact with the underlying Nahr Umr Formation is not
exposed, although the fauna and lithology suggest that the lowest Natih Formation beds exposed are close to the
actual base of the formation. The lowest 30 metres of the exposed succession are thickly bedded bioclastic
wackestones with exogyrine oysters, bivalves, echinoids and Orbitolina.
Overlying these beds are 70 metres of thinly bedded shaley mudstones and microbioclastic wackestones
with occasional cherts. In thin section these sediments contain planktonic foraminifera. This facies is not seen
at such a stratigraphically low level in the Natih Fcmnation at any other locality. It jqjpears to be very similar to
the Khatiyah Formation (see Figures 2.1 and 2.2, and previous subchapter) or Members (b) and (c) of Tschopp
(1967b). It's stratigraphic position suggest equivalence with Member e. This demonstrates the problems of
trying to apply this previous lithostratigraphic nomenclature to the outcrop sections of the Oman Mountains as
discussed in the previous subch^ta.
The shaley beds are overlain by 30 metres of thickly bedded microbioclastic packstones. Orbitolina
occurs in the lower part of the unit and Praealveolina in the upper part. An overlap of a few metres occurs

51.

between the two genera. Overlying this unit are 35 metres of bioclastic wackestones and packstones with
commcHi caprinid rudists and corals.
The uppermost 100 metres of the fonnation largely consists of bioclastic wackestones and packstones
with bivalves, gastropods and solitary corals (see Plate 2.39). 210 metresfromthe base of the succession a bed
with abundant radiolitid nidists occurs which forms discontinuous bidierms in association with corals. Directly
above this bed is a bed with abundant echinoids of the species Coenholectypus cenomanensis (Dr. E.F.P. Rose,
University of London, pers. comm., 1983). The echinoid Hetrodidemia lybicum Agassiz and Desor also occurs
in this bed, as well as large Praealveolina. These two horizons can be referred to the "Rudist Marker Bed" and
"Echinoid Maiko- Bed" respectively, as seen elsewhere in the Oman Mountains.
The topmost Natih Formation exposed here is overlain by wadi gravels.

JEBEL SALAK: Jebel Salak is an elongate anticline that Ues along the same structural trend as Jebel Madamar.
Its long axis measures 30km. It lies 8km west of the village of Adam (see Figure 1.1), and can be reached by
driving westfromthe main Muscat - Salalah road just south of this village.
A log of the section measured at Jebel Salak is provided as Figure 2.7. This log was measured at a
locality on the north side of the jebel, about 20km from its western tip. Successions on the south side of the
jebel and at other localities on the north side revealed similar lithologies. Only beds of the Natih Formation
WCTC recorded in the study carried out by the author. However, Dr. J.D. Smewing (pers. comm., 1984) believes
he has located beds of the Nahr Umr Formation in the core of the anticline. A complete Natih Formation
sequence exposed here would be the thickest in the Oman Mountains, and the most similar to that described by
Tschopp (1967a;b)fromthe Fahud oilfield.
The lowest IS metres of the succession logged consist of microbioclastic light grey mudstones with rare
oibitolinids and chert nodules. Thin pyrite rich layers which may rq)resent hardgrounds occur. Overlying this
unit is a micritic unit containing common radiolitid rudists (see Plate 2.40). These form small biohoms. Above
this there are partially dolomitized bioclastic wackestones with gastropods and corals. Overlying this is an 8
metre thick unit with abundant radiolitid nidists. The rudists are very large and appear to be in life position.
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forming bioherms. They are associated with corals and occasional bivalves. This unit is thought to be
equivalent to the "Rudist Maricer Bed" seen at Jebel Madamar.
Above the "Rudist Marker Bed" is a bioclastic wackestone - packstone widi Protocardium and coral and
bivalve debris. The upper surface of this unit is highly burrowed. Directly overlying this is a unit thought to
represent the "Echinoid Marker Bed". It contains abundant echinoids of the species Coenholectypus
cenomanensis, together with rarer Hetrodidemia lybicum, Salenia and Hemiaster. Gastropods, corals and
rudists also occur.
Overlying the "Echinoid Marker Bed" are 3S metres of thinly bedded bioclastic wackestones with
abundant large Praealveolina, bivalves and corals (see Plate 2.41). There are also rare occurrences of
ammonites and nautiloids. Possible hardground surfaces occur within this unit.
The upper 100 metres of the succession largely consists of bioclastic wackestones with occasional
mudstone units (see Plate 2.42). Exogyra flabellata and corals are common in the lower part (see Plate 2.43),
but bivalves (including Protocardium) and gastropods increase in abundance in the upp» part of the succession.
Some beds contain abundant fine comminuted bivalve debris. Within these beds ammonites are occasionally
common. Identified taxa include Turrilites prosticites, Neolobites and Acanthoceras (Dr. W J. Kennedy,
Oxford University, pCTS. comm., 1984).
The topmost 35 metres of the formation is formed of thickly bedded lime mudstones which have only a
sparse fauna. However, the uppermost Natih Formation sediments exposed (see Plate 2.44) contain abundant
ammonites, including forms attributable to Sagesia, Vascoseras and Pseudaspidoceras (identifications by Dr.
W J. Kennedy). This bed can be tamed the "Ammonite Marker Bed". These ammonites ^pear to represent a
transported assemblage since the sediment is clearly winnowed. Exogyra, echinoids and large gastropods also
occur within this bed.
The contact of the Natih Formation with the overlying red shales of the Aruma Group was not observed,
but exposures of the these sediments in the wadis surrounding the jebel suggest that the "Ammonite Marker
Bed" is only a few metres below the lowest exposed sediments of the Aruma Group.
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CHAPTER 3: TAXONOMY

3.1: Introduction • Foraminiferida

The foraminiferal classification used in this study is broadly based on that of Loeblich and Tqjpan (1964),
together with the revised suprageneric classification proposed by Loeblich and Tappan (1984). These
classifications are founded upon wall structure, and can lead to an "unnatural" grouping of taxa, with there being
only limited account being made of the evolution and stratigraphic distribution of difPCTent taxonomic groups.
Where appropriate the Loeblich and Tappan classification has been amended at generic and suprageneric level,
both in the light of recent published data and as an outcome of research carried out in the course of this project
These changes are usually discussed in the text Whilst this thesis was in thefinalstages of completion, the new
monograph on foraminiferal genera and their classification by Loeblich and Tappan (1988) came to hand.
Wherever possible, data and ideas from this important woiic have been incorporated or commented on in the
foraminiferal taxonomy section below (Chapter 3.2.).
The systematic descriptions are ordered following Loeblich and Tappan (1984). Suprageneric discussion
is not usually included, although a description, discussion and comparison of geacia and subgaiera is provided.
This is followed by the systematic description of species within a genus arranged in alphabetical order, unless
the type species of a genus is present, which is always placed first
For each species a synraiymy is provided. The detail of this varies for diffra^nt species. For those species
which are stratigr^hically useful, or have been taxonomically revised an attempt has b e ^ made to provide as a
full a synonymy as possible. This has often been necessary to establish the true stratigraphic and geographic
range of a species. For certain less important species a more basic synonymy is given which outlines the type
description, generic shifts and at least one recent well iUustrated reference, if available. The letter "T" given
befcffe a taxonomic entry in the following synonymy lists r^ers to the type description of that species.
Following the synonymy a description of the species is given, followed by remarks concerning
identification of the species, comparison with similar taxa, evolutionary relaticMiships, etc. This is followed by a
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statement of the species global distribution and stratigraphic range. The local occurrence of a species within the
study area is given. Finally a statement of the palaeoecology of a species is given.
Figure 3.1 illustrates the terms used to describe various dimensions of the Foraminifera groups present,
with the exception of the Orbitolinidae which are illustrated in more detail subsequently. The biozonation
scheme referred to is further explained in Chapt^ 4.
Wha« possible the goieric and specific descriptions are those given in the (Higinal designaticHi of a taxon.
It some cases this may be in the form of a translation. Where the original description is thought to be
inadequate a more thorough recent one is given,OTthe original descripticm revised herein.

3.2: Systematic Micropalaeontology - Foraminiferida

Order FORAMINIFERIDA Eichwald, 1830
Suborder TEXTULARIINA Delage and Herouard, 1896
SupCTfamily HORMOSINACEA Haeckel, 1894
FamUy HORMOSINIDAE Haeckel, 1894
Genus Reophax de Montfort, 1808
Type Species Reophax scorpiurus de Montfort, 1808
Diagnosis
Test free, elongate, nearly straight or arcuate; chambers few, fusiform, pyriform or elongate, increasing in size
as added; sutures oblique, obscure to moderately constricted; wall agglutinated, with comparatively little
cement, surface rough; aperture simple, terminal, with or without neck (modified after Loeblich and Tappan,
1964 and Chamock and Jones, in press).
Remarks
Reophax differs from Hormosina Brady, by lacking the distinct globular chambers, pronounced apertmai neck,
smooth test and abundant cement of the latter. However, as shown by Schroeder (1986), there appears to be
some intra'gradation between the two genoa dq)ending on the wall matoial utilized.
Polychasmina Loeblich and Tappan is similar to Reophax, but is flattened, and possess a more complex
aprature.
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Adelungia Suleymanov, knownfiromthe Late Jurassic and Early Cretaceous of the Asiatic USSR, differs firom
Reophax in having gradually enlarging and regular chambers, strongly oblique sutures, a distinctly arcuate test
and a fine-grained agglutinated wall.
Scherochorella Loeblich and T^pan differs from Reophax in having broad, low and more regularly enlarging
chambers and horizontal sutures.
Bronnimann and Whittaker (1980) provided an emended diagnosis of Reophax, but this is difficult to apply,
particularly to thin-section specimois as examined in this study.
Reophax sp. A
Plate 3.1
Diagnosis
Reophax with a very slightly arcuate test, strongly compressed, chambers elongate, wall fairly coarsely
agglutinated. Length circa. 0.7mm, width circa. 0.09mm max. 7-8 chambers in a typical specimen.
Remarks
It is possible that this species is a synonym of another previously described Reophax species. However,
comparison to oihti Reophax species is difficult since the majority are described from isolated, solid specimens.
Global Distribution and Stratigraphic Range
Oman Mountains, Arabian Gulf (BP internal rqmrts).
Late Barremian - Hauterivian/Valanginian.
Local Occurrence
Late Banemian - HauterivianA'alanginian.
Paleodictyoc(xius arabicus Subzone - Buccicraiata hedbergi Subzone.
See range charts given in Chapter 4 for precise sample distributicm.
/
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Palaeoecology
This species occurs in moderate - high energy outer shelf (circalittoral) facies, with relatively shallow water
depths (c. 10-20m or less), for example proximal to the Habshan shoal (see chapter S). It may also occur
rewoiiced into deq)er slope environments.
Family THOMASINELLIDAE Loeblich and Tappan, 1984
Genus Thomasinella Schlumbergo', 1893
Type Species Thomasinella punica Schlumberger, 1893
Diagnosis
Test large, arborescent, large globular proloculus followed by unisCTial broad and low cylindrical chambers in
rectilinear or dichotomously branching series; wall thick, alveolar, coarsely agglutinated; aperture simple,
rounded to ovoid, sometimes flattened into a slit, occasionally cribrate?, terminal at the end of the row of
chambers, commonly single but less frequently with two openings, possibly just prior to bifurcation (after
Loeblich and T^jpan, 1988 and Amaud-Vanneau and Prestat, 1984).
Remarks
Thomasinella wasfirstshown to posses an alveolar wall by Amaud-Vanneau and Prestat (1984), who presented
a complete review of the genus. Loeblich and Tappan (1988), without discussion, referred to the wall as
"canaliculate" rather than alveolar. Without evidence to support the tatters' assertion, the view of AmaudVanneau and Prestat (1984) is upheld.
The bifurcating test and alveolar wall of this genus serve to distinguish it from most other homosinids.
Bireophax Bolli is very similar but lacks an alveolar wall. Bifurcating specimens of Polychasmina Loeblich and
T^jpan can be distinguished by their simple wall and more complex aperture.
However, Amaud-Vaimeau and Prestat (1984) noted that the aperture of Thomasinella can vary with sexual and
asexual generations, and that "juvenile" forms of the genus may be unbranched (see also Omara, 1956; Basha,
1978). This leads to some confusion with the genera Polychasmina, Cribratina Sample and "Haplostiche"
Reuss. Amaud-Vanneau and Prestat (1984) concluded that Thomasinella and Polychasmina were possible
synonyms and were both associated with uniserial forms refoable to Cribratinal"Haplostiche". Unlike Loeblich
and Tappan (1988) they considered Polychasmina to posses an alveolar wall. Thus, they tended to follow
Omara (1956) in accepting a broad concept of Thomasinella to include branched and associated unbranched
forms, and forms with cribrate and with simple apertures. This was refuted by Loeblich and T^^pan (1988) who
maintained Cribratina and Haplostiche as sqiarate genoa (whilst questioning the validity of Haplostiche), and
argued that Polychasmina should be maintained as a separate genus because of its simple wall. This view is
followed hCTe (see above).
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Thomasinella punica Schlumbo-ger, 1893
Plate 3.2
T

1893 Thomasinella punica n. sp. - Schlumbo'gCT, pi. 14.
1956 Thomasinella aegyptica n. sp. - Omara, pi. 101, figs. 1-6.
1956 Thomasinella punica Schlumbo^go- - Omara, pi. 101, figs. 7-10.
1956 Thomasinella fragmentaria n. sp. - Omara, pi. 101, fig. 11.
1978 Thomasinella aegyptica Omara - Basha, pi. 1, figs. 1-5.
1978 Thomasinella fragmentaria Omara - Basha, pi. 1,figs.6-7.
1978 Thomasinella punica Schlumb^go- - Basha, pi. 1,figs.8-10.
1984 Thomasinella punica Schlumberger - Amaud-Vanneau and Prestat, pi. 1, figs. 1-9, pi. 2, figs. 1-2,
9-10.

Diagnosis
As for the genus, given above. The complete length of test is generally in the range l-2mm, but can be as much
as 3mm. Width of specimens is usually in the range 0.6-0.8mm.
Remaiks
Thomasinella punica is herein considered to be the only species of the genus. This is in agreement with the
opinions of Bolli (1962) and Gohrbandt (1966). Other species have been assigned to the genus, notably by
Omara (1956): Thomasinella aegyptica and Thomasinella fragmentaria, but these forms are considered to be
within the expected range of variation shown by T. punica. Basha (1978) maintained T. aegyptica and T.
fragmentaria as sq>arate species, but his reasons for doing so (thickness variation in the wall) are not considered
to be of specific importance.
Bolli (1962) considered that his species Bireophax quaricoensis should be included within the concept of T.
punica. However, this is rejected, because as shown by Loeblich and Tappan (1988) (see above), B.
quaricoensis possesses simple, non-alveolar walls.
Global Distribution and Stratigraphic Range
Southern France, West Africa, North Afiica, Near East and Middle East
(Hauterivian) Albian - Cenomanian.
The probable specimen of this species recorded from the Oman Mountains in the course of this project is
Hauterivian in age, and thus greatly extends the range of this species.
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Local Occurrence
Hauterivian.
Acroporella assuibanipali ZcHie.
See range charts given in Chapter 4 for precise sample distributi(Mi.
The single specimen of this species recovered during the course of this study (Plate 32) is rather small, and the
typical alveolar wall is not shown well. However, it seems in all other respects to conform with the description
of the species and is hence regarded as belonging to T. punica. In view of its age, which is remarkably older
than any previous record of T. punica, it can be regarded as an early evolutionary form, which may account for
its size.
Palaeoecology
Basha (1978) suggested that Thomasinella was probably confined to lagoonal and nearshore environments. Butt
(1982) noted its common occurrence in inner - middle shelf conditions in the Cenomanian of Morocco. These
views are supported by the observations made in this study. T. punica occurs in low energy, back-shoal lagoonal
environments, water dq}ths being no greater than 10-20m.
Superfamily LITUOLACEA de Blainville, 1827
Family NAUTILOCULINIDAE Loeblich and Tappan, 1985
Genus Nautiloculina MOWCT, 1938
Type Species Nautiloculina ooUthica MCAICT, 1938
Diagnosis
Test free, lenticular, planispiral and involute, globular proloculus followed by numerous small chambers per
whorl that increase gradually in size, umbonate test resulting from secondary thickoiing in tte umbilical region;
wall microgranular calcareous, agglutinated, simple and without exoskeletal or endoskeletal structures, single
layered except for septa which are secondarily doubled; aperture interiomarginal, equatorial, single (based on
Loeblich and Tappan, 1985; 1988).
Remarks
Nautiloculina has previously been placed within a number of supergeneric groups, largely a result of
misinterpreting diagenetic alteration of the wall. It was originally described by Mohler (1938) as being
calcareous and imp^orate, and compared to the porcelaneous Planispirina; hence it was placed in the suborder

59.

Miliolina, family Fischerinidae by Loeblich and Tappan (1964). It was later described as having a "fibrous or
pseudofibrous" microgranular wall and placed in the subord^ Fusulinina, family Loeblichiidae by Bronnimann
(1968). However, this fiteous structure is visible only at a magnificaticHi of xSOO, whilst that of the Fusulinina is
readily observable at magnifications of only x50. Nautiloculina was considoed as calcareous microgranular and
agglutinated by Neumann (1967) and Amaud-Vanneau (1980) and placed in the family Lituolidae.
Nautiloculina was placed within a new (originally monogeneric) family (Nautiloculinidae) within the
superfamily Lituolacea by Loeblich and Tappan (1985), on the basis that it differs from the
Haplophragmoididae in having a microgranular agglutinated wall, from the Lituolidae in showing no tendency
to uncoil, from the Mayncinidae in having a more nautiloid coil, and from all three families in having strong
secondary umbilical thickening and secondarily doubled septa. Loeblich and Tappan (1988) also included the
genus Murgeina Bilotte and Decrouez in the Nautiloculinidae. This genus differs from Nautiloculina by the
presence of radial calcite forming a thickened umbonal region on both sides of the test. Murgeina is also very
small, and possesses septa which curve back at the periphery of each whorl.
Nautiloculina can be distinguished from the superficially similar genus Charentia by its relatively simple wall
structure, Charentia having a finely canaliculate "peudoalveolar" wall. Charentia also possesses relatively thin
sq)ta in comparison to Nautiloculina. This feature is distiiKtive in equatorial and sub-equatorial sections.
Nautiloculina bronnimanni Amaud-Vanneau and Peybanes, 1978
Plates 3.3 - 3.4
1961 Nautiloculina sp. - CuvilliCT, pi. 22,fig.1.
1967 Nautiloculina oolithica Motia - Neumann, pi. 13,fig.5.
1969 Nautiloculina sp. 1 - Conrad, pi. 4,fig.3.
1973 Nautiloculina n. sp. - Moullade and Peybanes, pi. 3,figs.3-4.
1975 Nautiloculina sp. - Neagu, pi. 108,figs.31-32.
T

1978 NautilocuUna broradmanni n. sp. - Amaud-Vanneau and Peybones, pi. 1,figs.6-8, pi. 2.figs.4-6.
1980 Nautiloculina bronnimanni Amaud-Vanneau and Peybemes - Amaud-Vanneau, pi. 50, figs. 3-4,
pi. 76,figs.4-6.
1987 NautilocuUna bronnimanni Amaud-Vanneau and Peybones - Simmons and Hart, pL 10.1,fig.7.

Diagnosis
External characters: Test globular, lobate, planispiral, involute, the last whorl sometimes having a tendency to
uncoil. Test compressed in the equatorial plane and depressed along the axis of uncoiling. Surface smooth, the
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wall is microgranular and agglutinated, rarely with quartz grains. The test outline is lobate because the sutures
are dq)ressed. The last whorl is c(»nposed of 11-16 chambers.
Ignoring uncoiling specimens, the diameter of individuals varies between 450 and 12S0 microns, whilst the
thickness varies between 250 and 500 microns.
Example measurements (all in microns):
Diameter

Thickness

Holotype (microsphoic)

1250

460

Macrospheric form

550

312.5

Uncoiled form

1950

700

In section: In equatorial section one can observe that the test consists of 3-4 whorls in primitive forms, and 5-6
whorls in more advanced forms.
In this species dimorphism is not greatly developed - proloculus diameters are in the order of 50 microns for
microspheric forms and 70 microns for macrospheric forms. The dimensions of the chambers are greater for
macrospheric forms.
In the equatorial plane the chambers are globular in the early whorls, then rectangular and finally "mushroom"
shaped in the last whorl of adult specimens.
In axial section the the depression in the plane of enrollment is visible, although in subaxial sections it is not
visible. The periphery £q)pears to be subangular.
(Diagnosis freely translated from Amaud-Vanneau and Peybemes (1978)).
Remarks
Although superficially very similar to other Early Cretaceous and Middle - Late Jurassic Nautilocidina species
such as N. drcularis (Said and Barakat), N. oolithica Mohlo' and N. cretacea Peybemes, N. bronnimaimi can be
distinguished by its external dimensions, number of chambers and whorls, proloculus size and poiphoal shape.
Table 3.1 below, reproduced from Amaud-Vanneau and Peybemes (1978), outlines the differences between
these species.
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Table 3.1. Comparative table for Late Jurassic - Early Cretaceous species of Nautiloculina (from AmaudVanneau and Peyb«nes, 1978).

Global Distribution and Stratigraphic Range

'^

Western Mediterranean, Arabian Peninsula.

Beniasian - Albian.

In their review of this species Amaud-Vanneau and Peybemes (1978) demonstrate that this species has a Late
Berriasian - Late Albian range (although not fully confirmed by illustration) with the species being reported
from Iberia, the Pyrenees. Southern France, and the Jura Mountains. The species is known to occur in the
Arabian Peninsula (BP internal reports, Simmons and Hart (1987) and herein). Further research is needed to
confirm the stratigraphic range of this species and complete records of its geographical distribution. It is
expected that the species will be recordedfromNoth Africa and the Eastern Meditoianean.

Local Occuxrence
Hauterivian - Early Aptian.

Cylindroporella arabica Zone - Palorbitolina lenticularis Subzone.

See range charts provided in Ch^ter 4 for precise sample distribution.
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Palaeoecology
According to Amaud-Vanneau and Peybemes (1978) this species favours infiralittoial environments with well
oxygenated water and normal salinity. It is excluded from circalittoral facies and conditions of abnormal
salinity. They noted that whilst N. cretacea favours conditions of higho' energy, N. bronnimanni was commonoin lowCT enCTgy conditions.
These observations are supported by those made during the course of this study. N. bronnimanni occurs in low
enCTgy, shallow watex back-shoal sediments (mudstones - wackestones) in association with dasycladacean algae
(eg. parts of the Lekhwair FOTmation), whilst N. cretacea occurs only in the high energy, packstone - grainstone
sedim^ts of the Habshan Formation.
Nautiloculina cretacea Peybemes, 1976
Emend. Amaud-Vanneau and Peybones, 1978
Plates 3.5 - 3.7
1917 Rotalide - Blanchet, pi. 1,fig.2.
1953 Nautiloculina sp. aff. oolithica MOWCT - Speck, pi. 9,fig.6.
1959 Nautiloculina sp. aff. oolithica Mohler - Thieuloy, pi. 15,fig.8.
1963 Nautiloculina aff. oolithica Mohler - Billiard and Delofft^, pi. 18,figs.7-9.
1969 Nautiloculina sp. 1 - Conrad,fig.16e.
1974 Nautiloculina n. sp. - CanCTOt, pi. 16,fig.12.
T

1976 Nautiloculina cretacea n. sp. - Peybemes, pi. 40, figs. 15-16 (non figs. 17-22 = N. bronnimanni).
1976 Naudloculina sp. - Masse, pi. 9,fig.3.
1978 Nautiloculma cretacea Peybemes - Amaud-Vanneau and Peybemes, pi. 1, figs. 1-5, pi. 2, figs. 13.
1980 Nautiloculina cretacea Peybemes - Amaud-Vanneau, pi. 50,figs.1-2, pi. 76, figs. 1-3.

Diagnosis
External characters: Test globular, planispiral involute, compressed in the equatorial plane. The maximum
thickness of the test is attained in the axis of enrollment The test is microgranular, smooth surfaced, and often
agglutinated with quartz grains. The suture lines form lines of slight relief on the surface of the test.
Excq)tionally, the suture lines of the last chambers of large individuals are clearly dq)iessed. The last whorl is
composed of 15-19 chambers. The diameter of this species varies between 500 and 2300 microns, whilst the
thickness varies between 450 and 12(X) microns.
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In Section: In older forms of this species (eg. from Berriasian sediments of the Pyrenees) only 4 whorls are
present. In younger forms (eg. from Aptian sediments in Vercors) 5-6 whorls are present, with the last whorl
incomplete.
The proloculus is globular and has a diameter of 8S-110 microns. In the equatorial plane the chambers are
initially high^ than wide, becoming tzspezoid, then rhomboid in the later whorls.
In axial section the periphery appears subangular. In these sections, it can clearly be seen that there is a
thickening of the test around the axis of enrollment In sub-axial sections, traces of the chamber lumina are
visible.
(Diagnosisfreelytranslated from Amaud-Vanneau and Peybemes (1978)).
Remarks
Although superficially very similar to other Early Cretaceous and Middle - Late Jurassic Nautiloculina species
such as N. circularis, N. oolithica and N. bronnimanni, N. cretacea can be distinguished by its larger external
dimensions, number of chambers and whorls, proloculus size, and chamber and peripheral shape. Table 3.1
above, rq)roducedfromAmaud-Vanneau and Peybemes (1978), outUnes the difiTerences between these species.
Global Distribution and Stratigraphic Range
Western Mediterranean, Arabian Peninsula.
Late (?) Berriasian - Early Aptian.
In their review of this species Amaud-Vanneau and Peybemes (1978) demonstrate that this species has a Late
Berriasian - Early Aptian range (although not fully confirmed by illustration) with the species being reported
from Southem Spain, the Pyrenees, Southem France, and the Jura Mountains. The species is known to occur in
the Arabian Peninsula (BP internal reports and hacia). Further research is needed to confirm the stratigraphic
range of this species and complete records of its geographical distribution. It is expected that the species will be
recordedfromNorth Africa and the Eastern Mediterranean.
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
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See ranges charts provided in Chapt^ 4 for precise sample distribution.
Palaeoecology
According to Amaud-Vanneau and Peybemes (1978) this species favours infiralittoral environments with well
oxygenated water and normal salinity. It is excluded from circalittoral facies and conditions of abnormal
aslinity. They noted that JV. cretacea favours conditions of highCT enCTgy, whilst N. bronrdmanni favoured lower
enCTgy conditions.
These observations are in genotd agreement with those made in the course of this study. N. cretacea was only
recorded from the high energy packstone - grainstone sediments of the Habshan Formation, representing
deposition on a high energy, largely oolitic, shoal (see Chapter S). Other fauna and flora recorded from these
sedimraits suggest voy shallow wat^ depths and normal salinities.
Family LITUOLIDAE de Blainville, 1827
Genus Lituola Lamarck, 1804
Type speci&s Ldtuolites nautiloidea Lamarck, 1804
Diagnosis
"Test free, large, early portion with three or more planispirally enrolled whorls, later uncoiling and rectilinear,
chambers numerous, broad and low in the enrolled portion, sub-cylindrical in the rectilinear stage; wall
agglutinated, interior simple and nonlabyrinthic; apertures multiple, in the face of the final chamber in the coil,
traminal in the rectilinear portion" (Loeblich and Tappan, 1988).
Remarks
This is a long ranging genus with representatives known from Triassic - Recent sediments (Loeblich and
Tiqjpan, 1988).
In Early Cretaceous platform sediments specimens of Lituola in random thin- section may be confused with
genera belonging to the superfamily Loftusiacea Brady (eg. Pseudocyclammina Yabe and Hanzawa). However,
Lituola can be distinguished by its simple, ntHi-alveolar wall.
Ammobaculites Cushman, Ammomarginulina Wiesner, Ammotium Loeblich and Tappan and Sculptobaculites
Loebiich and Tappan, are all distinguishedfromLituola by the presence of a simple, single aperture, rather than
multiple apettoK.
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Acactolituola Loeblich and Tappan. known from the Early Cretaceous of Texas and Oklahoma, differs from
Lituola in having only a slightly arcuate early stage of a few chambers, rather than a true coil with multiple
whorls of numerous chambers each.
Utuola? kelleri (Henson, 1948)
Plate 3.8
T

1948 Pseudocyckmmina kelleri n. sp. - Henson, pi. 9,figs.4-5,7.

Diagnosis
Test free, planispiral with short uncoiled portion, thick-walled, arenaceous, with much cement. Wall originally
described as labyrinthic, but may be simple, non-alveolar (but see below). The spiral part of the test is involute,
lenticular with two whorls and twelve to thirteen chambers in the last whorl; the uncoiled portion is somewhat
elliptical in section with up to four chambers.
Remarks
Henson (1948) published the following dimensions for this species: Overall length 3.8mm, diameter of spiral
part 1.4mm, thickness of spiral part 0.9mm.
Henson (1948) in his original description of this species considered it to posses an alveolar wall and multiple
apmures. He thus referred it to the genus Pseudocyclammina.
HowevOT, close examination of the wall of the q)ecimens illustrated by Henson suggests that the wall is not in
fact alveolar, rather it is microgranular and solid, but agglutinates fine silt sized quartz and calcite particles and
siliceous spicules, giving a false impression of an alveolar structure. Thus the presence of a simple wall and
multiple apertures (the later described by Henson), suggests that this species should be referred to the genus
Lituola. This view was first put forward by Prof. F.T. Bann^ in an internal BP report
Whilst this lepon was in the final stages of completion Prof. F.T. Banna* (pets, comm., 1988) suggested that on
the basis of an examination of the many syntypes deposited by Hoison in the British Museum (Natural History),
the species may in fact posses a simple alveolar wall. However, rather than a multiple q)erture, the species
probably possess a simple single £^rtuie, central in the iq)ertural face. If this is the case, the species is refoable
to the genus Everticyclammina Redmond, and may form an evolutionary intermediate between the species
Everticyclammina virguliana (Koechlin) and Everticyclammina greigi (Henson). However, this work was still
in progress at the time of writing, hence the species is still tentatively refored to Lituola.
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The suggestion that Pseudocyclammina kelleri may indeed posses an alveolar wall but single aperture is not
completely new. Banner (1970) suggested that the species was the senior synonym oi Everticyclammina
hensoni Redmond, the type species oi Everticyclammina. However, he also considered Everticyclammina to be
a junior synonym of Feurtillia Maync. He thus referred P. kelleri to Feurtillia. However, Feurtillia possess
alveolar septa, a feature not noted in P. kelleri, thus the species cannot be referred to that genus. Incidentally,
the presence of alveolar septa distinguishes FeurtilliafromEverticyclammina, thus the two genera should be
regarded as distincL The type species oi Everticyclammina, E. hensoni, is thought to be a junior synonym of
Cyclammina greigi Henson, regarded by Banner (1966; 1970) as the type species of his genus Mayncella, a
genus which is thus a junior synonym oi Everticyclammina (see below).
Gollesstaneh (196S) pointed out the similarity oi Pseudocyclammina kelleri to Pseudocyclammina virguliana
Koechlin, suggesting that two species were probably synonymous. P. virguliana is now regarded as a species of
Everticyclammina (eg. Maync, 1965), thus Gollesstaneh's observations closely match those of Banner rqwrted
in the recent personal communication noted above. Indeed Gollestaneh was echoing the words of some previous
workers. Henson (1949) remarks that "P. virguliana is very similar in appearance to our P. kelleri. There are,
however, sufHcient differences of detail to separate the two species, though they may be closely allied".
Redmond (1964) remarked "It would appear possible that Pseudocyclammina virguliana Koechlin 1943,
Pseudocyclammina kelleri Henson, 1948

might eventually be proved to fall within Everticyclammina".

If P. kelleri, does prove to possess an alveolar wall and simple aperture, thus placing it within
Everticyclammina, it would be difflcult to distinguish from E. virguliana, which would also be the senior
synonym. The results of the further study of this species are eagerly anticipated, so that its problematic
taxonomy can be resolved.
Global Distribution and Stratigraphic Range
Middle East
Berriasian - Valanginian (?Hauterivian).
Henson (1948) in his original description of this species described its type locality as being "Argovian Callovian limestones"fromthe Awasil-5 well in Iraq. Dunnington et al. (1959) demonstrated that these beds are
in fact of Berriasian - Valanginian age.
The other records of this speciesfromthe Late Jurassic of Qatar and Lebancm by Henson (1948) are not thought
to be of this species (Prof. F.T. Banner, pers. comm., 1988).
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The species is often encountered in Berriasian - Valanginian platform carbonates in the Middle East region,
especially in Iran and Iraq where the species is used as a biostratigr^hic index form. Most of these records are
unpublished in internal oil company iqrarts.
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
See range charts provided in Chapter 4 for precise sample distribution.
Only one questionable specimoi of this species was recorded in the course of this study. In terms of its overall
dimensions and chambers arrangement, etc., it is in quite close agreement with the syntypes figured by Henson
(1948). However, the wall of this species is non-alveolar, and in view of the comments above and its high
stratigraphic position it may berefi»ableto another species.
Palaeoecology
The questionable specimen recovCTed in this study was recorded inrelativelylow energy, fore-shoal bioclastic
wackestones, with common Lituolacea, reworked mollusc debris and calcareous algae. Water depths of a few
tens of metres are envisaged.
Genus Ammobaculites Ca^tanan, 1910
Type Species Spirolina agglutinans d'Orbigny, 1846
EHagnosis
Test free, early portion closely planispirally coiled, later uncoiled and rectilinear, rounded in section; wall
agglutinated, interior simple, apoture tominal roimded (modified after Loeblich and Ta^an, 1964).
Remarks
Ammobaculites differsfiromHaplopkragmium Reuss in its early planispiral, rather than streptospiral coiling,
from Ammomarginulina in its straight sutures and coitrally placed apoture. and from Lituola in having a single
taHha than multq)le apataie. It diffos from Flabellanonina Cushman which has compressed, equitant uniserial
chambers and from Haplophragmoides Cushman which does not uncoil and has an aperture in the form of an
equatorial interiomarginal sliL Sculptobaculites differs from Ammobaculites in having a somewhat evolute coil,
deq)ly depressed and excavated umbilicalregion,angular poiphery, and much reduced unis^ial portion.

68.

In some thin-sections from the Early Cretaceous of the Middle East, Ammobaculites may be confused with
some members of the Choffatellidae and Hemicyclamminidae such as Pseudocyclammina, Buccicrenata
Loeblich and Tappan and Everticyclammina. Although these genera can normally be distinguished by their
alveolar wall, and in the case of Pseudocyclammina, multiple apertures, in certain oblique and/or micritised
sections these features are not readily visible, and may cause misidentification.
Ammobaculites sp. A
Plates 3.9-3.13
1965 Ammobaculites edgelli n. sp. (nomen nudum) - Gollesstaneh, pi. 108, figs. 1-6.
1987 Ammobaculites sp. - Simmons and Hart, pi. 10.4,fig.6.
Diagnosis
Early portion planispirally coiled (1-1.5 whorls) and composed of five to seven chambers. Later portion
uncoiled, rectilinear or slightly curvilinear and usually composed of between two and five chambers. Wall and
sq)ta are coarsely agglutinated and typically exhibit c(Hisiderable variation in the size and nature of agglutinated
material. Proportionate chamber height increases with growth, and is most noticeable in the uncoiled portion.
Final chamba is oftra distinctly pyriform.
Dimensions:

Total length-0.85-2.10mm
Diameter of coiled portion - 0.30 - 0.85mm
Thickness - 0.35 - 0.40mm.

The above dimensions and description are based on those ioi Ammobaculites "edgelli" the invalid senior
synonym of this species described by Gollesstaneh (1%5).
Remarks
Ammobaculites sp. A. is the same form as Ammobaculites "edgelli" Gollesstaneh. However the later name is
nomen nudum, since it was described in a thesis of limited circulation and without holotype. It is proposed to
validate the name A. "edgelli" in a papa- that is in {xeparaticHi.
It is possible that this species is a synonym of another previously described Ammobaculites species. Howevo-,
comparison to other Ammobaculites species is difficult since the majority are described from isolated, solid
specimens.

69.

Some specimens of this species contain aligned quartz particles within the walls and septa giving a "pseudoalveolar" appearance, which may lead to confusion with lofbisiids such as Buccicrenata hedbergi (Maync).
Global Distribution and Stratigraphic Range
Oman Mountains, Iran, Arabian Gulf (BP internal reports).
Valanginian/HaiitQivian - Early Aptian.
Local Occurrence
Valanginian/Hautoivian - Early Aptian.
Buccicrraiata hedbergi - Palorfoitolina lenticularis Subzones.
See range charts provided with Ch^ter 4 for precise sample distribution.
Palaeoecology
This species appears to have had broad palaeoenvironmental toloances. It is recorded in low energy fore-shoal
wackestones of the upper Salil and basal Habshan Formation, in low energy lagoonal mudstones and
wackestones of the Lekhwair Formation, but also high energy peri-shoal grainstones of the Habshan Formation,
and outer shelf grainstones of the Kharaib Formation. Common factors are shallow water depths as evidenced
by its association with micritised sediments, and normal salinities by its associated fauna and flora. The species
is thusrelativelycommon in most palaeoenvironments across the shallow carbonate shelf.
Superfamily LOFTUSIACEA Brady, 1884
Family CHOFFATELLIDAE Maync, 1958
nom. transl. herein ex subfamily Cho^telUnae
The subfamilies Choffatellidae and Hemicyclammininae are raised to family level to indicate they are
phylogentically distinct from die Cenozoic and Recent Cyclamminidae.
Genus Choffatella SchlumbCTgw, 1905
Type Species Choffatella decipiens Schlumberger, 1905
Diagnosis
"Test more or less discoidal, composed of chambers coiled in a spiral plane like a PeneropUs. The convex wall
of the chambCTS is broken by numerous canals which constitute the openings. The exterior surface is covoed in
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a dense network of circular mesh. The test is finely arenaceous" (translated from original diagnosis of
SchlumbergCT, 1905).
"Test planispiral, involute, chambers numerous, broad and low, trading to increase in breadth somewhat in adult
so that whorls are higher, wall with imp^orate outs' layer and alveolar inner layer,regularlyspaced partitions;
apoture linear series of pores in slight dq)ression extending vocally up apeitaial face" (Loeblich and Tsqjpan,
1964).
"Test planispirally enrolled, compressed, partially evolute, whorls enlarging rapidly, chambers numerous,
chamber lumen restricted to the peripheral area of the whorl so that in section it appears evolute, although the
ouvsi wall may somewhat overly previous whorls, later chambo's with a tendency to uncoil; wall exoskeleton
with well developed sub-epidermal network, endoskeleton consists of thick and massive septa pierced by the
large apotures in the median plane of the test, no pillars present; aperture a single areal row of large openings
extending up the apertural face in the plane of coiling, those of successive chambers aligned in radial series as
seen in axial section, with new series of apertures intercalated between these as the spire enlarges" (Loeblich
and Tappan, 1988).
Remarks
Amaud-Vanneau (1980) suggested that the aperture of Choffatella may be cribrate rather than a series of pores
within an apertural groove. She found that in some topotypic specimens, particularly macrospheric forms, the
apertures were dispersed across all the apertural face. If this is the case, the genus is difficult to distinguish from
Pseudocyclammina. She noted four features which may still distinguish Chqffaiella from Pseudocyclammina:
a)

The alveoles of Choffatella are veryregular,almost tubular, and do not distally thicken as is often
the case in Pseudocyclammina.

b)

The flattened planispiral test has a rather acute periphery.

c)

The strongly curved, falciform chambers, resemble those of Peneroplis.

d)

The septa (crossed by numerous pores) do not appear to have an alveolar structure analogous to
that seen in Pseudocyclammina.

However, in her diagnosis of Choffatella decipiens, the type species of the genus, she noted that this species
often has a series of apertures aligned within a groove in the apertural face. This is a characteristic which she
uses to distinguish it from her Choffatella n. sp. 1 (= Choffatella cruciensis (Pictet and Renevier)), which,
according to her, typically has a true cribrate i^rture. Furthermore and most importantly, she noted that the
nature of the aperture varies between sexual and asexual generations for both the above species! (see also
specific discussion below).
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Clearly, the apertural characteristics of this g^ius need to be clarifled by further study of type material. In the
present study, it is accepted that the {q)erture is an aligned series within a groove. The paratype material figured
by Loeblich and Tqjpan (1964) clearly illustrates this. This feature distinguishes the genusfromoth^ members
of the Choffatellidae. However if the nature of the aperture does vary with generation, then the taxonomic
problems of this genus and its constituent species may be difficult to resolve.
Choffatella may be distinguished from members of the Hemicyclamminidae (eg. Hemicyclammina,
Everticyclammina, Feurtillia and Buccicrenata) which have only a single aprature.
The differences between Choffatella and Pseudocyclammina are noted above. In this respect, apertural
characteristics notwithstanding, the most distinctive feature is the fine alveolar wall of Choffatella, in
comparison to the coarsely alveolar wall of Pseudocyclammina.
Alveosepta may be distinguished from Choffatella by its low ratho' than high chambers, although this difference
is somewhat minor. It may be that the two genera are effectively synonymous. Species now placed within
Alveosepta were suggested by Banner (1970) as the ancestors of Choffatella.
The nature of the spexxoKls oi Alveosepta spptais to be variable with graeration, as in Choffatella.
Pseudochoffatella, Torinosuella and Balkhania may be distinguished from Choffatella by their flabelliform,
complanate and annular tests respectively. In Choffatella, test morphology is typically planispiral, although it
may occasionally be uncoiling or slightly flabelliform in adult microspheric forms. Furthermore, the septa of
Torinosuella and Balkhania are thin and simplified, mher than complex and thick, as in Choffatella.
Choffatella decipiens Schlumberger, 1905
Plates 3.14-321
?

1858 Operculina cruciensis n. sp. Pictet and Renevier,fig.4a-c. Early Cretffi:eous, Switzo'land.

T

1905 Choffatella decipiens n. sp. SchlumbCTgCT, pi. 18,figs.1-6. "Gault (=Albian)" (dated as Banemian
by Rey (1967)), Portugal.
1928 Choffatella decipiens Schlumbergo' - Tobler, pi. 34,figs.4-6. Barremian, Swiss Jura.
1948 Choffatella decipiens Schlumbergo- - Hrason, pi. 9, fig. 1. Early Cretaceous, Qatar.
1949 Choffatella decipiens SchlumbCTger - Maync, pl.ll, figs. 1-3, ?4,5-15, pL 12, figs. 1-4,6-9 (non 5
= C. pyrenaica). Early Cretaceous, Venezuela (pi. 11,figs.1-3,5-9,12-15, pi. 12,figs.7,9), Early
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Cretaceous, Florida (pi. 11,fig.4. pi. 12,figs.2,6,8), Late Aptian, Mexico (pi. 11,fig.10, pi. 12,
fig. 4), Barremian, Swiss Jura (pi. 11, fig. 11, pi. 12, fig. 1), Late Aptian, Cuba (pL 12,fig.3).
1952 Choffatella decipiens Schlumberger - Jordan and Applin, pi. 1, figs. 3-8, pi. 2, figs. 5-10. Early
Cretaceous, Florida (pi. 1,figs.3-4,6-8, pi. 2,figs.5-9) and Louisiana (pi. 1,fig.5, pL 2, fig. 10).
1952 Choffatella decipiens Schlumberger - Maync, pi. 11,figs.9?, 10. Hautoivian, Algeria (fig. 9) and
Aptian, Venezuela (fig. 10).
1956 Choffatella decipiens Schlumberger - Cuvillier, pi. 14, fig. 2., pi. 18, fig. 1, pi. 19, figs. 1-2.
Neocomian (post Valanginian) (pi. 14,fig.2) and Aptian, Weston Aquitaine.
1958 Choffatella decipiens SchlumbergCT - Dufauie, pi. 2, fig. 12. Hauterivian?, Pyrenees.
1959 Choffatella decipiens Schlumberger - Maync, pi. 1, figs. 5, 15. Aptian, Languedoc (fig. 5),
Banemian (Rey, 1967), Portugal (fig. 15).
1959 Chqffatella decipiens SchlumbergCT - Sigal, pi. 29, figs. 1-8. Early Cretaceous, France.
1961 Choffatella sp. - Reiss, pi. 1,figs,1-2,14, pi. 3,fig.45. Aptian, Israel
1964 Choffatella decipiens Schlumberger - Loeblich and Tappan, pi. 143,figs.3-6. Early Cretaceous,
Portugal (fig. 3), Venezuela (figs. 4,6) and Switzerland (fig. 5).
1964 Choffatella decipiens Schlumberger - Bozoignia, pi. 67,fig.2. Aptian, Iran.
1965 Choffatella decipiens SchlumbergCT - Gibson and Percival, pi. 1, fig. 1. Early Cretaceous, Somalia.
1967 Choffatella decipiens Schlumberger - Hottinger, text-figs. 32A-E, pL 1,fig.8, pi. 14,figs.23-27.
Early Cretaceous, Morocco.
1968 Choffatella decipiens Schlumberger - Kovatcheva, pi. 1,fig.6. Early Aptian, Bulgaria.
1969 Choffatella sp. - Sampo, pi. 35, figs. 18-21. Barremian (figs. 18-19) and Valanginian - Hauterivian
(figs. 20-21), Southwest Iran.
1969 Choffatella decipiens Schlumberger - Sampo, pi. 37,figs.17-20. Aptian, Southwest Iran.
1970 Choffatella decipiens Schlumberger - Banner, pi. 4, figs. 1-5. Aptian, Posian Gulf.
1970 Choffatella decipiens SchlumbergCT - Saint-Marc, pi. 1,figs.4-5. Early Aptian, Lebanon.
1972 Choffatella decipiens Schlumberger - Maync, pi. 2,figs.4-6. Hauterivian, Israel (fig. 4) and Early
Cretaceous, SCTiegal (figs. 5-6).
1972 Choffatella decipiens Schlumberger - Ramirez del Pozo, pi. 3, figs. 12-13. Early Aptian, Northern
Spain.
1972 Choffatella decipiens Schlumberger - Ramirez del Pozo, pL 3, figs. 10-13, pi. 6, figs. 1-3,7. Late
Banemian - Early Aptian, Northern Spain.
1974 Choffatella decipiens SchlumbergCT - Pastouret et al., pL 1,fig.4. Early Aptian, Bay of Biscay.
1975 Choffatella decipiens SchlumbergCT - Peybanes and Rey, pi. 2, fig. 18. Early Bairemian, Portugal.
1975 Choffatella decipiens Schlumberger - Martinez and QuintCTO, pi. 3. Barremian - Early Aptian,
Spain.
1976 Choffatella decipiens SchlumbergCT - Masse, pi. 9,fig.6. Early Banemian, Provaice.
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1976 Choffatella decipiens Schlumberger - Leikine and Vila, pi. 3, figs. 9,13. Barremian - Aptian.
Algma.
1977 Choffatella decipiens Schlumberger - Bartenstein and Bolli, pi. 1, fig. 32. Barremian - Aptian.
Trinidad.
1979 Chqffatella decipiens Schlumberger - Oierchi, pi. 24,fig.7. Early Aptian, Sardinia.
1979 Choffatella decipiens Schlumberger - Luperto Sinni. pi. 32, figs. 8,13-15. Barremian - Aptian,
Southon Italy.
1979 Chqffatella decipiens Schlumberger - Azema et al., pi. 30, fig. 15. Early Aptian, Southon Spain.
1979 Chqffatella decipiens Schlumbergo- - Kovatcheva, pi. 1,fig.8. Early Aptian, Bulgaria.
1980 Chqffatella decipiens SchlumbCTger - Amaud-Vanneau, pi. 12,figs.6-7, pi. 49, fig. 5. Banemian Early ^tian, Vercors, France.
?

1980 Choffatella cf. tingitana Hottinger - Amaud-Vanneau, pi. 49, figs. 6-7, pi. 75, figs. 3,6-9.
Banemian, Vercors, France.

?

1980 Choffatella n. sp. 1 Amaud-Vanneau, pi. 49, figs. 1-4, pi. 75 figs. 1-2,4-5. Late Barremian - Early
Aptian, Vercors, France.

?

1981 Choffatella cruciensis (Pictet and Renevier) - Cherchi and Schroeder, pi. 1, figs. 1-2. Early Aptian,
Switzerland.

?

1982 Chqffatella decipiens Schlumberger - Dragastan, pi. 3,fig.3. Early Aptian, Spain.
1982 Choffatella cf. decipiens Schlumberger - Altiner and Decrouez, pi. 3, figs. 20-21. Early Aptian,
Turkey.
1982 Choffatella decipiens Schlumberger - Mouty and Saint-Marc, pi. 1, fig. 1. Early Aptian, Syria.
1982 Choffatella decipiens Schlumberger - Schroeder et al., pi. 1, figs. 2-3. Barremian, Spanish
Pyrenees.
1984 Choffatella decipiens Schlumberger - Canerot, pi. 2, fig. 1 (non pi. 1, figs. 3-4 = C. pyrenaica).
Hauterivian, Southem Spain.
1984 Choffatella decipiens Schlumberger - Magniez-Jannin, pi. 1, figs. 14-15. Hauterivian - Banemian,
Paris Basin.
1986 Chqffatella decipiens Schlumbergo" - N'da Loukou, pi. 5,figs.35-36. Early Aptian, Pyrenees.
1986 Choffatella decipiens Schlumbo-ger - Kalantari, pi. 65, fig. 1, text-fig. 42/1-4. Banemian - Early
Aptian, Iran.
1987 Chqffatella decipiens SchlumbergQ- - Simmons and Hart, pi. 10.4,fig.4. Late Barremian - Early
Aptian, Oman Mountains.

Diagnosis
"Plasmostractum planispiral, discoidal, generally involute; chamb^s in the adult arranged in crosier-shape; last
whorl composed of 16-25 (on average 18-20) arcuate narrow chambers arranged in a Peneroplis-]ike spire with
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coils progressively increasing in height (close coiled early chambers); about 8 chambers in straight portion;
sq)ta and lumina of chambers of about same breadth; the strongly forward recurved septa systematically pioced
by numerous transverse, parallel-running channels which lead to the linear series of pores on the narrow
apertural face;

imperforate epidermal layer composed of both calcareous material and foreign particles

;

subepidermal layer with regular transverse (and subordinately parallel) partitions (delicate alveolar wall
structure)...."
"The tendency of uncoiling is often evidenced in microspheric forms. The microspheric form differs from the
megaspheric one by its very small proloculus, its closer coiled spire in the early stages, and its large size."
(From the emended diagnosis of Maync (1949).
Remarks
According to Maync (1949) test diameter is in the ordCT of 1.4mm for the type specimen. Proloculus diameter is
typically in the range of 0.02 - 0.06mm.
Trimoiphism has been recognised in this species (Sigal, 1959, Amaud-Vanneau, 1980):
a)

Microspheric forms: The test is very large and strongly acute. The last whorl consists of 20-23
chambers and on the apertural face the apertures are aligned in a groove. Diameter = 1.885 3.875mm, Thickness = 0.2 - 0.4mm.

b)

Macrospheric Al forms: The test is of intomediate size between microspheric and macrospheric
A2 forms and as a somewhat less acute periph^ than microsph^c fcHms. The last whorl consists
of 13-17 chambo^ and the apertural arrangement is similar to that of microsph^c forms, but with
two rows of i^rtures. Diameter = 0.675 - 1.875mm, Thickness = 0.125 - 0.3mm.

c)

Macrospheric A2 forms: Test small and more rounded. The last whorl contains 11-14 chambers,
and the s^rture is truly oibrate (i.e dispersed over the entire apeitxsrsi face). Diameter = 0.725 0.85mm, Thickness = 0.225 - 0.35mm.

Note that the nature of the aperture varies dq)ending on goieration.
Choffatella cruciensis (Pictet and Renevio-) (= Choffatella n. sp. 1 Amaud-Vanneau, 1980) can be distinguished
from C. decipiens by its larger size, slightly bulbous test and, according to Amaud-Vanneau (1980), its true
cribrate aperture. However, as noted above and in the generic remarks, apertural characteristics may vary with
genoation, and Amaud-Vanneau notes that this species (C. cruciensis) has apertures aligned within a groove on
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the apotural face in the microspheric g^ieration. Taking this into account, iherc seems very little basis on which
to sqiarate the two species, since the size diff^ence is ardy really noted in the microspheric genraation. Chax;hi
and Schroeder (1981) separated the two species not only on size characteristics, but also on the basis of age. C.
cruciensis is interpreted as the likely Aptian descendant of the Banemian species C. decipiens. This too, does
not seem a particularly valid reason for separation of the two species, especially as ^ d a n forms of C. decipiens
are well known from the literature. However pending further research, the two species are not placed in fiill
synonymy, in which C. cruciensis would be the senior synonym and thus remove the well established species
name C. decipiens from possible usage. If the two species are synonyms then there may be a case for the
suppression of the name C. cruciensis.
Choffatella tingitana Hottinger described from the latest Jurassic of Morocco differs from C. decipiens in
having a more coarsely alveolar hypodermis, more massive, less openly alveolar septa, and a more evolute test
Choffatella pyrenaica Peybernes and Rey known from the Berriasian - Valanginian of the Western
Mediterranean can be distinguished from C. decipiens by the presence of fewCT chambers in the last whorl (on
average 15 in generation Al and 11 in generation A2), coarser septa, thicker chamber luminum and less tightly
coiled test. It is thought to be an intermediate evolutionary form between C.tingitanaand C. decipiens.
Global Distribution and Stratigraphic Range
Portugal, Southan Spain, North^n Spain, Pyr^iees, Southern France, Bay of Biscay?, Paris Basin, Switzerland,
Sardinia, Southern Italy, Bulgaria, Turkey, Morocco, Algeria, Somalia, Israel, Lebanon, Syria, Qatar, Persian
Gulf, Iran, Oman Mountains, Venezuela, Mexico, Cuba, Trinidad, Florida. Louisiana, Senegal, Southern
England.
Hauterivian - Aptian (Early Aptian?)
Records of this species are confined to a relatively narrow stratigr^hic interval; Le Hauterivian - Aptian times.
Furthermore, the majority of records are from Barremian or Early Aptian sediments. It is likely that the species
does not range into the Late Aptian, although Maync (1949) recorded it from "Late Aptian" sediments in
Mexico and Cuba. The age of these sediments may be subject to revision, since no convincing evidence of their
Late Aptian age was presented. The unillustrated record by Henson (1948) of C. decipiensfromVraconian (=
Latest Albian) and Cenomanian sediments in the Middle East should be discounted. It is thought that the
comment by Banner and Strank (1987), that this species has a Valanginian - Cenomanian range is unwarroited.
Jaffrezo (1980) also concluded that this species has an Hautoivian - Aptian range. Records of the species from
Valanginian sediments can either be assigned to C. pyrenaica, or in the case of "Valanginian - Hauterivian"
records such as that of Simmons and Hart (1987) a Hautoivian age can be assigned.
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Maync (1949) in his review of the genus Choffatella documents in detail, further unpublished or unillustrated
occurrences of C. decipiens to which the reader is recommended.
Local Occurrence
Hauterivian - Early Aptian.
Cylindroporella arabica Zone - Choffatella decipiens Subzone.
See range charts provided with Chq)ter 4 for precise sample distribution.
Palaeoecology
Amaud-Vanneau (1980; pers. comm., 1987), associates this species with sandy (terriginous) sediments of the
circalittoral - infralittoral environment. It is thought to occur in abundance following transgressive events (i.e
moving into vacant ecological niches). In this respect it is often associated with Palorbitolina. It is also
particularly associated with platform channels.
These observations are supported by those made during the course of this study. C. decipiens was found to be
common in high energy, shallow - moderate water depths of the outer platform environment For example, the
peri-shoal grainstones of the Habshan Formation, and outer platform ?channel grainstones - packstones of the
Kharaib Formation. The species was found to be largely absent from low energy, lagoonal type sediments. The
species was also particularly common in the the muddy wackestone intervals (cycles) within the Kharaib
Formation. In particular the uppermost muddy cycle (refrared to as the Hawar M^nber/Formation elsewhere in
the Gulf region - see Chapter 1) contained common Choffatella. This interval is thought to be a period of
relative water depth increase (eustatic sea levelrise?)(see Chapter 5).
Goius Bramkampella Redmond, 1964
Type Species Bramkampella arabica Redmond, 1964
Diagnosis
"Test initially planispiral and involute with chambers increasing rapidly in volume as added, soon becoming
evolute and passing into a prominent uniserial stage. Chambers in the uniserial stage of megalospheric
individuals are small in cross-secticMial area and modoately high; increases in volume of successive chambers in
this generation are expressed as increases both in height and width of chamber. Chambers in the uniserial stage
of microspheric individuals are saucer-shaped and of a minimal height throughout; increases in volume of
successive chambers in this generation are expressed solely as progressive increases in diameter. It is this
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feature which gives the adult microspheric test a conical shape. The chamber walls have a thick alveolar layer
from which radially arranged transverse partitions project inward and backward to join the anterior wall of the
preceeding chamber. Most of the radial partitions extend nearly to the axis of the test, their inner ends falling
between the outermost pores of a small cribrate aperture. Thus, only a very small space in the centre of each
chamber is left completely open" (Redmond, 1964).
Remarks
Bramkampella can be distinguished from outwardly similar members of the Lituolidae, notably Haurarua and
Amijiella, by its alveolar wall.
It is distinct from other members of the Loftusiacea, notably Pseudocyclammina and Rectocyclammina, by the
conical test shape of the microspheric generation, its prominent system of radially arranged transverse
partitions, and the restricted size and specialized nature of its cribrate apoture.
Bramkampella is presently a monospecific genus containing only B. arabica.
As pointed out by Banner (1970), the exact phylogenetic relationship of this genus is difficult to establish. He
tentatively considered it to be an offshoot of Pseudocyclammina, which developed strong radial septulae.
However it could also have developed from Haurania and Amijiella by the development of an alveolar wall.
FurthQ- studies of this poorly described form are required.
Bramkampella arabica Redmond, 1964
Plate 322
T

1964 Bramkampella arabica n. sp. - Redmraid, pi. 1,figs.26-29, pi. 2,figs.19-20.

Diagnosis
The charactoistics of the species are outlined in the generic description above.
Redmond (1964) recorded the following dimensions for the species: "Holotype (microspheric individual),
length 1.3Smm, width 0.80mm. Paratype (megalospheric individual), length 0.91mm, width
0.63mm."..."Dimoisions of exceptionally large individual, lengdi 1.69mm, width 1.44mm."
Remaiks
The diff0«nces between this distinctive species and other taxa are dealt with in the above generic remarks.
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Global Distribution and Stratigraphic Range
Saudi Arabia, Abu Dhabi (BP internal reports), Oman Mountains.
Earliest Cretaceous (Berriasian - Valanginian).
The only published record of this species is the (xiginal description of Redmond (1964). HowevCT the species is
often refmed to in internal oil company rqx)its frcMn the Middle East
Local Occuxrence
Hauterivian.
Cylindroporella arabica Zone.
See range charts provided with Ch^ter 4 for precise sample distribution.
Only poorly preserved, highly questionable specimens of this species were recorded during the course of this
study (see Plate 3.22). They may be referable to other genera, if more specimens become available, eg. basal
sections of Cuneolina.
Palaeoecology
The specimens recovered in this study are from moderate energy, peri-shoal, outer shelf sediments of the
Habshan Formation. Redmond (1964) gave no indication of the palaeoenvironmental conditions associated with
Bramkampella, however the Sulaiy Formation Arom which he described it, is known to have been deposited in
shallow shelf conditicms.
Family HEMICYCLAMMINIDAE Banner, 1966
nom. transl. herein ex subfamily Hemicyclammininae
Genus Everticyclammina Redmond, 1964
Type Species Everticyclammina hensoni Redmond. 1964
Diagnosis
"Test planispirally enrolled and involute, lenticular to slightly compressed, lata- with a slight tendency to uncoil,
chambers wedgelike, sutures radial, slighdy curved; wall agglutinated, alveolar, septa short, not alveolar, the
elongate areal q)erture resulting in very short septa with a triangular to rectangular thickened base of the septal
face remaining against the previous whorl as seen in median section; aperture a short vertical areal slit"
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(Loeblich and Tappan, 1985). The coalesced septal bases noted above were termed "basal layer" by Banner
(1970).
Remarks
Everticyclammina hensoni Redmond, was designated by Redmond (1964) as the type species of his new genus
Everticyclammina. This species is regarded as a junior synonym oi Everticyclammina greigi (Henson).
Differs from Haplophragmoides,

Lituola and Ammobaculites by its complex wall. Differs from

Pseudocyclammina, Choffatella and related forms by having a single areal, rather than cribrate apoture. Differs
from Hemicyclammina which has a high oval areal aperture in the septal face much reducing the septa, and from
Buccicrenata in having a less compressed test, a simple slitlike aperture rather than an elongate zigzag slit,
wedgelike rather than reniform chambers, and more extensive secondary deposits connecting the bases of
successive sq}ta against the previous whorl (better developed "basal layer").
Clearly, Hemicyclammina and Everticyclammina are closely related, and it is likely that Everticyclammina gave
rise to Hemicyclammina during the Late Aptian - Early Albian. Banner (1966,1970) recorded transitional ionas
in the Late Aptian of Abu Dhabi.
Mayncella Banner, 1966 is regarded as a junior synonym of Everticyclammina..
Everticyclammina greigi (Henson, 1948)
Plates 323 - 3.24
T

1948 Cyclammina greigi n. sp. Hens<Hi, pi. 13,figs.9,11,15-17. Early Cretaceous, Qatar.
1964 Everticyclammina contorta n. sp. Redmond, pi. 1, figs. 12-15, pi. 2, figs. 10-11. Early Cretaceous,
Saudi Arabia.
1964 Everticyclammina eccentrica n. sp. Redmond, pi. 1, figs. 16-18, pi. 2, figs. 12-13. Early
Cretaceois, Saudi Arabia.
1964 Everticyclammina elegans n. sp. Redmond, pi. 1, figs. 19-21, pi. 2, figs. 14-16. Early Cretaceous,
Saudi Arabia.
1964 Everticyclammina hensoni n. sp. Redmond, pi. 1,figs.22-25, pi. 2, figs. 17-18. Early Cretaceous,
Saudi Arabia.
1965 Haplophragmoides greigi (Henson) - Hofker Jr., pi. 2, figs 1-7, pi. 3, figs. 1-3. Aptian - Albian
(probably Aptian), Northern Spain.
1966 Mayncella greigi (Henson) - Banner, pi. 2, figs. 1-3, pi. 11, figs. 1-3, pi. 12, figs. 1-2. Early
Cretaceous, Middle East
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1967 Everticyclammina greigi (Henson) - Hottinger, pi. 9, figs. 17-18. Hautoivian?, Saudi Arabia,
non 1%9

Cyclammina greigi Henson - Sampo, pi. 32, figs. 1-5.

1970 Mayncella greigi (Haison) - Banner, pi. 9, figs. 1-5. Neocomian, Persian Gulf (figs. 4-5).
?

1972 Everticyclammina greigi (Henson) - Ramirez del Pozo, pi. 7, figs. 1-2, pi. 9, fig. 3. Aptian,
NorthOTi Spain (pi. 7,figs.1-2), Albian, Northern Spain (pi. 9,fig.3).

?

1972 Everticyclammina greigi (Henson) - Ramirez del Pozo, pi. 3,figs.14-16, pi. 6,figs.3-4.
1975 Everticyclammina virguliana (Koechlin) - Brun and Rey, pi. 1, figs. 1, ?2-3,4-7, pi. 2, figs. 1-5,
?6-8 (non 9), pi. 3, figs. 1-2, ?3,5 (non 4), pi. 4,figs.4, ?5,6 (non 1-3,7). Hauterivian, Portugal
(pi. 1, figs. 1, ?2-3,4-7, pi. 2.figs.?7-8, pL 3, figs. 1-2, ?3,5), Hauterivian, Southern France (pi. 2,
figs. 1-2), Neocomian, Iran (pi. 2, fig. 3), Neocomian, Morocco (pi. 2, figs. 4-5), Berriasian,
Morocco (pi. 2,fig.6), Barremian, Portugal (pi. 4,figs.4,6), Kimmeridgian?, Somalia (pi. 4, fig.
?5).
1982 Melathrokerion greigi (Henson) - Altiner and Decrouez, pi. 4, figs. 7-8?, 9,10?. Early Aptian,
Turkey.
1983 Everticyclammina virguliana (Koechlin) - Magniez-Jannin, pi. 1, figs. 1-3, ?6-7. Hauterivian Barremian, Paris Basin.

Diagnosis
Features as for generic diagnosis. Also, test lenticular, bi-umbilicate in axial section, typically elongated in the
direction of the last chamber; margin rounded, somewhat lobate; sutures straight, depressed, numbering six to
eight in the last whorl; there are three rapidly opening involute wheals.
The dimensions of the holotype and paratypesfiguredby Henson (1948) are as follows:
Max. Diameter

Thickness

Holotype

1.28mm

0.4mm

Paratypes

1.06mm

0.48mm

Remaiks
May be confused with Hemicyclammina sigali which is of similar dimensi(His and internal structure. However
E. greigi has a smaller aperture central in the septal face, with septal projections being present from both the
iima and outer whorls.
In £. greigi there seems to be a trend to reduction of the number of chambers per whorl, together with a
straightening of the sq)ta and an increase in the average size of the septal ^)erture, throughout the Valanginian -
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Aptian period, probably giving rise to Hemicyclammina sigali in the Late Aptian - Early Albian (see also
comments above) (Banner, 1970). Some formsfromthe Aptian - Albian of northern Spain illustrated by Hofker
Jr (1965) and Ramirez del Pozo (1972), appear to be transitional between E. greigi and H. sigali. These are in
addition to the forms described by Banner (1966; 1970) mentioned above.
The four species oi Everticyclammina described by Redmond (1964); E. contorta, E. eccentrica, E. elegans and
E. hensoni, are all thought to be within the range of variation shown by E. greigi, and are therefore junior
synonyms.
Brun and Rey (1975) placed E. greigi in synonymy with Everticyclammina virguliana (Koechlin). However E.
virguliana differs from E. greigi by its much larger size (max. dia. = circa. 2mm), more prominent uncoiling
portion and tendency for the lower parts of the septa to point forward, producing very convex septa, in which
the aperture may be surrounded by a short thick neck. It is likely that that E. virguliana gave rise to E. greigi, by
a gradual reduction of these features in the Early Cretaceous. Some Early Cretaceous forms illustrated by Brun
and Rey (1975)fromPortugal may be transitional between E. virguliana and E. greigi.
Whilst this thesis was in the final stages of completion, Prof. F.T. Banner (pers. comm.) suggested that
Pseudocyclammina kelleri Henson, may be a species of Everticyclammina, and the evolutionary link between E.
virguliana and E. greigi. This is further discussed in the section on Utuola? kelleri above.
Global Distribution and Stratigraphic Range
Qatar, Saudi Arabia, Arabian Gulf, Iran, Oman Mountains, Northern Spain, Paris Basin, Southern France,
Morocco, ?Somalia, Blake Escarpment
?Kimmeridgian, B^riasian - Albian.
The majority of the recfflxls of this species arefromthe Valanginian - Aptian interval.
Local Occurrence
Hauterivian - Late Banemian.
Cylindroporella arabica Zone - Paleodictyoconus arabicus Subzone.
See range charts provided in Ch^tCT 4 for precise sample distribution.
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Palaeoecology
Upper circalittoral - mediolittoral (Bran and Rey, 1975). Bran and Rey further noted that the species is not
particularly sensitive to photic and bathymetric conditions, but is sensitive to lithology of the substrate. They
noted (in Portugal) that the species was most prolific and largest when associated with fine terriginous
sediments and clays. The species was found to be rarer and smaller in low en^gy carbonate environments, and
totally absent from high energy carbonate environments. They considered it to be a useful marker for fine
terriginous sediments in the Estrranadura Basin.
These observations are supported by those made during the course of this study. E. greigi was only recorded in
outer shelf (circalittoral), moderate - high energy sediments of the peri-shoal Habshan Formation, or in the
broad out^ platform channels of the Kharaib Formation. In the later instance the substrate would have been clay
rich, analogous to the situation in Pratugal described by Bran and Rey (1975).
Genus Buccicrenata Loeblich and Tj^an, 1949
Type Species Ammobaculites subgoodlandensis Vanderpool, 1933
Diagnosis
"Test planispirally enrolled, compressed, involute in the early stage, lata' with a tendency to uncoil and become
rectilinear; wall agglutinated of calcareous particles mixed with quartz, a shallow alveolar layer in which the
alveoles may bifurcate being covered by an imperforate epidermal layer, septa solid, the base of the septa
against the previous whorl thickened to result in a triangular appearing mound at the position of the septum;
aperture elongate, terminal, a straight to zigzag slit" (Loeblich and Tappan, 1985). Chambers are typically
reniform in shape.
Remarks
The type species, known for almost 50 years, was incompletely understood until the revision of the genus by
Loeblich and T^)pan (1985). In thisrevisionthey clearly illustrated the alveolar wall and the zigzag slit q)ature
of the genus. Maync (1952; 1955) suggested that Buccicrenata was non-alveolar and closely related to
Ammobaculites. However, the alveolar wall of the genus was illustrated and described for Buccicrenata libyca
Gdubandt (1966, p. 67, pi. 1, fig. 11), but no specimens of that species were well enough preserved to show the
apoture.
Because of the lobate periphery and reniform chambers of Buccicrenata, thin sections may intersect areas of the
alveolar outer wall at the incised sutures, giving the false appearance of alveolar sq)ta, but the alveolar characta
does not extend across the whorl to separate adjacent chambers, and the septa are solid beneath the surface
(Loeblich and T£q)pan, 1985).
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Differs from Haplophragmoides, Lituola and Ammobaculites by its complex wall. Differs from
Pseudocyclammina. Choffatella and related forms by having a single terminal aperture, rather than cribrate or
multiple ^)ertures. Differs &om Hemicyclammina which has a high oval areal aperture in the septal face much
reducing the septa, andfiromEverticyclammina in having a more compressed test, an elongate zigzag slit rather
than a simple slitlike aperture,reniformrather than wedgelike chambers, and less extensive secondary deposits
connecting the bases of successive septa against the previous whori (poorly enveloped "basal layer").
Loeblich and T^^pan (198S) erected a new subfamily, the Buccicrenatinae, to include both Everticyclammina
and Buccicrenata. However, it is considered herein that these genera are closely related to Hemicyclammina,
thus Buccicrenata and Everticyclammina are considered to be members of the Hemicyclamminidae
(=Hemicyc]ammininae, sensu Loeblich and Tappan, 1985; 1988). A psqjo' on the suprageneric classification and
phylogeneticrelationshipsof die Cretaceous Loftusiacea is in prq)aration by the author.
Buccicrenata hedbergi (Maync, 1953)
Plates 325 - 3.28
?

1933 Ammobaculites subgoodlandensis n. sp. Vandrapool, pi. 49, figs. 1-3. Albian (?), Oklahoma.

?

1949 Buccicrenata subgoodlandensis (Vanderpool) - Loeblich and Tajqian, pi. 47, figs. 5-15. Albian (?),
Oklahoma.

9

1952 Pseudocyclammina rugosa (d'Orbigny) - Maync, pl.l2,figs.6-10. CencMnanian, France.

T

1953 Pseudocyclammina hedbergi n. sp. Maync, pi. 16, figs. 1-8. "Aptian - Middle Albian" (possibly
referable to Aptianrally),Venezuela
1956 Pseudocyclammina hedbergi Maync - CuvilliCT, pi. 20,fig.2. Aptian, Pyrenees.

?

1961 Pseudocyclammina sp. - Reiss, pi. 53. Late Aptian, Israel.

?

1964 Pseudocyclammina hedbergi Maync - Bozorgnia, pi. 72,fig.2, pi. 83, fig. 2. Aptian - Albian, Iran.
1966 Buccicrenata libyca n. sp. Gohibandt, pi. 1,figs.11-16. Cenomanian, Libya.
1%7 Pseudocyclammina cf. P. rugosa (d'Orbigny) - Arkin and Hamaoui, pi. 2, fig. 3. Cenomanian,
Israel.
1968 Lithocodium regularis n. sp. - Johnson, pi. 2, fig. 3., pi. 4, figs. 6-7. Early Cretaceous, Blake
Escarpment
1969 Pseudocyclammina rugosa (d'Orbigny) - Sampo, pi. 39,figs.6-8. Albian, Southwest Iran.
1970 Pseudocyclammina group hedbergi Maync - Banner, pi. 5, figs. 4-7. Cenomanian, Libya (fig. 4),
Neocomian (fig. 6), Aptian (fig. 5) and Early Cenomanian (fig. 7), Persian Gulf.
1972 Buccicrenata sp. 1 - Magniez and Rat, pi. 2,fig.21. Aptian, Noithon Spain.

?

1973 Pseudocyclammina rugosa (d'Orbigny) - Bilotte, pi 3, fig. 15. Cenomanian, Pyrenees.
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1975 Everticyclamndna virguliana (Koechlin) - Gusic, pi. 5, fig. 2, pi. 6, figs. 3-4, pi. 7, figs. 1-3, pi. 8,
figs. 1-5, pi. 9, figs. 1-5, pi. 10, figs. 2,4. "Late Aptian - Early Albian" (now thought to be Late
Aptian (Gusic, pers. comm., 1987)), Yugoslavia.
?

1978 Pseudocyclammina hedbergi Maync - Berthou and Schroeder, pi. 8, figs. 3-5. Late Albian,
Portugal.
1979 Pseudocyclammina sp. ex. gr. P. hedbergi Maync - Azema et al., pi. 32, fig. 20. Middle Albian,
Southern Spain.

?

1979 Pseudocyclammina hedbergi Maync - Luperto Sinni, pi. 31, figs. 4-5. Barremian - Aptian,
Southon Italy.
1980 Everticyclammina hedbergi (Maync) - Amaud-Vanneau, text-fig. 178, pi. 40, fig. 5, pi. 63,figs.34, pi. 65, fig. 1. Early Aptian, VCTCors, France.
1982 Pseudocyclammina hedbergi Maync - Altiner and Decrouez, pi. 5, fip. 1-2. Early Aptian, Turicey.

?

1982 Pseudocyclammina vasconica Maync - Correia et al., pi. 1,fig.4. Early Aptian, PcHtugal.
1984 Everticyclammina hedbergi (Maync) - Canax)t, pi. 1,fig.5. Valanginian, Southran Spain.
1984 Everticyclammina hedbergi (Maync) - Chiocchini et al., pi. 1,fig.20. Early Aptian, Central Italy.

?

1985 Buccicrenata subgoodlandensis (Vanderpool) - Loeblich and Tappan, pi. 2, figs. 4-10. Early
Cretaceous, Texas.
1986 Pseudocyclammina lituus (Yokoyama) - Kalantari, pi. 60, fig. l-?2, pi. 61, fig. 2, text-fig. 42/6.
Hauterivian - Valanginian, Iran.
1986 Pseudocyclammina rugosa (d'Orbigny) - Kalantari, pi. 71, fig. 1, text-fig. 42/8-9, ?10.
Cencmianian, Iran.
1986 Everticyclammina hedbergi (Maync) - N'da Loulcou, pi. 4, fig. 10. Late Aptian, Pyroiees.
1987 Buccicrenata hedbergi (Maync) - Simmons and Hart, pi. 10.4, figs. 2-3. Valanginian ?Haut^vian, Oman Mountains.
1987 Buccicrenata subgoodlandensis (Vanderpool) - Simmons and Hart, pi. 10.5, fig. 1. Albian, Oman
Mountains.
1987 Buccicrenata? rugosa (d'Orbigny) - Sinmions and Hart, pi. 10.5,fig.4. Early Cenomanian, Oman
Mountains.

Diagnosis
A Buccicrenata with a irregularly coarse alveolar wall, 4-5 chambers in the last whorl and often with an
uncoiled portion consisting of 2, or occasionally more, large chambers. The outline of the test is lobate to subangular, with the chambers developing a strong reniform shape.
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Remarks
This species, commonly placed within the genera Pseudocyclammina or Everticyclamnuna, was first referred to
the genus Buccicrenata by Loeblich and Tsppaa (1985).
Amaud-Vanneau (1980) suggested that the aperture of this species may be variable with generation: a terminal
slit in microsphoic forms, and occasionally multiple in macrospheric forms.
This species is often coarsely agglutinated, obscuring the alveolar nature of the wall (eg. Plate 3.25). AmaudVanneau (1980) has suggested that the early chambers of microspheric forms are in fact non-alveolar.
Dimensions of the original type specimens (all microspheric?) are as follows: Diametral 1.6 - 2.16mm. AmaudVanneau (1980) recorded diameto's in the range of 0.975 - 3.525mm for macrospheric forms, with thicknesses
of 0.675 - 1.575inm, and diamet^s of 2.4 - 4.2mm and thicknesses of 1.625 - 2.05mm for microspheric forms.
Microspheric forms usually display 3 whorls, macrosphoic forms only 1.
The species is thought to show considerable variation in size through time, becoming progressively larger, and
also developing a thicker and more ccMnplex hypodermis. In this respect Pseudocyclammina rugosa (d'Orbigny)
with its complex walls and large test may be the evolutionary descendant oiB. hedbergi, and in fact be referable
io Buccicrenata. However, until further research is undertaken on the aperture of P. rugosa, this cannot be
confirmed. It is thought that many records of Cenomanian P. rugosa are referable to advanced forms of B.
hedbergi.
Buccicrenata subgoodlandensis (Vanderpool) is difficult to distinguish from B. hedbergi. It has a similar
number of chambers in the last whorl, with an identical chamber outline, although can be slightly larger in
diameter, and have several chambers in its uncoiled portion. It probably forms part of thefi. hedbergi - B?.
rugosa evolutionary plexus, and is effectively synwiymous with B. hedbergi. HOWCVCT, pending fiirth^- research
the two species are not placed in complete synonymy in this study. In such a synonymy B. subgoodlandensis
would be the senior synonym.
Forms from the B. hedbergi - B. subgoodlandensis - B?. rugosa evolutionary plexus can be lefored to under the
common name of "Buccicrenata sp. ex. gr. hedbergi", although if full synonymy is established B?. rugosa has
priority.
Buccicrenata libyca from the Cenomanian of Libya is thought to be identical with advanced forms of fi.
hedbergi and is treated as a junior synonym.
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In random sections B. hedbergi may be confused with Pseudocyclammina lituus and P. vasconica. However,
these species can be distinguished by having relatively numerous chambo'S in the last whorl, thicker and more
complex alveolar walls, and by their cribraie spexttsK. B. hedbergi also has a distinctive reniform test outline.
Global Distribution and Stratigraphic Range
Venezuela, ?Texas, Oklahoma, ?Portugal. Northern Spain, Southern Spain, Pyrenees, ?Aquitaine, Southern
France, Libya, ?Southeni Italy, Central Italy, Yugoslavia, Turkey, Israel, Iran, Posian Gulf, Oman Mountains.
Valanginian - Cenomanian.
The relatively long range of this species is partially a result of placing advanced forms of the species previously
recognised as B. subgoodlandensis and P. rugosa into synonymy. It is possible to recognize these advanced
forms on the basis of wall structure and size, and thus allow for greater stratigraphic precision.
The species appears to be most commonly recorded in the Aptian - Albian. Valanginian records of the species
are rare, and it is possible that these are subject to revision, with the inception of the species being within
Hauterivian times. The top of the range of this species may be Early Cenomanian, although this is difficult to
ascraiain, as Cenomanian records of the species are imprecise.
Local Occurrence
Valanginian/Haut^vian - Late Barr^nian.
Buccicrenata hedbergi Subzone - Eopalorbitolina charollaisi Subzone
See range charts provided in Chapxer 4 for precise sample distribution.
Palaeoecology
Amaud-Vanneau (1980) recorded this species from platform channels influenced by terrigenous input, and in
the euhaline in&alittoral zone. In contrast N'da Loukou (1986) recorded itfromvarious circalittoral and extonal
platform environments.
In the course of this study the species was commonly recorded in various outer platform (circalittoral)
environments. The species seems to be tolerant of various environmental conditions, and may also be recorded
in slope sediments as a result of transpoit
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Supafamily VERNEUILINACEA Cushman, 1911
The concept of this superfamily used herein follows that of Desai and Banner (1987) who demonstrated that
taxa occur within this group with canaliculate walls, and that this feature should not be used for suprageneric
classificaticHi. This view is in opposition to that ex|vessed by Loeblich and Tappan (1984; 1988).
Famfly CHRYSALIDINIDAE Neagu, 1968
Desai and Banner (1987) noted that this family can have canaliculate or solid walls. The presence of internal
pillars was noted both by Loeblich & Tappan (1984; 1988) and Desai & Banner (1987) to be diagnostic of this
family. However, the likely ancestral form within this group, Praechrysalidina ir^acretacea, does not posses
true pillars.
Geaas Praechrysatidina Luperto Sinni, 1979
Type Species Praechrysalidina ir^acretacea Luperto Sinni, 1979
Diagnosis
Test conical, trochospiral, trismal, apical angle variable but always acute. The bulbous chambers are separated
by maiked sutures.
The initial stage is not well understood: the test probably begins with a spherical proloculus immediately
followed by the three chambers of the first whorl. In the early part of the test there is probably a single simple
aperture, situated on the internal side of the apertural face. In the following stage which is always triserial, the
aperture is cribrate and covers the greater part of the apertural face. These apertures are disposed regularly
across the apertasa\ face. The apertaxd]. face ends in a sort of ncm-peiforate large Up, which folds back within the
shell, forming an apei\xa?i. plate (?valvuline tooth). This plate, which is well s e ^ in certain axial sections, may
have its origin in the most ext^nal row of pwes of the cribrate ap^ture.
In some cases one can see small "poutrelles" (jsensu Reichel, 1964) on the intranal surface of the apertural face
of the last chambers of the test. The wall is thick and shows a complex structure: a very thin dark, dense,
microgranular outer layer covers the exterior of the test, underlain by a thicker microgranular layer which is
crossed by numerous fine tubes, giving the appearance of fibrous tissue. This is followed a thin dark inner layer.
Diagnosisfreelytranslated from Lupeito Sinni in Schroeder and Neumann (1985).
Remarks
The genus is currently monospecific {Praechrysalidina irrfracretacea Lupoto Sinni).
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The position of this genus within the Chrysalidinidae is questionable because it does not possess internal pillars.
HowevQ- as noted below Praechrysalidina may be ancestral to foims that do posses true intonal pillars.
Five genoa are similar to Praechrysalidina: Valvidina d'Orbigny, Chrysalidina d'Orbigny, DuiAoma Henson,
Pseudochrysalidina Cole and Minouxia Marie.
Valvulina differs from Praechrysalidina in possessing a single interiomarginal/umbilical aperture rather than a
cribrate aperture. It also has a distinct valvuline tooth.
Chrysalidina can be distinguished by its trematophore cribrate aperture, and in particular by its distinct
canaliculate wall structure, and possession of pillars on the apertural plates present
Dukhania and Pseudochrysalidina have been considered by Hottinger and Drobne (1980) as synonyms of
Chrysalidina. However Dukhania does not posses a caniculate wall structure like Chrysalidina, and differs from
Praechrysalidina in possessing pillars on the apertural plates present
Pseudochrysalidina can be distinguished from Praechrysalidina by the presence of pillars on the apertural
plates and by a tendency to become biserial in the later stage of the test. The relationship of this genus to
Dukhania and Chrysalidina is uncralain. Henson (1949)regardedit as a synonym of Dukhania, whilst Hottinger
and Drobne (1980) regard it as a synonym of Chrysalidina. Further analysis of the wall structure of
Pseudochrysalidina is required to determine its taxonomic position. Its isolated stratigraphic position (Eocene)
suggests that it is phylogenetically distinctfiromthe above named Cretaceous geaeia.
Minouxia is very similar to Praechrysalidina, although like Chrysalidina it has a distinct trematophore plate,
which Praechrysalidina does not posses. Luperto Sinni (1979) suggested that the presence of very small
"poutrelles" on the apertural face of Praechrysalidina distinguishes this genus from Minouxia. The wall
structure of Minouxia is poorly known, although it is thought to be non-caniculate like Praechrysalidina. Also
like Praechrysalidina, no internal pillars are thought to be present However, further studies of the internal
structure of Minouxia are required to fully establish its distinction from Praechrysalidina and other memb^^ of
the Chrysalidinid^.
Praechrysalidina ir^acretacea Luperto Sinni, 1979
Plate 3.29
?

1975 Chrysalidina cf. gradata d'Orbigny - Gusic, pl.4, Hg. 1, pi. 9, fig. 2, pi. 10,figs.1, 3-5.
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1977 "Pseudochrysalidina" - Prestat, pi. 10,figs.4-5.
T

1979 Praechrysalidina infracretacea n. sp. - Luperto Sinni, pi. 1-3.
1984 Praechrysalidina infracretacea Luperto Sinni - Chiocchini et al., pi. 1, figs. 23-24.
1985 Praechrysalidina irifracretacea Luperto Sinni - Luperto Sinni in Schroeder and Neumann (eds),
pL6,figs. 1-10.
1987 Praechrysalidina infracretacea Luperto Sinni - Simmons and Hart, pi. 10.1,fig.5.

Diagnosis
As for g^eric diagnosis above.
Holotype dimensions are as follows: Height 1.175mm, Basal diameter 0.85mm (not the dimensions published
by Lupoto Sinni (1985) which appear to be in enor). These dimensions are of a rather small individual. Height
can often exceed 2mm and basal diameter 1mm.
Remarks
Four species may be confused with P. infracretacea: Valvulina lugeoni Septfontaine (?= Pseudomarssonella
plicata Redmond), Dukhania conica Henson, Dukhania arabica Henson and Chrysalidina gradata d'Orfoigny.
The differences between these forms and P. infracretacea are covered within the above generic remaiics. In
addition species of Minouxia may be confused with P. infracretacea. The morphological differences between
these forms and P. infracretacea are covered in the above generic remarks. Furthermore, Minouxia is a Late
Cretaceous genus.
Lupnto Sinni (1985) proposed the following phylogenetic lineage:
Valvulina lugeoni - Praechrysalidina infracretacea - Chrysalidina gradata - Pseudochrysalidiriafloridana
Cole.
It is possible that P. infracretacea gave rise to C. gradata, by modification of the aperture and wall, and
development of internal pillars. However it is also possible that iterative evolution of gross homeomorphs is
taking placefiroma valvuline root stock giving rise to Praechrysalidina, Dukhania, Chrysalidina, etc. Another
altonative, pending further research on the internal structure of Minouxia, is that Praechrysalidina gave rise to
Minouxia by the addition of a trematophore plate, without any modifications to wall structure.
Global Distribution and Stratigraphic Range
Hauterivian? - Late Albian.
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Italy, ?Yugoslavia, Somalia, Oman Mountains, Arabian Gulf (BP intemal records).
The records of Simmons and Hart (1987) and herein of this species from the Middle East greatly extend its
stratigraphic and geogr^hic range.
Local Occurrence
Hauterivian? - Late Banemian?
Cylindroporella arabica Zone - Palaeodictyoconus arabicus Subzone.
See range charts provided with Chapter 4 for precise sample distribution.
Only poorly preserved, questionable specimens of this species wwe recorded during the course of this study (see
Plate 3.29). They be referable to other genera, if more specimens become available, eg. Dukhania, or as yet
undescribed chrysalidinids.
Palaeoecology
In the present study, this species was recorded in the high energy, outer shelf grainstones and packstones of the
Habshan and Kharaib Formations. No other descriptions of its palaeoecology are known.
Genas Dukhania Henson, 1948
Type Species Dukhania conica Henson, 1948
Diagnosis
Test calcareous, microgranular and non-caniculate. Test shape is conical, trochospiral, triserial following the
initial stage, becoming bisraial in advanced forms. Apical angle is typically fairly acute, base convex. Apoture
cribrate. In section it can be seen that an interiomarginal apertural lip is extended across the umbilicus as a
broad plate and that pillars are present on the apmural plates of the latter chambers.
Remarks
Since the description of this genus by Henson in 1948, it has usually been considered as a synonym of
Pseudochrysalidina (eg. by Henson himself in 1949 and Loeblich and Tappan, 1964) or of Chrysalidina (eg.
Hottinger and Drobne, 1980). However, it is recognised here as a distinct genus for the reasons oudined below.
Recendy, Loeblich and Tappan (1988) have also recognised it as a distinct genus.
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Six genera may be confused with Dukhania: Valvulina, Chrysalidina, Pseudochrysalidina, Praechrysalidina,
Minouxia and Accordiella.
Valvulina differs from Dukhania in possessing a single interiomarginal/umbilical aperture rather than a cribiate
apCTture. It also has a distinct valvuline tooth.
As stated above, Dukhania has been considered as a synonym of Chrysalidina. However Chrysalidina can be
distinguished by its trematophore apertural, plate and in particular by its distinct canaliculate wall structure
which Dukhania does not posses. In all other respects Dukhania is a non-canaliculate homeomorph of
Chrysalidina.
Dukhania differs from Praechrysalidina in possessing pillars on the apertural plates present, otherwise the two
genoa are similar, both being non-canaliculate.
Pseudochrysalidina is difficult to distinguish from Dukhania. Both graiera posses pillars on the apenaiai plates
and show a tendency to become biserial in the later stage of the test, although the later is more strongly
developed in Pseudochrysalidina. As stated above the two genera have beenregardedas synonymous. Further
analysis of the wall structure of Pseudochrysalidina is required to determine its taxonomic position, although
some of the original illustrations of Cole (1941) suggest it may be canaliculate, which would refute any
synonymy with Dukhania. Furthermore, the isolated stratigraphic position (Eocene) of Pseudochrysalidina
suggests that it is phylogenetically distinct from the Cretaceous genera within the Chrysalidinidae.
Minouxia, like Chrysalidina, has a distinct trematophore plate, which Dukhania does not posses. Most
importantly, no internal pillars are thought to be present However, further studies of the internal structure of
Minouxia are required to fully establish its distinction from Dukhania and other members of the
Chrysalidinidae.
The Late Cretaceous genus Accordiella is very similar to Dukhania but has abundant rather than scattered
pillars crowded centrally on the apotural plate. It may also have a canaliculate wall structure.
The phylogeneticrelationshipswithin the Chrysalidinidae andrelatedtaxa have been discussed above und^ the
genericremaiicsof Praechrysalidina and specific remarks for P. irtfracretacea. The position of Dukhania in
these relationships is unclear. It may have evolved from Praechrysalidina by the addition of pillars on the
apertural plates, and given rise to Chrysalidina by the development of a canaliculate wall. Alternatively, it may
be an iterative homeomorph of Chrysalidina developed from a valvuline root stock. Further study of the
phylogeneticrelationshipsof the Cret^eous Chrysalidinidae is required, but is outside the scope of this suidy.
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Dukhatua cornea Hoison, 1948
Plates 3.30-3.32
T

1948 Dukhania conica n. sp. - Henson. pi. 15,figs.2,4-5,8, pi. 18,figs.2-3.
1949 Pseudochrysalidina conica (Henson) - Henson, not figured.

Diagnosis
"Test calcareous, imperforate, microgranular, slightly arenaceous; form conical, acute to obtuse angled; base
convex; chambos in a trochoid spire, each extending across the axis of the test, four orfiveto a coil in the early
stages, becoming triserial and then biserial; sutures depressed; the last six chambers of the holotype average
024mm in depth at the cone surface; interseptal structures (pillars) in later chambers infrequent and irregular,
apertures consisting of numerous small round paforations on the base of the test"
"The greatest observed height of the test is 2.0mm; the greatest observed diameter of the base is 2.2mm"
(Henson, 1948).
Remaiks
Two species of Dukhania have been described: Dukhania conica, the type species, and Dukhania arabica. In D.
conica the chambers are higher than in D. arabica, and there are fewer pillars. D. conica becomes biserial in the
later stages whereas biserial chambers are not observed in D. arabica (thus questioning the position of this later
species in the genus Dukhania).
There ^)pears to be some degree of variabiUty in this species. In Cenomanian specimens quite numerous pillars
are visible, whilst in Early Cretaceous specimens there are relatively few. Furthermore, some Cenomanian
specimens show signs of developing a canaliculate wall, particularly in the later chambers. This suggests a
phylogenetic lineage from ancestral forms oi Dukhania conica with few pillars, through advanced forms to
Chrysalidina gradata. D. conica itself may be descended from Praechrysalidina infracretacea in such a
lineage. The type material of D. conica shows some variation, and its possible that ancestral Early Cretaceous
forms such as those illustrated here could be regarded as a separate species. It is clear that the Cretaceous
chrysalidinids are in need of a full taxonomic and phylogenetic study.
The differences betwera D. conica and speciesfromother similar goiera are dealt with und^ the above goieric
remaiks.
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Global Distribution and Stratigraphic Range
Arabian Gulf, Israel, Iran, Oman Mountains.
Hauterivian - Coiomanian (?Turoiiian)
Described by Henson (1948) from Aptian, Cenomanian and Turanian sediments. Personal observations from
Middle East sediments and BP internal records suggest a Hauterivian - Cenomanian range to be likely if the
species isregardedsensu lato.
Local Occurrence
Hauterivian - Early Aptian.
Cylindroporella arabica Zone - Palorbitolina lenticularis Subzone.
See range charts provided in Chspxex 4 for precise distribution.
The specimens recorded in this study are ancestral forms, which differ from the holotype illustrated by Henson
(1948), but are similar to some of the paratypes. The species is most common in the Early Aptian Shuaiba
Formation,
Palaeoecology
In this study, the species was recorded in a variety of shelf enviroiunents. It occurs most commonly in the deep
lagoonal mudstones and wackestones of the Shuaiba Formation where it is associated with rudist biostromes.
No other records of the species preferred palaeoecology are known. In Cenomanian limestones of Iraq, Reulet
(1982)regardedthe broadly homeomor^rfuc species C. gradata to be typical of subtidal iimo* shelf lagoons.
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Superfamily ATAXOPHRAGMIACEA Schwager, 1877
Family CUNEOLINroAE Saidova, 1981
Genus Cuneolina d'Orbigny, 1839
Type Species CuneoUna pavonia d'Orbigny, 1846
Diagnosis
Test free, agglutinated, subcylindrical to flabelliform, trochospiral in early stage, rapidly becoming biserial,
broad chambers compressed parallel to the plane of bisoiality. The apoture is a series of aligned s^es of pores
along the base of the sqjtal face. The chambers are divided by radial partitions, and commonly by horizontal
partitions.
Remarks
Cuneolina is very similar to Vercorsella, but can be distinguished by having an aperture in the form of an
aligned series of pores rather than a basal slit The aperture of Cuneolina also serves to distinguish itfromthe
related genera Sabaudia (also distinguished by a hyaline wall surrounding the proloculus) and
Pseudotextulariella.
FurthCT comparison of Cuneolina with other Cretaceous memb^^ of the Cuneolinidae is provided in Figure 3.2.
Cuneolina hensoni Dalbiez, 1958
Not illustrated
T

1958 Cuneolina hensoni n. sp. - Dalbiez, pi. 1, figs. 1-6, pi. 2, figs. 1-5. Valanginian?, Southwest
France.
1969 Cuneolina hensoni Dalbiez - Conrad, text-figs. 12a-e. Banemian, Jura Mts.
1976 Cuneolina hensoni Dalbiez - Masse, pi. 10,figs.9-10. Late Barr^nian - Early Aptian, Provence.
1980 Cuneolina hensoni Dalbiez - Amaud-Vanneau, pi. 47, figs. 1-3, pi. 72, figs. 7-12. text-fig. 202.
Late Barremian - Early Aptian, Vercors.

Diagnosis
Test variable in shape but usually strongly flabelliform. Apical angle is between 40-70*. Base of test convex.
Average height is 1.1mm but can be as much as 2.5mm. Width is 0.8-1.5mm, but can occassionally reach
3.3mm. On average between 10 and 15 chambo' layos are present The chambers are divided by regular but not
denseradialpartitions, producing 8 chamberlets per 30 * sector of an adult Horizontal partitions are absent or
very poorly developed in the final chambers. Basal sections appear elongate. The aperture is a series of small
rectangular pores.
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IDENTIFICATION CHART FOR CRETACEOUS CUNEOLINIDAE
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AURUNCENSIS
(Chioochini and
Di Napoi AlliaU) 1966
h-0.3O.6mm
«ta0.33-0.42mm
ACXHE APICAL ANGLE (SS^SC)
4-12 04AMBER LAYERS. CONCAVE
BASE. PROLOCULUS FOLLOWED
BY 3 PERI-EMBRYCMIC
OIAMBERS. BASAL VIEW SUBCIRCULAR. RADIAL PARTITIONS
PRESENT WITH RARE
HORIZONTAL PARTITIONS IN
FINAL CHAMBER.

BRIACENSIS
Amaud-Vanneau 1980
h-0.1-bi75mm
w-0.3-0.Smm
FLAUY CONICAL. APICAL ANC3LE
BC-IOO*. 4-6 OIAMBER LAYERS.
CONCAVE BASE. PROLOCULUS
FOaOWED BY 2 PERIEMB.^ONIC CHAMBERS. BASAL
VIEW CIRCXJLAR. RADIAL
PARTITIONS ARE PROMINANT AND
ARE VBIBLE IN 3 ORDERS IN
CIRCULAR BASAL SECTIONS.

C^PITATA
Amaud-Vanneau 1980
h-o.35-1,1mm
w.0.3-1Aren
APICAL ANC3LE 60--80°
4-16 OIAMBER LAYERS. CONVEX
BASE. PRtJLOCULUS FOLLOWED
BY DEUTERCXJNCH AND 2 PERIEMBRYONIC CHAMBERS. BASAL
VIEW CIRCULAR-EL0NC3ATE OVAL.
NUMEROUS RADIAL PARTITIONS
OF VARIABLE LENGTH. SOME
HORIZONTAL PARTITIONS IN
LATER OIAMBERS.

N.sp.
i
Amaud-Vanneau
.
and C»<ioochinl 1985
h—0.2Smm
w-0.23mm
,
VERY LARGE PROLOCULUS
SURROUNDED BY 3 PERIEMBRYONIC CHAMBERS.
3 CHAMBER LAYERS WITH
RADIAL PARTITIONS.

LATE APTIAN

L.BARREMIAN-L.APTIAN

L.BARREMIAN-E.ALBIAN

LATE APTIAN

SUBALPINA
Amaud-Vanneau 1980
h-0.6-1.3mm
»(-0.3-0.7mm
TEST TRIANGULAR, APCAL
ANGLE C.30". 7 CHAMBER LAYERS.
BASAL SECTION OVAL. FEW
RADIAL PARTITIONS.
CHAMBERLETS VERY UNEVEN
IN SHAPE.

SALEVENSIS
C^haisllais. Bionnimann and
Zaninent11966
h-0.15-0.2mm
w-0.12-0Anm
TEST LOW TRIANGULAR. LARC3E
APICAL ANGLE. DISTINCT INITIAL
TRC3CHOSPIRE PASSES INTO 5-6
CHAitlBER LAYERS. BASAL
SECTION SUB-CIRCULAR. RADIAL
PARTITIONS ONLY.

COURTIONENSIS
Bronnimann 1967
h-0.48-0.8mm
w-0.4-0.6mm
TEST (X)NICAL-LOW TRIANCSULAR,
LARGE APICAL ANGLE. AN INITIAL
TROCHOSPIRE PASSES INTO 10-11
CHAMBER LAYERS. BASAL
SECTION SUB-CIRCXJLAR.
NUMEROUS RADIAL PARTITIONS
THROUGHOUT AND RARE
HORIZONTAL PARTITIONS IN
LATER CHAMBERS.

CENOMANIAN

APTIAN

VAUiNG IN IAN-APTIAN?

VALANGINIAN

ARENATA
Amaud-Vanneau 1980
h-0.5-0.72mm
i«-0.3-0.S5mm
APICAL ANGLE 3 0 ' - W
8-10 REC^LAR CHAMBER LAYERS.
BASAL SECTION OVAL. FEW
RADIAL PARTITIONS. TEST
STRONCSLY ARENACEOUS.

SCARSELLAI
(De Castro) 1963
h-O.S-1.4mm (usually cimm)
w-0.3-O.7mm
ACUTE APICAL ANGLE. 20--30".
10-13 CHAMBER LAYERS.
BASAL SECTION SUB-CIRCULAROVAL. RADIAL PARTITIONS
OMITTED IN EARLY CHAMBERS.
FEW IN LATER CHAMBERS AND
OFTEN INCOMPLETE. USUALLY 4
VISIBLE IN BASAL SECTIONS.

HAUTERIVIAN-APTIAN

VALANGINIAN-ALBIAN

PAVONIA PRAVA
Henson 1948
h-c.1.3mm (usually >1mm)
w-usually >1mm
TEST SHAPE VARIABLE USUALLY
BROADLY CCJNICAL OR
FLABELLIFORM. APICAL ANGLE
20"-96» (usually >50").
7 1 0 CHAMBER U Y E R S FOLLOW
A RELATIVELY LARGE
PROLOCULUS. BASAL SECTION
ELONC5ATE DISPLAYING
NUMEROUS PARTITIONS.
NUMEROUS RADIAL
PARTITIONS PRODUCE
DISTINCTIVE FINE CHAMBERLETS
WHICH ARE RECTANGULAR.
SOME HORIZONTAL PARTITIONS
IN FINAL CHAMBERS.

CYLINDRICA
Henson 1946
h-c. 1.9mm
w-0.4-0.6mm
TEST ACUTELY TRIAGULAR
WITH APICAL ANGLE 7^14».
16 CHAMBER LAYER FOLLOW
RELATIVELY LARGE PROLCX:ULUS
BASAL SECTION OVAL.
NUMEROUS RADIAL PARTITIONS
PRODUCE FINE RECTANGULAR
CHAMBERLETS.
SOME HORIZONTAL PARTITIONS
IN FINAL CHAMBERS.

AXINOIDES
Amaud-Vanneau 1980
h-0.83-1.6mm (usually c.1.3mm)
w-0.53-0.85mm (usually c.0.75mm)
TEST AXE SHAPED WITH EARLY
CHAMBERS SUB-CYLINDRICAL,
WTER CHAMBERS SLIGHTLY
FLARED AND TRIANGULAR.
INITIAL APICAL ANGLE 20--25".
10-12 CHAMBER LAYERS
BASAL SECTION EL0NC5ATE.
FEW RADIAL PARTITIONS.
RARE HORIZONTAL PARTITIONS
IN FI>JAL CHAMBERS.

HENSONI
Dalbiez 1956
h.c1.1mm (can reach 2.5mm)
w-0.8-1.5mm (rarely 3.3mm)
TEST VARIABLE IN SHAPE BUT
USUALLY STR0NC3LY
FLABELLIFORM. APICAL ANGLE
40--70". BASE CONVEX 10-15
CHAMBER LAYERS. BASAL
SECTION EL0NC5ATE. CHAMBERS
DIVIDED BY REGULAR BUT NOT
DENSE RADIAL PARTITIONS

TENUIS
Velic ar<d Gusic 1973
h»c.0.3mm
w-0.3-0.4mm
TEST TRIANGULAR. APCAL
ANGLE c.4S». BASE CX)NVEX
8-9 CHAMBER LAYERS
BASAL SECTION OVAL FEW
RADIAL PARTITIONS TEST AND
SEPTA EXTREMELY FINE.

CAMPOSAURII
Sanoni and Oascent11962
h-c.0.65mm
w-c.0.34mm
TEST TRIANGULAR, APCAL
ANGLE 4'-60'. BASE CONVEX
7-10 CHAMBER LAYERS.
BASAL SECTION OVAL QUITE
NUMEROUS RADIAL PARTITIONS
10-14 MAY BE SEEN IN BASAL
SECTIONS.

LAURENTII
Sartoni and Cresoentl 1962
h.c.075mm
w-c.0.3Smm
TEST TRIANGULAR, APCAL
ANGLE 35^50". BASE CONVEX
7-8 OIAMBER LAYERS BASAL
SECTION SUB-CIRCULAR OVAL.
FEW RADIAL PARTITIONS
6-7 SEEN IN BASAL SECTIONS.

ALBIAN-SANTONIAN?

MAASTRICHTIAN

L.BARREMIAN-E.APTIAN

VALANGINIAN-EARLY APTIAN?

VALANGINIAN-APTIAN?

VALANGINIAN-APTIAN

VALANGINIAN-LATE ALBIAN

VALANGINIAN-E.CENOMANIAN

Cemii PSEUDOTEXTULARIELLA
Barnard, 1953

CRETOSA
(Cushman) 1932
h-0.6-1.4mni (usually >1mm)
w-0.6-1.2n¥n (usually cl.imm)
APERTURE AN INTEROMARGINAL
TEST BROADLY TRIANGWLAR,
SLIT, INITIAL STAGE TROCHOSPIRAL, LAR(£ APICAL ANGLE.
BECOMING TRISERIAL THEN
S-6 OIAMBER LAYERS. BASAL
BISERIAL. CHAMBERS DIVIDED BY
SECTDN OVAL. 3 ORDERS OF
VERTIC:AL AND HORIZONTAL
RADIAL AND HORIZONTAL
PARTITIONS.
PARTITIONS PRESENT.

O 5 IE liJ
V S I" X
a: CD _ z
"- uj =

MINUTA
(Holke0196S
h-0.12-0.3Snim
iM).15-0.36mm
TEST BISERIAL. CXJNCAL.
BROAD TRIANGULAR APICAL
COMPRESSED. WITH APERTURE A
ANGLE (>60^. BISERIAL STAGE
SLIT IN BASAL GROOVE
OF 4-B OIAMBER LAYERS.
EMBRYONIC APPARATUS WITH
CX3NCAVE
BASE PROLCKULUS
PROLOCULUS AND
FOLLOWED BY 2. RARELY 3. PERIPOST EMBRYONC CHAMBERS
EMBRYONC OMMBERS. BASAL
SURROUNDED BY A RADIAL
VIEW SUB-CIR(XILAR. RADIAL
HYALINE WALL. B I ^ R I A L STAGE
PARTITIONS PRESENT. VERY
CHAMBERS REGULARLY
SUBOMOED BY RADIAL PARTITONS RARELY HORIZONTAL
PARTITIONS.
AND MORE IRREGULARLY, BY
HORIZONTAL PARTITIONS.
^ Genus SABAUDIA
CharallaB and Bionnimann. 1965
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APERTURE A SIMPLE SLIT IN A
BASAL GROOVE. CHAMBERS
DIVIDED BY RADIAL PARTITIONS
AND RARELY BY HORIZONTAL
PARTITIONS.
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Genus VERCORSELLA
Amaud-Vannsau, 1960
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(aenus CUNEOLINA d'Oiblgny. 1B39
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APERTURE AN ALIGNED SERIES OF
PORES ALONG THE BASE OF THE
FINAL CHAMBER FACE. CHAMBERS
DIVIDED BY BOTH VERTICAL AND
HORIZONTAL PARTITIONS.

Figure 3.2

Remaiks
Cuneolina hensoni is a particularly distinctive Early Cretaceous cuneolinid because of its flabelliform test
shape. It is most similar to the Late Cretaceous species Cuneolina pavonia parva Henson. However the latter
subspecies differs by the presence of a much denser network of radial partitions and by the more common
occurrence of hcsizontal partitions.
The differences between C. hensoni and other Cretaceous members of the Cuneolinidae are furtho- described in
Figure 3.2.
Global Distribution and Stratigraphic Range
Southran and western France, Oman Mountains.
Valanginian? - Early Aptian.
The geologically oldest record of this species (Dalbiez, 1958) is from questionable Valanginian sediments,
which may even be as young as Barremian. Hence, the age of the origin of this species remains questioned.
The questionable record herein of this species greatly extends its geographic range. It had previously only been
described from France.
Local Occurrence
Hauterivian.
AcropcKella assuibanipali Zxmc
See range charts provided in Ch^ter 4 for precise distribution.
Only questionable specimens of this species were recorded during the course of this study. None were
considered suitable to use for illustration.
Palaeoecology
Amaud-Vanneau (1980) recorded this species from platform channel sands and from bioclastic sands deposited
in the external region of the euhaline infralittoral zone. In this study the species was recorded from shallow
inner shelf or lagoonal dasycladacean rich wackestones.
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Cuneolina laurentii SartcHii and Crescenti, 1962
Plates 3.33 - 3.37
T

1962 Cuneolina laurentii n. sp. - Sartoni and Crescenti, pi. 48, figs. 7-9, pi. 49, figs. 1, 3. Early
Cretaceous, Central Italy.
1984 Cuneolina gr. laurentii-camposaurii Sartoni and Crescenti - Berthou, pi. 1, fig. 2. Late Albian,
Pwtugal.
1987 Cuneolina laurentii Sartoni and Crescenti - Simmons and Hart, pi. 10.5, fig. 7. Valanginian Hauterivian, Oman Mts.

Diagnosis
Test triangular with an apical angle of 35-50*. Base convex. Average test height is 0.75mm, average test width
is 0.35tnm. 7-8 chamber layCTS are developed divided by a fewradialpartitions, with 6-7 being visible in a basal
section of an adult Basal section is sub-circular or oval.
Remaiks
This species is similar to Vercorsella arenata Amaud-Vanneau and Vercorsella scarsellai (De Castro), but can
be distinguished by its aperture (a series of poresratherthan a basal slit) and relatively small proloculus.
Cuneolina tenuis Velic and Gusic'is similar but has an extremely fine test wall and septa. Cuneolina
camposaurii Sartoni and Crescenti is somewhat broader, has more chamber layers and more numerous radial
partitions.
Further comparison of this species with other Cretaceous members of the Cuneolinidae is provided in Figure
3.2.
Global Distribution and Stratigraphic Range
Peri-Mediterranean, Middle East
Valanginian - Late Albian.
Local Occurrence
Valanginian?/Hauterivian - Eariy Aptian.
Buccicrenata hedbergi - Palorbitolina lenticularis Subzones.
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See range charts provided in Ciuq}ta- 4 for precise distribution.
Palaeoecology
This species has been recorded by a number of authors (see above synonymy) across much of Tethys. It is
typically recorded from infialittoral (=inner shelf) sediments of moderate energy. In this study it was found,
although never in abundance, in a variety of environments across the Thamama ramp.
Cuneolina camposaurii Sartoni and Crescenti, 1962
Plates 3.38 - 3.39
T

1962 Cuneolina camposaurii n. sp. - Sartoni and Crescenti, pi. 24, fig. 1, pi. 48, figs. 1-6. Early
Cretaceous, Central Italy.

Diagnosis
Test triangular - flabelliform in axial section with an apical angle of 40-60*. Base convex. Average test height
is 0.6Smm, average test width is 0.34mm. 7-10 chamber layers are developed divided by a numerous radial
partitions, with 10-14 being visible in a basal section of an adult. Basal section is oval.
Remarks
This species is similar to Cuneolina laurentii, but is somewhat broader, has more chamber layers and more
numerous radial partitions. Cuneolina hensoni has a distinctive more strongly flabelliform test shape, and is
larger, whilst Cuneolina pavonia parva has numerousfineradial partitions.
Further comparison of this species with other Cretaceous members of the Cuneolinidae is provided in Figure
3.2.
Global Distribution and Stratigraphic Range
Poi-Meditoranean, Middle East
Valanginian - ^ t i a n .
Local Occurrence
Hauterivian.
Acroporella assurbanipali Zaa&.
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See range charts provided in Quq}tCT 4 for precise distribution.
Palaeoecology
This species was recorded by Sartoni and Crescenti (1962) from infralittoral (=inner shelf) sediments of
moderate energy. In this study it was found, although never in abundance, in inner shelf or lagoonal
environments of low energy.
Genus VercorseUa Amaud-Vanneau, 1980
Type Species Vercorsella arenata Aroaud-Vanneau, 1980
Diagnosis
"Test free, agglutinated, of triangular form (in axial section) compressed parallel to the plane of symmetry of the
biserial chambers, beginning with a brief uncoiled stage followed by a biserial stage and terminating with a
basal apertural slit. The proloculus is partially visible at the surface of the test because of the very weak
development of the initial spire. The chambers are divided by radial partitions sometimes associated with
horizontal partitions" (translated from Amaud-Vanneau, 1980).
Remarks
The genus Vercorsella is very similar to Cuneolina, but can be distinguished by having an aperture in the form
of a basal slit, rather than an aperture consisting of an alignment of apertural pores situated at the base of the
chambers. A further distinctive feature is the relatively large proloculus compared to that of Cuneolina.
Further distinctive features of the genus which distinguish it from other Cretaceous members of the
Cuneolinidae are described in Figure 3.2.
Vercorsella arenata Amaud-Vanneau, 1980
Plate 3.40
1966 Cuneolina conica d'Orbigny - locheva, pi. 1, figs. 20-21. Early Cretaceous, Bulgaria.
?

1973 Cuneolina camposaurii Sartoni and Crescenti - Velic, pi. 4, fig. 6 (Late Aptian), pi. 7, fig. 1-2
(Early Albian). Yugoslavia.
1976 Cuneolina cf. hensoni Dalbiez - Masse, pi. 10,fig.11. Barrranian, Provence.

?

1978 Cuneolina sp. - Babic and Gusic, pi. 2,fig.8-9.

T

1980 Vercorsella arenata n. sp. - Amaud-Vanneau, pi. 46, figs. 1-2, pi. 71, figs. 1-7. Early Aptian,
Vercors.
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1987 Vercorsella arenata Amaud-Vanneau - Simmons and Hart, pi. 10.5, fig. 8. Hauterivian, Oman
Mountains.
Diagnosis
Small Vercorsella, test very arenaceous with a fairly acute apical angle (30-40'). The chamb^s are divided by
radial partitions and rare horizontal partitions only visible in the last formed chambers. Five or six radial
partitions are typically developed in the last chamba. The basal section appears oval. The sharp apex contains a
proloculus visible through the sides of the test The biserial stage consists of 18-20 slightly bulbous chambers,
always wider than high and separated by straight depressed sutures. The progressive increase in chambers is
regular. The aperture is a basal slit occupying almost the whole width of the chamber (freely translated from
Amaud-Vanneau, 1980).

Remarks
The following dimrasions were recorded by Amaud-Vanneau (1980):
Height - 0.5-0.725mm
Width -0.3-0.55mm
Thickness - 02-0.3mm
Proloculus Diameter - 90-130 microns.
Examination of topotype specimens suggests that often less than 18-20 chambers are present. More typically
there are 8-10.
Three Early Cretaceous species are very similar in general form to V. arenata: Vercorsella scarsellai (De
Castro), Cuneolina tenuis Velic^and Gusic and Cuneolina camposaurii Sartoni and Crescenti.
V. scarsellai can be distinguished by its very acute apical angle, generally larger size and radial partitions that
are often incomplete and sinuous. C. tenuis can be distinguished by its finer test structure and apertural
arrangement C. camposaurii can be distinguished by its apertural arrangement, broader ^ical angle, higher
number of radial partitions, and smalls proloculus.
The diffoences between V. arenata and otho- members of the Cuneolinidae are furtho' described in Figure 32.
Global Distribution and Stratigraphic Range
Southon France, Yugoslavia, Bulgaria, Oman Mountains.
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Hauterivian - Early Aptian (?Early Albian).
The Late Aptian and Early Albian records of this species (Velic, 1973) are questionable. They may be species of
Cuneolina.
The records of this speciesfiromthe Middle East (Simmons and Hart, 1987 and herein) extend the geogr^hical
and stratigrq)hic range of this species. It is thought that further research mayrevealnew records of this species
previously identified as a CuneoUna.
Local Occurrence
Hauterivian.
Cylindroporella arabica - Acroporella assurbanipali Zones.
See range charts provided in C\vapisx 4 for precise details.
Palaeoecology
Amaud-Vanneau (1980) noted that this species was abundant in terrigoious channel sands and bioclastic sands
with quartz of the Vercors Urgonian Platform. This equates to euhaline sedimentation in the infralittoral zone.
In this study the species was recorded in lagoonal packstones and wackestones deposited behind an oolitic
shoal.
Vercorsella scarsellai (De Castro, 1964)
Plates 3.41 - 3.43
T

1964 Cuneolina scarsellai n. sp. - De Castro, pi. 1, figs. 1-10, pi. 2, figs. 1-4. ^ t i a n - Albian, Central
Italy.
1966 Cuneolina scarsellai De Castro - Chiocchini and Di Napdti Alliaia, pi. 3, fig. 1, pi. 6, fig. 1?, 2, pi.
7,fig.2? Late Aptian - Early Albian, Central Italy.
1966 Textulariella or Pseudotextulariella sp. - Ferrer, text-figs. 10,16. Aptian - Albian, Northern Spain.
1968 Pseudotextulariella? scarsellai (De Castro) - Bronnimann and Conrad, text-figs. 1-4, pi. 1,figs.18, pL 2,figs.1-10. Bamemian - Early Aptian, Jura Mts.
1980 Vercorsella aff. scarsellai (De Castro) - Amaud-Vanneau, pi. 46, fig. 3, pi. 71, fig. 8. Early
Barremian - Early Aptian, Vorors.
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Diagnosis
Relatively large Vercorsella with few, and often incomplete radial partitions usually only present in the later
chambers. No horizontal partitions. Apical angle 20-30*. Between 10-13 chamber layers visible. Basal section
oval, with typically four radial partitions visible. The £^rture is a basal sliL
Remarks
The morphology, internal structure and occurrence of this species have been reviewed in detail by Bfonnimann
and Conrad (1968).
Comparison of this species to similar members of the Cuneolinidae is shown in Figure 32.
Global Distribution and Stratigraphic Range
Western Mediterranean, Oman Mountains.
Valanginian - Middle (?) Albian.
The record herein of this species from the Middle East extends its geographical and stratigraphical range. The
species is thought likely to occur in other suitable Central Tethyan sedimraits (eg. from the Near East) but has
not yet beai recorded.
Local Occurrence
Valanginian?/Hauterivian - Barremian.
Buccicrenata hedbergi Subzone - Pomocalculus inopinatus Zone.
See range charts provided with Figure 4 for precise distribution.
Palaeoecology
Amaud-Vanneau (1980) recorded this species from infralittoral bioclastic sands in the Vercors region.
Bronnimaim and Conrad (1968) also recorded a similar oivironmental distribution, suggesting that V. scarsellcd
occurs in biomicrites deposited in a very shallow environment, protected from strong currents. They noted that
the species prefers low energy environments. In this study the species was recorded from a variety of
palaeoenvironments across the Thamama ramp.
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Superfamily ORBITOLINACEA Martin, 1890
Family ORBITOLINIDAE Martin. 1890
Geaas Pahrbitolina Schroeder, 1%3
Type Species Madreporites lenticularis Blumenbach, 1805
Diagnosis
Flatly conical orbitolinid, beginning with a relatively simple, apically situated, embryonic apparatus consisting
of a spherical embryonic chamber (combined proloculus and deuteroconch), and in advanced specimens, periembryonic chamberlets. The original proloculus may be distinguished in some specimens by a chitinous wall.
The deuteroconch and p^onbryonic chambo^ typically show a surface division by sq)ta. The chambers can be
divided into a marginal zone partitioned by horizontal and vertical s^ta, and a central zone comprising a radial
part and a central part with a complex reticulum. In the central zone, the oblique apertural pores are disposed in
diagonal lines. The septa altonatefromone chamber to another.
Macrospheric forms have a somewhat flatly conical test, with an apical angle usually greater than 90*, and a
large apical embryonic ^paratus. Microspheric forms have a very large test, highly flattened, and a very small
embryonic apparatus situated sli^tly eccentrically.
For further details see also the speciHc remarks below for Palorbitolina lenticularis. Figure 3.3 illustrates the
morphological features of the Orbitolinidae referred to in this study. For details of some of these features the
reader is recommaided to Schroeder (1975) and Amaud-Vanneau (1980).
Remarks
Palorbitolina can be distinguished from Eopalorbitolina Schroeder and Conrad in having an larger, apically
placed embryonic apparatus, as opposed to one eccentrically placed. Amaud-Vanneau (1980) placed
Eopalorbitolina as a subgenus within Palorbitolina. This practice is not followed here, the two taxa being
considered generically distinct (see section on Eopalorbitolina).
Palorbitolina differsfiromOrbitolina and Praeorbitolina by lacking a subembrycxiic zone within the embryonic
apparatus. It differs from Simplorbitolina, Palaeodictyoconus and ParacosHnolina by possessing radially
placed or labyrinthically arranged septula within the central zone of the chamba" layers instead of pillars, and
also a larger apically situated embryonic apparatus, with periembryonic chamberlets in advanced forms.
OrbitoUnopsis has a smalls, simplo- embryonic aiq)aratus, and only a weakly devel(q)ed radial ZOIK (if at all).
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MAIN MORPHOLOGICAL ELEMENTS OF THE ORBITOLINIDAE
WITH PARTICULAR REFERENCE TO PALORBITOLINA/
ORBITOLINA
(a) From Schroeder (1975); (b) From Douglass, Loeblich
and Tappan ( 1 9 6 4 ) ; (c) From Arnaud-Vanneau ( 1 9 8 0 )
(a)
embryonic area

chamber layers

I

embryonic apparatus
chamber layer

(b)

\ \

(C)

Figure 3.3

•Q

KEY^ FOR FTGORE 3.3
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Megalospheric embryonic apparatus
Slightly abraded surface showing cellules
Marginal zone beneath cut-away surface
Infratnarginal zone exposing chamberlets
Radial passages between chambers
Slic^tly zigzag main radial partiticxis showing triangiilar
cross-section
g = Central conplex.

Figure (c): Embryonic apparatus of Palorbitolina.
P =
D =
S =
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Proloculxis
Deuteroconch
Septa
= Peri-embryonic chamberlets

IDENTIFICATION TABLE FOR EARLY CRETACEOUS ORBITOLINIDAE
(From Arnaud-Vanneau, 1980)
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According to Cherchi and Schroeder (1980) Palorbitolina evolved from Eopalorbitolina in the Late Barremian
and evolved into Palorbitolinoides at the base of the Late Aptian. Palorbitolinoides differs from Palorbitolina
in having a more OHnplex embryonic appdsaxas in which a periembryonic ring of chamb^lets is developed.
Figure 3.4 taken from Arnaud-Vanneau (1980) presents a table for distinguishing Early Cretaceous
Orbitolinidae, and effectively demonstrates the differences between Palorbitolina and some of the related
genoa mentioned above.
There is some uncertainty as to the validity of the genus Palorbitolina, since the type species is, according to
some authors, also that of Orbitolina. In oder to clarify this issue, I have reviewed the problem in detail below.
This review forms the essence of two papers, both recently published (Schroeder and Simmons, 1988,1989).
The decision of the ICZN on the recommradations made is awaited.
Comments on the type species of Orbitolina and the validity of the genus Palorbitolina
The genus Orbitolina was erected by d'Oibigny in 1850. Because of uncertainty in the original designation of a
type species for this genus, a number of species have since been referred to as "type species". This has led to
some confusion concerning the taxonomic concept of the genus and may have rendered other genera invalid
because of problems with type species priority. In particular, the commonly used generic name Palorbitolina
Schroedo', 1963 has been thought by some to be invalid, because the type species of that genus, Madreporites
lenticularis Blumenbach, 1805, has been described, e.g. by Douglass, Loeblich and T^pan (1964), as the type
species of Orbitolina. If this were the case it would have tremendous taxonomic implications. Not only would
the name Palorbitolina be unavailable, but most species commonly regarded as belonging to Orbitolina would
have to be assigned to a new genus. This is because Schroedo* (1964a,b; 1975) has shown that Palorbitolina is
morphologically and phylogenetically distinctfiromOrbitolina. Therefore if the true nature of Orbitolina is that
commonly regarded as Palorbitolina (i.e. that of the species lenticularis), then otha species thought today to be
Orbitolina (e.g. O. concava (Lamarck, 1816) (Orbulites) or 0. texana (Roemer, 1849) (Orbitidites)) could not
belong to that genus because of the observations of Schroeder (op. cit.)
To clarify these problems a detailed examination of the original description of the genus Orbitolina and
subsequent type species designations has been carried out
Original designation
Thefirstproblem to address in this review is to establish if d'Oibigny designated a type species for Orbitolina
in his original 1850 descripticxi.
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Orbitolina is first mentioned on page 143 of volume 2 of the "Prodrome de Paleontologie stratigraphique
universelle des animaux mollusques & rayonnes faisant suite au cours elementaire de Paleontologie et de
Geologie stratignq)hiques". Tho? is no mration of OrbitoUna in either volume 1 or 3 of this book.
The entry on page 143 reads:
"ORBITOLINA, d'Oib., 1847. Ce srait des Orbitolites a cotes inegaux, I'un encroute, I'autie avec des loges.
*342. lenticulata, d'Orb., 1847. Orbitolites lendcidata.
Lamarck, 1816; Lamouroux, 1821, pi. 72,fig.13-16. Perte-du-RluMie (Ain), St-Paul-de-Fenouillet (Aude)."
In this text "d'Orb., 1847" refers to the manuscript date. Orbitolites lenticulata Lamarck 1816 is synonymous
with Madreporites lenticularis Blumenbach, 1805, variously refored to Orbitolina or Palorbitolina.
It is important to note that this volume is arranged in stratigraphic order. Hence the first species mentioned
under Orbitolina is lenticulata in the section "Foraminiferes", within the chq}t»' "19e etage - Albien".
Within the subsequent chapto^ the following species are listed:
20e etage - Cenomanien; pages 184 -185:
"ORBITOLINA, d'Oib., 1847. Voy. t.2, pl48.
*743. plana, d'Archiac, 1837, Mem. Soc. geol. de France, L2., p.l78. France, Founts, La Malle (Var).
*744. mamillata, d'Archiac, 1837, id., t.2, p.l78. Fouras.
•745. concava, Lamarck, 1816. Anim. sans vert, 2, Michelin, 1842, Icon. zoophyL, p.28, pl.7, fig. 9 (mala).
Orbitolina conica, d'Archiac. France, Ballon, St-Paulet, pres le Pont-St-Esprit, Fouras."
22e etage - Sraonien; pages 279 - 280:
"ORBITOLINA, d'Oib.. 1847. Voy. p. 148.
*1350. gigantea. d'Orb., 1847. Espece qui atteint jusqu'a 10 centimetres de diametre; concave en dessous,
convexe en dessus. Fiance, Royan, Perignac (Charraite-Infi^eure)
*1351. ladiata d'Orb., 1847. Espece pourvue de rayons qui convergent du bord au centre. France, Royan."

105.

In total six species are listed under the genus Orbitolina in stratigraphic order. D'Orbigny does not indicate any
particular species to be the type, and the stratigraphic nature of the volume implies that the first mentioned
species undo' a genus is not necessarily the type.
It is clear, therefore, that no type species was designated for Orbitolina by d'Orbigny, and that lenticulata
{Menticularis) is not automatically the type species simply because it is listed first. This was first noted by
Schroeder (1963) in a paper which established lenticularis as type species of the new subgenus (later genus)
Palorbitolina.
Unfortunately, Douglass (1960a,b), Hofker (1963; 1966a,b) and most importantly Douglass, Loeblich and
Tappan (1964) in the definitive "Treatise on Invertebrate Paleontology" regard Madreporites lenticularis
Blumenbach, 1805 as type species. According to the last-named authors (page C309); Orbulites lenticulata
Lamarck, 1816 (= Madreporites lenticularis Blumenbach, 1805) is the type species of the genus by original
designation (monotypy).
As demonstrated above there is neither an original type species designation by d'Orbigny, nor is the genus
monotypic in the reference containing the original description.
Subsequent designation
All six species recorded by d'Orbigny (1850) under Orbitolina have equal claim as type species. According to
Article 69(a) of the International Code of Zoological Nomenclature (ICZN) (Ride et al., 1985), the first
published designation of a type species subsequent to the original publication of the genus should be regarded as
the only valid one.
There are, in fact, several subsequent quotations which could be regarded as designations of a type species for
Orbitolina.
(i) According to Parker and Jones (1860:35) "the conical, hemispherical and flattened forms of
Orbitolina so common in the Cretaceous deposits, and known under twelve or more different
names, are refnable to one specific type, namely the O. concava, Lamarck, sp. and to this type not
only these large..." However, this quotation, nor any that follow it in the text, is really valid as a
type designation, as these authors v/ere not using type in the sense of "type species of a genus", but
rather as an indication of the "typical form of a species." Indeed on page 38 one can read "we
regard it (O. concava) as the type of a species including numerous varietys". In their recent
monograph of foraminifera genera, Loeblich and Taq)pan (1988:166) cited this reference by Parker
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and Jones {op. cit.), as a valid subsequent designation of a type species, and thus regarded
Orbulites concava Lamarck, 1816, as the correct type species of Orbitolina. As noted above, one
cannot agree with their opinion that the Parker and Jones reference is a valid subsequent
designation, although for different reasons, as will be shown, it is recommended that 0. concava
be regarded as type species.
(ii) Ellis and Messina (1940 et seq.) reported that Orbitolina lenticularis Blumenbach, 1805 was
designated as type species by Dollfus (1905). They regarded this designation as invalid because a
species named lenticularis was "not among the species originally included und^ the generic name
by d'Orbigny." In fact d'Oibigny (1850:143) cited Orbitolites lendculata Lamarck, 1816, which is
synonymous with Madreporites leruicularis Blumenbach, 1805.
The reference "Dollfus, 1905" of Ellis and Messina relates to a review by that author on a paper
published by Prever (in Prevo- and Silvestri, 1905). In this review Dollfus (1905:232) pointed out
"11 (= Prever) considere que le Genre Dictyocornis (he means Dictyoconus) Blackenhom, fonde
pour quelques especes d'Egypte, est bien rigoureusement synonyme (with Orbitolina); il le
compare aux Genres voisins et commence par etablir que le type du G. Orbitolina est O.
lenticularis Blum. sp. {Madreporites) 1796, esj^e de la Perte du Rhone." However, the second
half of this statement made by Dollfus is wrong; Prever has never designated 0. lenticularis as
type species of Orbitolina. On the contrary, O. leraicularis belongs to the species which were
eliminated by this latter author (1905:469; "il lavoro di revisione compiuto, mi ha obbligato a
distruggere parecchie delle specie gia istituite ed anche di quelle or nominate, ed in cambio a
creame delle nuove").

(iii) Cushman (1928:182) designated Orbitolina gigantea d'Orbigny as type species of Orbitolina.
Subsequently Douville'(1933:199) demonstrated that this species is a coral belonging to the genus
Cyclolites Lamarck.
(iv) Davies (1939:786) pointed out that "0. concava seems to be the form best indicated in the
"Prodrome" itself. It is also the best for studying the genus, being usually better preserved as well
as much larger than O. lenticularis. It should obviously, in my opinion, be taken as the type of
Orbitolina."
Davies (op. cit.) therefore selected O. concava as type species. By doing so he hoped to alleviate
the taxonomic problems caused by Cushman's designation of the coral 0. gigantea (= Cyclolites)
as type species. In fact Cushman in the 1950 edition of his text, named O. concava as the type
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species. A number of other workers have also agreed with Davies's opinion that O. concava
should be regarded as the type species of Orbitolina. These include Henson (1948) and Sahni and
Sastri (1957).
(v) Thalmann (1950:509) proposed Orbitolina texana (Roemer, 1849) (= Orbitidites texanus Roemer,
1849) as a substitute type species in place of Orbitolina concava. However, since this species is
not among those originally included under the genoic name by d'Orbigny, it can be immediately
excludedfromconsideration as a type species (ICZN Article 69a).
(vi) Douglass (1960a:28) and Douglass, Loeblich and Tappan (1964:C309) considered Orbitolina
lenticularis to be the type species of the genus. Douglass {op. cit.) is of the opinion that "only one
species is refored to the genus in this, the original description. The genus as described is thra^foie
monotypic, even though five other species are referred to it in later sections of the volume." As
demonstrated above, the stratigraphic nature of the "Prodrome" implies that the first mentioned
species under a genus is not necessarily the type. For this reason, the argumrats of Douglass and
Douglass et al. (pp. cit.), which were also followed by Hofker (1963:220; 1966b:9), are invalid
(see also SchroedCT, 1963:351).
Conclusions and Recommendations
It is clear that despite the arguments of Douglass (1960a), Hofker (1963) and Douglass, Loeblich and Tappan
(1964), no original designation of a type species of Orbitolina was made by d'Orbigny (1850), nor was the
genus monotypic in the original description. Hence, Madreporites lenticularis (= Orbitolina lenticularis) is not
automatically the type species.
The first designation of a type species is that of Cushman (1928), who nominated Orbitolina gigantea
d'Orbigny, 1850. According to Douville (1933) this taxon is a species of the coral genus Cyclolites. In strict
obs^vance of the International Code of Zoological Nomenclature, Orbitolina d'Orbigny, 1850 is a synonym of
CydoftteJ Lamarck, 1801 (see WeUs, 1956:F386).
If one accepts this situation, then the numerous species regarded as belonging to Orbitolina would have to be
assigned to a new genus. Therefore it is recommended that Orbitolina gigantea be suppressed as type species
and the recognition of Orbitolina concava as Fq)lacement type species of Orbitolina, as originally suggested by
Davies (1939). This will negate the need for a major revision of orbitolinid taxonomy and allow the genus
Palorbitolina to remain valid. In this context an official application is being made to the International
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Commission on Zoological Nomenclature to implement the above recommendations (Schroedo' and Simmons,
1988).
It is worth noting that Orbitolina concava (= Orbulites concava Lamarck, 1816) is not the same taxon as
Orbitolites concava Lamarck. 1801. As demonstrated by Parker and Jones (1860) and Schroeder (1962), the
earlier named species (in fact a bryozoan) cannot be considered as the type of Orbitolina concava. Hence it is
Orbitolina concava (Lamarck, 1816) that should be regarded as the valid type species of the genus Orbitolina.
Palorbitolina lenticularis (Blumenbach, 1805)
Plates 3.44 - 3.54
1805 Madreporites lenticularis n. sp. - Blumenbach, pi. 80, fig. 1-6.
1816 Orbulites lenticulata - Lamarck, p. 197.
1821 Orbulites lenticulata - Lamouroux, pi. 72, figs. 13-16.
1840 Orbitolites bulgarica n. sp. - Boue, p. 239.
1850 Orbitolina lenticulata (Lamarck) - d'Orbigny, p. 184.
1852 Orbitolina conoidea n. sp. - Gras, pi. 1,figs.4-6.
1852 Orbitolina discoidea n. sp. - Gras, pi. 1,figs.7-9.
1858 Orbitolina lenticularis (Lamarck) - Pictet and Renevier, p. 1.
1912 Orbitolina lenticularis (Blumraibach) - Douville, p. 570.
1929 Orbitolina tibetica n. sp. - Cotter, pi. 27,fig.12.
1948 Orbitolina kurdica n. sp. - Henson, pi. 1.figs.9-15.
1948 Orbitolina cf. discoidea Gras - Hoison, pi, 2, figs. 1-3.
1948 Orbitolina discoidea Gras var. delicata var. nov. - Henson, pi. 2. figs. 13-14.
1960 Orbitolina lenticularis (Blumrabach) - Douglass, pi. 1, figs. 1-26.
1960 Orbitolina lenticularis (Blumenbach) - Douglass, pi. 1, figs. 1-11.
1961 Orbiiolina corufidea discoidea Gras - Chevalier, pi. 10,figs.60-62.
1963 Orbitolina lenticularis (Blumenbach) "Form group I" - Hofker, pi. 1, figs. 1-17, pi. 2, figs. 1-15,
pi. 3, figs. M 5 , pi. 4. figs. 1-13. pi. 5. figs. 1-8, pi. 6. figs. 1-17, pi. 7, figs. 1-12.
1%3

OrbitoUna (Palorbitolina) lenticularis (Blumenbach) - Schroeder, pL 23, figs. 1-9, pi. 24,figs.110.

1964 Orbitolina lenticularis (Blumenbach) - Mehes, pi. 2, fig. 1-2.
1964 Orbitolina praecursor n. sp. - Montanari, pi. 19.figs.1-9; pi. 20. figs. 1-8; pL 21, figs. 1-5.
1964 Palorbitolina lenticularis (Blumenbach) - Schroeder, p. 465, not figured.
1964 Orbitolina lenticularis (Blumenbach) - Douglass et al.. Text-Fig. 220.1,7220.2-4.
1965 Orbitolina praecursor Montanari - Montanari, pi. 6,figs.4-5.
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1966 Palorbitolina lenticularis (Blumenbach) - Moullade, pi. 12,figs.13-15.
1966 Orbitolina lenticularis (Blumenbach) "Form group I" - Hofker, pi. 1,figs.9-10.
1966 Orbitolina lenticularis (Blumraibach) - Fulop, pi. 14,fig.8.
1966 Palorbitolina lenticularis (Blumenbach) - Schioeder and Charollais, pL 3, figs. 1,6.
1969 Orbitolina (Palorbitolina) lenticularis (Blumenbach) - M^es, pi. 1,figs.4-6.
1969 Palorbitolina lenticularis (Blumenbach) - CcHirad, text-fig. 13c.
1969 Palorbitolina lenticularis (Blumenbach) - Amaud-Vanneau, pi. 1, figs. 1-5.
1970 Palorbitolina lenticularis (Blumenbach) - Fouicade, pi. 35,fig.4.
1970 Palorbitolina lenticularis (Blumenbach) - Saint-Marc, pi. 1, figs. 1-3.
1971 Orbitotina conoidea Gras - Sen Gupta and Grant, text-figs. 3a,b.
1971 Palorbitolina lenticularis (Blumenbach) - Ramirez del Pozo, pL 32.
1972 Palorbitolina lenticularis (Blumenbach) - Rey, pi. 12,fig.3.
1972 Orbitolina sp. - Campobasso et al., pi. 9,fig.3.
1972 Palorbitolina lenticularis (Blumenbach) - Fouicade et al., pi. 5, figs. 1-2.
1973 Palorbitolina lenticularis (Blumenbach) - Fourcade and Raoult, pi. 1,figs.4-5.
1973 Palorbitolina lenticularis (Blumenbach) - Mehmusch,fig.14.
1974 Palorbitolina lenticularis (Blumenbach) - CanCTOt, pi. 24,fig.6-7.
1975 Palorbitolina lenticularis (Blumenbach) - Gusic, pi. 31, figs. 1 -8.
1976 Palorbitolina lenticularis (Blumenbach) - Peybemes, pi. 22,fig.14.
1976 Palorbitolina lenticularis (Blumenbach) - Masse, pi. 13,fig.16.
1977 Palorbitolina lenticularis (Blumenbach) - Velic, pi. 22, figs. 1-3.
1978 Palorbitolina lenticularis (Blumenbach) - Velic and Sokac, pi. 4,fig.4, pi. 6, figs. 1-6.
1978 Palorbitolina lenticularis (Blumenbach) - Garcia-Honandez, pi. 26,figs.2-3,7.
1978 Palorbitolina lenticularis (Blumenbach) - Cherchi et al., pi. 3, figs. 1-3.
1979 Palorbitolina lenticularis (Blumenbach) - Schroeder et Cherchi, pi. 1,fig.1-2, pi. 2,fig.3.
1979 Palorbitolina lenticularis (Blumenbach) - Decrouez and Kunzle, pi. 1,fig.3.
1979 Palorbitolina lenticularis (Blumenbach) - Luperto Sinni, pi. 3, fig. 1,4,5-8, ?pl. 4. figs. 1-8, ?pl.
5, figs. 1-8.
1980 Palorbitolina (Palorbitolina) lenticularis (Blumenbach) - Ainaud-Vanneau, pi. 62, figs. 1-5, pi.
104, figs. 1-7, pi. 105,figs.1-3.
1981 Palorbitolina lenticularis (Blumenbach) - Gusic, pis. 3-4.
1982 Palorbitolina lenticularis (Blumenbach) - Flugel, pL 19,fig.7.
1984 Palorbitolina lenticularis (Blumenbach) - Chiocchini et al., pi. 1. figs. 1-2.
1987 Palorbitolina lenticidaris (Blumenbach) - Simmons and Hart, text-fig. 10.8e, pi. 10.2, figs. 1,7.
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The above synonymy is by no means complete. It serves to illustrate the stratigraphic and palaeogeographic
range of the species, mention important nomenclatural changes and record useful illustrations of the embryonic
apparatus of the species. For more detail, particularly of 19th century and early 20th century records, the reader
is recommended to examine the paper by Schroeder (1%3).
Diagnosis
As for genoic diagnosis. Amaud-Vanneau (1980) has made the following additional obsavati(ms an the species
P. lenticularis: "In both generations the base is convex to concave and with a subcircular or undulating
periphery. The oral face shows a much reduced smooth marginal zone; in the central zone, the clearly visible
radial part is comprised of radial ridges which correspond to the chamberlets, and radial grooves which
correspond to the radial septa. On the sides of these grooves the apertural pores are obliquely situated. The
central part forms a more or less clear reticulum according to the nature and the size of agglutinated grains.
The chambers which make up the test increase regularly in size. They become annular and then their diameter
increases more rapidly than the height of the chambers. Sometimes the test is damaged and broken, but a
phenomenon of regeneration allows the growth of new chambers which cover the broken periphery. The
chambers are subdivided by horizontal and vertical septulae which form a rectangular pattern on the surface of
the test After slight abrasion of the test, the horizontal septulae disappear and the volical septulae indicate the
chambers which are higher than broad. When the test is more worn, the triangular sections of the septa of the
radial part are visible. At the base of these septa, the oblique apertural pores occur, which are arranged in
diagonal lines."
In axial thin-sections, it can be seen that each chamber in the marginal zone is divided by one or two horizontal
septa. In the central zone, the radial and coitral parts can be distinguished by the nabire and size of agglutinating
grains.
In horizontal cross-sections, the marginal zone is subdivided by sq)ta which become thicker towards the centre.
Between the septa, there are two or three vertical septulae whose ends are rounded; the middle septulae is
generally larger than the others. In the central zone, the ease with which the radial part can be distinguished
depends on the nabire and size of the agglutinating grains. The central part is always obscured by agglutinating
matoial.
Amaud-Vanneau (1980) recorded the following measurements for P. lenticularis:
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- Microspheric forms
Height 0.520 - 2.470mm
Diameter 2.520 - 7240mm
- Macrospheric forms
Height 0J210 - 2.070mm
Diameter 0.520 - 5.200mm
Height of adult chamber circa. 40 microns
NumbCT of adult chambers per 0.5mm measured perpendicular to the base of the test 10-15.
Remarics
The distinction between P. lenticularis and other Early Cretaceous oibitolinid species is covered in the above
genraic remarks.
Henson (1948) described a number of orbitolinid species from the Middle East Some of these are regarded as
synonyms or questionable synonyms of P. lenticularis. A thorough examination of the syntypic material of
Henson, now housed in the British Museum (Natural History), with special regard to embryonic apparatus
characteristics is required to establish the true synonymy of Henson's taxa. Henson was one of the first
palaeontologists to recognize the stratigraphic value of the orbitolinids if they were subdivided on internal
characteristics, rather than ecologically controlled external features such as general test shape. However, he did
not fiilly £^preciate the significance of the embryonic apparatus in taxonomic subdivision. It was not until the
work of Schroeder (eg. 1963,1975) that the value of this feature was recognised.
Amaud-Vanneau (1980) recognised three subspecies within P. lenticularis: P. lenticularis lenticularis, P.
lenticularis praecursor (Montanari) and P. lenticularis s. sp. 1. These subspecies were differentiated on the
basis of test shape, and nature of agglutinating material incorporated within the test Whilst accq)ting that these
ecologically controlled features may have some value in recognising subspecies which may be useful in
palaeoenvironmental studies, diese subspecies have not been differentiated during the course of this study.
Gusic (1981) woiking on successive populations of P. lenticularis from the Dinaric Mountains of Yugoslavia,
noted that progressive increases in the size and complexity of the embryraiic ^iparatus (particulariy the diameter
of the fused proloculus/deuteroconch) could be used to distinguish different evolutionary stages within the
phyletic lineage. These in turn, enabled a subdivision of the Late Barremian - Early Aptian time-span.
It should be noted that Gusic was not thefirstto note the gradual increase in the size of the embryonic a^qiaratus
within P. lenticularis. Henson (1948) noted that three species recorded by him from the Middle East, O. cf.
discoidea, O. discoidea var. delicata and 0. kurdica (all synonyms of P. lenticularis), formed a continuous
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gradational series. In particular the size of the embryonic apparatus increased in diameter from 0. kurdica
(0.12mm) through to 0. cf. discoidea (0.3-0.4mm). Hofker (1963) also noted the gradual increase in onbryonic
apparatus size within his "Orbitolina lenticularis Form Group I" (= P. lenticularis). However he drew the
conclusion that this represented a gradation into his "O. lenticularis Form Group II", which I (following the
woiks of Schroedra^) consido' to be the phylogenetically unrelated Orbitolina (MesorbitoUna) group. Schroeder
(197S) stated that "The diameto' of the embryonic areas....increases gradually from Ae Upper Barrranian to the
boundary Lower AptianAJpper Aptian...." However, none of the above named workers recognised the
stratigraphic significaiKe of the trrads they saw, in the manner of Gusic (1981).

A similar fine stratigraphic subdivision using P. lenticularis has also been suggested for the Early Cretaceous
carbonates of the Oman Mountains by Simmons and Hart (1987). However, fiirther detailed work carried out
using tens of thin-sections per sample in the course of this study, have shown that it is difficult to consistently
recognise any trend in the increase in size and complexity of the embryonic apparatus of populations of P.
lenticularis from the Early Cretaceous of the Oman Mountains. Although simple forms with a relatively small
embryonic apparatus and no peri-embryonic chamberlets occur (eg. Plates 3.44,3.45 & 3.47) as do advanced
forms with relatively large embryonic apparatus and peri-embryonic chamb^lets (eg. Plates 3.49 - 3.52), there
appears to be no consistent pattern to their occurrence, with advanced forms occurring in the Late Barremian
basal Kharaib Formation, and primitive forms occurring in the Early Aptian Shuaiba Formation. This is
highlighted by Plate 3.54 which shows an advanced form co-occurring with a primitive form, perhaps a
transitional form between P. lenticularis and E. charollaisi. The sample is from the Late Barremian lower
Kharaib Formation. It is possible, however, to state that the dominant form in the Early Aptian is the
"advanced" form, whilst that in the Late Barremian is the "primitive" form, although this is only possible using
numerous specimens. Extreme care must be exercised in drawing conclusions from isolated specimens, which
may not be typical of the entire population.

Global Distribution and Stratigraphic Range
Pan-Tethyan (see Figure 3.5).

Late Barremian - Early Aptian (?earliest Late Aptian).

Local Occurrence
Late Barr»nian - Early Aptian.

Eopalorbitolina charollaisi - PalcHbitolina lenticularis Subzones.

See range charts provided with Chapter 4 for precise distribution.
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GLOBAL DISTRIBUTION OF PALORBITOLINA LENTICULARIS
Mid-Cretaceous palaeogeography after Smith, IHuriey and Briden, 1981
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Numerous well preserved specimens of this species were idratified during the course of this study. Some of the
better axial sections are illustrated in Plates 3.44 - 3.54. As discussed above, both "primitive" and "advanced"
forms were recognised, together with forms possibly transitional to E. charollaisi (Plate 3.54). Also of note
were the unusual forms of the species such as that Ulustrated in Plate 3.53. These occur in the Early Aptian
Shuaiba Formation and have a weakly developed peri-embryonic ring suggesting that they are transitional to
Palorbitolinoides hedini. P. hedini does occur in the Middle East, although not in the Central Oman Mountains,
so it is possible that the phylogenetic lineage Eopalorbitolina - PalorbitoUna - Palorbitolinoides can be seen in
the Early Cretaceous of the Middle East with all transitional forms present
Palaeoecology
Although encountered in a wide range of palaeooivironments from infralittoral - ciicalittoral, Amaud-Vanneau
(1980; pas. comm., 1987) particularly associates this species with sands of the circalittoral zone. It is thought to
occur in abundance following transgressive evrats (i.e moving into vacant ecological niches). In this respect it is
often associated with Choffatella. It is also particularly associated with platform channels. P. lenticularis is
known (Amaud-Vanneau, 1975; 1980) to be an epiphytic species associated with udoteacean algae.
In the course of this study, P. lenticularis was found to be common in the the outer shelf packstones and
grainstones of the Kharaib Formation. These r^resent high energy sedimentation in broad out^ shelf channels.
On this shelf which possessed little sea-floor topography, eustatic sea-level changes played an important role,
and sea-level rises arerepresentedby mudstone or wackestone deposition. In these sediments, P. lenticularis is
particularly common and is associated with Choffatella (for example the muddy unit at the top of the Kharaib
Formation, which is equivalent to the Hawar Shale of Qatar). Elsewhere in the Gulf region these units may
contain rare planktonic foraminifera, which also suggest increasing water depth. Thus P. lenticularis does
appear to occur in abundance in sediments relating to transgressive events. However, it is also found in quiet
-water lagoonal wackestones such as those of the Shuaiba FormaticHi.
Genus Eopalorbitolina Schroeder and Conrad, 1968
Type Species Eopalorbitolina charollaisi Schroeder and Conrad, 1968
Diagnosis
"A member of the Oibitolinidae which has an ecc^trically lying embryonic apparatus formed of a more or less
spherical embryonic chamber (combined proloculus and deuteroconch) and an adjacent, semi-annular, lateral
chamber with supra-embryonic subdivision (periembryonic zone). The spherical section of the embryonic
apparatus sometimes shows traces of the original subdivision into two chambers. The chambers of the test can
be divided into a marginal and central zone, in which the marginal zone is well developed with major radial

114.

septa being present, whereas those of the inner part are probably arranged in a labyrinthic manner" (freely
translated fnxn the original diagnosis of Schroeder and Conrad, 1968).
Figure 3.3 illustrates the morphological features of the Orbitolinidae referred to in this study. For details of
scnne of these features the reader is recommraded to Schroeder (1975) and Amaud-Vanneau (1980).
Remaiks
The genus is presently monospecific.
Schroeder and Conrad (1968) considered Eopalorbitolina to be the direct ancestor of Palorbitolina. Following
this argument, Amaud-Vanneau (1980) placed Eopalorbitolina as a sub-genus within Palorbitolina, on the
grounds that she had observed transitional forms between E. charollaisi and P. lenticularis. However, the
generic status of Eopalorbitolina is retained here as it appears distinct enough from Palorbitolina in the
eccentric position of its embryonic apparatus, Palorbitolina having a apically placed embryonic apparatus. This
practice has also been followed by Loeblich and Tappan (1988).
Eopalorbitolina differs from Orbitolina and Praeorbitolina by lacking a subembryonic zone within the
embryonic apparatus. It differs from Simplorbitolina, Palaeodictyoconus and Paracoskinolina by possessing
radially placed or labyrinthically arranged septula within the central zone of the chamber layers instead of
pillars, and also a more complex embryonic apparatus. Orbitolinopsis has a simpler embryonic apparatus, and
only a weakly developed radial zone (if at all).
Eopalorbitolina charollaisi Schroeder and Conrad, 1968
Plates 3.55 - 3.56
T

1968 Eopalorbitolina charollaisi n. sp. - Schroeder and Conrad, pi. 1, figs. 1-5, pi. 2, figs. 1-7, pi. 3,
figs. 1-3, pi. 4, figs. 1-5. Late Barremian, Jura Mountains.
1969 Eopalorbitolina charollaisi Schroeder and Conrad - Conrad, text-fig. 13d, pi. 6, fig. 1. Late
Barremian, Jura Mountains.
1980 Palorbitolina (Eopalorbitolina) charollaisi Schroeder and Conrad - Amaud-Vanneau, pi. 103,
figs. 3-6. Late Barrranian, Vercors, France,

non 1986 Eopalorbitolina charollaisi Schroedo- and Conrad - Zhang, pi. 1, fig. 1.
1987 Eopalorbitolina charollaisi Schroeder and Conrad - Simmons and Hart, pi. 10.2, fig. 6. Late
Barremian, Oman Mountains.
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Diagnosis
As for the genoic diagnosis.
Remarks
"E. charollaisi has similar external shape and dimensions to P. lenticularis. Adult specimens have a width of
2.4-2.8mm and a height of Q.7-0.9mm. The tests have the form of a rather flat and blunted cone of which the
base is typically convex.
In the holotype the maximum height of the embryonic chamber is 0.1mm with a maximum width of 0.11mm.
Adult individuals consist of ca. 30 dish shaped chambers. The height of these chambers increases in the course
of ontogeny.
The septules in this species are relatively thick, and this feature together with the correspondingly narrow
chamber passages, help to distinguish the species from otho* orbitolinids" (based on remarks in Schroeder and
Conrad, 1968).
Global Distribution and Stratigraphic Range
Jura Mountains, Eastern France, Oman Mountains.
Late Barremian.
Until Simmons and Hart (1987) recorded this species from the Middle East, it was thought to be endemic to the
Western Alps (Moullade et al., 1985). It is thought likely that the species occurs elsewhere in the Perimediterranean and Middle Eastern regions, but has been overlooked. The restricted range of this species makes
it a useful stratigraphic maiicer.
Local Occunence
Late Banremian.
EopalcBbitolina charollaisi Subzone.
See range charts provided with Ch^ter 4 for precise distribution.
This species is used as a zonal marker for the Late Barremian in this study. It is often associated with
Palaeodictyoconus aiabicus, anotha* Late Barr^nian marker.
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Depending on the angle of section, it is not always possible to see that the «nbryonic ^)paratus is eccentrically
situated (eg. Plate 3.S6). Specimois like this may have previously been misidentified as P. lenticularis, resulting
in the curr^it apparratly restricted distribution of the species.
Palaeoecology
Amaud-Vanneau (1980 and pers. comm., 1987) recorded this species in abundance in sediments deposited in
euhaline circalittoral environments, in platform talus deposits and in sands associated with transgressive
episodes. The species has been recorded from similar palaeoenvironments in this study, particularly from
wackestones and mudstones relating to eustatic sea-level rises on a broad outer shelf setting (lower Kharaib
Fcffmation).
Genus Orbitolinopsis Henson, 1948
Type Species Orbitolinopsis kiliam HenscMi, 1948
Diagnosis
Orbitolinid with a simple, globular proloculus situated slightly eccenuically. A rectilinear uniserial growth of
circular chambers follows a short trochospire. Chambers delimited by wavy septa, which come into mutual
contact, giving an indented appearance to chambers in vertical section. In transverse sections, the wavy
appearance of septa produces structures resranbling the central rectilium of Orbitolina. The marginal zone may
either be simple (wittK)ut subepidomal partitions) or subdivided by votical and, in advanced species, horizcmtal
subepidermal partitions (eg. in the "genus" Iraqia Henson).
Figure 3.3 illustrates the morphological features of the Oibitolinidae refored to in this study. For further details
of some of these features the reader is recommended to Schroeder (1975) and Amaud-Vanneau (1980).
Figure 3.6 is an illustration of the intonal structure of Orbitolinopsis from Amaud-Vanneau (1980).
Remaiks
The status and authorship of this genus and the type species have been inccarectly cited in the past Accraxling to
Loeblich and Tappan (1988), Prever, in Prever and Silvestri (1905) cited the species name Chapmania Hliani
without description hence not making it available. Silvestri (1932) referred Chapmania kiliani Prever to
Orbitolinopsis? kiliani (Prever) and also mentioned OrbitoUnopsis? silvestrU (Prever). Silvestri did not validate
either species and did not indicate a type species for the genus Orbitolinopsis, thus also rendering diat invalid.
Cushman (1940) stated erroneously that "Silvestri has proposed a generic name, Orbitolinopsis with the
genotype Orbitolina conultis Douville" but gave no deHnition of the genus which remained invalid. Henson
(1948) described the genus and also described O. kiliani indicating the type species as Orbitolinopsis kiliani
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INTERNAL STRUCTURE OF ORBITOLINOPSIS
(From Arnaud-Vanneau, 1980)

g

(Prever). As no earlier references meet the basic requirements for validation, both genus and species were
invalid prior to Henson's descrq)tion and type designation, and both must be credited to Hoison.
A large number of Early Cretaceous taxa have been assigned to this genus. However, comparatively few species
are sufficiently well described to be recognised unambiguously. Confusion has arisen by the description and
naming of new species from random sections or relying only on outer shape. The entire group is in need of
taxonomic revision.
Following Schroeder (1963; 1964; 1965), Iraqia is considered to be a junior synonym of Orbitolinopsis with
species assigned to this genus (eg. Orbitolinopsis simplex (Henson)) being advanced forms in which a complex
marginal zone with both vertical and horizontal subepidermal partitions have developed. In contrast, Douglass
et al. in Loeblich and Tappan (1964) and Loeblich and Tappan (1988) have maintained Iraqia as a separate
genus.
Douglass (1960), Douglass et al. in Loeblich and Tappan (1964) and HofkCT (1966) considered Orbitolinopsis
to be synonymous with Orbitolina d'Orbigny, a result of their broad concept of the latCT genus. However for the
reasons stated below Orbitolinopsis is clearly distinct.
Orbitolina, and similar, although not necessarily related forms, such as Palorbitolina Schroeder and
Praeorbitolina Schroeder (see section on Palorbitolina), posses a considerably more complex intonal structure
than Orbitolinopsis. In these forms, chamberlets may be present in two or more series, a marginal zone and
central zone are distinct, the later being divided into a central reticulate area andradialarea, and in all fonns, but
most noticeably Orbitolina, the embryonic sppaiaxas is much more complex than that of Orbitolinopsis.
Moullade (1963; 1965) suggested that Simplorbitolina Ciry and Rat might be a synonym of Orbitolinopsis.
Orbitolinopsis is similar to Simplorbitolina but differs in having a reticulate-like central zone.
Neorbitolinopsis Schroedo' is very similar to advanced fonns of Orbitolinopsis such as O. simplex, but can be
distinguished by an apically situated embryonic apparatus and by the possession of tiers of peripheral
chamberlets. Schroeder (1%5) considered 0. simplex to be the direct ancestor of Neorbitolinopsis.
Paracoskinoiina Moullade and Paleodictyoconus Moullade, can be distinguished from Orbitolinopsis by
possessing radial partitions which become broken up to form distinctive pillars in the central zone.
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Figure 3.4 taken from Arnaud-Vanneau (1980) presents a table for distinguishing Early Cretaceous
Orbitolinidae, and effectively demonstrates the differences between Orbitolinopsis and some of the related
gen^a mentioned above.
For further discussion of the genus Orbitolinopsis, the reader is recommended to examine the detailed review of
Amaud-Vaimeau (1980).
Orbitolinopsis simplex (Hoison, 1948)
Not illustrated
T

1948 Iraqia simplex a. sp. - Haison, pi. 1, figs.
1962 Jraqia simplex Heason - Bassoullet and Moullade, pL 1, figs. 16-19.
1962 Iraqia rubiensis n. sp. • Bassoullet and Moullade, pi. 1, figs. 8-12.
1962 Iraqia sp. a n. sp. - Bassoullet and Moullade, pi. 2, figs. 1-2.
1962 Iraqia sp. - Bassoullet and Moullade, pi. 1, fig. 13, pi. 2,figs.3-7,11-13, pi. 3, figs. 1-13.
1962 Dictyoconus sp. - Bassoullet and Moullade, pi. 3,fig.14.
1964 Iraqia simplex Heason - Billiard and Moullade, pi. 1,fig.IS.
1964 Iraqia minima n. sp. - Billiard and Moullade, pi. 1, figs. 1-S.
1964 Iraqia rubiensis Bassoullet and Moullade - Billiard and Moullade, pi. 1,figs.6-7.
1964 Iraqiaflandrinin. sp. - Billiard and Moullade, pi. 1,figs.16-17.
1966 Orbitolina simplex (Henson) - Hofker, pi. 4,figs.10-14.

Diagnosis
An advanced form of Orbitolinopsis, which is characterised by the presence of both vertical and horizontal
subq)iderma] partitions in the marginal zone. Shape usually regularly conico-convex or conical, with more than
25 circular chambers in fully grown specimens. Height usually exceeds 1mm, and basal diameter is usually
shghtly less than height
Remarks
Orbitolinopsis simplex can be distinguished from other species of Orbitolinopsis by the presence of both
vertical and horizontal subepidermal partitions in the marginal zone, and to a lesser extent by its high conical
shape and relatively large size. Cribellopsis neoelongata, and Orbitolinopsis praesimplex are broadly similar to
O. simplex in test sh^)e and size, but neither posses a complex marginal zone. O. praesimplex lacks horizontal
subepidermal partitions and is consido^ to be ancestral to O. simplex.
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The distinction between O. simplex and other Early Cretaceous orbitolinid species is dealt with in the above
genoic remarks.
Bassoullet and Moullade (1962) and Billiard and Moullade (1964) described populations of abundant "Iraqia"
and Orbitolinopsis from the Early Aptian of the Spanish Pyrenees, including several new taxa. Almost all these
forms are either clearly synonyms of O. simplex,OTare in fact indeterminate, since they are described only from
oblique sections.
Global Distribution and Stiatigraphic Range
Iran, Iraq, Abu Dhabi (BP int^nal reports). Oman Mountains, Pyrenees.
Latest Early Aptian - Earliest Late Aptian.
This species has a very restricted stratigraphic range as reported by a number of workers (eg. SchroedCT, 1964;
Moullade era/.. 1985).
Local Occurrence
Early Aptian.
Palorbitolina lenticularis Subzone.
See range charts provided in Chapt^ 4 for precise distribution.
Only rare poorly preserved and somewhat questionable specimens of this species were recorded during the
course of this study.
Palaeoecology
Champetier and Moullade (1970) concluded that orbitolinids of the O. simplex type preferred quiet back-reef
environments and even adapted themselves to hyposaline conditions, as evident from their co-occunence with
charophytes (although the lat^ could be transported into a marine setting). The specimois recorded in this study
were from lagoonal mudstones and wackestones of the Shuaiba Formation associated with caprinid rudist
biostromes.
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Genus Cribellopsis Amaud-Vanneau, 1980
Type Species Orbitolinopsis? neoelongata Cherchi and Schroeder, 1978
Diagnosis
Test conical to subcylindrical, with simple embryonic apparatus followed by evolute sub-apical trochospire,
later uncoUed with unisoial discoidal chambers, with marginal zone subdivided into rectangular chamberlets by
alternating longer and shorter radial beams, the longer beams continuing into the central zone and secondary
ones limited to the marginal zone, beams of successive chambers in vertical alignment; apertural face flat to
convex, with smooth marginal zone and central zone that may have approximately radially arranged grooves,
apertural pores with small collars, forming a circlet at the junction of the marginal and central zones, as well as
scattered over the surface in the central zone, either obliquely piercing the radial plates or passing vertically
through the the septa betweoi the radial plates (after Loeblich and T^jpan, 1988).
Figure 3.3 illustrates the morphological features of the Orbitolinidae referred to in this study. For details of
some of these features the reader is recommended to Schroeder (1975) and Amaud-Vanneau (1980).
Remarks
Cribellopsis can be distinguished from superficially similar genera such as Orbitolinopsis, Paleodictyoconus,
Simplorbitolina and Urgonina by the presence of a highly subdivided marginal zone, chamberlets which are
somewhat rectangular in form and the distinctive apertural arrangemrat in the central zone (see above). It differs
from Orbitolina, Neorbitolinopsis, etc., by possessing a simple embryonic apparatus.
Figure 3.4 taken from Arnaud-Vanneau (1980) presents a table for distinguishing Early Cretaceous
Orbitolinidae, and effectively cbmonstrates the differences between Cribellopsis and some of the related genera
mentioned above.
Cribellopsis elongata (Dieni, Massari and Moullade. 1963)
Plates 3.57 - 3.58
T

1963 Orbitolinopsis elongatus n. sp. - Dieni, Massari and MouUade, pi. I, figs. 1-2,4.
1980 Cribellopsis elongata (Dieni, Massari and Moullade) - Amaud-Vanneau, pi. 96, figs. 3-8.

Diagnosis
A small, cylindro-conical Cribellopsis characterised by a rather conspicuous trochospiral portion and a central
zone which is somewhat reduced in size.
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Remaiks
Cherchi and Schroeder (1978) placed Orbitolinopsis elongata (= Cribellopsis elongata) and Orbitolinopsis
subkUiani Dieni, Massari and Moullade in synonymy, believing that the framo- was just a peculiar section of the
latter. However, Amaud-Vanneau (1980) was able to show that the internal structure of the two species is
completely different
There are similarities between C. elongata and Cribellopsis neoelongata (Cheichi and Schroedo-). According to
Amaud-Vanneau (1980) it seems likely that the former could be the ancestor of the latter. The differences
between these two species not only relate to size (C. neoelongata is larger), but also to the central zone which is
relatively largo' and more complex in C. neoelongata.
Global Distribution and Stratigraphic Range
Sardinia, Southern France, Oman Mountains.
Late Haut^vian - Early Barronian.
Lxxal Occurrence
Hauterivian.
Acropcsella assurbanipali Zone.
See range charts provided in Chapter 4 for precise distribution.
Palaeoecology
According to Amaud-Vaimeau (1980) this species occurs in sands and muddy sands forming shoals at the edge
of platforms. These rq)resent infralittoral to circalittoral conditions, probably euhaline.
In this study, rare specimens of the species were found in muddy back-shoal lagoonal wackestones, in
association with common dasycladacean algae. This, together with the often micritised condition of the
specimens (eg. Plate 3.S8) suggests voy shallow wato conditions.
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Genus Paleodictyoconus Moullade, 1965
Type Species Dictyoconus cuviUieri Foury, 1963
Diagnosis
Test conical, diameter usually equalling or exceeding height, usually obtuse owing to a rather strongly
developed initial trochospiral stage. This later feature is gradually reduced in the course of phytogeny.
Megalospheric embryonic apparatus simple, consisting of a more or less spherical fused proloculus and
deuteroconch. In the conical stage three zones can be distinguished in the interior of each chamber layer: a
marginal zone, subdivided by both vertical and horizontal subepidermal partitions; a central zone composed in
the lowCT part of e^h chamha layer of numoous densely and irregularly arranged "half-pillars", which thicken
upward and merge to form a more or less reticulate meshwork (this specific type of pillar was termed
"pilardide" by Moullade (1965) and Amaud-Vanneau (1980), and "halbpfeiler" by Schroeder (1964)) and also
alternate in position from one chamber layer to another; and a radial zone, variously developed which lies
between the marginal and central zones. In advanced forms the final growth stages may be represented by
annular chambers.

The marginal zcHie is divided by both horizontal and vertical partitions.
The central zone is poforated by the apeitural pores which are disposed obliquely along diagonal lines.
Figure 3.3 illustrates the morphological features of the Orbitolinidae referred to in this study. For details of
scMne of these features the reader is recommoided to Schroeder (1975) and Amaud-Vanneau (1980).
Remarks
Paleodictyoconus was erected as a subgenus oi Dictyoconus by Moullade (1965). It was elevated to generic
status by Schroeder and Charollais (1966).
Paleodictyoconus is very similar to the Cretaceous (?) - Tertiary genus Dictyoconus. However, the latter genus
has a central zone with clearly individualized pillars, rather than "half-pillars", which extend through the entire
height of each chamber. In addition, the radial zone is not usually developed. Thus a central zone with pillars is
clearly delimited and a narrow annular space inserted between central and marginal zones, through which the
main radial partitions project inwardly, often referred to as the "marginal canal" in Totiary Dictyoconus. Two
Cretaceous species aie commonly assigned to Dictyoconus: D. walnutensis (Carsey)fromthe ^tian - Albian of
Texas, and D. reicheli Guillaumefromthe Banemian of Switzo-land. However this assigiunent is questionable,
and this group, like OrbitoUnopsis, is in need of taxonomic revision, outside the scope of this study.
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The genus Vcddanchella Canerot and Moullade is identical to Palaeodictyoconus in internal structure, with the
exception than the embryonic zppwsias is situated apically.
Rectodictyoconus Schroeder is also v ^ similar to Pdeodictyoconus, but possess an apical embryonic apparatus
that is complex and also has true pillars in the central zcxie. Rectodictyoconus giganteus Schroeder is considered
to be tte direct descoidant of Paleodictyoconus arabicus by Schroedo' (1964) and Correia et at. (1982).
Orbitolina and the similar, although not necessarily related forms Palorbitolina, Praeorbitolina, etc, can be
distinguishedfiromPaleodictyoconus by possessing radially placed or labyrinthically arranged septula within
the central zone of chamber layers rather than pillars (strictly "half-pillars"). Hiis also serves to distinguish
Orbitolinopsis, Valserina Schroeder and Conrad and SimplorbitoUna, the latter also having an s^ically situated
embryonic apparatus.
Paracoskinolina Moullade can be distinguished from Paleodictyoconus in that the partitions in the marginal
zone do not alternate in positionfinomone chamber layer to the next Also this genus possesses true pillars.
Figure 3.4 taken from Arnaud-Vanneau (1980) presents a table for distinguishing Early Cretaceous
Orbitolinidae, and effectively demonstrates the differences between Paleodictyoconus and some of the related
genoa mentioned above.
For further discussion of the genus Paleodictyoconus, the reader is recommended to examine the detailed
review of Amaud-Vamieau (1980).
Paleodictyoconus arabicus (Henson, 1948)
Plates 3.59 - 3.62
T

1948 Dictyoconus arabicus n. sp. - Henson, pi. 1, figs. 5-8, pi. 14, figs. 1-12.
1960 Simplorbitolina arabicus (Henson) - Douglass, not figured.

?

1966 Dictyoconus arabicus Henson - Hofker, pi. 6, figs. 5-6.
1968 Paleodictyoconus arabicus (Henson) - Schioedo' et al., not figured,

non 1970 Paleodictyoconus arabicus (Henson) - Saint-Marc. pi. 1, fig. 13. (= Rectodictyoconus giganteus
Schroedo*)
1974 Paleodictyoconus arabicus (Henson) - Schioed^ et al., pi. 1, figs. 8-9, pi. 2, figs. 9-10.
1979 Paleodictyoconus arabicus (Henson) - Schroed^ and Cherchi, pi. 1, figs. 3-7, pi. 2, figs. 1-2,4-5.
1982 Paleodictyoconus arabicus (Henson) - Correia et al., pi. I, figs. 1 -2,6-7.
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Diagnosis
Test acutely to broadly conical; initial trochospire is relatively slight and marginal, radial and central zones are
rather distinct. Fully grown specimens can have more than 20 chamber layers with height l-2mm; basal
diameter l-3mm.
Remarks
This species was first attributed to Paleodictyoconus by Schroeder et al. (1968), on the basis of the presence of
interseptal pillars merging into rudimentary partitions in the upper part of the chambers ("half-pillars" -see
genraic description).
In certain specimens of P. arabicus, nannoconids have been found in great abundance as agglutinated particles
within the septal walls. These include the records of the species by Schroeder and Cherchi (1979) from the
Grand Banks, and Correia et al. (1982)fromPortugal.
P. arabicus can be distinguishedfromPaleodictyoconus cuvillieri (Foury) which has a very strongly developed
initial trochospiral stage, which encloses the nepiont from all sides, and hence an obtuse conical shape. The
latter species is also smaller than P. arabicus, with fewer chamber layers and a poorly defined radial zone.
Paleodictyoconus actinostoma Amaud-Vanneau and Schroeda is the most advanced form of Paleodictyoconus
yet recorded having a voy large size (height up to 3mm, basal diameto' up to 6mm), a slightly developed initial
trochospire, complex radial zone and annular chambers in the final growth stages.
The distinction between P. arabicus and other Early Cretaceous orbitolinid species is dealt with in the above
generic remarks.
Henson (1948) and Hofker (1963) considered it possible that P. arabicus represented a transitional form
between Dictyoconus and Orbitolina (= Palorbitolina sensu SchroedCT and this study). However this suggestion
is clearly refutable, since the internal structure off. arabicus and its supposed descendant, Palorbitolina
lenticularis, are very diffoent (see above).
Douglass (1960) considered P. arabicus to belong within Simplorbitolina, which according to him, represented
a group of orbitolinids transitional between Dictyoconus and Orbitolina. However, P. arabicus possess an
internal structure which clearly excludes itfromSimplorbitolina.
Global Distribution and Stratigraphic Range
Arabian Gulf, Oman Mountains, Iran, Lebanon, Bulgaria, Yugoslavia, Greece, Southern Italy, Algeria, Portugal,
Grand Banks continental rise.
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Late Barranian - ??Earliest Aptian.
It is likely that this species is restricted to the Late Banemian, since the Early Aptian records of this species are
doubtful. This view was also expressed by Schroeder and Cherchi (1979). Henson (1948) in his original
description of the species consid»ed it to be have a "maximum development" in the Barrranian.
Cherchi et a/. (1981) discuss the geogr^hic distribution of P. arabicus. which has been incorporated in the
above global distribution summary.
Local Occurrence
Late Barremian.
Paleodictyoconus arabicus Subzone.
See range charts provided in C h ^ t ^ 4 for precise distribution.
The restricted range of this species makes it a useful Late Barremian maricer in the Oman Mountains area.
Palaeoecology
Like Palorbitolina lenticularis, appears to occur in the greatest numbers in high energy, often channelized
environments of the outer shelf (Amaund-Vanneau 1980 and pers. comm. 1987). This may relate to the
colonization of environmental niches directly following a transgression (in turn related to a eustatic sea-level
rise?). In this study the species was encountered in the outer platform packstones and grainstones of the Kharaib
Formation.
Suborder INVOLUTININA Hohenegger and Filler, 1977
Family TROCHOLINIDAE Kristan-ToUmann, 1963
Genus Trocholina Paalzow, 1922
Type Species Involutina cornea Schlumberger, 1898
Diagnosis
"Test free, conical, with a base which may be flat, convex or rounded. A proloculus is followed by a
trochospirally enrolled tubular chamber. On the dorsal face which has rarely preserved perforations, all the
whorls are visible. On the ventral face which shows slight relief, only the last whorl is visible and this
terminates in a simple aperture. In the umbilical area a reticulate zone is visible, in the form of an irregular

126.

meshwork, formed by slightly depressed grooves isolating pseudopillars. A marginal zone, smooth or crossed
by radial grooves, can be separated from an umbilical zone by a marginal groove. In axial section, the
pseudopillars and grooves (which may be of two size orders) are interrupted at each whorl. The test, which is
always recrystallised, is geuCTally formed by a crystal mosaic, clear in colour, probably originally aragonite."
(translated from Amaud-Vanneau et al., in press).
Remarks
Reichel (19SS) erected the genus Neotrocholina to incorporate trocholinids characterised by a test formed of
radial hyaline calcite. often amber in colour. In most other respects Neotrocholina is identical to Trocholina.
Subsequent authors have disagreed over the validity of Neotrocholina. Some (eg. Loeblich and Tappan, 1964,
1988; Dessauvagie, 1968) have placed Neotrocholina in synonymy with Trocholina. Others (eg. AmaudVanneau, 1980; Amaud-Vanneau et al., in press) have maintained that the two genera are distinct In this
account the two genera are ccmsidered distinct for the following reasons (mosdy after Amaud-Vanneau et al., in
press):
(1)

The test of Trocholina was probably originally aragonite, now recrystallized to coarse clear
calcite, a phenomenon also observed in originally aragonitic gastropods and dasyclad algae. The
test of Neotrocholina was originally magnesian calcite, now recrystallized to amber tinted radial
calcite. X-ray spectroscopic analysis reported by Amaud-Vaimeau et al. (in press) has confirmed a
significant magnesium content in Neotrocholina, but not in Trocholina. A primary difference in
mineralogy between the two genera was first suggested by Reichel (1955). The difference in wall
structure and colour permits the most direct distinction between the genera, although AmaudVanneau et al. (in press) recorded true Trocholina from Crimea which have an amber tint and
partially radial wall structure.

(2)

The ventral face of Neotrocholina has considerably more relief than Trocholina. In the central
zone large pillars are formed separated by coarse grooves. In axial section these pillars are not
interrupted by the chamb^ whwls as in Trocholina. The pillars also increase regularly in size with
each progressive whcffl.

(3)

The two genera do not have a coincident palaeoecological distribution. Trocholina seems to be
common in infralittoral sediments, whilst Neotrocholina is common in ciicalittoral sediments
(Amaud-Vanneau, 1979; 1980).

127.

It appears that the two genera are homeomorphs developed in sq)arate phylogenetic lineages. The suprageneric
classification of Neotrocholina is uncertain since its originally magnesium calcite test may exclude itfromthe
Involutinina.
The genus Hottingerella was erected by Filler (1983) to describe trocholines with an umbilical canal system.
The type species of this genus is the Early Cretaceous form Trocholina chouberti Hottinger, 1976. However,
Aniaud-Vanneau et al. (in press) have shown that such an umbilical canal system does not occur in this species,
rather the structure represents a network of grooves in the central zone. The genus Hottingerella is therefore
considered to be synonymous with Trocholina.
Coscinoconus Leupold and Bigler variously described as a foraminiferid (Leupold and Bigler, 1935) or a
dasyclad alga (Maslov, 19S8; Harlan Johnson, 1969) is clearly a synonym of Trocholina, as first pointed out by
Henson (1948).
Moullade and Peybemes (1973) erected the genus Hensonina for planispiral and ornamented "trocholines".
They cited Trocholina lenticularis Henson, 1948 as the type species of this genus. Henson, in his description of
T. lenticularis, noted that two separate morphological forms existed which he both assigned to the one species.
However, the holotype of T. lenticidaris is clearly a Trocholina, thusrenderingHensonina synonymous with
Trocholina, although the planispiral, ornamented forms as described by Moullade and Peybemes were also
described by Henson as T. lenticularis. A new specific and possibly a new generic name (the forms may be
attributable to Involutina) is thus required for these foims.
Ichnusella Dieni and Massari (1966) is probably a synonym of Trocholina because the test structure is not
monocrystalline and the calcite (which was probably originally aragonite) on the outer surface of the test can
also be present in Trochotina (PillCT, 1983).
A large number of speciflc names have been assigned to Trocholina or synonymous genera. However, some
woiko's have used comparatively few names tending to lump species into two or three main moiphotypes (eg.
"Trocholina elongata" and 'Trocholina alpina"). On the other hand, some woAas have maintained that a wi(te
variety of species existed.
Whilst recognizing that there is probably considerable ecophenotypic variation within individual species in the
trocholinid group, there certainly exist a reasonable number of species which can be recognised on a variety of
moiphological characters and which have distinct stratigraphic ranges. Amaud Vanneau et al. (in press) have
demonstrated this in some detail. They recognize three major groups of trocholines in the Cretaceous. The first
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are those of the Berriasian - Valanginian which have thin tests; the second, those of the Hauterivian - Albian
have thick tests; the third, those of the Late Albian - Cenomanian have an ornamented dorsal face.
In this study an attempt has been made to rationalize the existing taxonomy of Early Cretaceous trocholinas,
drawing strongly on the recent review of Amaud-Vanneau et al. (in press). The results of this study are
presented in Figure 3.7, and in fiirtha- detail below for those species occurring in Oman.
The following features can be used to define species within TrochoUna:
(i) Test height
(ii) Test width
(iii) Heighuwidth ratio
(iv) Apical angle
(v) NumbCT of whorls
(vi) Test thickness
(vii) Shape of ventral face
(viii) Relief and omam^itation on ventral face
(ix) Length and depth of ventral grooves
(x) ChambCT shape in cross-secticm
(xi) Chamb«'diameter
The results of a compariscm of these features is shown in Figure 3.7 and in the notes below.
For further details of the morphology and taxonomy of Cretaceous trocholinids the reader is referred to the
excellent paper by Amaud-Vanneau et al. (in press).
Trocholina sagittaria Amaud-Vanneau, Darsac and Boisseau (in press)
Plates 3.63 - 3.65
1959 NeotrocholinaO) sp. aff. elongata (Leupold) - Thieuloy, pi. 21. figs. 18-19.
1980 Trocholina aff. elongata (Leupold) - Amaud-Vanneau, pi. 79,figs.18-20.
T

In press Trocholina sagittaria n. sp. - Amaud-Vanneau, Daisac and Boisseau, pi. 1,fig.5, pL 6, figs. 1-10.

Diagnosis
"This species has a slender test, with a moderately thick wall, conical to cylindro-conical, with a pointed apex
and a plane or very slightly convex oral face. The apical angle is relatively sharp (35 - 52*). The tubular
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SPECIES
T. MOLESTA
Gorbatchik, 1959
T. ACUTA
Antonova. 1964
T. KRZYZANOWIENSIS
Sztejn. 1957

Published
Range
Berrs.—
Barr.
Berr.Apt.

Height
mm
0.090.34
0.10.2

Valg.

0.09

Width
mm
0.30.68
0.20.35
0.130.2

H:W
Ratio
0.30.5
0.50.6
0.450.7

Apical
Angle
90°125°
80°85°
7

Number
whorls

Ventral

4-6

Test
thickness
Fine/
Smooth

5-7

?

5-7

Smooth?

Plane

7

7

PlaneConvex
Plane

Face Shape

PlaneConvex
Plane

Relief +
ornament
Distinct
marginal +
central zone

i-ine
marginal
qroove
Reticulate

Ventral
Chamber
Grooves 1 Shape
weak

Ovolsubrectangular

?

Oval

7

7

E. Cret.

0.1

0.25

T. SILVAI
Petri. 1962

L.AIb

0.090.23

0.210.4

0.40.5

80°

6

Smooth?

Berrs.—
Valq.
Berrs.—
Valg.
T. SAGITTARJA
Berrs.—
Arnaud—Vanneau et al. In press Barr.
T. ALTISPIRA
L.AIbHenson, 1948
E.Cenom.

0.641.76
0.82.3
0.420.86

0.20.45
0.450.84
0.260.47

3.23.9
1.82.7
1.61.8

9-13

Fine/
Smooth

slight
Convex reticulation

only in
last whorl

8-12

Fine/
Smooth

strong
Convex reticulation

only in
last whorl

1.02.0

0.520.77

1.92.6

22°25°
40°55°
36°53°
28°45°

T. DELPHINENSIS
Berrs.—
Arnaud—Vanneau et al. in press Valg.
Berrs.—
T. CAMPANELLA
Valg.
Arnaud—Vanneau et ai. in press

0.571.4
0.81.5
0.491-2

0.430.95
0.781.2
0.621.3

1.31.5
11.25
0.80.9

50°63°
57°85°
75°90°

0.421.13
0.330.56
0.310.98

0.51.06
0.50.7
0.441.15

0.81.0
0.51.0
0.70.85

80°95°

T. ELONGATA
(Leupold. 1935)
T. CHERCHIAE
Arnaud—Vanneou et al. in press

0.4

T. ARABICA
Henson, 1948

L.AIb.E. Cenom

T. ALPINA
(Leupold. 1935)
T. BURGERI
Emberger, 1955

Berrs.—
Valg.

T. ODUKPANIENSIS
Dessauvagie, 1968

Berrs.—
Cenom.

T. GIGANTEA

E. Berrs.

0.420.58

1.021.12

0.40.5

T. CHOUBERTI
Hottinger. 1976

Vclcr.g.
L. A l b . E. Cenom

1.532.0
0.651.27
0.671.0

0.270.36

T. LENTICULARIS
Henson. 1948

0.420.72
0.370.79
0.320.45

Gorbatchik + Mentsurovo 1982

T. FLORIDANA
Cushmon + Applin. 1947

Valg.

E. Cret.

9-12
10-13

Slight
thickening
smooth

Fine/
Striatic

PlaneConvex
very
Convex

i

7

weak

Rectongulor

Fine

v«7
short

Triangular
disected
towards
base

only in
last whorl

6-8

Convex

Medium

medium

5-6

Fine/
Smooth

Convex

irregular
reticulum

5-7

Thick/
Smooth

PlaneConvex

•4
5-6
5-9
5-6

Fine/
Smooth
Fine/
Smooth
Fine/
Ornate
Fine/
Smooth?

COMPARISION OF CRETACEOUS TROCHOLINA SPECIES

Semi—circulcn—semi
rectangular
Triangular
disected
towards

Fine

Fine

90°110°

140°

7

Convex

6-8

PlaneConvex

0.45

Reticulate

Fine

7

0.570.6

7

Convex

5-6

120°140°
120°130°

!

only in
last whorl

c. 7 0 °

130°

Reticulate

7

Fine/
Smooth
Fine/
Smooth
Fine/
Punctate

8-9

Con all be considered to be within
the range of variation of T. molesta.
T. krzyzanowiensis hos priority
but is poorly understood.

1

T. MICRA
Duiub. 1972

c. 130°

Comments

Reticulum
+marginol
eyoove
strongdistinct
morginol
+ cenfi-ol zone

very fine
Convex Reticulum
Dense
Convex Reticulum

Saml-ovol iSaected
towards Ap«x
Trlongulor
ds«ctfld
towards
bosa
Triangular
dsocted
towards
base

To lost but
one whorl

Ssnil—c'rculor —

?

7

Strong

OvolTriangulor

Triangular

Weak

semi—
circulor

strong

Triangular
disected
to bose

Convex

Strong

strong

OvalTriongulor

PlaneConvex

Reticulum
Present

?

?

Probable junior synonym of T. alpina

Poorly Described, Possible senior
synonym of T. lenticlaris

Figure 3.7

chambo' is enrolled in 9-12 whorls, and in axial section ai^}ears rectangular. For the entire height of the test, the
tubular chamber always occupies half or sUghtly more than half of the width of the test In axial section, some
rare grooves appear only in the last whorl." TranslatedfiromAmaud-Vanneau et al. (in press).
Hei^t: 0.425-0.8&nm.
Width: 0.26-0.475mm.
Remarks
T. sagittaria is superHcially similar to other cylindro-conical Cretaceous trocholines {Trocholina altispira
Henson, Trocholina elongata (Leupold) and Trocholina cherchiae Amaud-Vanneau et al.). HowevCT it can be
distinguished by its smooth test, rectangular chambo^ in axial section and {q)ical angle.
The diffCTences betweai this species and other Cretaceous trocholines are fully documented in Rgure 3.7.
Global Distribution and Stiatigraphic Range
Southran France, Oman Mountains.
Berriasian - Barremian
Until the records hwein, this species has only been recOTded bam the VCTCWS region of Southern France.
According to Amaud-Vanneau et al. (in press) this species is rare in the Berriasian and Valanginian, and
becomes increasingly common in die Hauterivian and Barrranian.
Local Occurrence
Hauterivian.
Cylindroporella arabica - Acroporella assurbanipali Zones.
See range charts given in Ch^ter 4 for precise sample distributicHi.
Palaeoecology
According to Arnaud-Vanneau et al. (in press), this species occurs in a variety of infralittoral
palaeoenvironments. In this study the species was recorded from shoal and shallow back-shoal lagoonal
environments.
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Trocholina sp. aff. T. sagittaria Arnaud-Vanneau, Darsac and Boisseau
(in press)
Plate 3.66 - 3.67
Diagnosis
This species is similar in all respects excq)t height and width to T. sagittaria as described above. The height and
width of this form is considerably smaller than that of T. sagittaria s. s. although the ratio of these dimensions
remains identical
Height 0.43 - 0.35mm
Width: 0.28-0.20mm
Remarics
This species differs from T. sagittaria s. s. by its smaller external dimensions. It differs from other cylindroconical Cretaceous trocholines by the same features as T. sagittaria described above.
It is possible that this species is a sexual dimorph of T. sagittaria s. s.
Global Distribution and Stratigraphic Range
Oman Mountains.
Hauterivian - ?Bairemian.
Local Occurrence
Hauterivian - ?Barremian.
Cylindroporella arabica - Pomocalculus inopinatus Zones.
See range charts given in Qiapter 4 for precise sample distributi(Hi.
Palaeoecology
According to Arnaud-Vanneau et al. (in press), this species occurs in a variety of infralittoral
palaeoenvironments. In this study the species was recorded from shoal and shallow back-shoal lagoonal
environments.
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Trocholina molesta Gorbatchik, 1959
Plate 3.68
7

1957

Trocholina krzyzanowiensis n. sp. - Sztejn, pi. 10,figs.91a-b.

T

1959

Trocholina molesta n. sp. - Gorbatchik, pi. 4, figs. 1-2.

7

1962

Trocholina silvai n. sp. - Petri, pi. 13,figs.6-7.

1963

Trocholina molesta Gorbatchik - Guillaume, pi. 2, figs. 13-16?, 17-18.

?

1964

Trocholina acuta n. sp. - Antonova et al., pi. 13,figs.10-11.

?

1972

Trocholina micro a sp. - Dulub, pi. 9,figs.5a-c.

1982

Trocholina molesta Gorbatchik - Mantsurova and Gorbatchik, pi. 1, fig. 1, non 2 (=r.
odukpaniensis), pi. 3,fig.5?

1985

Trocholina molesta Gorbatchik - Kutnetsova and Gorbatchik, pi. 12,fig.1.

in press

Trocholina molesta Goibatchik - Amaud-Vanneau et al., pi. 6, figs. 11-21.

Diagnosis
"This species is of smaU size, with a test of moderate thickness, in the form of aregularcone with a open apical
angle (80-125 *). The base is either plane or convex. The tubular chamber is enrolled in 4-6 whorls, and in axial
section appears oval or subrectangular. The oral fsce clearly shows two parts separated by a marginal groove: a
marginal zone, striate, plane or very slightly convex and an umbilical zone, sometimes plane but often convex
with a small number of pseudopillars. The grooves in the marginal zone are few in number and not deep."
TranslatedfiromAmaud-Vanneau et al. (in press).
Height 0.09 - 0.34mm
Width: 0.30-0.68mm
Remarks
Two other Cretaceous trocholines are similar in general appearance to T. molesta: Trocholina odukpaniensis
Dessauvagie and Trocholina alpina (Leupold). T. molesta can be distinguished bom T. odukpaniensis by its
smaller size and thinner wall. It can be distinguished from T. alpina by its smaller size, thicker wall and
chamber shape (those of T. alpina sqipear triangular in axial section).
The diffo^nces between this species and other Cretaceous trocholines are fully described in Figure 3.7.
T. silvai Petri is considered to be a synonym of T. molesta herein (after Amaud-Vanneau et al., in press),
although having b e ^recordedin somewhat younger sediments than T. molesta s. s.
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T. micro Dulub and T. acuta Antonova et al. from the Eariy Cretaceous of Eastern Europe are considered junior
synonyms, although with some reservation because the original figures of these species are unclear and do not
illustrate all the features required for specific determination. However external dimensions, apical angle and
number of whorls are comparable.
T. krzyzanowiensis Sztejn is questionably a senior synonym of T. molesta. It is of similar dimensions, although
the apical angle is less broad. The original illustrations of T. krzyzanowiensis do not permit a complete
comparison of the two species. The original description of T. krzyzanowiensis mentions the test having a cream
colour, a feature which may indicate that this species belongs in the genus Neotrocholina.
Global Distribution and Stratigraphic Range
Crimea, Caucasus, Poland?, Brazil?, Southern France, Switzerland, Oman Mountains.
Berriasian - Banemian (?Late Albian)
Placing T. silvai in synonymy extends the range of this species into the Late Albian, although there are no
Aptian or Early-Middle Albian records.
The record herein of this species extends its geographic range into the Middle East.
Local Occurrence
Hauterivian.
Cylindroporella arabica • Acroporella assuibanipali Zones.
See range charts given in Chapter 4 for precise sample distribution.
Palaeoecology
According to Arnaud-Vanneau et al. (in press), this species occurs in a variety of infralittoral
palaeoenvironments. In this study the species was recorded from shoal and shallow back-shoal lagoonal
environments.
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Trocholina odukpaniensis Etessauvagie, 1968
Plate 3.69

T

1947

TrochoUna sp. 1 - H^ison, pi. 13, figs. 1-4.

1963

TrochoUna sp. 1 - Guillaume, pi. 6, figs. 111-118.

1966

Trocholina sp. aH.friburgensis (Guillaume and Reichel) - Moullade. pi. 12, figs. 17-18.

1968

Trocholina odukpaniensis n. sp. - Dessauvagie, pi. 1, figs. 1-4, pi. 2, figs. 3-5,7.

1969

Trocholina cf.fiiburgensis(Guillaume and Reichel) - Coirad, text-figs. 18c-d.

1976

Trocholina aptiensis locheva - Masse, pi. 14,fig.13.

1976

TrochoUna sp. - Masse, pi. 14,fig.14.

1980

TrochoUna sp. - Amaud-Vanneau, pi. 79, figs. 1-5.

1982

Trocholina molesta Gorbatchik - Mantsurova and Gorbatchik, pi. 1, fig. 2, non 1 (= T.
molesta), pi. 3,fig.5?

in press

TrochoUna odukparuensis Dessauvagie - Amaud-Vanneau et al., pi. 5,figs.7-22.

Diagnosis
This species has a thick test wall, and is a moderately large cone with a plane or slightly convex base. Hie ^ical
angle varies from 90* to 110*. The tubular chamber is enrolled in 5-7 whorls. In the early whorls the
appearance of this chamber in axial section is oval; in the later whorls it is triangular, with the apex being
rounded, and may also appear subrectangular. In the later cases the internal wall of the chamber is pointed
towards the base of the test The oral face posses a strong marginal groove which separates a marginal zone with
radial grooves, from the umbilical zone which is flat or slightly rounded and covered with large grooves.
Occasionally, these grooves are preserved in the preceding whorl. Freely translated from Amaud-Vanneau et
al. (in press).

Hei^t: 0.31-0.98mm
Widdi: 0.44 - 1.15mm
Remaiks
Two other Cretaceous trocholines are similar in general appearance to T. odukpaniensis: T. molesta and T.
alpina. T. molesta can be distinguishedfromT. odukpaniensis by its smaller size and thinner wall. T. alpina can
be distinguished by its Gna wall, and distinctive triangular chambers when seoi in axial section.
The diffoences between this species and otho- Cretaceois trocholines are fully described in Figure 3.7.
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Global Distribution and Slratigraphic Range
West Africa, Pyrenees, Southern France, Switzerland, Sardinia, Crimea, Arabian Gulf, Southern Iran, Oman
Mountains.
Beniasian - Early Craomanian.
This species is rare in the Berriasian and Valanginian, becoming more frequent in the Hauterivian and
Barremian. It is not recorded from Aptian and Early-Middle Albian strata, although occurs in the Late Albian
and Early Cenomanian.
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
See range charts given in Chapter 4 for precise sample distribution.
Palaeoecology
According to Arnaud-Vanneau el al. (in press), this species occurs in a variety of infralittoral
palaeoenvironments. In this study the species was recorded from shoal and shallow back-shoal lagoonal
environments.
Trocholina chouberti Hottinger, 1976
Plate 3.70
T

1976

Trocholina chouberti n. sp. - Hottinger, pi. 1, figs. 1-15.

1983

Hotdngerella chouberti - PillCT, p.l97, not illustrated,

in press

Trocholina chouberti Hottinger - Amaud-Vanneau et al., pi. 5, figs. 1-2.

Diagnosis
This species has a fine walled test of large size, flady conical, and particularly distinctive is the often concave
oral face. The apical angle is very broad and varies between 120' and 140'. The tubular chamber is enrolled in
S-6 whorls. In axial section this chamber ^)pears triangular. The side of this triangle opposite the apex is rather
concave, whilst that opposite the base in flat and lies parallel to the base. In the juvenile stage the chamber
occupies half the width of the test, in the adult stage it occupies no more than a fifth. The grooves of first and
second order form a dense reticulum on the oral face. In axial and subaxial sections, the partitions parallel to the
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oral face are more or less continuous in the last whorl. This structure has been interpreted by riottinger has a
marginal canal system. This interpretation is difficult to accept because the structure can be seen in tangential
and subaxial sections as well as axial ones. It is possible that the structure is a complex marginal canal system,
rather different to that described by Hottinger. Freely translatedfiromAmaud-Vanneau et al. (in press).
Height- 0.42 - 0.72mm
Width: 1.43-2.00mm
Remarks
This species is easily distinguished from other Cretaceous trocholines by its complex basal "canal" networic,
concave base, and size.
The diffCTences between this species and other Cretaceous trocholines are fully described in Figure 3.7.
Global Distribution and Slratigraphic Range
Morocco, SouthCTn France, Oman Moimtains.
Valanginian.
The record of the species herein from the Middle East, greatly extends its geographic range.
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
See range charts given in Ch^ler 4 for precise sample distribution.
Palaeoecology
According to Arnaud-Vanneau et al. (in press), this species occurs in a variety of infralittoral
palaeoenvironments. In this study the species was recorded from shoal and shallow back-shoal lagoonal
environments.
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Subwder GLOBIGERDsflNA Delage and Herouard, 1896
Superfamily ROTALIPORACEA Sigal, 1958
Family GLOBULIGERINIDAE Loeblich and Tappan, 1984
G^us Globuligerina Bignot and Guyader, 1971 emend. Stam, 1986
Type Species Globigerina o:fordiana Grigelis, 1958
Diagnosis
"Test free, chambers coiled in a trochospiral, the height of which may vary from low to high; chambers
spherical to ovate; wall calcareous, perforate, radial, bilamellar. Chamber surface may be pitted, cancellated or
hispid; Aperture umbilical-extraumbilical, and may vary from semicircular to looped arch either narrow and
high to broad and low, bordered with a lip. Previous apertures, when visible, are usually open to the umbilicus"
(from Stam, 1986).
Remarks
Loeblich and Tappan (1984) and Riegraf (1987) regard Globuligerina as the only valid genus of the family
Globuligeridae. All Jurassic and earliest Cretaceous planktonic foraminifo'a described to date can probably be
assigned to this genus. However, Loeblich and Tappan (1988) also recognise the Jurassic genus
Conoglobigerina Morozova, which is extremely similar to Globuligerina, differing in that it constantly
possesses a low, arched, virtually symmetrical intraumbilical aperture. In thin-section (as in this study) the
gena:a are impossible to tell apart
Early Cretaceous species of Globuligerina develop a reticular structure reminiscent of the Barremian - Albian
genus Favusella Michael, 1973 (Riegraf, 1987). However, in Favusella the cellular pores are separated by a
distinct imperforate reticulum, whilst in Globuligerina they are separated only by pustules. It is this feature
which excludes Globuligerinafromthe family Favusellidae Longoria, 1974.
Globuligerina differs from other Mesozoic planktonic foraminifera by its umbilical-extraumbilical aperture
position, spavaai lip and wall structure.
Polskanella Fuchs, 1973 and Caucasella Longoria, 1974 are synonyms of Globuligerina (Grigelis and
Gorbachik. 198(»); Caron, 1985).
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GlobuUgerina hoterivica (Subbotina, 1953)
Plates 3.71 - 3.74
T

1953

Globigerina hoterivica n. sp. - Subbotina, pi. 1, figs, la-c, 4a-c. HautCTivian, Caucasus.

?

1958

Globigerina ojfordiana n. sp. - Grigelis, text-figs. a-c. Early Oxfordian, Lithuania.

1959

Globigerina kugleri n. sp. - Bolli, pi. 23,figs.3a-5. Late Banemian, Trinidad.

1961

Globigerina terquend n. sp. - lovceva and Trifmova, pi. 2,figs.9-14. Tithonian, Bulgaria.

1966

Hedbergella hoterivica (Subbotina) - Salaj and Samuel, pi. 8, figs. 7a-c. Barremian,
Czechoslovakia.

?

1971

Globigerina (GlobuUgerina) ojfordiana Grigelis - Bignot and Guyader, pi. 1,figs.1-4, pi. 2,
figs. 3-4. Late Jurassic, France.

1971

Globigerina (GlobuUgerina) hoterivica Subbotina - Bignot and Guyader, not figured.

1979

Globuligerina gulekhensis n. sp. - Gorbachik and Poroshina, pi. 1, figs. 1-2, text-fig. 1.
Berriasian, Caucasus.

1979

Globuligerina caucasica n. sp. - Gorbachik and Poroshina, text-figs. 2-3. Berriasian,
Caucasus.

1980

Globuligerina hoterivica (Subbotina) - Grigelis and Gorbachik, pi. 2, fig. 3. Hauterivian,
Caucasus.

1985

GlobuUgerina hoterivica (Subbotina) - Caron, pi. 25, figs. 1 (holotype), 2-3 (Early Barremian,
Canary Islands).

1985

Globigerina hoterivica Subbotina - Connally and Scott, pi. 6, fig. F. Berriasian - Valanginian,
Oman Mountains.

1987

Globuligerina hoterivica (Subbotina) - Simmons and Hart, pi. 10.5. fig. 2. Berriasian Valanginian, Oman Mountains.

Diagnosis
"Shell small, strongly convex, turret shaped, consisting of 3 whorls, the last of which contains 4-5 strongly
inflated round chambers which are very closely packed togeth^ so that the sheU has the appearance of a chaotic
accumulation of spherical chambers. The chambers increase in size very gradually so that the last whwl is of
almost uniform dimoisions. Sutures short, slightly curved ac almost straight Umbilical orifices rqnesented by a
large notch around the umbilicus. Orifices with small lips in the form of a narrow border. Walls smooth, with
fine pores. Mean dimoisions: diameter 0.15inm, greatest breadth 0.1mm" (Subbotina, 1953).
Remarks
"The increase in size among the chambers of the last whorl is a variable characteristic. Thus together with the
individuals in which the chambers are almost uniform in size there are others in which the size increases so
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rapidly that the last chamber is approximately half the total volume of the shell. Certain individuals have a
vesicular structure in the umbilical region" (Subbotina, 1953).
This species has also been placed within a number of differrait genera. Bignot and Guyader (1971) were the first
to assign it to Globuligerina (then a subgenus).
The concept of this species has varied considerably amongst previous workers. Some such as Grigelis and
Goibachik (1980a;b) have takra a very narrow view of the species, oth^s such as Masters (1977) have taken a
broader view. In this study a rather broad concept of the species is followed, because the specimens studied are
in thin-section and pending further research into the taxonomy and phylogeny of Late Jurassic - Early
Cretaceous planktonic foraminifoa (see also Appendix 1).
It is possible that G. o:fordiana (Grigelis) is a junior synonym of G. hoterivica, as argued by Masters (1977).
However, this synonymy is not confirmed here pending further research. G. oxfordiana does have fewer
chambers and whorls, and is smaller, although these features may relate to it being a "primitive" form of G.
hoterivica from which G. hoterivica s. s. evolved.
Globigerina kugleri Bolli, Globigerina terquemi lovceva and Trifonova, Globuligerina gulekhensis Gorbachik
and Poroshina and Globuligerina Caucasus Gorbachik and Poroshina, are all regarded as being with the range of
variability, az identical to, G. hoterivica and thus are treated as juniw synonyms.
G. hoterivica differs from Globuligerina jurassica (Hofman) by its much lower spire height Masters (1977)
suggests that G. hoterivica evolvedfrom G. jurassica by a reduction of the spire height.
Global Distribution and Stratigraphic Range
Pan-Tethyan.
(?OxfOTdian) Kimmoidgian - Barremian (?Aptian).
Published global and stratigraphic ranges of this species have varied considerably depending on the authors
concept of the species. Grigelis and Gorbachik (1980a;b) restrict it to the Hauterivian, whilst Caron (198S)
erected a Hauterivian G. hoterivica Zone based on an inception of the species at the base of the Hauterivian,
although according to het the species ranges into the Aptian. Masters (1977) gave the species a mid-Bathonian
to mid-Aptian range. Given the broad concept of the species employed here the later range noted above seem
most likely. At present the records of this species are rather patchy across the Tethyan region. It is expected that
the species will be recorded from most Early Cretaceous Tethyan sediments in fiavorable facies.
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Local Occurrence
All occurrences of G. hoterivica recorded in this study have been observed in thin-section. Because random
thin-sections of planktonic foraminifoa do not permit complete recognition of wall structure, or in some cases,
number of chambers and apertural characteristics, identification to speciflc level cannot be made with full
certainty. However, given therestrictionsimposed by only thin-section study, the specimens cited below seem
to be in close agreement with the description of G. hoterivica.
Early Brariasian - Valanginian/Hauterivian.
Globuligoina hotmvica 2tene.
See range charts given in Chapter 4 for precise sample distribution.
The occurrence of this species in the Rayda and Salil Formations makes it useful as a local biozonal maika.
Palaeoecology
Riegraf (1987)regardedGhbuligerina as a genus typical of the margins of Tethys. He noted further that
a)

The genus displays patchy distributions, mostly in large numbers, stratigraphically followed
by radiolaria.

b)

The palaeolatitudanal distribution of the genus seems to be concentrated in the northern
hemisphere at palaeolatitudes of 20-30 * N, although records ftom outside this zone and in the
southran hemisphrae are known.

c)

Globuligeridae did not occur in true open ocean environments, rather they were associated
with open marine conditions on the edges of carbonate platforms (circalittoral mvironmoits).
Caron and Homewood (1983) supported this hypothesis and suggested that calpionellids may
have prevented these early planktonic foraminifoa from entering the open oceans.

In this study, the species has been recorded in the periodically anoxic basinal - toe of slope Rayda Formation,
and in the slope sediments of the Sail Formation. It is associated with common calpionellids or radiolaria,
although rarely occurs in the same sediments as them. This suggests the above statements by Riegraf (1987) are
likely to be correct, and that the species was typical of platform slope, rather than basinal conditions. Water
depths may have been in the ordo* of SO - 2J0Om.
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3.3: Introduction - Calcareous Algae

The hierarchical classification of calcareous algae used in this study follows that of Wray (1977) and
Wray in Haq and Boersma (1978). It should be noted however, that Early Cretaceous calcareous algae are in
need of thorough taxonomic revision at the specific and generic level, and indeed at the suprageneric level.
Clearly this task is beyond the scope of the present study, so concq)ts of taxa following previous woiicers have
been used. In particular, the concept of Dasycladaceae taxa follows that of Bassoullet et al. (1978) and Elliott
(1968), with a few amendments. For other algal groups taxonomic classification usually follows that of Elliott,
the pioneering workCT on Early Cretaceous Middle Easton microfloras.

In the following section suprageneric discussion is not usually included, although a description,
discussion and comparison of geno'a and subgenera is provided. This is followed by the systematic description
of species within a genus arranged in alphabetical order, unless the type species of a genus is present, which is
always placed first.

For each species a synonymy is provided. The detail of this varies for different species. For those species
which are stratigr^hicaUy useful, or have been taxonomically revised an attempt has been made to provide as a
full a synonymy as possible. This has often been necessary to establish the true stratigraphic and geographic
range of a species. For certain less important species a more basic synonymy is given which outlines the type
description, gen^c shifts and at least one recent well illustrated reference, if available.

Following the synonymy a description of the species is given, followed by remarks concerning
identification of the species, comparison with similar taxa, evolutionary relationships, etc. This is followed by a
stat^nent of the species global distribution and stratigraphic range. The local occurrence of a species within the
study area is given. Rnally a statonent of the palaeoecology of a species is ff.\ea.
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Where possible the goieric and specific descriptions are those given in the original designation of a taxon.
It some cases this may be in the form of a translation. Where the original description is thought to be inadequate
a more thorough recent one is given, cff the original descriptionrevisedherein.

The letter T " before a record of a species in the following synonymy lists indicates the type description
of that species.

3.4 Systematic Micropalaeontology - Calcareous Algae
Phylum CYANOPHYTA Sachs. 1874
Qass CYANOPHYCEAE Sachs, 1874
Order NOSTOCALES GeiUer, 1925
Family RTVULARIACEAE Rabenhorst, 1865
Genus Rividaria Roth, 1802
Type Species Rivularia dura Roth, 1802
Diagnosis
"Globular or hemispherical thallus with erect growth, mono-, bi- or multi-digitate, crossed by trichoms or
pseudobifurcate filaments of sympodial type. Inner diameter of filaments (lumen) of type species is 4-9 microns
and usually varies between 2-70 microns. The angle of divCTgence between filaments varies between 2-20". It
may cff may not show zonal structure". (Description by Dragastan (1985)).
Remarks
Dragastan (1985) introduced this extant genus to describe various species of fossil Cyanophyta. These had
previously been refored to genera such as Cayeuxia Frollo, Diversocallis Dragastan and Pycnoporidium Yabe
and Toyama, which according to Dragastan (1985) are all synonyms of Rivularia (although see section below
on Ethelia for discussion of Diversocallis). These genera have had a somewhat varied taxonomic history
sometimes being placed within the Codiaceae as encrusting forms (eg. Frollo, 1938). Banner et al. (in press)
have shown that these forms are distinct from true encrusting Codiaceae belonging to the subfamily
Lithocodioidea.
Dragastan (1985) provides a complete review of the genus Rivularia in the fossil record, which need not be
repeated hst&. However, of particular note is the comment that most well known Mesozoic species of Cayeuxia
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(eg. Cayeuxia moldavica Frollo) are in fact synonyms of Rivularia lissaviensis (Bomemann) (= Zonotrichites
lissaviensis Bomemann).
The angle of divergence of the filaments distinguishes RivulariafiromOrtonella Garwood. In Rivularia it is 220 •, in Ortonella it is 30-60 *. Dragastan (1975) also describes intermediate forms.
Rivularia Ussaviensis (Bomemann, 1887)
Plate 3.75-3.76
T

1887 Zonotrichites lissaviensis n. sp. - Bomemann, pi. 5, figs. 1-2, pi. 6, figs. 1-2.
1985 Rivularia lissaviensis (Bomemann) - Dragaslan, text-figs. 1-2, pi. 1,figs.1-3, pi. 3, figs. 1-2, pi. 4,
figs. 1-6, pi. 5, figs. 1-5, pi. 6, figs. 1-2, pi. 7, figs. 1-4, pi. 8, fig. 1-5. Also complete synonymy
until 1985.

Diagnosis
"Thallus with wide morphological variability, varying in size from 2.2 x 8mm to 1 x 6cm. Subspherical,
hemisph^cal, columnar-erect or fanlike nodules with more or less flaring borders. Thallus crossed by filamentlike pseudobifurcate cells, sympodially V-shaped, with the angles of divergence 2-10* and 15-20*. The inner
structure of the thallus is compact and the filaments tightly joined and parallel The inn^ diameter of filaments
at base of branches varies between 20-50 microns, only rarely as much as 60 microns. Growth zones may or
may not occur in variable amount depending on the size of the thallus. The small, hemispherical a subspherical
thalli do not exhibit growth zones, but the £anlike or columnar-erect do". (Descriptirai by £>ragastan (1985)).
Remarks
According to Dragastan (1985) this species is the senior synonym of the well known Early Cretaceous species
Cayeuxia moldavica and Pycnoporidium lobatum Yabe and Toyama. It is also, according to him, the senior
synonym of various records of Cayeuxia kurdistanensis Elliott, Cayeuxia piae Frollo, Cayeuxia sp., and many
otho" cyanophyte or codi£tt:ean occurrences.
The species was originally described fiom the Late Triassic of Poland, and thus is considraably long ranging.
Rivularia piae (Prollo) also knownfiromthe Early Cretaceous is similar, but possesses coarsafilaments(75-90
microns in diameter). Rivularia kurdistanensis (Elliott) can be distinguished by its small size, compact intonal
structure,filamoitswith a diameter of 15-30 microns and a low angle of divergence (3-5 *).
POT furtho- discussion of this species and its distinctionfiromother species of Rivularia see Dragastan (1985).
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Global Distribution and Stratigraphic Range
Anisian - Aptian
Pan Tethyan, possibly excluding the New World.
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
See range charts given in Chapter 4 for precise sample distribution.
Palaeoecology
Occurs in high energy, shallow water, bioclastic packstones - grainstones of the Habshan Formation. Also
occurs in IOWCT energy, oncoid rich wackestones.
Water depths are inferred to be very shallow, within the upp» part of the photic zone, probably no more than a
few meto^ at most
Rivulariafruticulosa (JohnsMi and Kaska, 1965)
Plates 3.77 - 3.78
T

1965 Cayewdafrudculosa n. sp. - Johnson and Kaska, pi. 12, figs. 1-2, pi. 13, figs. 1-3.
1985 Rivulariafruticulosa (Johnson and Kaska) - Dragastan, pi. 10, figs. 3-7, pi. 11, figs. 1-5. Also
complete synonymy until 1985.

Diagnosis
Thallus hemispherical, nodular, subsphoical or irregular ellipsoidal, sometimes quite flaring; height c. 3.0mm,
width c. 9.0inm. Inner structure is lax with wide micritic zones between filaments. Filaments pseudobifurcate,
fine with straight, curved or sinuous-irregular line. Diameter of filaments 10-45 microns and angle of
divQ-gence 5-10* (rarely 20*). False furcate filamoits with marked angles. Some filaments show wide, coarsely
recrystallized areas or "ampoules" on the exterior of the thallus and corresponding to the heterocysts (after
Dragastan, 1985).
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Remarks
This species can be distinguished from other species of Rivularia by the very fine size of itsfilamentsand their
relatively broad angle of diverg^ce.
For further discussion of this species and its distinction from other species of Rivularia see Dragastan (1985,
1988).
Global Distribution and Stratigraphic Range
Tithonian - Early Aptian.
Pan Tethyan.
Local Occurrence
Cylindroporella arabica Zxine.
Hauterivian.
See range charts given in Chapter 4 for precise sample distribution.
Palaeoecology
Occurs in high energy, shallow water, bioclastic packstones - grainstones of the Habshan Formation. Also
occurs in IOWCT energy, oncoid rich wackestones.
Wat» depths are inferred to be very shallow, within the upper part of the photic zone, probably no more than a
few meto^ at most
Indetominate Cyanophyte (?) A
Plate 3.79
Diagnosis
This taxa is recorded in only one sample; MS6, where it preserved a distinctive fragment, l.lSmm x 1.00mm.
This is dome-shaped and consists of a internal calcitic area surround by a filamentous micritic area (up to
0.3Smm in thickness). Thefilamentsare quite numerous, are approximately 0.038mm in diameter and can be
seen to bifurcate at a low angle Oess than 10 *).

145.

Remaiks
Thefilamentousnature of this microfossil suggests that is in some way related to the Cyanophyta, probably the
Rivulariaceae. However no genus or species has been found in the published literature which matches the
charactoistics of this taxa.
It is possible that this microfossil is a poorly preserved codiacean, with the "filamentous" outer wall being the
ouva cortex, and the internal medulla having not been presraved.
Global Distribution and Stratigraphic Range
Unknown.
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
See range charts provided in Chapter 4 for precise sample distribution.
Palaeoecology
Occurs in high energy grainstones and packstones of the Habshan Formation. Interpreted as a shallow water
oolitic - bioclastic shoal fringing the carbonate platform.
Phylum RHODOPHYTA Wettstein 1901
Class RHODOPHYCEAE Ruprecht 1851
Order CRYPTONEMIALES Schmitz 1892
Family GYMNOCODIACEAE Elliott, 1955
Genus Permocalculus Elliott, 1955
Type Species Gymnocodiumfragile Pia, 1937
Diagnosis
"Gymnocodiaceae represented by segments and units of variable form; spherical ovoid or barrel-shaped
segments, or dongate-irregular,fing»--likeor "waxing and waning" units. Calcification varying from very thin
to massive or solid; pores small and cortical. Sporangia cortical or medullary. Segments or units usually largo-,
and the poresfiner,than those of Gymnocodium". (Original diagnosis by Elliott (1955)).
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Remaiks
Elliott (1955) erected the family Gymnocodiaceae, which contains only two genera, Gymnocodium and
Permocalculus, for the remains of fossil plants similar to the living marine red alga Galaxaura (order
Nemalionales: family Chaetangiaceae). These fossil forms are believed to have been erect, branched plants, but
are known only from poforate, calcareous segments and fragments. The fossil Gymnocodiaceae are held to be
distinct from their modem counterparts on the basis of greater calcification in the fossil forms and the
disccHitinuous record of similar forms betweoi the Pomian, Cretaceous and Recent
Simmons and Johnston (in press) have reported the occurrence of a species of Permocalculus (Permocalculus
iagtfuensis) in the Miocene Darai Limestone Formation of Papua New Guinea.
Permocalculus can be distinguished £Fom Gymnocodium by the presence of smaller and more numoous pores.
Permocalculus has a peculiar discontinuous fossil record being known from Permian (from were it was
originally recognised) and latest Jurassic, Cretaceous and Neogene sediments. It is often abundant in the Early
to mid-Cretaceous platform carbonates of the Middle East.
Permocalculus inopinatus Elliott, 1956
Plate 3.80-3.85
T

1956 Permocalculus inopinatus n. sp. - Elliott, text-figs. 1-2.
1958 Permocalculus inopinatus Elliott - Elliott, pi. 45,fig.3, pi. 47, fig. 1,3-4.
1971 Permocalculus inopinatus Elliott - Basson and Edgell, pi. 6,figs.5-6.
1976 Permocalculus cf. inopinatus Elliott - Masse, pi. 2,fig.3.

Diagnosis
"Thallusfingerlike,somewhat irregular, circular in cross-section, up to 5mm long and 1.75mm in transverse
diameter, calcification varying between different individualsfroma thin irregular peripheral development to a
nearly solid thallus; sporangia ill-defined, subcortical in position; pores with diameter of 0.020mm at the outer
edge of calcification where they are clearly visible, only occasionally seen extending inwards, when they are
fine and twisted, widening at the surface.
Remarks
This species is very similar to the Permian species Permocalculus solidus (Pia) and Permocalculus digitatus
Elliott and the Miocene species Permocalculus iagifuensis Simmons and Johnston, to which it can be
considered an Cret^eous tomeomorph.
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Two other species of Permocalculus are common in the Early and mid-Cretaceous of the Middle East.
Permocalculus irenae Elliott, typical of the Albian - Cenomanian interval, is smaller in diameto' and length of
thallus and posses significantly smallo' pores (0.015 - 0.007mm). Permocalculus ampullacea Elliott, originally
described from the Hauterivian of Algeria and the Valanginian of Iraq (Elliott, 1959), posses a distinctive
"pinching and swelling" thallus of often greater diameter and length than P. inopinatus, with thin rather than
solid calcification and smaller pores (typically 0.012mm). P. ampullacea is typically preserved as large or
complete fragments, unlike P. inopinatus which is typically preserved as fine debris. The density of pores in P.
inopinatus is also distinctive, there being about 35-50 pores per millimeter, a higha density than that seea in P.
ampullacea or P. irenae.
Global Distribution and Stratigraphic Range
Iraq, Lebanon, Southern France, Oman Mountains.
Barremian - Aptian.
This species, although until now only illustrated from Barremian - Aptian sediments, is thought to have a
Valanginian - Aptian age range in Southern France (Masse and Poignant, 1971; Masse, 1976). In this study it
was clearly recorded from Valanginian/Hauterivian sediments, demonstrating the need to extend its global
stratigraphic range.
Local Occunrencc
Valanginian/Haut^vian - Early Aptian
Buccicroiata hedbergi Subzone - Chofiiatella decipiens Subzone.
Seerangecharts provided in Chapt^ 4 for precise sample distribution.
Palaeoecology
This microfossU occurs in a variety of carbonate platform facies, but is particularly common in bioclastic peloidal wackestones and packstones with Orbitolina, Choffatella and codiaceans. These are suggestive of
deposition in outs' platform (circalittoral) environments.
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Family SOLENOPORACEAE Pia 1927
GaiusAfan«£//flPfender, 1939
Type Species Marinella lugeoni PfendCT, 1939
Diagnosis
Thallus forms rounded nodular masses. Hie thalli are composed of closely packed fine cell threads that have
constrictions and voy thin cross partitions. In the vppei potion of the plants, digitate lobes or iHamhes develop.
The filaments (cell threads) may change directionfrequently.In longitudinal section they have a slightly radial
to fan-shaped arranganent After Johnson (1969).
Remarks
This genus has been recorded horn across all parts of Tethys, in Late Jurassic to mid-Cretaceous sediments.
However, it remains problematic being of uncertain taxonomic affinities. Pfender (1939), in his original
description of the genus, considered it to be a cyanophyte. Johnson (1961,1964,1965), Imaizumi (1965),
Ramahio (1970) and Masse and Poignant (1979) considered it as a green alga (Codiaceae) on the basis of the
presence of tubular filaments. In his 1969 review, Johnson had revised his opinion. He now considered
Marinella to be a red alga of uncertain affinities because of its vague cellular structure. This view has been
shared by numoous other wcrkers including Xi-nan (1986).
Barattolo and del Re (1985) have reviewed this genus in some detail. They, like Dragastan (1980) considraed it
to belong to die Solenoporaceae, because of the general shape of the thallus, density of cell filaments, shape of
the branches, and the absence of rqmxluctive organs and hypothallus. Their view is followed here.
Marinella is similar to a number of algae doubtfully attributed to the genera Lithophyllum and Lithothamnium
(Lithophyllum (?) shebae Elliott, Lithophyllum (?) venezuelensis Johnson and Lithothamnium (?) primitiva
Johnson and Kaska). As first suggested by Poignant (1968) these taxa are probably referable to Marinella,
althou^ furthCT research is required to prove this.
Marinella lugeoni Pfender, 1939
Plates 3.86 - 3.88
T

1939 Marinella lugeoni n.sp. - Pfend», pi. 3, figs 1 -2.

?

1959 Lithophyllum0)shebaen.sp.-EihoVi,pl

I, fig. 1.

1961 Marinella lugeoni Pfaider - Johnson, pi. 31, figs. 1-2.
1965 Marinella lugeoni Pfaider - Johnson and Kaska, pi. 6,fig.2.
?

1965 Lithophyllum (?) venezuelensis n. sp. - Johnson, pi. 89, figs. 1-2.

149.

1969 Marinella lugeoni Pfaider - Johnson, pi. 21, figs. 1-3.
1970 Marinella lugeoni Pfender - Saint-Marc, pi. 2,fig.5.
?

1971 Z,if/iopAy«uOT(?)jAe6ae Elliott-Basson and EdgeU, pi. 7, figs. 2-3.
1971 Marinella lugeoni Pfender - Ramalho, pi. 28, figs. 1-2.
1976 Marinella lugeoni Pfender - Masse, pi. 2,fig.4.
1984 Marinella lugeoni Pfender - Chachi et al., pi. 1,fig.2.
1985 Marinella lugeoni Pfender - Barattolo and del Re. pi. 1, figs 1-2, pi. 2, figs. 1-2.
1986 Marinella lugeoni Pfender - Xi-nan, pi. 2, figs. 1-2.

Diagnosis
The type material of this species is thoroughly reviewed by Barattolo and del Re (1985), to whom the reader is
refrared.
Species of Marinella with nodular thalli, typically 5-7mm wide and 2-3mm high. Digitation of the thalli occurs
only in the upp^ part of the thallus. Only in fully grown specimois does true branching occur. The diamet^ of
thefilamentsrangesfix)m6 microns to 10 microns, and is commonly about 9 microns.
Remarks
This species was originally recorded from the Liassic by Pfendo' (1939). However, this age assignmrat can now
be revised to be probably Late Jurassic (Barattolo and del Re, 1985).
One other species of Marinella is known; Marinella yugoslavica Maslov. This species differs bom M. lugeoni
by virtue of a larger, less compact thallus, and by displaying more extensive branching throughout the entire
thallus. Most Albian - Turonian reccHds of Af. lugeoni can probably be refoied to M. yugoslavica.
Lithophyllum (?) shebae described by Elliott (1959) from Barremian - Aptian sediments of Iraq, is almost
certainly a synonym of M. lugeoni. Comparison of type material is required to confirm this. This specimen
illustrated by Elliott (p.l, fig. 7) is similar to the specimois illustrated hoein (Plates 3.86 - 3.88).
Global Distribution and Stratigraphic Range
Tithonian - Aptian.
Pan-Tethyan
Local Occurrence
Hauterivian.
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r.

Cylindropoiella arabica Zone.
See range charts provided in Chapta 4 for precise sample distribution.
Palaeoecology
In this study, M. lugeoni has been recorded from shallow water, back-shoal, low energy, bioclastic - oncoidal
wackestones. Conrad (1977) also recorded itfromplatform margin environmrats of the Urgonian Platform near
Geneva. Howeva*. more specifically, he associated it with grainstones in a fore-shoal position.
Family SQUAMARIACEAE Zanardini, 1841
Genus Ethelia WebCT van Bosse, 1913
Type Species Ethelia biradiata Weber van Bosse, 1913
Diagnosis
"Thallus may be thinribbon-like,or cnistose withroundedbranches. The central area (medullary hypothallus)
has a plumose structure of threads of cells. These are nearly parallel to the axis at the cratre but curve outward
to the edges which they meet almost perpendicularly. The cell walls are thin. The cell threads continue outward
around the margins with well defined growth layers forming a thin marginal perithallus. Spherical or ovoid
cavities, probably sporangia, develop within the central mass. They are oriented parallel to the cell threads,
sometimes inrows,sometimes irregularly spaced in the tissue" (Johnson and Kaska, 1965).
Remaiks
Massieux and Denizot (1962), and later in a highly detailed paper (1964), showed that the genus
Pseudolithothamnium Pfender (including P. alba Pfender) is a synonym of the Recent squamariacean genus
Ethelia. Ttas is further discussed by Elliott (1963).
Dragastan (1967, 1969) reported a new Barremian - Aptian "gymnocodiacean" genus from Roumania:
Diversocallis. As shown by Bakalova (1975) the type species, Diversocallis undulatus Dragastan is a synonym
of Ethelia alba. Dragastan (1985) considra-s the genus Diversocallis (herein considered to be a junior synonym
of Ethelia) to be a synonym of the cyanophyte genus RiviUaria. This view cannot be supported because the wall
structure of Ethelia (= Diversocallis) is clearly iliodophytic. The affinities of two oiha species of Diversocallis,
D. dianae Dragastan and Bucur and D. moesicus Dragastan and Bucur, is less certain. Dragastan (1985)
considers them to be separate species of Rivularia, however the type iUustrations suggest they may well be
within the range of variation of £. alba.
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A number of new "codiacean" taxa described by Dragastan (1985), although poorly illustrated, appear to be
combinations of several codiacean and non-codiacean taxa, including Ethelia alba. Examples include
Arabicodium hansi, Tethysicodium wrayi and Bacinellacodium calcareus. Many of the taxa described by
Dragastan need detailed study to establish their true affinities.
Ethelia alba (Pfender, 1936)
Plate 3.94
T

1936 PseudolUhothamnium album n. gen and n. sp. - Pfraider, pi. 19, figs. 1-5.
1962 Pseudolithothamnium kahetii (Maslov) - Maslov, pL 7,figs.a-d.
1962 Ethelia alba (Pfend^) - Massieux and Denizot, text-figs. 1-2.
1%3 Ethelia alba (Pfendw) - Elliott, pi. 47, figs. 1-3.
1964 Ethelia alba (Pfender) - Massieux and Denizot, pi. 1, figs. 1-10, pi. 2, figs. 1,5. Also synonymy
until 1964.
1966 Ethelia alba (PfendCT) - Praturlon, text-figs. 13-14.
1967 Diversocallis undulatus n. gen and n. sp. - Dragastan, pi. 8,figs.52-56.
1972 Ethelia alba (Pfraidw) - Fourcade et al., pi. 4,fig.5.
1975 Ethelia alba (Pfend») - Bakalova, pi. 1,figs.1-2, pi. 3,figs.2-3.

?

1978 Diversocallis dianae n. sp. - Dragastan and Bucur, pi. 2, figs. 1-2, pi. 3, figs. 1-2.

?

1978 Diversocallis moesica n. sp. - Dragastan and Bucur, pi. 1, figs. 1-4.
1979 Diversocallis undulatus Dragastan - Masse and Poignant, pi. 2,figs.5-6.

?

1985 Rivularia dianae (Dragastan and Bucur) - Dragastan, pi. 15,figs.2-3.

?

1985 Rivularia moesica (Dragastan and Bucur) - Dragastan, pi. 15,figs.4-6.

?

1985 Arabicodium hansi n. sp. (pro parte) - Dragastan, pi. 25, figs. 5-6.

7

1985 Tethysicodium wrayi n. gen., n. sp. (pro parte) - Dragastan, pi. 26, figs. 1-4.

?

1985 Bacinellacodium calcareus n. gen., n. sp. (pro parte) - Dragastan, pi. 27, figs. 1-3.
1986 Ethelia alba (PfendCT) - Xi-nan, pi. 1,figs.4-5

Diagnosis
"Thallus bladed or ribbon-like, consisting of a central area of large elongated axial cellsfiromwhich develop
branching threads ofroundedelongated cells. Tliese threads curve outward toward the margins forming a loose
perithallic tissue with the cells becoming gradually smaller. At the outer margin are layers of small, nearly
rectangular cells, parallel to the outer surface. Spherical or ovoid cavities, possibly sporangia, have been
reported from the perithallic tissue" (Johnson and Kaska, 1%5).
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Remarks
Commonly well calcified, and has a distinctive yellowish brown tint and a somewhat glassy lustre.

Global Distribution and Slratigraphic Range
Late Jurassic - Eocene.

Pan-Tethyan.

Local Occunence
Hauterivian.

Cylindroporella arabica Zone.

See range charts provided in Chapt^ 4 for precise sample distribution.

Palaeoecology
In all previous records, this species seems to be typically associated with high energy, platform margin
environments, often being found associated with coralline algae in reefs or bioherms. In this study it was
recordedfromhigh ena'gy, peri-shoal environments on the margin of the Thamama ramp.

Phylum CHLOROPHYTA Pascher, 1914
Class CHLOROPHYCEAE Kiitzing, 1843
Older SIPHONALES WUle, in Warming (1884)
orth. muL Blackman and Tansley, 1902
Family CODIACEAE Zanardini, 1843
Genus Arabicodium Elliott, 1957
Type Species Arabicodium aegagrapiloides Elliott, 1957

Diagnosis
Segmented codiacean algae, preserved as elongate, cylindrical segments, circular in cross-section and not
flattened, rarely branching. Possesses a medullary zone of very fine, tangled, non-parallel tubular direads and a
cortex of ajqiroximately radial fine branching threads.

Remarks
Elliott (1%5) considered Arabicodium (and also the Mesozoic codiacean aiga Boueina) to be synonyms of the
well known Cretaceous - Recent genus Halimeda. This view has been supported by Johnson (1968) and Badve
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and Nayak (1983). The genoa are voy similar possessing longitudinal medullary threads and a zone of more or
less radial cortical threads, but as noted by Elliott (1965), Arabicodium does not usually show the branching
thallus of Halimeda, the thallus is not flattened, the medulla zone is much flner and the fllaments are nonparallel, and the cortical threads are also finer than in Halimeda. On the basis of these diffoences Arabicodium
is maintained as a separate genus from Halimeda herein. Clearly however, Arabicodium (and Boueina) are
ancestral to Halimeda. Elliott (196S) suggested that Halimeda sensu striata had arisen by hybridization from
"Boueina" and "Arabicodium".
Elliott (1970,1975,1981,1982) iq)pears to have reversed his 1%5 interpretation since he refers to Arabicodium
and Halimeda as distinct genera.
Conrad and Rioult (1977) pointed out that the evidence available for defining codiacean genera in fossil
occurrences was incomplete, and that different morphological patterns found in different species oi Halimeda
were recognisable in Boueina as well.
Bassoullet et al. (1983) considered Halimeda and Arabicodium to be distinct taxa because of the morphological
diffCTences outlined above, and because of differences in stratigraphical occurrraice.
Riigel (1988) provides a review of the relaticmships between and Halimeda and its fossil relatives.
Arabicodium can be distinguished from Boueina by the finer nature of its internal structure, in particular the
presence of fine, slightly wavy, longitudinal threads in the medulla zone, and a cortex composed of very fine
radial threads.
Aratncodium aegagrapUoides Elliott, 1957
Plates 3.89 - 3.93
T

1957 Arabicodium aegagrapiloides n.sp. - Elliott, pi. 1.figs.7-10.
1965 Arabicodium aegagrapiloides Elliott - Elliott, pi. 23,figs.3-4.

non 1966 Halimeda {Arabicodium) aegagrapiloides Elliott - Praturlon, text-fig. 10.
?

1971 Arabicodium elongatus n. sp. - Dragastan, pi. 7, figs. 1-9.
1973 Arabicodium aegagrapiloides Elliott - Bakalova, pi. 3,figs.3-4,8.
1984 Arabicodium aegagrapiloides Elliott - Cherchi et al., pi. 1,figs.?3-4,5.
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Diagnosis
As for generic description. Specimens are often preserved as cylindrical segments up to 3.0mm in length and
with a diameter of 0.8mm. Segments are circular in cross-section; ends rounded and occasionally incipiently
bifurcated at one end; intonally showing a medullary zone of fine, irregularly twisted longitudinal threads and a
cortical zone of irregular forward directed lateral threads widening sharply at their terminations at the outer
surface; primary calciHcation of cortex dense, that of medulla patchy and irregular; diameter of medulla
approximately half that of whole segmrait (after Elliott, 1957).
Remarks
Other than A. aegagrapiloides, a number of species of Arabicodium have been described. These are: A.
cantabricus Dragastan, A. elongatus Dragastan, A. indica Pal, A. jurassicum Dragastan, A. orientalis Dragastan,
A. texana Johnson, A. bicazensis Dragastan, A. hansi Dragastan and A. tibeticum Yu Jing. However, most of
these species are too poorly described to be sure they are Arabicodium, and others are probable synonyms of A.
aegagrapiloides. A. indica described by Pal (1971) seems to be the most valid species. However, Badve and
Nayak (1983) found only echinoid fragments in the type thin-sections. Bassoullet et al. (1983) provide a
comparison of the described species of Arabicodium.
The distinguishing feature of A. aegagrapiloidesfromany of the above taxa are the small dimensions of its
thallus.
The specimens described as H. (A.) aegagrapiloides by Praturlon (1966) from the Albian - Cenomanian of
Abruzzi, Italy, appear to have medullary filaments which are too coarse and too parallel to be this taxon.
It should be noted that criteria used for distinguishing fossil halimediform species (and genera) are often those
which are highly variable in extant species oiHdimeda (Rugel, 1988).
Global Distribution and Stratigraphic Range
India, Oman, Bulgaria, ?Roumania.
Early Cretaceous (?=Valanginian - Hautaivian/?Aptian).
Questionably described from Barremian (?) sediments of Roumania by Dragastan (1971) as A. elongatus n.sp.,
although this species has slightly largo- dimensions than typical A. aegagrapiloides. Bakalova (1973) described
more typical specimensfromthe Early Cretaceous of Bulgaria.
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Cherchi et al. (1984) have described somewhat questionable specimens from Aptian sediments of Ladakh,
India.
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
See range charts provided in C h ^ t ^ 4 for precise sample distribution.
Palaeoecology
Arabicodium is thought to have inhabited similar environments to modem-day Halimeda (see Ghose (1977) for
a summary of the environmental distribution of this genus). Typically this would include clear, shallow water
(0-lOm b.s.l.), low-moderate aiergy, platform, especially lagoonal, environments.
The specimens found in this study are from shallow water shoal and proximal back^shoal environments. Like
the specimens of Neomeris and Cylindroporella associated with them, they have probably been transported
offshore from a sheltered lagoonal environment. The large segmented nature of Arabicodium permits a
moderate degree of transportation.
Bakalova and Khrischev (1973) recorded A. aegagrapiloides from similar environments in the Early Cretaceous
of Bulgaria to those noted in this study. They recorded itfromthe high energy "peripheral littoral zone", an area
with oolitic shoals, andfromthe "reef zone" fringing the platform.
Genus Idthocodium Elliott, 1956 emend. Banno' et al., in press
Type Species Lithocodium aggregatum Elliott, 1956
Diagnosis
"A codiacean genus of the subfamily Lithocodioidea...; initially encrusting, may in later growth become nodose;
the subdermal tubular filaments of the medulla are irregularly arranged, and encrust each other in various
directions which are dominantly subparaUel to each odier and are lHX>adly oblique to, or nearly atrigjitangles to.
the long axis of the encrusting or nodular thallus; the subdermal filaments may bifurcate or trifurcate or
variously ramify, and broaden before and during ramification, and are consequently of variable diameter;
subdermal filaments are irregularly septate; in the area of terminal growth, the filaments narrow, become
subparallel to the long-axis of growth of the previously formed encrustation or nodule (i.e., they become
sutq)erpendicular to the planes of the subdermalfilaments)and become heavily encrusted with microgranules of
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calcium carbonate to form a relatively heavily calcifled cortex; in the cortex, the relatively narrow tubular
filaments also bifurcate, trifurcate or variously ramify, but they diminish in diameter as they do so, so that the
outmost cortical filaments (which have undergone the most ramifications) are the narrowest; the cortical
filaments are terminated by a continuous thin sheet of calcium carbonate and are not open to the exterior, but
this terminal sheet may be followed by resumed (originally lateral, then supraterminal) growth of subdermal
filaments which are followed by another cortical development". (Emended diagnosis by Banner et al. (in
press)).
Remarks
Banna*. Hnch and Simmons (in press) have thoroughly reviewed the palaeobiological significance, taxonomy,
pal^oecology, etc of this genus. Extensive use of this ipspa is made herein, and a copy of the papa is included
within Appendix 2 of this thesis.
Banner et al. (in press) emended the diagnosis of Lithocodium (as reproduced above) to include the features
seen within specimens previously described as Bacinella Radoicic^ to emphasize the codiacean nature of this
organism, and to highlight the differences between it and the closely related genus Radoicicinellopsis Banner,
Finch and Simmons, and more questionably related "genus", Bacinellacodium I>ragastan (see above section on
Ethelia).
The biological affinities ol Lithocodium and its relationship to Bacinella have been the subject of some debate
since the goius wasfirstdescribed by Elliott (1956).
In his original description of Uthocodium from the Early Cretaceous of Iraq, Elliott (19S6)firmlyreferred this
genus to the codiacean algae. Quite indepoidently of the proposal of Lithocodium, Radoicic (19S9) described a
new genus and species, Bacinella irregularis,fiomBarremian - Aptian limestones of the Yugoslav Dinarides.
This was considoed by Radoicic to be "algae incertae sedis".
Although some authors (eg. Poignant, 1968; Lupeito Sinni, 1979; Alsharhan, 1985; Simmons and Hart, 1987)
have concluded that Uthocodium and Bacinella are synonymous genera of the Codiaceae, others (eg. Barattolo
and Pugliese, 1987; BourouUec and Deloffre, 1968; Elliott, 1963; Jaffrezo. 1975; Ramalho, 1979) have
considered them as separable, probably distinct genera of that same suprageneric group. Some (eg. Chrischev
and Bakalova. 1974; Johnson. 1968,1969) have been willing to refer Lithocodium to the Codiaceae. but have
been unhappy to consider Bacinella as anything but "algae inceriae sedis". Opposed to this view is diat of those
who believe Litkocodium and Bacinella to have had an organic origin, but do not belong to the Codiaceae
(Segonzac and Marin. 1972). Masse (1976) has suggested that these microfossils were of botanical but multiple
origin, comparable to the algal symbioses seen in terrestrial lichens. Maurin et al. (1985) and Maurin (pers.
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comm., 1988) have claimed the origin of both genera was universally microbial To support this claim the have
described "liacinellid-textuFes" from the Precambrian to Recent, and demonstrated the presence of bacteria in
SEM preparations of Early Cretaceous Bacinella. However, as pointed out by Baimer et al. (in press), these
could easily be contaminants, or have nothing to do with the construction of the organism. Similarly the highly
structured nodular appearance of many "Lithocodium - Bacinella" specimens (eg. Ramalho, pi. 29, flg. 1)
dranonstrates that they have nothing in common with layered, unstructured stromatolites of gaseous, microbial
origin.
Two key questions thus arise: are Lithocodium and Bacinella synonymous, and what are their origins? Banner et
al. (in press) demonstrate that Lithocodium is the senior synonym of Bacinella and that this organism is a
codiacean alga, as originally desoibed by Elliott (1956). Their arguments are summarized below.
(i) The global and stratigraphic ranges of Lithocodium and Bacinella are remarkably similar. Both are
known with certainty from the Late Jurassic - mid-Cretaceous limestones of Tethys, in the
Potugal to China area.
(ii) The similarity of stratigraphic range and geographical distribution is paralleled by that of the
morphology of the type specimens of the principal taxa concerned. Elliott (1956) illustrated
microphotographs of three specimens of L. aggregatum, which represented the holotype and two
paratypes derived from the same subsurface sample. Together, they show the character typical of
Lithocodium - an encrusting or nodose growth-mode in a codiacean with a subdermal skeletal
structure similar to that of regularly segmented genera (like Halimeda). One of the paratype
specimens (Elliott, 1956, pi. 1, fig. 4) shows particularly well that the inner, irregularly orientated
but coarse filaments could be surrounded by an outer layer of much finer, sub-radial filamraits, and
that, in both layers, thefilamentscould be separated by calcified tissues as thick, or even thicker
than, thefilamentsthemselves. This paratype is very similar indeed to the holotype of Bacinella
irregularis.
(iii) The holotype of Bacinella irregularis (Radoicic, 1959, pi. 3, fig. 1) is thus comparable to die type
specimens of Lithocodium aggregatum, which thus places Bacinella into synonymy with
Lithocodium. Howevo", the illustrated paratype of Bacinella irregularis (Radoicic, 1959, pi. 3, fig.
2) has present only the inner layer of the thallus (no cortex is visible). The filaments are of the
coarser kind and are very randomly arranged; their cells are divided only by thinly calcified walls.
It is this "vacuolated" and apparently poorly organized structure, regardless of the precise
morphology of the holotype, which has been taken by many authors to typify Bacinella, and led to
its codiacean origin being questioned. However, as demonstrated by Banner et al. (in press), this
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structure corresponds to the inner medulla zone of a codiacean, and is largely aresultof variable
calcification within the organism - a feature which should not be used for systematic distinction
(Bassoullet et ai, 1977).
(iv) Thus in simplistic terms Lithocodium represents the cortex and Bacinella the medulla of a
codiacean algae. Banns' et al. (in press) illustrate the intorelationship of the two forms, which can
be found separately because of variable calcification within the organism. Often only the
"bacinellid" medulla structure is preserved because Lithocodium, imlike most codiaceans, calcified
first internally rather than externally. Segonzac and Marin (1972) also illustrated the
interrelationship of Bacinella and Lithocodium, demonstrating that the two forms clearly were
formed by the same (ffganism.
The genus Pseudolithocodium Misik is considered by Banner et al. (in press) to be a junior synonym of
Lithocodium. This form illustrated by Misik (1979) is clearly corticate, like Lithocodium, but in which "the
tubes of (the) cortical layer are densely packed, not submerged in micrite" (Misik, 1979, p. 709). This
difference, a result of the degree of calcification, which can be extremely variable, seems an unsuitable means
for taxonomic distinction.
Bacinella? sterni Radoicic (asfiguredby Radoicic (1972) from the Cenomanian of Yugoslavia), follows the
same pattern of growth and calcification as in Lithocodium, but diffa^ in the great reduction (almost to terminal
absence) of a cortex. This species was described under a new generic name by Banner et al. (in press):
Radoicicinellopsis. Banner et al. (in press) suggest that the opposite morphological trend is displayed by the
Tithonian - Aptian taxon with a variably calcified medulla but a heavily calcified cortex, distinguished as
Bacinellacodium calcareus by Dragastan (1985). In Bacinellacodium the cortical filaments are distinctly
thinner, longer and more parallel, in comparison to Lithocodium. The medulla zone is essentially the same in
both genera, but may be very weakly calcified in Bacinellacodium. In this later genus, the overall structure is
distinctly codiacean, with strong medulla - cortex difi^erentiation. However, as noted in the above section on
Ethelia, the type figiu'es of Bacinellacodium are poor, and it may be that is in fact a combination of taxa,
possibly E. alba and L. aggregatum. Further studies are required of type matoial of this genus.
Banner et al. (in press) erected a new subfamily of the Codiaceae, the Lithocodioidea, to accommodate
Lithocodium, Radoicicinellopsis and Bacinellacodium, which are clearly distinct from erect, regularly
segmented Codiaceae. such as Halimeda, which display relatively regular calcification and were originally
aragonitic, unlike Lithocodium. etc., which are thought to be originally calcitic. The erect, aragonitic forms were
placed by Banna et al. (in press) into a separate new subfamily, the Halimedoidea.
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The Lithocodioidea are typified by a thallus which is encrusting, lacks uniformity in the extent of calcification
which began internally, posses filaments divisible into an internal medulla and external cortex. The calcareous
skeletal was probably primarily calcific.
Uthocodium aggregatum Elliott, 1956 emend. Banna- et al. (in press)
Plates 3.95 - 3.104
T

1956 Lithocodium aggregatum n. sp. - Elliott, pi. 1, figs. 2,4-5.
1959 Bacinella irregularis n. sp. - Radoicic, pi. 3, figs. 1-2.
1963 Bacinella irregularis Radoicic - Elliott, pi. 48, fig. 3.
1964 Lithocodium aggregatum Elliott - Praturlon, text-figs. 28-29.
1971 Lithocodium aggregatum Elliott - Ramahlo, pi. 9, fig. 1. pi. 28,figs.3-5, pi. 29,fig.1.
1971 Bacinella irregularis Radoicic - Ramahlo, pi. 9, fig. 1, pi. 29, figs. 1-2.
1971 Lithocodium aggregatum Elliott - Basson and Edgell, pi. fig. 1.
1972 Bacinella irregularis Radoicic - Fourcade et al., pi. 4, fig. 8.
1972 Lithocodium sp. - Fourcade et al., pi. 4, fig. 9.
1972 Lithocodium aggregatum Elliott - Bacinella irregularis Radoicic - Seganzac and Mann, pi. 11.
1976 Bacinella irregularis Radoicic - Masse, pi. 8, fig. 12.
1979 Lithocodium morikawai Endo - Misik, pi. 2, fig. 1.
1979 Pseudolithocodium carpaticum n. sp. - Misik, pi. 2,figs.2-8.
1987 Bacinella irregularis Radoicic - Barattolo and Pugliese, pi. 42,fig.2.
1987 Lithocodium aggregatum Elliott - Barattolo and Pugliese, pis. 51,57.
In press Lithocodium aggregatum Elliott - Banner et al., pis. 1-5.

E)iagnosis
"A species of the genus Lithocodium as defined above, in which the cortex isregularlyformed and possesses
two or more (usually three or more) phases of branching and diminution in size of the cortical filaments. The
cortical filaments are circular or subcircular in cross-section, but those of the medulla are of irregular crosssection sihape. The thalli are 1 to 5cm thick". (Emended diagnosis by Banner et al. (in press)).
Remarks
This species was reviewed and the diagnosis emended in the study by Banner et al. (in press). Hie emended
diagnosis takes into account the fact that "Bacinella irregularis" represents the medulla structure of this
codiacean algae.

160.

As discussed above, Bacinella irregularis and Pseudolithocodiian carpaticum Misik are considered to be junior
synonyms of this species.
The genus Lithocodium is presently monotypic. Lithocodium regularis described by Johnson (1968) was a
complete error. It is in fact a foraminifera - Buccicrenata hedbergi. Lithocodium japonicum Endo and
Lithocodium morikawai Endo, do not seem to be sq)arable at species level from the range of variation observed
in L. aggregatum.
Global Distribution and Stratigraphic Range
Pan Tethyan, with the possible exception of the New World.
Oxfordian - Albian.
Johnson (1969) recorded, but did not illustrate, this speciesfromCuba, Texas and the Blake Escarpment
Local Occurrence
Hauterivian - ^tian.
Cylindroporella arabica - Salpingoporella dinarica Zones.
See range charts provided in Chapter 4 for precise sample distribution.
Palaeoecology
Most of the records of Lithocodium aggregatum (and synonymous references to Bacinella irregularis) which
are cited above, and which give sufficient information for the palaeoenvironment under which the miciofossils
were deposited to be assessed, indicate that most occurrences of this alga are from marine, micritic limestones.
If the limestones are sparitic, the Lithocodium specimens are usually found encased in micrite, and they are
clearly allochthonous, having been transported and redepositedfirommicritic oivironments. These occurrraces
are rare; in situ specimens, in which no apparent abrasion or erosion has occurred, are found in abundance in
calcareous, micritic limestone of mudstcme or wackestone packing.
The micritic matrix in which Lithocodium usually occurs indicates low palaeocurrent velocities (broadly
equivalent to those which would allow settlement of argillaceous mud, and therefore probably not exceeding
about 10 cm/sec speeds), and, therefore, the occurrences are unlikely to be commonly in inner-shelf
palaeoenvironments, but more likely to have been in water deeper than this. This agrees with the lack of
association of Lithocodium with acknowledged shallow-water Codiacea (such as Arabicodium, Boueina, etc).

161.

but with its occurrence with "deeper-water" dasyclads (Acicularia, Salpingoporella, etc), and the calcitic
dasyclad "Salpingoporella" dinarica Radoicic). Hiis is also in agreement with palaeodepth-estimations usmg
associated foraminifera. Other palaeoenvironmental estimates (palaeosalinity, palaeotemperature) based on
associated foraminifera and other microfossils are in line with the conclusions given below. Also, the
palaeogeography is that which clearly associates the known occuuences of Lithocodium with Tethys.
As a result, it is estimated that the palaeoenvironment favoured by Lithocodium was that of a warm, fully
marine, well oxygenated, calcium carbonate rich, mid-shelf sea (possible palaeodepths of abundant, in situ
specimens ranging from ca. ISm to ca. 60m b.s.l.). This is quite differentfiromthat which would be concluded
from the opinions published by Maurin et al. (1985).
Some workers, eg. Elliott (1968), Conrad (1977) and Bakalova and Khrischev (1973) associate Lithocodium
with high enCTgy, platform margin conditions, where the taxon is recorded in platform fringing reef settings or
close tofringingshoals.
In this study, Lithocodium as been recorded in a variety of environments, but most notably in a high energy
peri-shoal setting (Habshan Formation), or in a low energy, interior platform setting (Shuaiba Fwmation).
OrdCT DAS YCLADALES Pascher, 1931
Family DASYCLADACEAE Kiitzing, 1843 orth. mut Hauck, 1884
Genus Acicularia d'Archiac, 1843
Diagnosis
Calcareous spicules, typically elongate appearing circular or ovoid in transverse section, set peripherally with
small sphoical cavities; in life part of the fotile whcB*] of the plant (after Elliott, 1968).
Remarks
Acicularia was proposed by d'Archiac (1843) for certain fossil spicules occurring in Eocene sediments of the
Paris Basin. Their algal origin was recognised by Munier-Chalmas (1877) and the genus is extant. Qosely
related to Acetabidaria, the living plant is a few coitimetres high and posses a slendo' stem bearing an inverted
umbrella shaped disc at the apex. This is made up of radially arranged rays that contain spherical sporangial
cavities. Fossils are usually individual rays orfragmentsresulting from the disaggregation of the ^ical disc. It
is possible thatAcetabularia and Acicularia are the same organism, at least in the Tertiary and Recent, with
Acetabularia being the living plant and Acicularia its fossilized remains.
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In thin section Acicularia can easily be confused with Terquemella, which are similar discoidal or spherical
bodies, thought to be sporangial structures from the walls of fossil Bometellae (MoreUet and Morellet, 1913;
1922). In transverse sections they appear idoitical, but the elongate nature of Acicularia can be distinguished in
longitudinal secticms.
The questionable dasycladacean Coptocampylodon is also very similar when seen in thin section, but can be
distinguished by the presence of longitudinal grooves ratho- than sphedcal sp(Hangial cavities, which are seen in
longitudinal section. In addition, some species oi Coptocampylodon posses a central canal, a feature never seen
in Acicularia.
Barattolo (1983) has described isolated reproductive organs of dasycladsfiromthe Cretaceous of the Ap^inines,
Italy, under the name Russoella. These are small, flattened, lenticular bodies with a small number of cavities,
which are superficially similar to Acicularia, but can be distinguished by theirflattened,non-spicular shape.
Acicularia antiqua Pia, 1936
Plates 3.105-3.106
T

1936 Acicularia antiqua n. sp. - Pia, pi. 3, figs. 1-14.
1968 Acicularia antiqua Pia - Elliott, pi. 1,figs.1-3.

Diagnosis
"Rounded, cuneiform, calcareous bodies, circular or ovoid in cross-section, containing numerous submarginal
spherical hollows (sporangial cavities). Length up to 0.78mm, with a maximum diameter of 0.364mm. The
sporangial cavities are consistenUy about 0.04mm in diameter, and in thin section appear set apart by their own
diametCT os a litde more along the margins of the spicules." (Description by Elliott (1968)).
Remarks
The distinction between this species and the supoficially very similar Coptocampylodon lineolatus Elliott and
species of Terquemella is cov»ed in the above generic remarks.
Acicularia elongata Carozzi can be distinguished from A. antiqua by its more elongate oudine, whilst
Acicularia endoi Praturlon is larger with larger sporangial cavities, which are regularly arranged and give a
distinctive starred ^>pearance in transvose thin section.
Global Distribution and Slratigraphic Range
North AMca, Middle East
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Valanginian - Cenomanian.
Originally describedfromthe Cenomanian of Libya, this species is often very common in the Early Cretaceous
of the Middle East Elliott (198) also recorded but did imt illustrate specimens firom the Maastrichtian of Iraq.
Local Occurrence
Valanginian/Hautoivian - Hauterivian/Banemian.
Buccicrenata hedbergi Subzone - Pesmocalculus inopinatus Zone.
See range charts provided in Cluster 4 for precise sample distribution.
Palaeoecology
Modem-day dasyclads, including Aceiabularia (?= Acicularia), are typically found living in very shallow water
depths (usually less than 5m b.s.l.) (Elliott, 1968; Wray, 1977). However, the small size oi Acicularia spicules
means that they can easily be transported to much greater dq)ths offshore.
In this study A. antiqua was recorded from a number of facies, but particularly low energy, back-shoal and
lagoonal micrites and bioclastic wackestones.
Genus Acroporella Praturlon, 1964, emend. Praturlon and Radoicic, 1974
Type Species Acroporella radoicici Praturlon, 1964
Diagnosis
Cylindrical, not segmented Dasycladaceae having whorls of long primary branches distally ramiHed in clusters
of button-like secondary twigs (from the emended diagnosis of Praturlon and Radoicic, 1974).
Remarks
In the original diagnosis of Praturlon (1964) the branches V/CK considered to be non-ramified and akrophorous.
However, this was emended by Praturlon and Radoicic (1974), who illustrated that the type species, A.
radoicici, possessed distally ramifying branches. This emendation may exclude Acroporella assurbanipali
Elliott and Acroporella nissovensis Bakalova bom the genus, since both species appear to have only one order
of iHBnches. Howevo-, both the above species and the genus are still pooriy known, and further study is required
befOTe any taxonomic reassignment takes place.
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Four other genera are similar to the emended concept of Acroporella in possessing two orders of branches;
Suppiluliumaella Elliott, Montenegrella Sokac and Nikler, Linoporella Steinmann and Triploporella
Steinmann. Acroporella can be distinguished from the first three genera by the characteristics of the primary
branches (which widen regularly through their entire length) and secondary branches (which are distinct and
short). Triploporella can be distinguished from Acroporella by the nature of the secondary branches. In
Triploporella these are fine, elongate and perpendicular to the ajus of the stem, in Acroporella they are oblique
to this axis and short and button-like.
Acroporella radoicici I'ratuiion, 1964
Plates 3.113-3.117
T

1964 Acroporella radoicici n. gen and n. sp. - Praturlon, text-figs. 8-11.
1974 Acroporella radoicici Praturlon - Praturlon and Radoicic, text-figs, la-b, 2a-d, 3a-d.

Diagnosis
Species oi Acroporella with cylindrical, unsegmented thallus. Primary branches arranged oblique to the long
axis of the thallus (1S-4S), in euspondyl altonating whorls.
Remarks
Bassoullet et al. (1978) recorded the following dimensions for this species:
D: 0.36^.7mm
d: 0.17-0.33mm
p: 0.05-0.07mm
w: 8-12
h: 0.085-O.llmm
L: 5.4mm
Distinguished from A. assurbanipali by its smallo- size and the shiq)e (and ramiOcation?) of its branches.
See also genoic remarks and section below on A. assurbanipali.
Global Distribution and Stratigraphic Range
Hauterivian - Aptian.
Italy, Yugoslavia, Oman.
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The stratigraphic range of this poorly known taxon is not well documented. It has questionably been recorded
from Israel (Johnsrai. 1968) and Portugal (Bathou, 1973).
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
See range charts provided with Ch^ter 4 for precise sample distribution.
Palaeoecology
Like most dasycladacean algae, this species is associated with very shallow, low en^gy platform conditions. In
this study it was recorded from proximal back-shoal facies.
Acroporella assurbanipali Elliott, 1968
Plates 3.107-3.112
1965 Acroporella assurbanipali Elliott (in press) - GoUestaneh, pi. 75, figs. 1-3.
T

1968 Acroporella assurbanipali n. sp. - Elliott, pi. 1,fig.5.
1978 Acroporella? assurbanipali ElUott - BassouUet et al., pi. 1, fig. 1.
1987 Acroporella assurbanipali ElUott - Simmons and Hart, pi. 10.3, fig. 5, text-fig. lO.Sd.

Diagnosis
"Cylindrical tubular calcified dasyclad, external diameter 1.36mm, internal diamet^ 0.55mm (40% of external);
successive near-horizontal verticils, probably 3 or 4 per mm of tube-length, of perhaps twelve radial branches
each. The single branches communicate with the stem-cavity by a pore of about 0.052mm diameter; they then
swell out to a fig or flask shaped cavity of 0.182mm maximum diameter, narrow to a slightly curved tube of
0.078mm diameter, and at the outer surface flare out to a shallow terminal diameter of 0.156mm'' (Elliott,
1968).
Remarks
As noted in the above generic remarks, it is uncertain if this alga belongs to the emended genus Acroporella.
Further study of this poorly known species is required to clarify its taxonomic position. It is hoped to document
more material from the prolific level in Oman were the specimens of this study were found, in order to clarify
the taxonomy and morphology of this species.
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Elliott (1968) distinguished this species from A. radoicici by its much larger dimensions and by the sh^)e of its
branches.
Global Distribution and Slratigraphic Range
Iraq, Iran, Oman Mountains, Arabian Gulf (BP internal rqwrts).
Valanginian - Hautoivian.
This species forms a useful zonal marker for Valanginian - Hauterivian sediments in the Middle East It appears
to be oidemic to the Middle East
Local Occurrence
Hauterivian.
Cylindroporella arabica - Acroporella assurbanipali Zones.
See range charts provided in Chapter 4 for precise sample distribution.
Palaeoecology
Like most dasycladacean algae, this species is associated with very shallow, low enwgy platform conditions. In
this study it was recorded from lagoonal, back-shoal facies. Large accumulations of debris of this species,
"dasycladacean packstones" are thought to have gathered in tidal(?) lagoonal channels.
Genus Acdnoporella Giimbel in Alth, 1882
«nend. Conrad, Praturlon and Radoicic, 1974
Type Species Gyroporella podolica Alth, 1878
Diagnosis
Cylindrical stalk bearing regularly spaced, disc-like whorls of branches. More or less marked outgrowths or
excrescences, occur at the branches' proximal ends. These outgrowths develop upper and/or lower "coronas"
surrounding the stalk. The term "corona" is used in the same sense as the characteristic structure present in the
Recent genus Acetabularia (based on the emended diagnosis of Conrad et ai, 1974).
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Remarks
Conrad et al. (1974) presented a complete review of the genus Actinoporella and its constituent species, to
which the reader is recommended for further details. They emended the generic diagnosis on the basis of the
detailed study of topotypes.
According to Conrad et al. (1974), Verticilloporella Raviv and Lorch is a junior synonym of Actinoporella.
They also considered "Dasycladacea" dalmatica Radoicic (nom. nud.) and Radoiciciella Dragastan (pro parte)
to be junior synonyms.
Two fossil genera may be confused with Actinoporella: Clypeina Michelin and Pseudoactinoporella Conrad.
However, neither of the two later genera develop any special structures (i.e. coronas) at the proximal ends of
their branches. Both these genera, like Actinoporella, have widely spaced whorls of branches, and may be
confused with Actinoporella in tangential sections which do not cut the branches' ptjximal ends.
Actinoporella podolica (Alth, 1878)
emend. Conrad, Praturlon and Radoicic, 1974
Plates 3.118-3.123
T

1878 Gyroporella podolica n. sp. - Alth, pi. 6, figs. 1-8.
1882 Actinoporella podolica (Alth) - Alth, p. 322, not figured.
1955 Clypeina lucasi n. sp. - EmbergCT, pi. 24, figs. 1,2,7.
1958 Actinoporella podolica (Alth) - ElUott, pi. 45, fig. 1, ?pl. 47, fig. 5.
1960 Clypeina harrazaensis n. sp. - Emberger, text-fig. 27.
1968 Actinoporella podolica (Alth) - Elliott, pi. 1,fig.2, ?4,7.
1968 Clypeina lucasi Emberger - Elliott, pi. 5,fig.4.
1968 "Dasycladacea" dalmatica n. sp. - Radoicic, pis. 12-16.
1970 Verticilloporella dalmatica n. sp. (pro parte) - Raviv and Lorch, pis. 1-2.
1971 Radoiciciella subtilis n. sp. (pro parte) - Dragastan, pi. 4, figs. 5,8.
1974 Actinoporella podolica (Alth) - Conrad et al., pis. 1-2, 4-6, 8-12. See also for a complete
synonymy until 1974.

Diagnosis
Species oi Actinoporella possessing corona structures on both the upper and lower faces of the whorls.
Following these proximal structures, the branches are more or less perpendicular to the stalk and widen out
progressively, towards their rounded and slightly raised distal ends. The wall calcification is made up of a single
layer of sparry calcite (based on the onended diagnosis of Conrad et al. (1974)).
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Conrad et al. (1974) reccvded the following dimensions for A. podolica:
Maximum height of thallus: S.7mm
Greatest numb^ of whorls in a thallus: 7
OutCT diameter (D): 0.7 - 3.2mm
Diameter of stalk (d): 0.18 - 0.85 (1.85?)nun
Distance between whorls (h): 0.33 - 0.72mm
Numbo* of branches in a WHOTI (W): 12-24
Remarks
As can be seen from the abovefigures,the dimensions of this species are quite variable. Conrad et al. (1974)
further noted that the corona structures characteristic of this species are most strongly developed in Late
Neocomian and Barremian specimens, and that Barremian specimens are much larger than those of Earliest
Cretaceous - Latest Jurassic age.
Conrad et al. (1974) suggested that Pia's (1920) well known reconstruction of A. podolica in fact represented a
combination of two different species and they presented their own reconstruction based on their emended
diagnosis of the species.
A number of other Early Cretaceous dasyclad species may be confused with A. podolica. In particular
Clypeina? solkani Conrad and Radoicic (often described as Munieria baconica Hauth), Clypeina marteli
Emberger and Pseudoactinoporella fragilis Conrad are easily mistaken for A. podolica in random sections.
However, as noted in the above generic remarks, neither Clypeina nor Pseudoactinoporella possess the corona
structure of Actinoporella.
Clypeina durandelgai Jaffirezo and Fourcade, possess corona structures only on the lower part of each whorl.
This serves to distinguish itfiomA. podolica, but furthermore, as a result of this structure, the species should be
transferred to Actinoporella.
Five other species have been described xmdei Actinoporella. Actinoporella guembeli Alth, is considered by all
workers as a junior synonym of A. podolica, the original separation from A. podolica being based on a
misconception of the number of branches.
Actinoporella sulcata Alth appears not to belong within the emended concept of Actinoporella, and indeed is
very similar to Clypeina jurassica Favre and Richard. It may be the senior synonym of this well known taxon.
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Actinoporella cretacica Raineri was shown by Pia (1936) to be an echinoid spine.
Actinoporella? krymensis Maslov, is poorly known, and according to Conrad et al. (1974) should be transferred
to Clypeina, as should Actinoporella maslovi Praturlon. Therefore Actinoporella currently contains only two
species, which are clearly distinctive: A. podolica and A. durandelgai.
Clypeina lucasi Emberger, Clypeina harrazaensis Emberger, "Dasycladacea" dalmatica, Verticilloporella
dalmatica Raviv and Lorch and Radoiciciella subtilis Dragastan (pro parte) were all shown by Conrad et al.
(1974) to be junior synonyms of A. podolica.
Global Distribution and Stratigraphic Range
Peri-Mediterranean, Southern Russia, Middle East.
Kimmeridgian - Barremian.
A. podolica is only known from Kimmeridgian strata at its type locality in the Nizniow area of Southern Russia.
In south^n Tethys the species as an effective Valanginian - Barremian range.
Local Occurrence
Hau^vian - Early Aptian.
Acroporella assuibanipali - Palorbitolina loiticularis Zones.
See range charts provided in Chapter 4 for precise sample distribution.
Palaeoecology
Most records of this species arefromlow energy, im)tected, very shallow water platformraivironments.In this
study, the species was recorded largely in very shallow, hgooaal facies.
Genus Clypeina Michelin, 1845
Type Species Clypeina marginiporella Michelin, 1845
Diagnosis
Form generally cylindrical, possessing first order branches. The genus is especially characterised by the
presence of "fertile" branches, open or closed at their distal end, and variably inclined towards the axis of the
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thallus, to which they are connected by a single pore. They show variable form, but are nevCT trichophorous; the
calcareous envelope of the branches is usually fused at their proximal end. The thallus is composed of simple
whorls mme or less regularly spaced along the axis, but never joined.
"Sterile" tranches may be present below the whorls of fertile branches.
Remarics
This genus is one of the longo* ranging fossil dasyclads, being knownfromPermian - Cenozoic strata.
This genus can be distinguished from the similar genus Actinoporella by the lack of "corona" structures at the
{Hoximal ends of the b'anches (see above section on Actinoporella).
Clypeina? parvula Carozzi, 1946
Plates 3.124-3.125
T

1946 Clypeina parvula n. sp. - Carozzi, text-fig. 1.
1955 Clypeina parvula Carozzi - Carozzi, text-figs. 13-14, pi. 6, fig. 2.
1962 Clypeina parvula Carozzi - Sartoni and Crescenti, pi. 20,fig.2, pi. 22,figs.7-8.
1968 Clypeina parvula Carozzi - Elliott, pi. 5,figs.5-6.
1971 Clypeina parvula Carozzi - Basson and Edgell, pi. 6,fig.3.
1972 Clypeina parvula Carozzi - Pecorini, pis. 1-2.
1978 Clypeina parvula Carozzi - Bassoullet et al., pi. 4, figs. 8-9 and full synonymy.

Diagnosis
"Stmle whorls in the form of straight thick-walled calcareous tubes, widening in the uppo' portion and with the
outer surface showing a number of shallow straight vertical flutings or concavities, usually about twelve, but
from ten to twenty-five recorded. The fmile whorls are similar but widen much more, terminating in a kind of
periphraalfringeor collar internally, sporangial chambers crarespond to the externalflutings,the actual cavities
being set in the thick calcareous wall. External diamet^ is said to be from 0.09-0.45mm and the diameter of tte
central canal 0.03-0.12mm (avoage 0.07mm)" (Elliott, 1968).
Hie fertile spcHBngial chambos are joined togeth^ along their whole length.
w: 10-25 (average 12)
D: 0.09-0.45mm
d: 0.03-0.12mm
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Remaiks
This species may not necessarily belong to the gaius Clypeina. Both Elliott (1968) and Bassoullet et al. (1978)
questioned its taxonomic affinities, the latter going as far as to question its position as a dasyclad alga. It should
be noted that it is often recorded as co-occurring with charophytes (as at its type locality in the Swiss
Purbeckian). In the Middle East, Elliott (1968) described it as a freshwater fossil, and explained its cooccurrence with marine dasyclads as a result of offshore transport This also explains why only the resistant
parts of the whorls are found in the Middle East
This species has usually been poorly illustrated with the exception of the Hgures given by Pecorini (1972).
These figures, which are in close agre^nent with the original drawings of Carozzi (1946), clearly show the close
afHnity of this species to Munieria baconica which is now known to be a charophyte (Conrad and Radoicic,
1972).
It can easily be distinguished from other species of Clypeina by its peculiar whorl structure and small size.
Global Distribution and Stratigraphic Range
Kimmeridgian - Valanginian (?Hauterivian)
The stratigraphic range of this species in. the Middle East appears to be restricted to the Berriasian - Valanginian
interval.
Local CXx:unence
Hauterivian - Hautoivian/Barremian.
AcropcH^lla assurbanipali - P»mocaIculus inopinatus Zones.
See range charts provided in Chspxsx 4 for precise sample distribution.
* Only questionable specimens of diis species were recorded in the course of this study.
Palaeoecology
In this study, this species has been recordedfromlow energy, shallow, protected lagoonal facies. However, as
noted in the above remarks section, it may be transported offshore from more marginal marine conditions.
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Clypeina solkani? Conrad and Radoicic, 1972
Plate 3.126
?

1948 Mumeria baconica Hauth - Carozzi, text-fig. 48 (pars.).
1958 Mumeria baconica Hauth - Radoicic, pi. 1, figs. 1-3. text-figs. 2-3.
1962 Cylindroporella sp. - Sartoni and Crescenti, pi. 35,figs.4,7.
1968 Munieria baconica Hauth - Elliott, pi. 15,figs.4-8.
1968 Munieria baconica Hauth - Dragastan, pi. 1,figs.6-7.

?

1970 Munieria baconica Hauth - Saint-Marc, pi. 2,figs.6-7.

T

1972 Clypeina? solkani n. sp. - CcMirad and Radoicic^ pi. 1,fig.4, pi. 2, figs. 1-4, text-figs. 1-3.'
1972 Clypeina? solkani Conrad and Radoicic - Fourcade et al., pi. 1,fig.2.
1978 Clypeina? solkani Conrad and Radoicic - Bassoullet et al., pi. 5,figs.3-5 andfiirthersynonymy.

Diagnosis
"The stipe bears spaced-out whorls of fertile branches, normally not touching each other. Each whorl has the
shape of a rather thick disk and bears 8 to 16, but commonly 10-14, fertile branches. Within a whorl, two
contiguous branches touch each other along between one-half or two-thirds of their lengths. The shape of the
branches varies according to their number in a whorl. For a low value of w, the branches are rather short,
rounded and stocky...; when w is high, the branches are longer narrower, more slend^ and axially constricted in
their proximal half-part...."
"In the living alga, the diamet^ d of the stipe probably reached one-fourth of the diamet^ of the whole plant at
the most. In the fossil, the value of d is about one-third of D. The thallus of C? solkani, n. sp., is commonly
well calcified, especially around the stipe. However, there is seldom any true sheath. Similarly, the calcareous
envelope also seldom extends beyond the point where two contiguous branches of a whorl are joined togeth^...,
so that the true shape of the distal part of the branches is unknown."
"When the distance h between two contiguous whorls was relatively high..., the stipe commonly broke betweoi
them, and isolated whorls were scattered throughout the sediment. In other cases, when the calcification is
strong, the calcified tips of two contiguous branches sometimes touch each other. In all investigated sections,
the calcareous envelope is made up of a single layo- of hyaline calcite" (CcMirad and Radoicic, 1972).
DimensicMis:
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D:0.52-lJ2mm
d: 0.15-0.31mm
h: 0.32? - 0.40mm, occasionally up to 0.5&nm
w: 8 -16, but commonly 10 -14
Remarks
This species is very similar to, and has oftsa been mistaken for, the charophyte Munieria baconica. It was not
until the work of Conrad and Radoicic (1972) was published that M. baconica was in fact recognised as a
charophyte, and that the dasyclad algae remains often described as M. baconica, belonged to a new species:
Clypeina? solkani. The similarities between C?. solkani and M. baconica, were attributed by Conrad and
Radoicic (1972) to homeomorphism within the green algae.
M. baconica can be distinguished from C?. solkani by the fact that its branches do not widen distally, and a thin
crown, commonly striated, occurs around the outer part of the branches of the former species. In addition, the
calcareous COVCT of Af. baconica exhibits a yellowish colour.
Conrad and Radoicic (1972) in their original description of this species, questioned its generic assignment to
Clypeina. Bassoullet et al. (1978) expanded on this by noting that the spacing of the whorls is sometimes so
small that they touch. This phraomenon possibly excludes this speciesfromClypeina.
This species can be distinguished from other species of Clypeina by its dimensions, number of branches and
closely spaced whorls. These features also serve to distinguish this species from the very similar alga;
Actinoporella podolica, which is generally larg^ and may posses a greater number of branches per whorl (see
separate section on this species). This later species can also be distinguished by the presence of corona
structures on the upper and lower faces of each whorl. However, in random thin sections, fragments from the
two species dippsw very similar and may easily be confused.
Global Distribution and Stiatigraphic Range
Poi-Meditaranean, Near East and Middle East
Beniasian - Aptian.
Local CXxurrence
Hauterivian - Early Aptian.
Cylindroporella arabica Zone - Choffatella decipiens Subzone.
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See range charts provided in Ch^ter 4 for precise sample distribution.
Only questionable specimens of this species were recorded in the course of this study.
Palaeoecology
According to Conrad and Radoicic (1972), the most favoured palaeoenvironment of this species was "the shelfedge area, both in low-oiergy lagoons and washed areas". They also recorded itfirom"back-reer environments
in the Dinarides.
In this study it was largely recorded from low en^gy, lagoonal, back-shoal oivironments.
Genus Coptocampylodon Elliott, 1963
Type Species Coptocampylodon lineolatus Elliott, 1963
Diagnosis
Small solid cylindrical bodies, long axis gently curved or irregular, circular in cross-section but deeply incised
by longitudinal grooves, thus giving a starred appearance in cross-section superflcially similar to Acicularia;
ends irregularly rounded. Some species posses a central canal similar to the axial stem cavity of most
dasycladacean algae.
Remarks
In his original description of the genus, Elliott (1963) discounted the possibility that Coptocampylodon
represents the remains of a calcareous alga. In particular he highlighted the differences between it and
Acicularia. Instead he suggested that the genus might represent the skeletal remains of a small octocoral in
which homy and calcareous joints alternated, similar to to the Recent octocoral genus Isis.
Patrulius (1965) described a further species of Coptocampylodon, Coptocampylodon fontis, from the Early
Cretaceous of Croatia. This species posses a central cavity or axial canal, a feature not seen in the type
specimens of C. lineolatus. Dragastan (1967) introduced a new genus of dasyclad algae, Carpathoporella, based
on the species Carpathoporella occidentalis which he described from the Early Cretaceous of Roumania. As
originally noted by Radoicic (1969) and later by Masse (1976), Carpathoporella occidentalis is clearly a junior
synonym of C. fontis. The only difference between C. fontis and C. lineolatus is the presrace of a central cavity.
However, as alluded to by Basson and Edgell (1971), the presence or absence of a central cavity is probably
controlled by variable recrystallization. Indeed in large sets of specimens of C. lineolatusfroma single horizon
in the Early Cretaceous of the Middle East, both specimens with and without a central cavity can be seen. I
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therefore place C.fontis into synonymy with C. lineolatus, and suggest that the diagnosis of Coptocampylodon
should include the possible presrace of a central cavity.
Dragastan (1%7) was thus the first to suggest that Coptocampylodon (= Carpathoporella) was a dasycladacean
alga. He described Carpathoporella occidentalis (= Coptocampylodon lineolatus) as being a dasycladacean
algae with a simple non-segmented, cylindrical thallus, widely spaced verticils, and pores of a special type,
being flattened longitudinally to give the appearance of longitudinal grooves or canals. Many other workers
have also agreed on die dasycladacean origin of Coptocampylodon. Radoicic (1969) suggested analogy with the
sterile distal branches of Triploporella neocomiensis. Masse and Poignant (1971), Masse (1976) and Basson and
Edgell (1971) also agreed that Coptocampylodon has a dasycladacean origin. The later authors maintained
Carpathoporella and Coptocampylodon as separate genera but noted that the relationship between the two
genera was unclear. More recently Deloffre (1988) in his review of Dasycladacean algae considered
Coptocampylodon to be a genus of dasycladacean algae.
The presence of a central cavity (where present) and longitudinal grooves distinguishes Coptocampylodon from
Acicularia and Terquemella which are superficially similar, particularly in transverse section. The later two
genera posses only spherical sporangial cavities, rathCT than the grooves of Coptocampylodon which are clearly
seen in longitudinal section.
Coptocampylodon lineolatus Elliott, 1963
Plates 3.127 - 3.129
T

1963 Coptocampylodon lineolatus n. sp. - Elliott, pi. 46, figs. 4-6,8, pi. 48, fig. 2.
1965 Coptocampylodonfonds n. sp. - Patnilius, pi. 1-3.
1967 Carpathoporella occidentalis n. sp. - Dragastan, pi. 1, figs. 7-9, pL 2, figs. 10-16.
1969 Coptocampylodonfontis Patmlius - Radoicici pi. 1, fig. 2, pi. 2, figs. 1-3, pi. 3, figs. 1-5.
1971 Carpathoporella occidentalis Dragastan - Masse and Poignant, pi. 1, fig. 7.
1971 Carpathoporella occidentalis Dragastan - Basson and Edgell, pi. 4, figs. 6-8.
1971 Coptocampylodon lineolatus Elliott - Basson and Edgell, pL 4, figs. 9-11.
1972 Carpathoporella sp. - Fourcade et al., pi. 4, fig. 1.
1973 Carpathoporella occidentalis Dragastan - Bakalova, pi. 2,fig.7, pi. 3,figs.9-11.
1976 Coptocampylodon fontis Patnilius - Masse, pi. 7,fig.4.

Diagnosis
Short cylindrical calcareous bodies up to 3.0mm in length and varying bom about 0.25 to 1.00mm in diametCT.
The long axis is gently curved or slightly irregular: the ends, when not obviously broken, are irregularly
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rounded. The outer surface is deeply incised by parallel equidistant longitudinal grooves, from five to ten or
possibly more in number. In transverse section these grooves are seen to widen inwards and may be near
circular in cross-section, with an internal diameter of 0.04-0.05mm. The circular transverse section of the whole
unit is notched by the grooves and has the appearance of a coarse sparsely spoked cog-wheel or of a stellate
structure with truncated rays. Longitudinal sections show the parallel, matrix filled grooves, either curved or
passing out of the plane of section owing to their irregularity. In some cross-sections a central cavity (?axial
stem) is visible, the preservation of this feature being dependant on the degree of recrystallization. Where
present it usually has a diamet^ of about 0.2Snun, but may vary between 0.13mm and 0.70mm.
Remarks
As noted in the above gen^c rranarks, this species is considered to be the senior synonym of Coptocampylodon
fontis and Carpathoporella occidentalis, and to be derived fix>m a dasycladacean alga.
It can easily be distinguished from species of Acicularia and Terquemella by the presence of longitudinal
grooves and a central cavity (the latter not always present).
Global Distribution and Slratigraphic Range
Iraq, Lebanon, Southern France, Spain, Roumania, Bulgaria, Oman Mountains, Borneo?,
Hauterivian- Aptian
Local CX:cuirence
Hauterivian - Early Aptian.
Cylindroporella arabica Zone - Choffatella decipiens Subzone.
See range charts provided in Chq)t»' 4 for precise sample distribution.
Pal^oecology
Modem-day dasyclads, are typically found living in very shallow water depths (usually less than Sm b.s.l.)
(Elliott, 1968; Wray, 1977). However, the small size of Coptocampylodon segments means that they can easily
be transported to much greater depths offshore.
In this study, C. lineolatus was recorded from a number of facies, but particularly low energy, back-shoal and
lagoonal micrites and bioclastic wackestones.
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Genus Cylindroporella Johnson, 1954
Type Species Cylindroporella bamesii Johnson, 1954
Diagnosis
"Cylindrical calcareous bodies often t2^>a-ed or restricted at the base and top. A few are broadly rounded at the
top. They appear to have grown one above the other like a string of sausages. A few show budding or
branching."
"The plant probably developed extended fronds, each composed of many segments somewhat similar to the
modem Cymopolia barbata Harvey. The fossils represent the individual segments."
The central stem is relatively narrow (about 1/4 to 1/5 width of the entire fossils). Primary branches
perpendicular to the axis of the stem, except at the ends where they are inclined. Primary branches in alternating
annular rows. Secondary branches, small and steeply inclined to the primary branches bending so tips are
approximately parallel to outer surface. Sporangia large, nearly spherical, attached to main stem. They occur in
vertical rows separated by primary branches. These vertical rows alternate in position, so that in both vertical
and annular rows, there is an alternation of primary branches and sporangia. The tapering ends of the thallus
appear to contain only branches, no sporangia." From the original diagnosis of Johnson (1954).
Remarks
This particularly distinctive genus is commonly recorded in Late Jurassic - Early Cretaceous Tethyan platform
carbonates.
The distinctive features of the genus are:
A possibly t£q)ered or restricted, cylindrical thallus.
Altonation aa each whorl or fertile and sterile branches.
Vertical altonation of fmile and sterile teanches.
Although the type species, C. bamesii, has a tapering cylindrical thallus like modem Cymopolia barbata, this
feature is not present within every species assigned to the genus, and the absence of this feature should not be
used to exclude a species &om the genus.
A number of Cylindroporella species are poorly known, being only described from their type locality, and often
only as random thin sections. For example Cylindroporella adducta (Maslov) BassouUet, Bemier, Conrad,
DelofEre and JafErezo, Cylindroporella arsici Radoicic, Cylindroporella maslovi Srivastava and Cylindroporella
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elliptica Bakalova. A detailed review of the genus may well reveal that many of these are synonyms of well
established taxa recorded in the Middle East such as Cylindroporella arabica Elliott and Cylindroporella
sugdeni Elliott
Cylindroporella arabica Elliott, 1957
Plate 3.130-3.134
T

1957 Cylindroporella arabica n. sp. - Elliott, pi. 1, figs. 13-16.
1967 Cylindroporella arabica Elliott - Bismuth et al., pi. 8, figs. 1-3.
1968 Cylindroporella arabica Elliott - Elliott, pi. 6,fig.12.
1969 Cylindroporella arabica Elliott - Baithel, pi. 2,fig.2.
1971 Cylindroporella arabica Elliott - Masse and Poignant, pi. 2,fig.4.
1971 Cylindroporella arabica Elliott - Ramalho, pi. 29,figs.4-5.
1973 Cylindroporella arabica Elliott - Jaffrezo, pi. 80. pi. 2.
1975 Cylindroporella arabica Elliott - Dragastan, pi. 23,fig.4.

Diagnosis
"Small cylindroporelliform segments, agreeing in internal structure with those of Cylindroporella barnesii and
Cylindroporella sugdeni, but usually smallCT in all dimensions". Original diagnosis of Elliott (1957).
Dimensions are:
L: 1.43nun
D: 0.31-0.57mm
d: 0.052 - 023mm
ds: 0.078 - 0.556mm
h: 0.13mm
w: 6
w*: Uncotain, possibly 4.
Remarks
This species can be distinguishedfiromother Early Cretaceous Cylindroporella species occurring in die Middle
East by its smaller dimensions. The following table presents a summary of differences for Cylindroporella
species ccnnmonly recorded in the Middle East:
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C. arabica

C. barnesii

C. sugdeni

Length of s&gmeal (L)

1.43

2.8-5.1

3.0+

Diameter of segment (D)

0.31-0.57

0.38-0.55

0.78-1.14

Diameter of central canal (d)

0.052-0.556

0.08-0.14

0.234-0.36

Diameter of sporangia (ds)

0.078-0.556

0.189-0.234

0.26-0.312

6

6

6

6

6

6

90*

90-

90*

?4

?4

?4

0.13

0.17-0.187

0.39

Numbo" of spoangia p ^ whorl
NumbCT of primary branches
per whorl (w)
Angle of branches to stem
Number of secondary branches
per tuft (w*)
Vertical distance between
whorls (h)

All dimensions are in millimeters. Table after Elliott (1968) and Johnson (1969).
Cylindroporella texana Johnson imm the Late Jurassic of Texas, has smaller dimensions for internal structures
but these occur in a v ^ much longer slim segment
The central canal of this species shows marked variation in diameter. This is perhaps a function of diagenetic
recrystallization.
Global Distribution and Stratigraphic Range
Middle East, Tunisia, Bavaria, Carpathian Mountains, Southern and South-western France, Portugal
Kimmoidgian - Valanginian.
The majority of therecordsof this species (including the type material from the Middle East) arefromthe Late
Jurassic. The few Early Cretaceous records arefixmiSouthern France.
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
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See range charts provided in Ch^ter 4 for precise sample distribution.
This species forms a useful biozonal marker in the study area, wheie it is restricted to the Hauterivian stage (by
association with Chojfatella decipiens and other microfossils). This is the first record of this species from the
Hauterivian. Previous occurrences suggest it is most ccxnmon in the Late Jurassic. However, the dimensions and
structure of the specimens found in this study are in keeping with the type description. It may be possible that
previous records of this species should be reassesed with regard to their age.
Palaeoecology
This species was typically found in high or modoate en^gy, shallow water marginal shoal and peri-shoal facies
of the Habshan Formation. However, as noted by Elliott (1968), these are not likely to be in situ occurrences.
The stumpy, segmented nature of the thallus may allow transport from quieto^ back-shoal environments.
Cylindroporella sugdeni EUiott, 1957
Plates 3.135-3.137
T

1957 Cylindroporella sugdeni n. sp. - Elliott, pi. 1, figs. 1-6.

?

1976 Cylindroporella cf. sugdeni Elliott - Peybemes, pi. 24,figs.5-6.

Diagnosis
"Large, thick cylindroporelliform segments, agreeing in internal structure with those of Cylindroporella
barnesii, but with greatCT diameter of central canal and sporangia, and externally, and a greater distance between
whorls; it is proportionally shorter and much thicker than the type species". Original diagnosis of Elliott (1957).
Dimensions are:
L: 3.0mm+
D: 0.78 - 1.14mm
d: 0.234 - 0.36mm
ds: 0.26-0.312mm
h: 0.39mm
w: 6
w':4?
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Remarics
This species can be distinguished from other Early Cretaceous Cylindroporella species occurring in the Middle
East by its larger dimensions. The table given in the above section on C. arabica summarizes the differences
between this species and C. barnesU and C. arabica.
Cylindroporella elitzae Bakalova from the Early Cretaceous of Bulgaria is considered by BassouUet et al.
(1978) to be a probable junior synonym of C. sugdeni. However, according to the original description of C.
elitzae (Bakalova, 1971), the thallus is not segmented, no secondary branches are present and eight rather than
six branches per whorl are present There are also differences in some of the internal and external dimensions.
On the other hand, C. elitzae is poorly known and further study may show that the two species are in fact
synonymous. Certainly, die two species could easily be confused in random thin-sections.
C. maslovi from the Early Barremian of the Balkhan Mountains, USSR is also similar to C. sugdeni, but is of
somewhat smaller dim^isions (see Bassoullet et al., 1978).
The species was originally described from the Early Cretaceous of Oman (Elliott, 1957).
Global Distribution and Stratigraphic Range
Oman, Iraq, ?I*yrenees.
Hauterivian? Barremian - Aptian.
The age range of this species is not well established. The main source of information is Elliott (1968) were the
age assignments may be questionable following mrae recentregionaldata.
Lxxal Occurrence
Hauterivian - Late Bairemian.
Cylindroporella arabica Zone - Eopalorbitolina charollaisi Subzone.
See range charts given in Chapter 4 for precise sample distributicni.
Palaeoecology
In this study, this species was found low eno'gy, shallow back-shoal facies, or in lagoonal facies. Occasionally
it {q)pears to have beenreworkedinto higher taeigy,relativelydeq)er water environments.
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Genus A^eo/wem Lamouroux, 1816
Type Species Neomeris dumetosa Lamouroux, 1816
Diagnosis
Unsegmented, cylindrical thallus with regular successive verticils of branches in which each primary branch
divides into a stalked sporangium and two secondary sterile branches set in the same plane. Calcification
surrounds the sporangia and secondary branches, but the thallus is essentially uncalcified around the central
stem and primary branches.
Remarics
This extant genus which has a range of Early Cretaceous to Recent was originally described based on Recent
species. Some Recent species posses sporangia and secondary branches which are sighted on slightly different
levels. Deloffre (1970) emended the diagnosis of Neomeris to include these forms within the genus, but it is
considered here more suitable to retain them in a separate genus: Larvaria Defiance.
In the fossil record the genus is very distinctive because of the position of the sporangia and secondary
branches.
Neomeris cretacea Steinmann, 1899
Plate 3.138
T

1899 Neomeris (Herouvalina) cretacea n. sp. - Steinmann, text-figs. 14-21.
1922 Neomeris cretacea Steinmann - Raineri, text-figs. 5-6.
1955 Neomeris cretacea Steinmann - Elliott, pi. 1, fig. 7.
1962 Neomeris cretacea Steinmann - Delmas and DelofEre, pis. 1-3.
1968 Neomeris cretacea Steinmann - Elliott, pi. 15, figs. 1-2.
1968 Neomeris cretacea Steinmann - Johnson, pi. 2, fig. 1, pi. 3,fig.1.
1971 Neomeris cretacea Steinmann - Basson and Edgell, pi. 5,fig.4-5.
1973 Neomeris cretacea Steinmann - Berthou, pi. 13,fig.2.
1973 Neomeris cretacea Steinmann - Bakalova, pi. 3,figs.1-2,6-7,10.

Diagnosis
Cylindrical thallus, typically found in fragments a few millimeters in length (up to 10mm). External diameter
(D) may vary between 1.1 and 2.0mm. Diameter of the intranal cavity (d) is usually about 50-75% of that of the
external diameter, typical values being 1.2 - 1.5mm. Close-set verticils of neomerid groupings of sterile
branches of about 0.05mm diameter and ovoid sporangia of about 0.1mm diamet^- and 0.2mm length.
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Remarks
This species was originally described from the Cenomanian of Mexico and has since been describedfrommuch
of the Tethyan region. It is thought to be long ranging being known from Early Cretaceous to Maastrichtian
sediments.
Neomeris budaense Johnson described from the Cenomanian of Texas and Portugal (Johnson, 1968; Berthou,
1973), is similar but is of overall smaller dimensions with slender branches, small sporangia and thicker
calcification.
Neomeris pfenderae Konishi and Epis is a very similar species to N. cretacea originally described from the
Albian of Texas (Konishi and Epis, 1962). It can be distinguished from N. cretacea by the presence of finer
secondary branches and a stronger degree of calcification. Otherwise the two forms are virtually identical and
further research may show that they are synonymous.
Global Distribution and Stratigraphic Range
Mexico, Texas, Portugal, Southern France, Bulgaria, Libya, Lebanon, Middle East.
Barremian - Maastrictian.
This species, which is typically Cenomanian, is thought to have an Hauterivian - Danian range by Conrad (pers.
comm, 1986), although illustrated records of this species extoid only as old as Barremian (Bakalova, 1973). If
N. pfenderae is included in the synonymy of iV. cretacea this extrads its range into the Hauterivian because of
the recOTd of the former species by Srivastava (1973).
Local Occurrence
Hauterivian.
Cylindroporella arabica - Acroporella assurbanipali Zones.
See range charts provided in CbapVsr 4 for precise sample distribution.
Palaeoecology
Konishi and Epis (1962) described the typical environment of Neomeris as being within water depths of 0 10m, with watCT temperatures of between 15 and 20 C.
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In this study the species was recwdedfirranhigh energy, shallow wat^ (pobably less than 10m b.sJ.) peri-shoal
facies of the Habshan Formation, and quieter micritic back-shoal and lagoonal facies of the Lekhwair
Formation. Like the specimens of Cylindroporella saidArabicodium associated with this species in the Habshan
Formation, transportation seems to be likelyfromback-shoal environments by offshore currents.
Gaius Salpingoporella Pia in Trauth, 1918 nnend. CcHirad, 1969
Type Species Diplopora muehlbergii Lorenz. 1902
Diagnosis
Cylindrical thallus, neither ramified nor segmented. Branches are arranged in more or less spaced out,
euspondyl and alternating whorls. They are simple, phloiophorous, perpendicular to the axis of the thallus, or
slightly oblique. They communicate with the axial cell by means of a proximal narrowing. The living plant,
made the distal enlargement of the branches to touch at their distal ends, beyond the calcification, thus resulting
in a peripheral cortex. There are no secondary branches, or at least they were not calcified. The genus is
cladosporous. Many species however, do not show this characteristic. The calcification is complete and reaches
the axial cell. (Translation of the onended diagnosis for Pianella (= Salpingoporella) by Conrad (1969)).
Remarks
This genus is often abundant in Early Cretaceous platform carbonates, and includes a relatively high diversity of
species. Although highest diversities are recordedfromthe circum - Mediterranean region, mod^ately diverse
faunas are now known from the Middle East Some of species described below are recorded from the Middle
East for the first time herein. Species divo^ties are low in Tethyan carbonates from the New World.
The genus is very distinctive and can be characterised by the following features: simple cylindrical non
segmented thallus, bearing whorls of phloiophorous branches of only one order. The genus shows considerable
variation however, particularly in thallus size and number, size and shape of branches.
Some species now included in Salpingoporella were originally described under the generic names Pianella (a
junior synonym of Salpingoporella; Conrad et al., 1973), oi Macroporella. Macroporella is similar to
Salpingoporella in many respects, particularly in having a simple, non segmented thallus, and only a single
order of branches. However Macroporella has an aspondyle or mesospondyle thallus, whilst that of
Salpingoporella is euspondyle.
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Salpingoporella muehlbergii (Lorenz, 1902) emend. Conrad, 1970
Plates 3.139-3.142
T

1902 Diplopora muhlbergii n. sp. - Lorenz, textfigs.3-6, ?7.
1918 Salpingoporella muhlbergii (Loroiz) - Pia in Trauth, textfig.4a.

non 1938 Salpingoporella muhlbergii (Lx)renz) - Andrusov, pi. 3,fig.2.
1958 Salpingoporella muhlbergii (Lorenz) - Dufaure, pi. 2,fig.18.
1962 Salpingoporella muhlbergii (Lorraiz) - Sartoni and Crescenti, pL 26, fig. 1, pi. 45, fig. 5, ?6.
1966 Salpingoporella sp. - Dragastan, pi. 1,figs.5-6.
1967 Pianella muhlbergii (Lorenz) - Praturlon and Radoicic, text fig. 1.
1967 Salpingoporella muhlbergii (Lorenz) - Ziegler, textfigs.6-7.
non 1968 Salpingoporella cf. muhlbergii (Lorenz) - Lefeld, pi. 6,fig.3.
1968 Pianella dinarica (Radoicic) - Bouroullec and Deloffre, pi. 7,fig.15.
1969 Salpingoporella carpathica n. sp. - Dragastan, pi. 1, figs. 1-6.
1970 Pianella muehlbergii (Lorenz) - Conrad, textfig.6, pis. 6-7.
1971 Pianella muehlbergii (Lorenz) - Masse and Poignant, pi. 1,fig.3.
1971 Salpingoporella carpathica Dragastan - Bassm and Edgell, pi. 4, fig. 1.
1971 Salpingoporella muehlbergii (Lorenz) - Bakalova, pi. 2, figs. 1-2,6.
1971 5a/p//i^o/wre//a annu/ata Carozzi - Bakalova, pi. l,fig.4.
1972 Pianella muehlbergii (Lorenz) - Fourcade et al., pi. 1,fig.8.
1976 Salpingoporella muehlbergii (Lorenz) - Peybranes, pi. 24, figs. 10-11.
Diagnosis
"The thallus is cylindrical, unbranched but frequently curved. Only primary branches are perpendicular to the
stype, arranged in regularly spaced euspondyl alternating whorls. Branches are phloiophorous, consisting of a
tubular proximal part and a funnel-like distal part transversally slightly flattened out. Therelativelengths of
these two portions of the branches vary considerably. Practically no trace of spores in the branches. The fossil
envelope consists of a simple layer of sparry calcite.
Dimensions are:
L: 2.5mm or more
D: 0.2-0.85mm
d: 0.1 - 0.3mm
d/D: 0.28 -1.63
h: 0.07 - 0.18mm
w:5-ll
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Remarks
This species was reviewed and a neotype introduced by Conrad (1970). The dimensions and transversally
flattened branches distinguish this speciesfiromother manbers of the genus.
Salpingoporella arabica Elliott, was suggested by BassouUet et al. (1978) to be a junior synonym of S.
muehlbergii. Howevo- as pointed out by Elliott (1968), 5. arabica has finer walls and the branches lack an inner
narrow portion. The two species, although clearly closely related, are distinct in the study matoial ftom Oman.
The records of 5. muehlbergiifiromOman refute the suggestion of Elliott (1968) that S. arabica is the "Middle
Eastern fcmn" of S. muehlbergii. Both species are present in the Middle East
Global Distribution and Stratigraphic Range
Switzerland, South»n France, Southon Italy, Roumania, Bulgaria, Spain, Algeria, Oman Mountains.
Barremian - Aptian, typically Banemian.
Local Occurrence
Hauterivian - Hauterivian/Barremian.
Acroporella assurbanipali - Pomocalculus inopinatus Zones.
See range charts given in Chapter 4 for precise sample distribution.
Palaeoecology
Modem-day dasyclads are typically found living in very shallow water depths (usually less than Sm b.s.I.)
(Elliott, 1968; Wray, 1977), The fragile nature of Salpingoporella means that it is unlikely to be transported far.
In this study S. muehlbergii was recordedfiroma number of facies, but particularly low energy, back-shoal and
lagoonal micrites and bioclastic wackestones.
Salpingoporella sp. A
Plate 3.143
Diagnosis
Very small, delicate species of Salpingoporella. Preserved as small segments of thallus showing typical
salpingoporellid Ixanching. Dimensions are as follows:
Length of preserved thallus: 0.38mm
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Outea- diameter (D): 0.15 - 0.16mm
limet diameter (d): 0.08 - 0.11mm
Ratio d:D: (avCTage) 0.55
Length between voticils: 0.08mm
Straight side thallus preserved as drusy calcite.
Remarks
The extremely small dimensions of this species serve to distinguish it from any comparable species of
Salpingoporella. Superflcially similar to S. arabica, S. muehlbergii and "S". dinarica, these species are all
somewhat larger (eg. S. arabica D = 0.31-0.73mm, S. muehlbergii D = 0.2-0.85mm, "S". dinarica D = 0.240.56). Additionally "S". dinarica can be distinguished by its distinctive radial calcite preservation.
Salpingoporella johnsoni is the most comparable species, but even this, the smallest species of Salpingoporella
previously reported, is larger than typical specimens of Salpingoporella sp. A (eg D = 0.20-0.31mm).
This species was only rarely encounto^ in the study material precluding a more detailed description.
Global Distribution and Stratigraphic Range
Unknown.
Local Occurrence
Hauterivian.
AcropOTella assuibanipali Zone.
See range charts provided in Cbaptei 4 for precise sample distribution.
Palaeoecology
Modem-day dasyclads are typically found living in very shallow water depths (usually less than 5m b.s.l.)
(Elliott, 1968; Wray, 1977). The delicate nature of this species of Salpingoporella means that it is unlikely to
have beoi transported far. It was recorded in lagoonal micrites of the Lekhwair Formation.
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Salpingoporella arabica Elliott, 1968
Plate 3.144
T

1968 Salpingoporella arabica n. sp. - Elliott, pi. 21, figs. 1-3.

Diagnosis
"Thin-walled tubular calcified dasyclad, straight sided with very gentle increase in diameter, observed lengths
(incomplete) up to 2.73mm, extonal diameter 0.31-0.73mm, intonal diameto- 0-21-0.47mm; ratio of internal to
external diameters 55-66%; horizontal verticils set regularly 0.104mm apart, each verticil with 8-10 branches
which open rapidly and widely to external pore depressions of 0.065-0.078mm or more diameter. The wall
calcification is thin and rather ragged: the pores have a somewhat irregular appearance, partly due to slight
irregular deviationsfromthe horizontal in their orientation." (Original diagnosisfromElliott (1968)).
Remarks
As noted above, this species was considered by Bassoullet et al. (1978) to be a likely synonym of S.
muehlbergii. However, as pointed out by Elliott (1968), S. arabica has finer walls and the branches lack an
inner narrow portion. The two species, although clearly closely related, are distinct in the study material from
Oman. The records of 5. muehlbergii from Oman refute the suggestion of Elliott (1968) that S. arabica is the
"Middle Eastern form" of S. muehlbergii. Both species are present in the Middle East.
Global Distribution and Stratigraphic Range
Iraq, Oman Mountains.
Aptian - Albian.
Unillustrated records by Elliott (1968) indicate that this species may have a Valanginian - Albian range in the
Middle East There are several records firom Early Cretaceous, Thamama Group equivalents.
Local Occurrence
Hauterivian.
Acropraella assuibanipali ZcMie.
See range charts given in Qiapter 4 for precise sample distribution.
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Palaeoecology
Modem-day dasyclads are typically found living in very shallow water depths (usually less than 5m b.s.l.)
(Elliott, 1968; Wray, 1977). The delicate nature of this species of Salpingoporella means that it is unlikely to
have been transported far. It was recorded in lagoonal micrites of the Lekhwair Formation.
"Salpingoporella" dinarica Radoicic, 1959
Plates 3.145-3.153
T

1959 Salpingoporella dinarica n. sp. - Radoicic, pis. 3-5.
1960 Hensonella cylindrica n. gen, n. sp. - Elliott, pi. 8, fig. 1.
1961 Hensonella cylindrica Elliott - Reiss, text-figs. 93-107.
1962 Salpingoporella dinarica Radoicic - Sartoni and Crescenti, pi. 17, pi. 35, figs. 1-3.
1967 Pianella dinarica (Radoicic) - Praturlcm and Radoicic, text-fig. 2.
1968 Salpingoporella dinarica Radoicic - Elliott, pi. 21,fig.4, pi. 22.
1969 Hensonella cylindrica Elliott - Sampo, pis. 32,37.

non 1973 Pianella dinarica (Radoicic) - Berthou, pi. 15,figs.1-2. pi. 20, fig. 1, pi. 31, fig. 4.
1978 Salpingoporella dinarica Radoicic - BassouUet et al., pi. 28, figs. 6-10. See also for a complete
synonymy until 1978.
Diagnosis
Elongated, cylindrical tubes, with more or less conical ends. Rather wide axial hollow. Only primary pores
exist; they are few in number, funnel-like and sometimes give the impression of being slightly flattened.
Primary pores are perpendicular to the axial hollow and arranged in a quincunx. The height between two whorls
is half the distance sq>arating two pwes within a whori. The axis of the plant appears, within thin sections, to be
made up of a thin dark layer, located on the inner side of the calcareous tube. Preservation of the axis depends
on the type of sediment containing the algae. Preservation of the calcareous tube also varies according to
diffo^nt types of limestones. Recrystallisation of calcium carbonate is much stronger in pure limestones than in
marly or bituminous limestones. (Partial translation of the original diagnosis of Radoicic (1959)).
Dimensions are:
L: circa. 3mm
D: (0.112) 0.24-0.56mm
d: (0.035) 0.128 - 0.4mm
h: 0.048mm
w: 8-10 (?)
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Values in parentheses are for rare, excq)tionally small specimens.
Remaiks
This species is often common in Tethyan platform carbonates and has beenti'equentlyillustrated. However,
there are a number of still unresolved problems conc^ning the origin and taxonomy of this fossil. Most workers
(including Elliott (1968)) accq)t that Hensonella cylindrica Elliott is a junior synonym, although there are those
(eg. Johnson, 1968) who maintain that they are distinct. Nor are all workers convinced that S. dinarica
(including H. cylindrica as a synonym), is a dasycladacean algae. //. cylindrica was originally described as a
problematicum, possibly a scaphopod (Elliott, 1960). Elliott (1%8) whilst accepting that S. dinarica is the
senior synonym of//, cylindrica, still expressed doubt concerning its algal origin: "In conclusion, I consider this
organism is best classified as a problonaticum" (p. 77). In direct opposition to this Bassoullet et al. (1978) and
also Conrad (pers. comm., 1988) and Radoicic (pers. comm., 1988) are in no doubt that 5. dinarica and H.
cylindrica are synonyms and refer to a dasycladacean alga
The reason for the uncertainty discussed above centres around the crystalline structure of the calcified thallus
wall. This is alluded to in the original diagnosis of Radoicic (1959) and more clearly illustrated and discussed
for //. cylindrica by Elliott (1960). Three features are noticeable: (i) the wall appears to be made up of radial,
fibrous calcite, (ii) this has a yellowish or honey coloured tint, (iii) a dark, inner micritic layer is typically
present These features are clearly unusual for a dasycladacean algae and have been used by Elliott (1960; 1968)
and others to argue for a non-algal origin for this fossil. Typical Salpingoporella, and other dasyclads have a
wall composed of drusy, unstructured calcite, neomorphosedfiromoriginal aragonite. The fibrous, radial calcite
seen in S. dinaricalH. cylindrica is thought to originatefroman original organic calcite structure (Elliott, 1968).
Bassoullet et al. (1978) and Radoicic (1959) place little significance on this, arguing that the radial structure
originates from diagenetic alteration (presumably of aragonite), which can, according to them, be extremely
variable. Initial SEM and isotopic studies of specimens of "H. cylindrica"fromthe Middle East (Emery and
Simmons, in prep.) strongly suggest that the thallus of S. dinaricalH. cylindrica was originally composed of
organic calcite rather than aragonite. This research is currently ongoing.

To investigate the above problems fiirther, topotype specimens of 5. dinarica and the holotype material of//.
cylindrica were examined in addition to the material from the Oman Mountains collected in the course of this
study.
Examination of the type figures of//, cylindrica and S. dinarica strongly suggest that the two species are
synonymous. This is confirmed by comparison of topotypes of S. dinarica (kindly supplied by Dr. M.A.
Conrad) and the syntypes of//, cylindrica held in the British Museum (Natural History). As stated by Elliott
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(1968): "Slight differences in the two author's descriptions can be reconciled by examination of large sets of
specimens" (p. 76).
Having established that the two species are synonymous and that Salpingoporella dinarica is the senior
synonym, it needs to be determined if this fossil is truly a dasycladacean alga, and if so, if it belongs in the
genus Salpingoporella.
Both specimens described as S. dinarica and those described as H. cylindrica show considerable variability
particularly in the calcareous nature of the wall, but also in terms of morphology. Within the topotype
specimens of S. dinarica, some clearly show a fibrous, radial wall whilst in othos it is poorly developed. These
specimens do not show a particularly strong yellowish tint, as do the syntype specimens ofH. cylindrica. More
importantly, the topotype specimens of 5. dinarica (and indeed the holotype illustrations) clearly show
morphological affinities with dasycladacean algae, especially the genus Salpingoporella. These features were
not clear in the syntypes of//, cylindrica, but as noted and illustrated by Elliott (1968), they do occur "not
uncommonly" in Middle Eastern specimens referred to Hensonella. This is confirmed by examination of the
specimens from the Oman Mountains recovered during the course of this study. Much of the morphological
variation associated with this species can be associated with attributed to preservation problems (erosion, etc)
and variability with depth and orientation of thin section.

Of particular note is the presence of "pores" which are regularly spaced, alternating in position from level to
level. These can be interpreted as verticils of lateral branches. Overall the morphology is closely comparable
with that of S. muehlbergii, the type species of Salpingoporella. The thallus is unsegmented with a wide axial
hollow, and only primary branches are present These are clearly visible in both transverse and longitudinal
sections of the topotypes of S. dinarica.
Thus it would appear that the morphology of this species is in agreement with it being a dasycladacean alga of
the genus Salpingoporella. However as discussed above, the crystalline nature of the wall is remarkable and
certainly very unusual for a dasycladacean alga. The dark inner micritic wall can be interpreted as being the
' preserved organic membrane lining the main axis of the thallus. Elliott (1968) noted that crushed specimens are
still held togetha by this layer suggesting that it had an original organic nature with some flexibility.
More problematic is the yellowish, radial wall, typical of this species and thought to be derived from original
calcite, rather than aragonite which is typical for dasyclads (Wray, 1977). However, there are other records of
algae which otherwise show all the features of the dasycladaceans, yet are considered to be originally calcitic.
Of note is the Visean alga Koninckopora which has been described by Wright (1981) as being originally
calcitic. This fossil is preserved in very fine grained, sometimes acicular calcite, rather than coarse, blocky
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calcite typical of dasyclads. Also like S. dinarica, Koninckopora often displays a micritic lining to the walls.
Besides Koninckopora, there may be other dasyclads with a calcitic origin, for example Salpingoporella sellii
(Crescenti) (Wright, 1981). Elliott (1963) considered that Pseudovermiporella Elliott, a questionable Permian
dasyclad, was of calcitic origin. It is worth noting that other minraal phases besides aragonite are known within
dasyclads, eg. calcium oxalate in thereproductivediscs of Acetabularia (Elliott, 1979). It can be suggested
therefore, that although most dasyclads were originally aragonitic, there may be small groups within the
dasyclads which were originally calcitic. S. dinarica can be included in such a group. It could of course be
argued that such groups should be assigned to a new order separate from the Dasycladales, but it is considered
that too little is yet known about such forms to warrant such a change.
Some specimens of the dasyclad genus Macroporella, particularly those of the species Macroporella embergeri
displayfibro-radialwalls with a yellowish tint, as in 5. dinarica, and also a micritic inn^ wall layer. Howevn,
noresearchas been undrataken to establish how well developed this feature is in the genus and its constituent
species and wether it is derived from original organic calcite. TTie thallus of S. dinarica is euspondyle, otherwise
it could be considoed to fit well within Macroporella.
In conclusion I consider 5. dinarica to be the senior synonym of//, cylindrica. The species is a dasycladacean
alga which was originally calcitic. It is provisionaly retained in the genus Salpingoporella (gen^ic name quoted
in parentheses) since it shows all the morphological features of that genus. Further research into originally
calcitic dasycladaceans may require them to be separated taxonomically from their originally aragonitic
counterparts. For example a new order for originally calcitic forms may be required which would include
dinarica within the genus Hensonella, this genus being the originally calcitic homeomorph of Salpingoporella.
"S". dinarica can easily be distinguishedfix)mother Early Cretaceous species of Salpingoporellahy its wall
structure and pronounced flattened tranches as s e ^ in transverse section.
Global Distribution and Stratigraphic Range
Yugoslavia, Southern Italy, Algoia, Lebanon, Israel, Iraq, Iran, Oman Mountains.
Valanginian (?) - Latest Aptian.
This species is typical of the Barremian - Aptian period in Southern Tethys. Recordsfromthe pre-Barremian are
rare and include the" Valanginian - Hauterivian" record of Sampo (1969) from Iran. Myresearchsuggests that
this may in fact refer only to the Haut^vian.
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Local Occurrence
Valanginian/HautCTivian - Early Aptian.
Buccicroiata hedbergi Subzone - Salpingopoiella dinarica Zone.
See range charts provided in Ch^ter 4 for precise sample distribution.
Palaeoecology
As noted above, most dasyclads are typical of very shallow water, low energy, protected platform conditions.
However, this species (perhaps also suggesting taxonomic separation from the dasycladaceae) is found in a
variety of facies across the Thamama ramp from fore-shoal and slope enviroiunents, to very shallow water
lagoonal conditions.
However, it should be noted that the species is most common in shallow, lagoonal conditions where it occurs
together with other dasyclads. Records from deeper water environments may be a function of transportation
offshore.
Salpingoporella johnsoni (Dragastan, 1971)
Plate 3.154
T

1971 Pianella johnsoni a. sp. - Dragastan, pi. 3,figs.1-11.
1974 Pianella johnsoni Dragastan - Canerot, pi. 4,figs.5-6.
1978 Salpingoporella johnsoni (Dragastan) - Bassoullet et al., pi. 29,figs.14-15.

Diagnosis
"A very small alga with a cylindrical thallus and a conspicuous central canal. Branches are phloiophorous and
show an euspondylic arrangement in very narrow v^cils. Branches are tilted. Their angle on the thallus varies
from 5 to 10 degrees. Sporangia are probably of the cladosporous type." (Original diagnosis from Dragastan
(1971)).
Dimensi(His (cited in Bassoullet et al., 1978) are:
D: 0.20-0.31mm
d: 0.10-0.15mm
e: 0.020 - 0.030mm
1:0.05 - 0.07mm
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p: 0.02 - 0.04nun
h: 0.033 - 0.045mm
w: 14 -20
Remaiks
This species is very similar to Salpingoporella pygmaea (Gumbel) in morphology. However it can be
distinguished from this species and all otho* Late Jurassic - Early Cretaceous members of Salpingoporella, with
the excq)tion of Salpingoporella sp. A defined ha&in, by its voy small dimensions.
Global Distribution and Stratigraphic Range
Roumania, Ncnthem Spain.
Kimmeridgian - Tithonian.
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
See range charts provided in Chapter 4 for precise sample distribution.
Palaeoecology
This species was rare in the study material. It was only recorded from peloidal - bioclastic packstone facies,
thought to rqnes^t proximal back-shoal environments in the Habshan Formation.
Salpingoporella pygmaea (Gumbel) emend. Pia, 1925
Plates 3.155 - 3.159
T

1891 Gyroporella pygmaea n. sp. - Gumbel, text-figs. 6-7.
1925 Macroporella pygmaea (Gumbel) - Pia, pi. 1,figs.4-7.
1955 Macroporella pygmaea (Gumbel) - Carozzi, pi. 6,fig.3.
1962 Pianella pygmaea (Gumbel) - Radoicic, p. 202.
1968 Pianella pygmaea (Gumbel) - Elliott, pi. 17,figs.6-8.

?

1971 Macroporella pygmaea (Gumbel) - Basson and Edgell, pi. 5, figs. 1-3.
1978 Salpingoporella pygmaea (Gumbel) - Bassoullet et al., pi. 30, figs. 6-9. See also for complete
synonymy imtil 1978.
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Diagnosis
"Calcified cylindrical dasyclad tube, external diameter 0.33 - 0.78mm, internal diameter, 0.10 - 0.34mm (d/D
27-43%, usually about 30%), showing consecutive horizontal verticils of branches, about 18-20 verticils per
millimeter of length, each verticil of 15-20 branches. The branches are straight, unbranched. near-circular in
cross-section, and widen radially with straight sides to the exterior, from a very narrow insertion on the stemcell cavity to the ext^or whoe they have a diameter of about 0.0S2mm, sometimes with a terminal widening to
give a diametCT of 0.090mm." (Description given in Elliott (1968)).
Remarks
This species was originally described within the genus Gyroporella by Gumbel (1891). It was later assigned to
Macroporella by Pia (1925), and has usually been described under this generic name. However, the species is
clearly euspondyle and therefore belongs to the genus Salpingoporella as pointed out by Bassoullet et al.
(1978). This may have been earlio- realized by Radoicic (1962) and Elliott (1968) who assigned it to Pianella,
now known to be a junior synonym oi Salpingoporella.
This species is very similar to S. johnsoni, but possesses larger dimensions. The perpendicular to slightly
oblique branches, which are wider in the outer part than in the inner part, and the general dimensions of this
species, serve to distinguish it from other Early Cretaceous and Late Jurassic members of Salpingoporella, in
particular Salpingoporella grudii (Radoicic).
Global Distribution and Stratigraphic Range
Switzerland, Bavaria, Yugoslavia, Roumania, Southern Italy. Southern France, Lebanon, Iraq, Oman
Mountains.
Late OxfOTdian - Valanginian (?Aptian).
The majority of records of this species are from Kimmeridgian or Tithonian sediments (see Bassoullet et al.,
1978). However there are a few significant records from the earliest Cretaceous, notably Elliott (1968) who
recorded the speciesfromthe Valanginian (but no youngs) of Iraq. The extinction of this species may thocfore
be a useful marker for the recognition of sediments no younger than Valanginian. However, Basson and Edgell
(1971) recorded this speciesfromthe Late ^tian of Lebanon. The dimensions they give of this species and the
morphology of their illustrations are in close agreement with that of S. pygmaea. Howev^ measurement of their
illustrations suggest their specimens have a D value of more than Imm and a d value of about 0.4mm. These are
greater than those for true S. pygmaea, and thus question their identification. It is possible that the Late Aptian
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material represents a separate species, but part of the S. johnsoni - S. pygmaea lineage with corresponding
increase in dimensions. Further research on the Late Aptian specimens from Lebanon is required.
In this study the species has confidendy been recordedfinomHautoivian sediments (association with Choffatella
decipiens and other foraminiferal taxa).
Local Occurrence
Hauterivian.
Cylindroporella arabica - Acroporella assurbanipali Zones.
See range charts provided in ChaptCT 4 for precise sample distribution.
Palaeoecology
Modem-day dasyclads are typically found living in very shallow water depths (usually less than 5m b.s.l.)
(Elliott, 1968; Wray, 1977). The delicate nature of this species of Salpingoporella means that it is unlikely to
have been transported far. It was recorded in protected back-shoal sediments of the Habshan and Lekhwair
Formations.
Genus Terquemella Munier-Chalmas, 1877
Diagnosis
"Small, disc-like, lenticular or spherical calcareous bodies, with numerous tiny subdermal spherical sporangial
cavities, the bodies themselves considered dissociated sporangial structures from Dactyloporae
(Dasycladaceae)". (Description by Elliott, 1968).
Remarics
Hiis genus has been used in a somewhat artificial sense to group together various sporangial structures thought
to originate from fossil Dactyloporae (= Bometelleae). They are thus unrelated to the morphologically very
similar Acicularia spicules.
In transverse sections Acicularia and Terquemella may be indistinguishable. Howev^, in longitudinal sections
the elongate, spicular nature of Acicularia is evident
Coptocampylodon can be distinguished from Terquemella by the presence of longitudinal grooves rather than
sporangial pits, plus a mwe elongate long axis and the occasional presence of a central cavity.
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Terquemella sp. A
Plates 3.160-3.161
1976 Terquemella (?) cf. triangularis Ramahlo - Masse, pi. 5, figs. 13-15.
Diagnosis
Small, spherical - lenticular calcareous bodies, circular in transverse section, distinctly lenticular in longitudinal
section. Diameter about 0.1-O.lSmm, thickness about 0.1mm. Hollow circular cavities of about O.OSmm
diameto' occur around the outo' edge of the body. In transvra^ sections, between S and 8 cavities are present, in
longitudinal sections only 2 are visible, a distinctive feature of this species.
Remarks
This species corresponds very well with that described by Masse (1976) as Terquemella (?) cf. triangularis
Ramalho. The form is clearly distinct from T. triangularis which has a characteristic triangular outline in
transverse sections, with three sporangial cavities being present.
This species, with its distinctive longitudinal cross-section, is unlike any other Early Cretaceous species of
Terquemella yet recorded. HOWCVCT, it is very rare in the study mataial and is hence still poorly known.
Global Distribution and Stratigraphic Range
Southern France, Oman Mountains
Late Barremian
Local Occurrence
Hauterivian.
Cylindroporella arabica Zone.
See range charts provided in Ch£q)tCT 4 for precise sample distribution.
Palaeoecology
This species was recorded from proximal back-shoal facies of the Habshan Formation. However, its size and
shape permit this fossil to transported considoable distances, so this record may not be in situ.
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3^; Introduction - Calpionellids

The taxonomic classification of calpionellids used in this study follows that of Remane (1971,1978,
1985). Remane (op. cit.) has shown, contrary to popular belief (eg. Colom, 1948; Tappan and Loeblich, 1968),
that calpionellids, which are only known from Tethyan Tithonian to Valanginian pelagic sediments, are
unrelated to modem tintinnids, hence their systematic position is uncertain. Calpionellids have a primary
hyaline calcite wall, whilst that of tintinnids is organic. Calpionellids are also unrelated to the Aptian - Albian
Colomiellidae which have a microgranular calcite wall.

Calpionellids are thus grouped at the family level (the Calpionellidae), with higher taxonomic
classification presently remaining unknown.

In the following section a description, discussion and comparison of genera is provided. This is followed
by the systematic description of species within a genus arranged in alphabetical order, unless the type species of
a genus is present, which is always placed first

For each species a synonymy is provided. This detail of this varies for different species. For those species
which are stratigraphically useful, or have been taxonomically revised an attempt has been made to provide as a
full a synonymy as possible. This has often been necessary to establish the true stratigraphic and geographic
range of a species. For certain less important species a more basic synonymy is given which outlines the type
description, generic shifts and at least one recent well illustrated reference, if available.

Following the synonymy a description of the species is given, followed by remariu concerning identification of
the species, comparison with similar taxa, evolutionary relationships, etc. This is followed by a statemoit of the
species global distribution and stratigraphic range. The local occurrence of a species within the study area is
noted. Finally a statement of the palaeoecology of a species is given.
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The letter "T" before a record of a species in the following synonymy lists indicates the type description
of that species.

3.6; Systematic Micropalaeontology - Calpionellids
FamUy CALPIONELLIDAE Bonet. 1956
Genus Calpionella Lorenz, 1902
Type Species Calpionella alpina Ixvenz, 1902
Diagnosis
The genus is characterized by a short cylindrical collar, narrower than the often subspherical or elongate oval
lorica. The base of the collar is well defined and a very typical "shoulder" appears below the collar in all
sections.
Remarks
The morphology of the collar and lorica in this genus makes it extremely distinctive. The only possible
confusion at generic level is between small, atypical specimens of Early Berriasian Calpionella alpina with a
less pronounced shoulder and oblique sections of Crassicollaria parvula Remane, but the separation of these
forms is not important for stratigraphy.
Only two species are present within the genus: Calpionella alpina and Calpionella elliptica Cadisch. The genus
attains its maximum frequency around the Tithonian - Berriasian boundary. At this level faunas may consist
ahnost exclusively of C. alpina.
Calpionella alpina Lorenz, 1902
Plates 3.162-3.163
T

1902 Calpionella alpina a sp. - Loraiz, text-figs. 1-2.
1985 Calpionella alpina Lorenz - Remane, text-figs. 6,18.1-3.

Diagnosis
Lorica somewhat variable in shape, but subspherical or elongate-ovoid with aroundedaboral pole. Distinctive
projecting short collar, aq)proxiinately two-thirds the width of the lorica. Shoulder is present between the lorica
and collar. Typical length: 45-105 microns, typical width: 35-75 microns.
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Remarks
As noted in the above generic remarks Calpionella is clearly distinctive from other calpionellid genera.
Calpionella alpina can be distinguished from Calpionella elliptica, which has a relatively longer, elongate
lorica, and less distinctive shoulder between lorica and collar. Colain oblique sections of Calpionella elliptica
look exactly like small Calpionella alpina. The distinction of the two species is important for stratigraphy, and
can be achieved by comparison of the length (without collar) to width ratio. All sections with a ratio >1.35 = C.
elliptica, those <\25 = C. alpina (Remane, 1985).
C. alpina has a relatively long range of early Late Tithonian (Calpionellid Zone A2 of Remane (1985)) to Late
Beniasian (Zone D3). Within this range however the species shows significant morphological changes in the
course of evolution. Large, elongate forms pass into small, subspherical forms, which are rq)laced by a small,
elongate forms. Recognition of these forms is thus usefiil in biostratigrj^hic studies and is explained in detail by
Remane (1985). The specimens obtained by from the Oman Mountains in this study are small subspherical
forms typical of the earliest Berriasian (Zone B2 of Ranane (1985)).
Global Distribution and Stratigraphic Range
Pan-Tethyan.
Late Tithonian - Late Boriasian (but see also notes on morphogroups above).
Local Occurrence
Early Boriasian.
Calpionella alpina Zone.
See range charts provided in Chapt^ 4 for precise sample distribution.
Palaeoecology
Open marine, pelagic sedimentation. Wats' dq)ths probably at least bathyal, possibly deepo'. Possible anaoobic
bottom water conditicms, considering l^k of benthos associated with calpionellid faunas.
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Genus Calpionellopsis Colom, 1948
Type Species Calpionella thalmanni Colom, 1939
Diagnosis
Elongate parallel or sub-parallel sided lorica, with length markedly greater than width, with pointed or rounded
aboral end. The inner rim of the opening of the lorica is formed by a separate ring, showing extinction between
crossed nicols at 4S degrees. The genus thus possesses a small internal collar, which is optically distinct from
the lorica wall.
Remarks
The presence of an internal optically distinct internal collar distinguishes this genus from other calpionellid
genera. However, this feature is not always conspicuous and may be lost by disaggregation after deathCalpionellites Colom also possesses an internal collar, but in this genus the lorica wall and collar are deflected
inward by

at the lorica opening, and there is a partial space between the lorica and collar giving the

appearance the lorica wall has bifurcated.
Two species are present within the genus Calpionellopsis: Calpionellopsis simplex (Colom) and Calpionellopsis
oblonga (Cadisch). The later species is considCTed to be the senior synonym of Calpionella thalmanni Colom,
the type species of the genus (Remane, 1965).
Calpionellopsis oblonga (Cadisch, 1932)
Plates 3.164 - 3.167
T

1932 Ca/pfo/ie/iaoWo«gan.sp.-Cadisch, pi. 3,figs.20-21.
1939 Calpionella thalmanni n. sp. - Colom, pi. 2,fig.17.
1965 Calpionellopsis oblonga (Cadisch) - Remane, pi. 5, pi. 6, fig. 16. Also full synonymy until 1965.
1985 Calpionellopsis oblonga (Cadisch) - Remane, text-figs, 10,18.7-8.

Diagnosis
Elongate species of Calpionellopsis, with straight sided lorica in which the walls converge slightly towards the
opening over two-thirds of the length. Axial sections show a pointed aboral end to the lorica. Typical length:
100-120 microns, typical width: 40-60 micnms.

202.

Remarics
As noted in the above generic remarks, Calpionellopsis cannot easily be confused with any other genus of
calpionellid. Calpionellopsis oblonga can be distinguished from Calpionellopsis simplex, by its slightly
convergent Iraica walls and pointed aboral end. C. simplex is also broader than C. oblonga.
As noted above, Remane (1965) considers C. oblonga to be the senior synonym of Calpionella thalmanni, the
type species of Calpionellopsis.
Global Distribution and Stratigraphic Range
Probably Pan-Tethyan.
Berriasian - Earliest Valanginian (Calpionellid Zones D1-D3, ?E of Remane (1985)).
Local Occuirence
Early Berriasian.
Calpionella alpina Z(Hie.
See range charts given in Chapter 4 for precise sample distribution.
Palaeoecology
Open marine, pelagic sedimentation. Water depths probably at least bathyal, possibly deeper. Possible anaerobic
bottom water conditicms, considering lack of benthos associated with calpionellid faunas.
Genus Crassicollaria Remane, 1%2
Type Species Crassicollaria brevis Remane, 1962
Diagnosis
Elongate, elliptical lorica with length markedly greato' than width, and with pointed or sub-rounded aboral end.
Possesses a wide opening with a marked collar. Below the collar there is a more or less pronounced swelling,
but never a well defined shouldo' as in Calpionella.
Remaiks
This genus can be distinguished from the similar genus Calpionella by its wider opening, smooth transition
from lorica to collar and lack of well defined shoulder.
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The collar is variable. In some species (C. intermedia Ronane, C. brevis), the distal part shows a sharp outward
deflection. According to Remane (1985) this character is inherited from the genus Tintinnopsella, since a
transition from Tintinnopsella carpathica (Murgeanu and Filipescu) through Tintinnopsella remanei Borza to C.
intermedia can be observed in the Late Tithonian - Early Berriasian.
Within the genus there is a progression from elongate (C. intermedia) to shorter, conical forms (C. brevis, C.
parvula Remane).
Crassicollaria parvula Remane, 1962
Plates 3.168-3.169
T

1962 Crassicollaria parvula n. sp. - Remane, text-figs. 36-45.
1985 Crassicollaria parvula Remane - Remane, text-fig. 18.13.

Diagnosis
Short conical species of Crassicollaria, with an elliptical lorica and a collar which does not show any outward
deflection. Axial sections show a pointed aboral aid to the lorica. Typical length: 63 microns, typical width: 36
microns.
Remarks
This species can be distinguished from other species of Crassicollaria by the presence of a collar which shows
no outward deflection. This species is also shorter and less elongate than C. brevis and C. intermedia.
In random sections it may be confused with Calpionella alpina, but can be distinguished by the lack of shoulda
between collar and lorica, and by the presence in axial sections of a pointed aboral end.
Global Distribution and Stratigraphic Range
Probably Pan-Tethyan.
Late Tithonian - Early Beiriasian (Calpionellid Zones A2?/3 - B/?C of Remane (1985)).
Local Occurrence
Early Boriasian.
Calpionella alpina Zone.
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See range charts provided in Chapter 4 for precise sample distribution.
Palaeoecology
Open marine, pelagic sedimratation. Water depths probably at least bathyal, possibly deeper. Possible ana^obic
bottom water conditicms, considering lack of benthos associated with calpionellid faunas.
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CHAPTER 4: BIOSTRATIGRAPHY

4.1; Microfossil Distribution

Figures 4.1 - 4.9 show the distribution of microfossils in the Thamama Group sections of Wadi Mi'aidin,
Jebel Madar and Wadi Bani Kharus. For each section, the occurrence of microfossils in individual samples is
plotted in terms of qualitative abundance (i.e rare, present, common, abundant or questionable). The distribution
of foraminifera, algae, calpionellids, and other microfossil groups (eg. molluscan debris, calcified radiolaria,
spicules) is shown in separate columns.

The microfossil distribution charts also show the microfacies character for each of the samples in the
studied sections. Broad microfacies type is indicated by reference to the classification of Dunham (1962). The
types of allochems present and any general sedimentary features (eg. burrows, dolomitization, micritization) arc
shown in sq)arate columns.

The significance of the microfossil distribution in terms of its application to chronostratigraphy and
biozonation is shown on theright-handside of each diagram (see Section 4.3 for discussion of the biozonation
scheme employed).

Figures 4 . 1 - 4.9 form the raw biostratigraphic data of this study. This data has been interpreted, partly
using Graphic Correlation techniques (see Section 4.2), to develop a biozonation scheme, via a total
stratigr^hic range chart, for the Thamama Group in the Oman Mountains area (see Section 4.3), and serves as
the basis for biostratigraphic correlations betwera sections (see Section 4.4), which in turn reveals details of the
time transgressive nature of sedimentary facies belts within the Thamama Group. Hie palaeoenvironmental
intopretations possiblefromthe raw biostratigrai^uc and sedimraitological data shown in Figures 4.1 - 4.9 have
been used in the development of a model for the geological history of the Thamama Group in the study area (see
Chapter 5).
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4.2: Graphic Correlation

In order to fully employ all the biostratigraphic data presented on the microfossil distribution charts
(Figures 4.1 - 4.9) the semi-quantitative Graphic Correlation technique devised by Shaw (1964) was used in this
study. Using this technique hasfivedistinct advantages:

(i) All the bioslratigraphic data is considered when undertaking correlations between sections, not just
selected fossil occurrences.

(ii) It provides a means of developing a composite standard reference section in which the maximum
range of each taxa is shown. This can be used as the basis for developing a regional biozonation
scheme.

(iii) It provides an alternative means of making chronostratigraphically significant correlations between
sections, and hence provides a means of testing correlations made by more standard
biostratigraphic correlation methods (eg. on the extinction levels of significant taxa) which may in
turn be facies controlled.

(iv) It highlights spurious fossil occurrences which may be the result of reworking or misidentification.
These can then be rechecked.

(v) It provides information on therateof rock accumulation (not strictly sedimentation rate), changes
in thisrate,and highlights sedimentary hiati.

The Graphic Correlation technique was first described by Shaw (1964). Later, Miller (1977) provided an
excellent account of how to apply the technique, whilst Edwards (1984) has provided a discussion on the

207.

reasons why the technique works using a hypothetical dataset. Sweet (1979) provided an example of the use of
the technique.

Gr^hic Correlation involves gr^hing two outcrop (or well) sections against each other on a normal XA'
plot were X equals section 1 (often chosen as a standard reference section - see below) and Y section 2. The
oldest rocks in both sections are plotted nearest to the origin of the graph. The tops (extinction points) and bases
(inceptions) of individual fossil taxa are plotted as points on this gr^h, and a Line of Correlation (LOC) drawn
through them, with most tops to the right of the line and most bases to the left, or better still, lying on the LOC
(see Figure 4.10). This could be calculated as a regression line, but it is best if the palaeontologist draws a "line
of best fit" taking into account his/her interpretation of the validity and significance of each of the data points.
Points that lie far off the LOC are often reworked, facies controlled or misidentified taxa. Time significant
sedimentological features can also be used in the construction of the LOC (eg. hardground surfaces). The LOC
must pass through points which relate to known isochronous events (eg. a layer of volcanic ash). Once the LOC
has been constructed, correlation of the two sections is then possible via this line.

Edwards (1984) noted that the Graphic Correlation method makes seven assumptions: (1) the law of
superposition holds; (2) the taxa are consistently identified; (3) the first and last stratigraphic occurrences of a
taxon are non-recurring events; (4) the fu-st and last stratigraphic occurrences of a taxon (globally) are excellent
indicators of geological time; (S) at the level of precision at which most stratigraphic work is done, the relative
rates of rock accumulation in the studied sections vary in a manner that can be approximated by a line or a series
of line segments; (6) occurrences of fossil taxa used in the method indicate the presence of living taxa at the
time of sediment accumulation (ie. reworking and contamination do not exist, or, if they do, the species
involved can be recognized and disregarded; (7) the best line of correlation is that which causes the minimum
net disruption of the best established ranges, subject to the best judgement of the compositor.

As stated above, this method has the advantage that it considers all the palaeontological data available,
and thus diminishes the effects of facies control on fossil ranges and correlation. However, because the
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correlation in effect becomes a function of the rate of rock accumulation (not simply sedimoitation rale, but also
including compaction, etc), in sequences in which this is highly variable there may be drawbacks to using the
method. This problem of the need to assume a linear rate of rock accumulation is highli^ted by Harper and
Crowley (1984) and is also discussed by Mill» (1977) and Edwards (1984,198S). Note that in carbonate
platform and basinal settings such as those in which the Thamama Group of the Oman Mountains was
deposited, rock accumulation rates can be considered to be rdatively unifoni.

The angle of the LCX^ reflects the rate of rock accumulation. Changes in the angle of the LOC imply
changes in this rate, and therefore possible changing sedimentary regimes. A horizcmtal terrace within a LOC
indicates that a hiatus is present in a section being compared to a standard reference section (see below for
discussion of this concept).

The Graphic Correlation method can be used to develop a Composite Standard Reference Section (CSRS)
by plotting all other sections against one original section. This original section should be as complete as
possible with no stratign^hic breaks. It should also have a large and varied fossil content, be the thickest section
possible and have been extensively sampled.

Fossil ranges in the CSRS are {Hogressively maximised by incorporating data from other sections. This is
achieved as follows:

In a graphic ccHxelation of a given section to the CSRS, some tops will plot to the left of the LOC and
some bases will plot to the right of i t This indicates that the range of these taxa is currently incomplete in the
CSRS. In (xder to place their correct positi(m on the CSRS tops are moved to therightand bases to the left until
the LOC is reached. The points in the CSRS directly below these points in the LOC are the OHrected bases and
taps fOT each species. Figure 4.10 illustrates a simple example of how this wcvks. This method can also be used
to plot on the CSRS taxa which do not occur in the (xiginal CSRS, but do occur in new sections graphed against
it
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Equal divisions of the CSRS can be considered as chronostratigraphically significant units and used for
correlation between sections via a graphically defined LOC. These are termed Composite Standard Time Units
(CSTU's). They are chronostratigraphically significant because they relate to the rate of rock accumulation
which is thought to be effectively constant Furthermore, the Gnq>hic Ccxrelation method allows a range chart
of taxa to be doived from the CSRS which can be expressed in terms of CSTU's.

As noted in Section 4.1, Graphic Cnrelation has been used in diis study as a means of corelation and as a
means of developing a biozonation scheme via construction of a total stratign^hic range chart Figures 4.11 and
4.12 present the gr£q)hing stages of the method when sqjplied to to the Thamama Group sections studied at Wadi
Mi'aidin, Jebel Madar and Wadi Bani Kharus.

Figure 4.11 is a graphic correlati(Mi f(H- Jebel Madar and Wadi Mi'aidin. Wadi Mi'aidin is adopted as the
Composite Standard Reference Section because it honours the criteria listed above f(a selecting a CSRS: it is
the thickest section, there are no major stratigraphic breaks present it has been sampled extensively and it has a
varied fossil content The data points on theright-handedge of the Jebel Madar column, and on the upper edge
of the Wadi Mi'aidin column are the original tops and bases as recorded in Figures 4.1 - 4.7. Those on the lower
edge of the Wadi Mi'aidin section rq)resent the tops and bases after the sections have been composited via the
LOC. The LOC shows a change in angle because of a change in rock accumuladon rates between the Rayda Salil sections and the Habshan - Shuaiba sections. This reflects the change from basinal - slope facies to
platformal facies. The CSTU's are shown fw Wadi Mi'aidin (the CSRS) and are craielated to Jebel Madar.

Figure 4.12 shows the graphic correlation for Wadi Bani Kharus and the CSRS (derived from Wadi
Mi'aidin). The positioning of datasets is as fw Figure 4.11. The LOC is effected by faulting in the Wadi Bani
Kharus section and is thoefrae less reliable for correlation of the Rayda and Salil sections. The lower edge of
the CSRS section displays the final tops and bases of taxa as a result of compositing Wadi Bani Kharus to the
CSRS. This is used as the basis for the total range chart shown in Figure 4.13, which is in turn used in the
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GRAPHIC CORRELATION PLOT FOR JEBEL MADAR - NADI MI'AIDIN
WADI MI'RIDIN IS ADOPTED AS THE
COMPOSITE STANDARD REFERENCE SECTION (CSRS)
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KEY FOR FIGURES 4.11 AND FIGURE 4.12

Foraminifera

Calcareous algae

A = P. lenticularis
B = D. conica
C = N. bronnimanni
D = C. decipiens
E = E. greigi
F = E. charollaisi
G = C. laurentii
H = T. sagittaria
I = V. scarsellai
J = T. aff. sagittaria
K = P. arabicus
L = Reophax sp. A
M = Ammobaculites sp. A
N = T. punica
0 = C. camposaurii
P = T. chouberti
Q = T. molesta
R = T. odukpaniensis
S = L.? kelleri
T = B. hedbergi
U = B. arabica
V = G. hoterivica
W = O. simplex
X = V. arenata
Y = C. hensoni
Z = N. cretacea
AA = C. elongatus

1 = L. aggregaium
2 = A. podolica
3 = "S". dinarica
4 = P. inopinalus
5 = C. lincolalus
6 = S. muehlbergii
7 = S. pygmaea
8 = A. antiqua
9 = C. sugdeni
10 = Salpingoporella sp. A
11 = Terquemella sp. A
12 = N. cretacea
13 = M. lugeoni
14 = A. aegagrapiloides
15 = C. arabica
16 = A. assurbanipali
17 = A. radoicici
18 = S. johnsoni
19 = E. alba
20 = R. lissaviensis
21 = C ? solkani
22 = C. parvula
23 = R. fruticosa
24 = S. arabica
Calpionellids
a = C. alpina
b = C. parvula
c = C. oblonga
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Figure 4.15

definition of theregionalbiozonation scheme further discussed in Section 4.3. It is important to note that the
total range chart shown in Figure 4.13 honours the raw data shown in Figures 4.1 - 4.9.

Figure 4.14 presents the results of a correlation of the three studied sections using Graphic Correlation
(correlation of CSTU's). This is further discussed in Section 4.4, where it is compared to a correlation based on
biozones (Figure 4.15).

43: Biozonation

Figure 4.13 illustrates the total range of key microfossils recorded in the Thamama Group sediments of
the Oman Mountains. This range chart was derived primarily by use of the Graphic Correlation technique (see
Section 4.2), although it also incorporates observations made in outcrop sections across the Oman Mountains
area. The ranges of the taxa are initially expressed in terms of CSTU's (far left-hand column), but via the
biozonation scheme that this range chart permits, standard chronostratigraphic values can also be applied (far
right-hand column).

The ranges of the key microfossil taxa and thus the key biostratigraphic events (extinctions and
inceptions) recorded in the Thamama Group sediments of the Oman Mountains form the basis for developing
the biozonation scheme which is shown in Figure 4.13.

It should be noted that this biozonation scheme is of value only in local correlation studies. It should be
considCTed as the starting point for developing a mcseregionallyapplicable scheme. The stratigraphic ranges of
microfossils given in Figure 4.13 are not always consistent with their ranges as documented elsewhere in the
Tethyan region (Saint-Marc, 1977; Amaud-Vanneau, 1980; Moullade et al., 1985). The stratigraphic ranges
shown in Figure 4.13 are the local ranges on which the local biozonation scheme is built. Because the
stratigraphic ranges of benthonic microfossils are different across the Tethyan region, it is suggested that
alternative means of correlation should be sought Graphic Correlatirai is one suitable method.

211.

The defining event for each of the biozones is shown in Figure 4.13. Further discussion of this
biozonation schone is given below. For each of the biozones (and subzoi^s), a definition is given together with
comments on regional synonymy, distribution in the studied sections, assemblage characteristics,
palaeoenvironmental significance and chronostratigr:q>hic significance. The biozonation sch^ne is described in
descending stratigraphic orda.

"SalpingoporeUa" dinarica Zone
Definition: Top defined by the local extinction level of the nominate taxon, base by the top of the underlying
zone.

Synonymy: Choffatella decipiens - Orbitolina lenticularis Zone (pars.) (Harris et al. (1984), Choffatella
decipiens zone (pars.) (Sampo, 1969), Orbitolina - Choffatella - Salpingoporella dinarica Zone (pars.)
(Gollesstaneh. 1965).

Distribution: Wadi Mi'aidin, Shuaiba Formation; ?Wadi Bani Kharus, Shuaiba Formation.

Assemblage Characteristics: Characterized by sparse assemblages which include only the algae
"Salpingoporella" dinarica and Lithocodium aggregatum.

Palaeoenvironmental Significance: The above assemblage suggests deposition in low energy middle neritic
conditions with water depths in the range of 15m to c. 60m b.s.l.

Chronostratigraphlc Significance: The presence of "Salpingoporella" dinarica suggests an age no younger
than Late Aptian, but as old as Hauterivian. The age is xestricted to Aptian (probably Early Aptian on regional
grounds and associated macrofauna) by the age of the und^lying zone.

212.

Comments: This zone coincides with the uppomost part of the Shuaiba Formation.

The nominate taxon, "Salpingoporella" dinarica, is herein regarded as the senior synonym of Hensonella
cylindrica, the more commonly used name to describe this fossil in the Early Cretaceous sediments of the
Middle East It isregardedas being a dasycladacean alga (see Section 3.4).

Palorbitolina ienticularis Zone
Definition: Top defined by the local extinction level of the nominate taxon, base by the local inception level of
the nominate taxon. Divisible into four subzones.

Synonymy: Choffatella decipiens - Orbitolina lenticularis Zone (pars.) (Harris et al. (1984), Choffatella
decipiens zone (pars.) and Dictyoconus arabicus Zone (pars.) (Sampo, 1969), Orbitolina - Choffatella Salpingoporella dinarica Zone (pars.) (Gollesstandi, 1965).

Distribution: Wadi Mi'aidin, Shuaiba - Kharaib Formations; Jebel Madar, Shuaiba - Kharaib Formations; Wadi
Bani Kharus, Shuaiba - Lekhwair Formations.

Assemblage Characteristics: See separate subzone sections for (ktails.

Palaeoenvironmental Significance: See separate subzone sections for details.

Chronostradgraphic Significance: The presence of Palorbitolina lenticularis indicates an Early Aptian - Late
Banemian age. See separate subzone sections for further details.

Comments: This zone coincides with the lower Shuaiba Formation and the upper part of the Kharaib
Fomation.

213.

This zone can be recognized across much of the Middle East and indeed across across the entire central and
eastern Tethyan region. The nominate taxon has an Early Aptian - Late Barremian age range, but further
stratigraphic subdivision is possible by the recognition of various evolutiwiary stages within P. lenticularis (but
see Section 3.2 for note of caution), and/or by the recognition of subzones. Four subzones are recognized in this
study and are described below. Note that because of facies variations these subzones are not always
recognizable in any given outcrop (or well) section. It is for this reascm that they are given subzonal status.

Palorbitolina lenticularis Subzone
Definition: Top defined by the local extinction level of the nominate taxon, base by the top of the underlying
subzone.

Synonymy: Pseudocyclammina hedbo'gi Subzone (pars.) (Harris et al., 1984).

Distribution: Wadi Mi'aidin, Shuaiba Formation; Jebel Madar, Shuaiba Formation; ?Wadi Bani Kharus,
Shuaiba Formation.

Assemblage Characteristics: Significant microfossils recorded from this subzone include Palorbitolina
lenticularis (advanced forms), Ammobaculites sp. A, Dukhania conica, Cuneolina laurentii, Orbitolinopsis
simplex, Nautiloculina bronnimanni, "Salpingoporella" dinarica, Lithocodium aggregatum and Actinoporella
podolica.

Palaeoenvironmental Significance: The above assemblage suggests deposition in platformal, most likely
middle - outer noitic, conditions.

Chronostratigraphic Significance: The dominance of advanced forms oi Palorbitolina lenticularis suggests
an Early Aptian age for this subzone. This is supported by the occurrence of Orbitolinopsis simplex.
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Comments: This subzone coinci^s with the lowo' part of the Shuaiba Formation.

Choffatella decipiens Subzcme
Definition: Top defined by the local extinction level of the nominate taxon, base by the top of the underlying
subzone. Top can also be recognized by the local extinction level of Permocalculus inopinatus.

Synonymy: Pseudocyclanunina hedbo'gi Subzone (pars.) (Harris et al., 1984).

Distribution: ?Wadi Mi'aidin, Kharaib Formation; Jebel Madar, Kharaib Formation; Wadi Bani Kharus,
Shuaiba - Kharaib Formations.

Assemblage Characteristics: Significant microfossils recorded from this subzone include Choffatella
decipiens, Palorbitolina lenticularis (moderately advanced forms), Ammobaculites sp. A, Dukhania conica,
Cuneolina laurentii, Nautiloculina bronnimanni, "Salpingoporella" dinarica, Lithocodium aggregatum,
Actinoporella podolica, Pemtocalculus inopinatus, Coptocampylodon lineolatus and Clypeina? solkani.

Palaeoenvironmental Significance: The above assemblage suggests deposition in platformal, most likely
middle - outer noitic, conditions.

Chronostratigraphic Significance: The dominance of modoately advanced fcnnis of Palorbitolina lenticularis
suggests an Early Aptian age for this subzone. The lower part of this subzone is particularly poorly age
constrained, often containing only relatively long ranging taxa. It is considered to be Early Aptian because of
the age of the overlying and underlying intervals, but extension of this subzone into the Late Barremian is
possible.

Comments: This subzone usually coincides with the lower part of the Shuaiba Formation and the uppermost
Kharaib Formation.
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Paleodictyoconus arabicus Subzone
DefinitioD: Top deHned by the local extinction level of the nominate taxon, base by the top of the underlying
subzone. Base can also be recognized by the local incq)tion level of the nominate taxon.

Synonymy: None known.

Distribution: ?Wadi Mi'aidin, Kharaib Formation; Jebel Madar, Kharaib Formation; Wadi Bani Kharus,
Kharaib Formation.

Assemblage Characteristics: Significant microfossils recorded from this subzone include Paleodictyoconus
arabicus, Chojfatella decipiens, Palorbitolina lenticularis (primitive forms), Ammobaculites sp. A, Dukhania
conica, Cuneolina laurentii, Nautiloculina bronnimanni, Reophax sp. A, Everticyclammina greigi,
"Salpingoporella" dinarica, Lithocodium aggregatum, Actinoporella podolica, Permocalculus inopinatus,
Coptocampylodon lineolatus and Clypeina? solkani.

Palaeoenvironmental Significance: The above assemblage of microfossils indicates deposition in carbonate
platform environments. The majority of the subzone appears to equate to a period of inner neritic - shallow
platform lagoon deposition, as demonstrated by the presence of dasycladacean algae. However, episodes of
middle - outer noitic dq)osition are indicated by levels with abundantrabitolmidsand Choffatella.

Chronostratigraphic Significance: The presence oi Paleodictyoconus arabicus indicates that this subzone is
of Late Barr^nian age. This age assignment is supported by the dominance of primitive forms of Palorbitolina
lenticularis, and the age of the underlying subzone.

Comments: This subzone usually coincides with levels within the iq)per part of the Kharaib Formation.

216.

Eopalorbitolina charonaisi Subzone
Definition: Top deHned by the local extinction level of the nominate taxon, base by local inception level of
Palorbitolina lenticularis.

Synonymy: None known.

Distribution: Wadi Mi'aidin, Kharaib Formation; Jebel Madar, Kharaib Formation; Wadi Bani Kharus,
Kharaib - Lddiwair Fomations.

Assemblage Characteristics: Significant microfossils recorded from this subzone include Eopalorbitolina
charollaisi, Buccicrenata hedbergi, Choffatella decipiens, Palorbitolina lenticularis (primitive forms),
Ammobaculites sp. A, Dukhania conica, Cuneolina laurentii, Nautiloculina bronnimanni, Reophax sp. A,
Everticyclammina greigi, "Salpingoporella" dinarica, Lithocodium aggregatum, Actinoporella podolica,
Permocalculus inopinatus, Coptocampylodon lineolatus, Cylindroporella sugdeni and Clypeina? solkani.

Palaeoenvironmental Significance: The above assemblage of microfossils indicates deposition in carbonate
platfonn environments. The majority of the subzone appears to equate to a period of inner neritic - shallow
platform lagoon deposition, as demonstrated by the presence of dasycladacean algae. However, episodes of
middle - outer n^tic dqx)sition are indicated by levels with abundant (x1>itolinids and Choffatella.

Chronostratigraphic Significance: The presence of Eopalorbitolina charollaisi indicates that this subzone is
of Late Barremian age. This age assignment is supported by the dominance of primitive forms of Palorbitolina
lenticularis, and the age of the overlying subzone.

Comments: This subzone usually coincides with levels within the upper and middle parts of the Kharaib
FcHination.
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Within this subzone the local extinction levels of the key taxa Buccicrenata hedbergi and Cylindroporella
sugdeni occur. The nominate taxon has an incepti(Hi level near the base of this subzone.

Permocalculus inopinatiis Zone

Definition: Interval zone deOned between the base of the Palorbitolina lenticularis Zone (local inception level
of Palorbitolina lenticularis) and top of the Acroporella assurbanipali Zone (local extinction level of
Acroporella assurbanipali).

Synonymy: Choffatella decipiens - Orbitolina lenticularis Zone (pars.) (Harris et al., 1984), Dictyoconus
arabicus zone (pars.) (Sampo, 1969), Orbitolina - Choffatella - Saipingoporella dinarica Zone (pars.)
(GoUesstaneh, 1965).

Distribution: Wadi Mi'aidin, Kharaib Formation; Jebel Madar, Lekhwair Formation; Wadi Bani Kharus,
Lddiwair Formation.

Assemblage Characteristics: Significant microfossils recorded from this zone include Buccicrenata hedbergi,
Ammobaculites sp. A, Dukhania conica, Cuneolina laurentii, Nautiloculina bronnimanni, Reophax sp. A,
Everticyclammina greigi, Vercorsella scarsellai, Trocholina aff. sagittaria, Trocholina sagittaria,
"Saipingoporella" dinarica, Lithocodium aggregatum, Actinoporella podolica, Permocalculus inopinatus,
Coptocampylodon lineolatus, Cylindroporella sugdeni, Clypeina? solkani, Acicularia antiqua, Saipingoporella
muehlbergii and Clypeina parvula.

Palaeoenvironmentai Significance: The above assemblage, which is often dominated by dasycladacean algae
and Trocholina spp., indicates that deposition of this zone took place in very shallow water inner neritic
environments.
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Chronostratigraphic Significance: This zone is poorly age constrained. The local extinction level of
Salpingoporella muehlbergii, which lies within this zone, indicates that it cannot be younger than Early
Barremian. A Barremian - Hauterivian age is indicated by the age of the underlying and overlying zones. This
age assignment is supported by the ovoall assemblage.

Comments: This zone usually coincides with levels within the lower part of the Kharaib Framation.

Within this subzone the local extinction levels of the key taxa Salpingoporella muehlbergii and Trocholina spp.
occur. These events can also be used to recognize the zone.

Acroporella assurbanipali Zone
Deflnition: Top defined by the local extinction level of the nominate taxon, base by the top of the underlying
zone.

Synonymy: Unzoned interval (pars.) (Harris et al., 1984), Pseudocyclammina lituus Zone (pars.) (Sampo,
1969), Pseudocyclammina lituus - Pseudochrysalidina arabica - algae uaae. (pars.) (Gollesstaneh, 1965).

Distribution: Wadi Mi'aidin, Kharaib - Lekhwair Formations; Jebel Madar, Lekhwair Formation; Wadi Bani
Kharus, Lekhwair Formation.

Assemblage Characteristics: Significant microfossils recorded from this zone mchxd&Buccicrertata hedbergi,
Ammobaculites sp. A, Dukhania conica, Cuneolina laurentii, Nautiloculina bronnimanni, Reophax sp. A,
Everticyclammina greigi, Vercorsella scarsellai, Trocholina aff. sagittaria, Trocholina sagittaria, Trocholina
molesta, Cribellopsis elongatus, Cuneolina hensoni, Vercorsella arenata, Cuneolina camposaurii,
Thomasinella punica, Acroporella assurbanipali, Salpingoporella pygmaea, Neomeris cretacea,
Salpingoporella sp. A, Salpingoporella arabica, "Salpingoporella" dinarica, Lithocodium aggregatum.
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Actinoporella podolica, Permocalculus inopinatus, Coptocampylodon lineolatus, Cylindroporella sugdeni,
Clypeina? solkani, Acicularia antiqua, Salpingoporella muehlbergii and Clypeina parvula.

Palaeoenvironmental Significance: The above assemblage, which is dominated by dasycladacean algae,
cuneolinids, and Trocholina spp., indicates that deposition of this zone took place in very shallow water, low
eno'gy inner neritic - shallow platform lagoon environments.

Chronostratigraphic Significance: The presence oiAcroporella assurbanipali suggests that this zone is no
younger than Hauterivian in age. The association with Dukhania conica, Nautiloculina bronnimanni,
Cribellopsis elongatus, Vercorsella arenata, Neomeris cretacea and Cylindroporella sugdeni suggests that it
cannot be older than Hauterivian. An Hauterivian age assignment is supported by the age of the underlying
zone.

Comments: This zone usually coincides with levels within the Lekhwair Formation.

The top of this zcme also coincides with tte local extinction level for Salpingoporella pygmaea.

Cylindroporella arabica Zone
Definition: Top defined by the local extinction level of the nominate taxon, base by the local inception level of
Ckoffatella decipiens.

Synonymy: Unzoned interval (pars.) (Harris et al., 1984), Pseudocyclammina lituus Zone (pars.) (Sampo,
1969), Pseudocyclammina lituus - Pseudochiysalidina arabica - algae zcMie (pars.) (Gollesstaneh, 1965).

Distribution: Wadi Mi'aidin, Lekhwair - Habshan Formations; Jebel Madar, Ldchwair - Habshan Formations;
Wadi Bani Kharus, Lddiwair - Habshan Formations.
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Assemblage Characteristics: SigniHcant microfossils recordedfiromthis zone include Choffatella decipiens,
Buccicrenata hedbergi, Ammobaculites sp. A, Dukhania conica, Cuneolina laurentii, Nautiloculina cretacea,
Nautiloculina bronnimanni, Reophax sp. A, Everticyclammina greigi, Vercorsella scarsellai, Trocholina
odukpaniensis, Trocholina aff. sagittaria, Trocholina chouberti, Trocholina sagittaria, Trocholina molesta,
Vercorsella arenata, Cylindroporella arabica, Arabicodium aegagrapiloides, Marinella lugeoni, Rivularia
fruticosa, Rivularia lissaviensis, Acroporella radoicici, Acroporella assurbanipali (uppermost part of the zone
only), Ethelia alba, Salpingoporella johnsoni, Salpingoporella pygmaea, Neomeris cretacea, Terquemella sp.
A, "Salpingoporella" dinarica, Lithocodium aggregatum, Permocalculus inopinatus, Coptocampylodon
lineolatus, Cylindroporella sugdeni (uppermost part of the zone only), Clypeina? solkani, and Acicularia
antiqim.

Calcareous algae are particularly common and diverse in assemblages from this zone.

Palaeoenvironmental Significance: Assemblages from this zone, which are often dominated by
dasycladacean, codiacean and cyanophytic algae, lituolids, and Trocholina spp., indicate that deposition of this
zone took place in shallow water, platform environments probably with open marine influence. A middle - outer
ramp position is envisaged although with relatively shallow water dq)ths.

Chronostratigraphic Significance: The presence of Choffatella decipiens indicates that this zone can be no
older than Hauterivian. An Hauterivian age for this zone is conHrmed by the age of the overlying zone, and the
general aspect of the microfauna and microflora. In particular, the presence of Acroporella radoicici and
Cylindroporella arabica indicates that this zone cannot be younga* than Haut^vian.

Comments: This zone usually coincides with levels within the Lekhwair and Habshan Formaticxis.
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Giobuligerina hoterivica Zone
Deflnition: Top defined by the base of the overlying zone (local inception level of Choffatella decipiens), base
by the local incepticMi level of the nominate taxon.

This zone is divided into four subzones.

Synonymy: Caucasella hot^vica Zone and calpionellid zones (pars.) (Harris et al., 1984), Pseudocyclammina
lituus Zone (pars.) (Sampo, 1969), Pseudocyclanunina lituus - Pseudochrysalidina arabica - algae Zone (pars.)
and Tintinnids Zone (pars.) (GoUesstaneh, 1965).

Distribution: Wadi Mi'aidin, Salil - Rayda Formation; Jebel Madar, Habshan - Rayda Formations; Wadi Bani
Kharus, Salil - Rayda Formations.

Assemblage Characteristics: See separate subzone sections for details.

Palaeoenvironmental Significance: See separate subzcHie secticms for details.

Chronostratigraphic Significance: This zone is poorly age constrained. The age of the overlying zone implies
it cannot be younger than Hauterivian. Calpionellids near its base suggest it cannot be older than Early
Beniasian. FOT furth^ details see sq)arate subzone sections.

Comments: This zone usually coincides with levels within the Salil and Rayda Formations.

Graphic Correlation suggests that the nominate taxon ranges above the top of this zone. However, it is facies
restricted and effectively constrained to this zone. Thisreflectsthe diachronous nature of biozonal boundaries
based on facies controlled microfossils (ie. base Cylindroporella arabica zone - top Globuligerina hoterivica
zone).
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BuccicrenatafaedbergiSubzone
Definition: Top defined by the base of the overlying zone (local inception level of Choffatella decipiens), base
by the local inception level of the nominate taxon.

Synonymy: None known.

Distribution: Wadi Mi'aidin, Salil Formation; Jebel Madar, Habshan - Salil/Rayda Formations; Wadi Bani
Kharus, Salil Formation.

Assemblage Characteristics: Significant taxa recorded from this subzone include Buccicrenata hedbergi,
Ammobaculites sp. A, Cuneolina laurentii, Reophax sp. A, Globuligerina hoterivica, Salpingoporella dinarica,
Permocalculus inopinatus and Acicularia antiqua.

Palaeoenvironmental Significance: Many of the benthonic microfossils recordedfromthis subzone are clearly
reworked downslope. The presence of common Globuligerina points to open marine conditions and moderate
(outCT nmtic - upper bathyal?) water depths. The reworked benthos suggests a distal ramp or slope environment
of deposition.

Chronostratigraphic Significance: This subzone is poorly age constrained. The age of the overlying zone
implies it cannot be younger than Hautoivian. The preseiKe of Salpingoporella dinarica in the uppo* part of the
zone is suggestive of a age no older than Hauterivian (although this species has been questionably recorded
from Valanginian sediments), whilst the presence of Buccicrenata hedbergi indicates that the subzone cannot be
oldCT than Valanginian. On balance, an Hauterivian? - Valanginian age is suggested.

Comments: This subzone usually coincides with levels within the Salil Formation.
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Globuligerina hoterivica Subzone I
Definition: Interval zone defined between the base of the overlying subzone (local inception level of
Buccicrenata hedbergi) and tc^ of underlying zone (local extinction level of Calpionella alpina).

Synonymy: None known.

Distribution: Wadi Mi'aidin, Salil - Rayda Formations; ?Jebel Madar, Salil/Rayda Formations; ?Wadi Bani
Kharus, Salil - Rayda Formations.

Assemblage Characteristics: The sparse microfauna recorded from this subzone consists of Globuligerina
hoterivica and calcified radiolaria.

Palaeoenvironmental Significance: The presence of common Globuligerina and radiolaria points to open
marine conditions and moderate (outer neritic - upper bathyal?) water depths. A basinal - slope environment of
deposition is suggested.

Chronostratigraphic Significance: This subzone is age constrained by the age of the overlying and undo-lying
intervals. It is thus Valanginian - Berriasian in age.

Comments: This subzone usually coincides with levels within the Salil and Rayda Formations.

Calpionella alpina Subzone
Definition: Total range zone with top defined by the local extinction level of the nominate taxon, and base
defined by the local incq>tion level of the nominate taxon.

Synonymy: None known.
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Distribution: Wadi Mi'aidin, Rayda Formation; ?Jebel Madar, Salil/Rayda Formation; ?Wadi Bani Kharus,
Salil - Rayda FOTmations.

Assemblage Characteristics: The microfauna recorded from this subzone consists of Calpionella alpina,
Calpionellopsis oblonga, Crassicollaria parvida, Globuligerina hoterivica and calcified radiolaria.

Palaeoenvironmental Significance: The presence of common calpionellids, Globuligerina and radiolaria
points to open marine conditions and upper bathyal water depths. A basinal environment of deposition is
suggested.

Chronostratigraphic Significance: The presence of Early Berriasian forms of Calpionella alpina (see
Remane, 198S) indicates that this subzone is of Early Beniasian age.

Comments: This subzone usually coincides with levels within the Rayda Formation.

Globuligerina hoterivica Subzone n
Definition: Top defined by the base of the ov^lying subzone (local incq)tion level of Calpionella alpina), base
by the local incepticMi of the nominate taxon.

Synonymy: None known.

Distribution: Wadi Mi'aidin, Rayda Formation; ?Jebel Madar, Sail/Rayda Formations; ?Wadi Bani Kharus,
Salil - Rayda FcHtnations.

Assemblage Characteristics: The only significant microfossils recorded from diis subzone are Globuligerina
hoterivica and calcified radiolaria.
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Palaeoenvironmental Significance: The presence of Globuligerina and calcified radiolaria points to open
marine conditions and uppo' bathyal wat^ depths. A basinal environmoit of deposition is suggested.

Chronostratigraphic Significance: This subzone lacks age significant taxa, but its limited thickness and the
age of the overlying subzone suggests that it is Early Boriasian.

Comments: This subzone usually coincides with levels within the Rayda Fonnation.

Indeterminate Interval
Definition: An interval lacking significant microfossils at the base of the Thamama Group. Top defined by base
of overlying zone (local inception level of Globuligerina hoterivica), base by the base of the Thamama Group.

Synonymy: None known.

Distribution: Wadi Mi'aidin, Rayda Fonnation; Jebel Madar, Rayda Fonnation; Wadi Bani Kharus, Rayda
Fonnation.

Assemblage Characteristics: No significant taxa present

Palaeoenvironmental Significance: The absence of significant microfossils precludes any inteipretation.

Chronostratigraphic Significance: The absence of significant microfossils preclucfes any inteipretation.

Comments: This intoval corresponds with die basal sedimoits of the Thamama Group.
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4.4; Correlation of Studied Sections

Figures 4.14 and 4.15 illustrate two alternative biostratigraphic methods of correlating the Thamama
Group sediments of the studied sections at Wadi Mi'aidin, Jebel Madar and Wadi Bani Kharus. Hgure 4.14 is a
correlation using Composite Standard Time Units (CSTU's) derived by the use of the Graphic Correlation
method explained in Section 4.2. Figure 4. IS is a more traditional type of correlation using the local biozonation
scheme defined in Section 4.3 (see also Figure 4.13). Figures 4.1 - 4.9 also show the occurrence of biozone tops
and bases in the studied sections.

The objective of these correlations is to investigate if the lithostratigraphic units (= sedimentary facies
belts) are time transgressive. The recognition of diachronous (and isochronous) facies belts is important when
elucidating a palaeoenvironmental model and geological history for the Thamama Group of the Oman
Mountains. Although not discussed here further, the identification of diachronous facies belts, particularly of
reservoir facies (eg. an oolitic shoal), is highly significant for locating hydrocarbon reserves in the region.
Diachronous facies belts often form stratigraphic traps, for example by means of updip pinch-outs.

In order to recognize diachronous facies, the methods of correlation need to be chionostratigraphically
significant The majority of biozonal marker species used herein are considered to be cluonostratigraphically
significant, at least on a local scale. Even so, foraminiferal and algal taxa occurring in platform carbonate
environments, such as that represented by the Thamama Group, must be somewhat facies controlled. As such,
they are limited in their ability to demonstrate the time transgressive nature of the sedimentary facies they relate
to. However, all the taxa do have absolute incq)tion and extinction points, and these may be isochronous across
a basin, especially if they relate to evolutionary events within a phylogenetic series, in turn relating to more
basin-wide or global events (eg. eustatic sea-level change). Some of the marker taxa used in this study are
obviously of this type (eg. Eopalorbitolina charollaisi - evolution to PalorbitoUna lenticularis).
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The problems of facies control on fossil ranges with the Thamama Group of the Oman Mountains
prompted the investigation of quantitative and semi-quantitative biostratigraphic methods of correlation.
Graphic Correlation was chosen as a suitable alternative method of biostratigraphic correlation to biozonal
correlation because of its advantages outlined in Section 4.2. Because it uses all the biostratigraphic data
available it is less susceptible to facies control. Furthermore, it allows for the construction of an independent
time scale, and for the correlation of sections by this timescale (Composite Standard Time Units - CSTU's).

It is interesting to note that the two correlation methods show results (Figures 4.14 and 4.IS) which in
some cases are similar, but in others quite dissimilar. The results are discussed further below with primary
refCTence to the correlation by CSTU's which is considered to be more reliable.

It can be seen from Figure 4.14 that the lower part of the Thamama Group is demonstrably younger at
Wadi Bani Kharus than at Wadi Mi'aidin. At Wadi Mi'aidin the top of the Rayda Fonnation is OMCT than CSTU
20, whilst at Wadi Bani Kharus, the top of the formation lies above CSTU 20 and is therefore younger than it.
At Jebel Madar the Rayda and Salil Formations are condensed, as is clear from the close stacking of CSTU's
within these formations.

The Habshan Formation shows clear diachroneity. At Jebel Madar the base of the formation is almost
equivalent to CSTU 12. At Wadi Mi'aidin and Wadi Bani Kharus, the onset of Habshan deposition is
progressively older. At Wadi Bani Kharus it is almost equivalent to CSTU 14. However, the top of the
formation shows a reverse diachroneity. At Wadi Bani Kharus the top of the formation is younger than CSTU
10, whilst at Jebel Madar it is is slightly older. The biozonal correlation suggests that the base of the formation
is virtually isochronous (top of the Buccicrenata hedbergi Subzone). This is likely to be a function of facies
control on the top of the biozone. Biozonal correlation suggests that the top of the formation is older at Wadi
Bani Kharus than at Wadi Mi'aidin or Jebel Madar. This is the reverse of the situation suggested by Graphic
Correlation. It is thought that the biozonal correlation, based on the top of the Cylindroporella arabica Zone is
unreliable, relating to facies control and the scarcity of zonal indices in the studied samples. The diachronous
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nature of the Habshan Formation is in agreement with the concept that it represents a prograding oolitic shoal
(see Chapter S). Regional evidence supports this model. In Abu Dhabi the formation is Berriasian in age
(Hassan et al., 1975); in Oman it is as young as Hauterivian.

The Lekhwair Formation also shows a time transgressive nature. The base of the formation is equivalent
to CSTU 10 at Jebel Madar and Wadi Mi'aidin, whilst at Wadi Bani Kharus it is youngCT being CIOSCT to CSTU
8. The top of the formation is younger than CSTU 6 at Wadi Bani Kharus and Jebel Madar, but is slighUy older
than CSTU 6 at Wadi Mi'aidin. Howev^ this is probably in the range of oror of the correlation method and the
top of the formation may be isochronous. The biozonal correlation of the Lddiwair Formation is limited by the
few zones recognized in this fonnation. However, the top of the formation would appear to be older at Wadi
Mi'aidin than at Wadi Bani Kharus or Jebel Madar, as suggested by the Gr^hic Correlaticm method.

Both Graphic Correlation and biozonal correlation suggest that base of the Kharaib Formation is slightly
old»- at Wadi Mi'aidin than at Wadi Bani Kharus or Jebel Madar. Furthermore, the top of the formation is oldo'
than CSTU 2 at Wadi Mi'aidin, whilst at Wadi Bani Kharus and Jebel Madar it is younger than this correlation
line (Figure 4.14).

The Shuaiba Formation is condensed at Wadi Bani Kharus, but also includes younger sediments than at
Wadi Mi'aidin or Jebel Madar. Figure 4.14 shows that at Wadi Bani Kharus the top of the Formation is almost
equivalent with CSTU 0. At Jebel Madar and Wadi Mi'aidin the top of the formation lies intermediate between
CSTU's 0 and 2. Some support for this comes from the biozonal correlation (Figure 4.1S), where at Jebel Madar
the top of the formation closely corresponds to the top of the Palorbitolina lenticularis 2k)ne, whilst at Wadi
Bani Kharus and Wadi Mi'aidin, it is youngs', above the top of the Salpingoporeila dinarica Zone. The variable
age of the top of the Shuaiba Formation is thought to relate to differential erosion prior to the the deposition of
the Albian, Nahr Umr Formation. Regional evidence suppcHls this: in Musandam and Abu Dhabi the formation
extends into the Late Aptian (Hassan et al., 1975, BP internal rqxirts).
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Both correlation methods show that the formations of the Thamama Group are often time transgressive or
condensed at some localities. However, both methods suffer from a number of introduced unc^lainties. These
are:

(i) Inc(xisistent identification of taxa.

(ii) Sample spacing.

(iii) Picking of formation boundaries.

As such the correlations presented here and any conclusions drawn from them must be considered
provisional pending further more detailedregionalstudies.

4.5: Regional Considerations

It is interesting to compare the biostratigraphic data and interpretations presented in Sections 4.1 - 4.4
with previous biostratigraphic studies of the Early Cretaceous of the Middle East region.

Figure 4.16 presents a comparison of the local biozonation scheme for the Oman Mountains developed
herein (Section 4.3) with those previously developed for other parts of the Middle East region. In platformal
facies, no previous scheme is of equal resolution. Including subzones, thirteen biozones are recognized in the
current study. These have an average resolution of 2.IS million years (using the timescale of Harland et al.,
1982). However, it must be stressed that the scheme defined herein is of limited value outside the study area.
The lower resolution schemes shown in Figure 4.16 are probably simpler to apply in regional correlation
studies.
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A COMPARISION OF MICROFOSSIL BIOZONATION SCHEMES FOR THE EARLY CRETACEOUS OF THE MIDDLE EAST
AGE

HARRIS etal (1985)
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The biozonation scheme of Harris et al. (1984) for the Arabian Peninsula is of low resolution. In the same
time interval as for this study they recognize three biozones for platformal facies, including one "unzoned
interval". Their Kumubia palastiniensis - Pfenderina neocomiensis Zone cannot be recognized in the Oman
Mountains area because the nominate taxa are absoit. Their planktonic microfossil zones are only appUcable to
the Salil and Rayda Formations in Oman. Their Caucasella hoterivica Zone does not equal the Globuligerina
hoterivica Zone herein. Their zone is Late Hauterivian in age, whilst the zone herein is of Berriasian ?Hauterivian age. Of their calpionellid zones only the Calpionella alpina - Calpionellopsis spp. Zone is
recognizable in the Oman Mountains, where it is partially equivalent to the Calpionella alpina Subzone defined
herein.

Sampo (1969) recognized four biozones in the Berriasian - Aptian sediments of south-western Iran. The
Early Aptian Salpingoporella dinarica and Choffatella decipiens and Palorbitolina lenticularis Subzones
recognized in this study are partially equivalent to the Choffatella decipiens Zone recognized by Sampo (1969).
The Dictyoconus arabicus Zone of Sampo (1969) corresponds not only with the Paleodictyoconus arabicus
Subzone defined herein, but also with the Eopalorbitolina charollaisi Subzone and the Permocalculus inopinatus
2tone. The Pseudocyclammina lituus Zone of Sampo (1969) equates to the Acroporella assurbanipali and
Cylindropoiella arabica Zones and Buccicrenata hedbergi Subzone defined herein. Somewhat surprisingly, the
nominate taxon for Sampo's zone, Pseudocyclammina lituus, was absent from the Oman Mountains study
material. The Munieria - Salpingoporella Zone of Sampo (1969) cannot be recognized in the Oman Mountains
region because of unsuitable facies.

Gollesstaneh (1965) recognized three broad assemblage zones in the Boriasian - Aptian of southon Iran,
which are somewhat loosely dated. The Oibitolina - Choffatella - Salpingoporella dinarica Zone is partially
equivalent to the Salpingoporella dinarica, Palorbitolina lenticularis and Permocalculus inopinatus Zones
defined herein. The Pseudocyclammina lituus - Pseudochrysalidina arabica - algae Zone equates to the
Acroporella assurbanipali and Cylindroporella arabica Zones and Buccicrenata hedbergi Subzone defined
herein. Neither Pseudocyclammina lituus nor Pseudochrysalidina arabica has been recorded from the Oman
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Mountains study material. The Berriasian - Valanginian Tintinnids Zone of GoUesstaneh (1965) is more limited
in occurraice in the Oman Mountains because of the scarcity of calpionellids (= "tintinnids"). The Calpionella
alpina Subzone defined ho^in rqiresents this zone, whilst the remainder equates to the Globuligraina hoterivica
Zone.

The biostratigraphic data presented above allows for the Thamama Group formations of the Oman
Mountains to be dated accurately for the first time. This is summarized in Figure 4.17. Note that because most
the formations are diachronous (see Section 4.4) these age assignments are inevitably somewhat generalized.
The Rayda Formation is of Early Berriasian age. It possibly extends into the earliest Valanginian at some
localities (eg. Wadi Bani Kharus). The Salil Formation is of Berriasian - Valanginian age, possibly Hauterivian
in age in its upper part at some localities. The Habshan Formation is of Hauterivian age everywhere, with
possible extension into the Late Valanginian in its lower part. The Lekhwair Formation is essentially of
Hauteiivian - Barremian age (often largely Hauterivian). The Kharaib Formation is typically of Late Barremian
- Early Aptian age, whilst the Shuaiba Formation in the Central Oman Mountains is of Early Aptian age.

These age assignments substantiate the regional lithostratigraphic correlations made in Chapter 2 and in
Figure 2.2, but also serve to demonstrate that on a regional scale formations within the lower part of the
Thamama Group can be seen to be diachronous (eg. the Habshan Formation is as old as Berriasian in Abu
Dhabi, whilst in the Oman Mountains it is largely Hauterivian).
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CENTRAL OMAN MOUNTAINS THAMANA GROUP BIOZONATION AND AGE OF FORMATIONS
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* N.B. Position approximate because formations are diachronous
Figure 4.17
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RAYDA

CHAPTER 5: DEPOSITIONAL ENVIRONMENTS AND GEOLOGICAL mSTORY

Before considering the depositional environments and geological history of the Thamama Group of the
Central Oman Mountains in detail, it is necessary to introduce an ovraall depositional model for the succession.

The broader setting of the Early Cretaceous carbonate platform in Oman has been discussed by SaintMarc (1978) and Murris (1980,1981), and is illustrated further in Figures S.l and S.2 (adapted from originals
produced from the BP Research Centre GLOBE database). A broad carbonate platfonn, troiding approximately
north-south, lay to the east of the exposed Arabian Shield and faced out into the open Tethyan Ocean. In the
Early Cretaceous, Eastern Arabia was essentially in a passive margin setting, with carbonate shelves/ramps
building out into the Tethyan Ocean. Oman occupied of sub-equatorial position at a palaeolatitude of IS - 20R
South. The edge of the continental shelf is thought to have been close to the current shoreline of Oman and ran
north through Iran and Iraq (Figure 5.2).

Palaeowind directions were dominantly offshore (Figure 5.2) (although note that seasonal variations are
likely). Wind regimes of this type prevent the development of bioherms (Sellwood, 1986), thus the Thamama
platform was not rimmed by reefs. Instead, an open ramp developed, although in Hauterivian times, oolitic
shoals may have occurred in the outer part of the ramp ("Habshan shoal"). In the context of the above, it is
interesting to note that within the Early Cretaceous sediments of Somalia, where the palaeowind direction was
predominantly onshwe (see Figure 5.2), a reef belt developed parallel to the palaeo- continental margin.

The sedimentary facies discussed in Section 2.3 and the microfacies and biofacies illustrated in Section
4.1, together with their diachronous nature as demonstrated in Section 4.4, suggests that deposition of the
Thamama Group of the Central Oman Mountains took place in carbonate ramp environments. The carbonate
ramp was prograding, allowing for the development of a vertical succession of originally laterally adjacent
facies. The fact that these facies belts are relatively thick, indicates that they were originally broad, a feature
typical of carbonate ramps (Ahr, 1973; Read, 1985).
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PALAEORECONSTRUCTION SHOWING SETTING OF THE ARABIAN PENINSULA REGION
IN EARLY CRETACEOUS TIMES (125ma.)
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!
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PALAEOGEOGRAPHIC AND PALAEOCLIMATIC
RECONSTRUCTION OF THE ARABIAN PENINSULA REGION
FOR EARLY CRETACEOUS TIMES (125ma.)

SIMPLIFIED MODEL FOR THAMAMA GROUP DEPOSITION
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Figure 5.3

The type of ramp envisaged is similar to the "ramps with barrier ooid shoal complex" (type "E") described
by Read (1985), although the actual width of the carbonate ramp must have been extremely wide (coeval
carbonate facies are known from Oman through to central Saudi Arabia (Saint-Marc, 1978) - see also Figure
5.2). Holocene examples of this type of ramp include the Arabian Gulf (Purser and Evans, 1973). Ancient
examples include the Jurassic Smackover Formation, Gulf Coast, United States (Baria et al., 1982). The distal
slope of the ramp was downwarped in the earliest Cretaceous and drowned by a eustatic sea-level rise (Haq et
al., 1987), to produce the somewhat deeper water sediments of the Rayda and Salil Formations. These pass into
slope sediments and eventually the oolitic barrier shoal sediments of the Habshan Formation. Behind this
barrier, bioclastic - peloidal wackestones and packstones were deposited in relatively very shallow lagoonal
environments, now represented by the Lekhwair, Kharaib and Shuaiba Formations. The shallow, back-shoal
nature of these formations is confirmed by the associations of larger foraminifera and dasycladacean algae
found within them, and by the presence of biostromes of toucasid and monc^leurid rudists. Figure 5.3 iHesents a
somewhat schematic three-dimensional view of the "Thamama ramp" based on the sedimentological and
palaeontological data presented ho^in.

The geological history and development of the Thamama Group is now considered formation by
formation, with particular reference to microfacies and biofacies, beginning with the oldest sediments:

Rayda Formation (B^riasian - ?Valanginian): This formation consists of pelagic mudstones and wackestones,
equivalent to Standard Microfacies 3 of Wilson (1975) and Flugel (1982). TTICTC are a variety of subfacies. The
lower beds of the formation are micrites with common calcified radiolaria and some small benthonic and
planktonic foraminifera. Sponge spicules and echinodeimfragmentsare also present There is often evidence for
secondary partial dolomitization. Some units are burrowed and these contain less fauna. Overlying these units
may be a micrite with abundant calpionellids, echinodenn debris and microbioclasts (seen only at Wadi
Mi'aidin in this study, but known to occur regionally). Belemnites and cherts (a result of silica d^ved from the
oftoi abundant radiolaria fcnmd in this fcxmation) are a feature of the Rayda Formation in the Held.
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Dqx>sition of this formation is thought to have taken place at the deep shelf margin of the Thamama ramp. The
abundance of radiolaria and calpionellids and the presence of chats suggests water dq)dis woerelativelydeep
(upper bathyal?) and oxygen deficient An abundance of siliceous planktonic organisms points to upwelling
(Kennett, 1982) along the Oman continental margin. However, it also worth noting that drowning of the
Arabian Platform in the earliest Cretaceous by subsidence and a eustatic sea-level rise would cause a rise in the
C.C.D. by reducing the supply of platform doived carbonate.

Sail! Formation (Beniasian - ?Hauterivian): The greater part of this formation consists of pelagic mudstones
and wackestones, with microbioclasts, calcified radiolaria and rare planktonic foraminifera. These suggest outa
neritic - upper bathyal deep shelf - slope deposition. Burrowing is common and burrow infills include faecal
pellet grainstones and dolosparites. Some horizons contain quite abundant microbioclasts or are peloidal
packstones and show small-scale unidirectional cross bedding. These units iHobablyrepresentderived sediment
from the higher regions of the carbonate ramp slope by means of bottom currents. This suggestion is supported
by the presence ofreworkedshallow water benthos (eg. algae, cuneolinid foraminifera, rudist bivalve debris).

Habshan Formation (?Valanginian - Hauterivian): The lowest units of this formation are usually bioclastic
wackestones with microbioclasts, lituolids and large echinoderm and mollusc firagment These represent the
transition from slope to shoal environmrats.

The ovCTlying units of this formation consist of high energy deposits which indicate deposition on the flanks of,
or within, the oolitic shoal which rimmed the margin of the Thamama ramp. A wide range of microfacies are
represented. These include highly burrowed peloidal packstones with abundant micritized mollusc debris and
Lithocodium together with codiacean, gymnocodiacean and dasycladacean algae; oolitic - peloidal packstones
with micritized ooids, cortoids and large echinodoin and mollusc fragments. Micritization is very common in
this formation , with micritized ooids and macrofossil fragments surrounded by micritic envelopes being
abundant. This suggests a shallow-water environment of deposition. Elliott (1968) suggests that the algal
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assemblage described above with ccHnmon Lithocodium rq>resents reef or shoal debris, the result of wave action
and subsequent transportation by bottom currents. The dasyclad algae remains which include Cylindroporella,
owe their preservation to the relatively large, stumpy, well calcified segments surviving transport - the plants
thranselves would have grown aa die lee side of the shoals.

Locally (tidal?) channel-fills and low-angle cross bedding is developed. Palaeocurrent directions indicate that
the goioal direction of progradation was to the north-west

Faecal peloid grainstones are present, these often also contain cortoids, lituolid foraminifera, and echinoderm
and mollusc fragments. Intraclasts and lithoclasts are also moderately common allochems in this formation
indicating high-energy, shallow water conditions of deposition, perhaps a function of local storm ev^ts.

The uppermost units of the Habshan Formation are often well sorted oolitic grainstones, ooid - peloid
packstones/grainstones and faecal peloid grainstones (eg. Wadi Mi'aidin). Intraclasts, mollusc debris and
benthonic foraminifera are rar^ allochems. These units usually have a sparite cement indicating that the ffliginal
matrix has been winnowed out The oolitic units are equivalent to Standard Microfacies 15 of Wilson (1975)
and Flu'gel (1982). Standard Microfacies type 11 (grainstones with coated bioclasts in sparry cement) also
occurs in the upper part of this formation. These microfacies suggest deposition in facies zone 6 of Wilson
(1975) - winnowed platform edge sands and oolitic shoals - all areas with constant wave action, at or above
wave base (probably no more than 10m b.s.l. wato' depth).

Lekhwair Formation (Hauterivian - Barremian): The microfacies jsesent in this fomation represent relatively
quiet-watCT deposition in a back-shoal environmoit:

Bioclastic wackestones and packstones (Standard Miciofacies 9 and 10 ofWilson (1975)) are dominant. These
include burrowed micrites with mollusc debris and/or dasycladacean algae. In outcrop, c^rinid and requienid
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rudists are common and may form biostromes. Micritization of allochems is common. Burrows often have a
dolosparite infilling.

Dasycladacean grainstones (Standard Microfacies 18 of Wilson (1975)) are a feature of this formation. They
indicate v ^ shallow environments of (tepositicHi, possibly in lagoonal channels.

Another typical microfacies of this formation is that of micritic wackestones with highly fragmented
gymnocodiacean and dasycladacean algalremainsand scnne benthonic foraminifera. This is the "Algal Debris
Facies" of the Middle East, first described by Elliott (1958). Only moderate energies are required toreworkand
disaggregate these algal remains. No major transportation is indicated. Reworking probably took place where
the plants were originally growing. However, Elliott (1968) suggests that transportation may have been more
extensive, particularly in an offshore direction.

Kharaib Formation (Barremian • Early Aptian): Peloidal grainstones. algal - foraminiferal packstones and
oibitolinid packstones characterize the microfacies present in this formation. Algae are less conunon than in the
underlying Lekhwair Formation. Orbitolinid packstones often also contain lituolids and Salpingoporella
dinarica, and may be partially dolomitized. Burrowing is a common feature. Within the orbitolinid packstones
the orbitolinids are often micritized. Mollusc debris (notably oyster) is quite a common allochem.

The above facies suggest shallow back-shoal conditions of deposition, with the orbitolinid packstones po'haps
having been deposited in broad lagoonal channels (broad channel structures can be seen in the field - see
Section 2.3). Although still shallow water, the reduced abundance of dasycladacean algae and abundance of
orbitolinids suggests wato* depths in the middle noitic range are likely, with an open circulation. Hio? may be
a correspondence between eustatic sea-level changes and levels with abundant orbitolinids and Choffatella.

Shuaiba Formation (Early Aptian): The lowest beds in this formation are usually Lithocodium boundstones,
overlain by packstones with Lithocodium fragments, foraminifera (including orbitolinids) and peloids. The
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upper part of the formation largely consists of faecal peloid packstones and grainstones with some foraminifraa
(Standard Microfacies 16 of Wilson (1975)). There are also thin interbedded Lithocodium boundstones. The
highest beds of the formation often contain nidist bivalvefragmentsand oibitolinids in peloidal packstones. The
large mollusc fragments are often encrusted by algae. Cq)rinid and toucasid nidist biostiomes are a feature of
this formation in outcrop (see Section 2.3). Deposition in low energy, relatively shallow water, protected inner
neritic conditions are suggested by these facies.

It is suggested that the Thamama Group represents a major unconformity bounded sequence, that
internally displays shoaling-up. Since the Arabian Plate is known to be relatively stable in the Early Cretaceous
(Munis, 1980,1981), the unconformities bounding the Thamama Group formed in response to changes in
relative sea-level (Harris et al., 1984). Sedimentation during Thamama Group times was also controlled by
eustatic sea-level change.

The initiation of Thamama Group deposition relates to subsidence of the Arabian carbonate platform and
drowning by the Early Beniasian eustatic sea-level rise documented by Haq et al. (1987). Scott (pers. comm.,
1988) suggests that the Oman Mountains area was submerged to a depth of 200m during deposition of the
Rayda Formation. The rate of relative sea-level rise was 4cm per 1000 years if all drowning occurred within the
Berriasian. Following this drowning event, the Habshan shoal and associated platform sediments prograded
eastward across the Rayda and Salil sediment wedge that covered the drowned platform.

DepositicMi oftfieLddiwair, Kharaib and Shuaiba Fbrmations was influenced by eustatic sea level change.
The cyclicity identified in these formations, and pulses of deepening (eg. beds with aSavatdant Lithocodium in the
Shuaiba and Lekhwair Formations, beds with abundant orbitolinids and Choffatella in the Kharaib Formation)
often, allowing for the relatively poor chronostratigraphic resolution, relate to peaks in the Haq et al. (1987)
eustatic sea-level curve.
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The unconformity at the Shuaiba Formation - Nahr Umr Formation boundary could relate to the rapid
Early Aptian sea level rise documented by Haq et al. (1987). This would account for the erosive hardground
surface often seen at this boundary. However, the fact that the top of the Shuaiba Formation is markedly
younger at some localities (eg. Wadi Bani Kharus) than at otho- implies differential erosion, peiliapsrelatingto
subaerial exposure. Perhaps uplift and erosion in the Early Aptian was followed by drowning relating to the
Early Aptian (or later Early Albian - Haq et al., 1987) sea-level rise, with subsequent hardground formation.
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CHAPTER 6; CONCLUSIONS

The following key conclusi(His can be drawn from this study:

General

(1)

Up to ISOOm of Early - Mid-Cretaceous carbonate sediment is exposed in the outcrop sections of
the Central Oman Mountains. It can be lithostratigraphically subdivided into two groups: the
Thamama Group and Wasia Group. Each group is bounded by regional unconformities. The
Thamama Group is divisible into six formations: the Rayda, Salil, Habshan, Lekhwair, Kharaib
and Shuaiba Formations. The Wasia Group is divisible into two formations: the Nahr Umr and
Natih Formations.

(2)

Microfossils (particularly benthonic foraminifera, planktonic foraminifera, calcareous algae and
calpionellids) are present in all lithostratigraphic units. They can be used to biostratigraphically
subdivide and correlate these imits and to elucidate their depositional setting. A detailed study of
the micropalaeontology and biostratigraphy of the Thamama Group has been carried out

Lithostratigraphy

(3)

A complete revision of Cretaceous Middle Eastern lithostratigraphic nomenclature is required.
Many lithostratigraphic names are superfluous, whilst others have been applied to sections that
bear little sedimoitologicalrelationto the original type section.

(4)

The term "Thamama Group" as used in the Arabian Gulf, is preferred to "Kahmah Group" as
introduced by Glennie et al. (1974). The two units have overall similar lithologies and virtual
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chronostratigraphic equivalence. The fact that in Oman the Thamama Group is not underlain by
the Hith Anhydrite does not preclude use of the name.

(5)

The terms "Musandam Limestone" and "Musandam Group" are superfluous. The subdivisions of
the Thamama Groiq) and Wasia Group used here should be apphed across all northon Oman.

(6)

The local term "Natih Formation" is preferred to division into "Mauddud Formation", "Khatiyah
Formation" and "Mishrif Formation" as used in the Arabian Gulf region, because of lithological
differraces between Abu Dhabi and the Oman Mountains.

(7)

The term "Wasia Group" has a confused origin and does not wholly comply with the rules of
lithostratigraphic nomenclature. However, it now has a well established meaning and is therefore
impractical to revise.

(8)

The sediments of the Thamama Group and the Wasia Group of the Oman Mountains outcrop
sections are fully described herein for the first time.

Taxonomy

(9)

29 species of foraminifera (20 genoa), 25 species of calcareous algae (16 genera) and 3 species of
calpionellids (2 genera) are described in detail. Many are recorded from the Middle East for the
first time.

(10)

The foraminiferal subfamilies Choffatellinae and Honicyclammininae are h^-ein raised to family
level to indicate they are phylogenetically distinctfromthe Cenozoic and Recent Cyclamminidae.
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(11)

Choffatella decipiens is shown to have a Hauterivian - Aptian stratign^hic range and thus forms a
useful biostratigraphic maiker for this interval.

(12)

The Chrysalidinidae are considered to be a group in which iterative evolution has taken place
giving rise to the gross homeomorphs Praechrysalidina, Dukhania, Chrysalidina, etc.

(13)

The type species of Orbitolina is shown to be Orbitolina gigantea d'Orbigny, a species of coral.
As a result of this study, it has been lecommencted to the ICZN that this designation be suppressed
and that Orbulites concava Lamarck be introduced as a replacement type species. The genus
Palorbitolina, type species Madreporites lenticularis Blumenbach, is entirely valid. It does not
share the same type species as Orbitolina.

(14)

Increases in the size and complexity of the embryonic apparatus oi Palorbitolina lenticularis
should only be used with caution when attempting to distinguish Late Barremian strata from Early
Aptian strata. Dominance of "advanced" (= Early Aptian) and "primitive" (= Late Barremian)
forms can only be reliably determined from large populations.

(15)

Levels with abundant orbitolinids and Choffatella are thought to correspond to transgressive
events where the taxa move into vacant ecological niches.

(16)

Lithocodium, previously considered as a Problematicum, algae incertae sedis, foraminifera,
codiacean, sponge or to be of b^terial origin, etc, is haein considraed to be the senior synonym of
Bacinella and to be a codiacean alga, as originally described by Elliott (19S6).

(17)

"Salpingoporella" dinarica is shown to be the senior synonym of Hensonella cylindrica. It is a
dasycladacean alga which was originally calcitic.
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Biostratigraphy

(18)

The distribution of microfossils and microfacies in Thamama Group sediments is detailed for three
localities (Wadi Mi'aidin, Wadi Bani Kharus and Jebel Madar), togeth^ with subsequent biozonal
and chronostratigr^hic interpretations.

(19)

The Graphic Correlation technique of Shaw (1964) has been applied to the Thamama Group
biostratigraphic data. A Composite Standard Reference Section has been developed, which in turn
has allowed for a local total stratigraphic range chart and biozonation scheme to be constructed.
The method also provictes an alternative means of correlating between sections.

(20)

A local biozonation scheme has been devised and described using tops and bases of
biostratigraphically significant taxa. 13 zones/subzones are recognized with an average resolution
of 2.15 million years (using the timescale of Harland et al.. 1982). Application of this zonation
permits chronostratigraphic interpretation and correlation of Thamama Group sections in the
Oman Mountains area. This scheme is of a greater resolution than any previously published
biozonation scheme in die Middle East region.

(21)

Both Graphic Correlation and correlation by biozones demonstrates that most Thamama Group
fonnations are diachronous and may be condensed at some locaUties.

(22)

Biostratignq)hic studies demonstrate that in the Central Oman Mountains region the Thamama
Group formations are of the following ages: Hie Rayda Formation is of Early Berriasian age. It
possibly extends into the earliest Valanginian at some localities (eg. Wadi Bani Kharus). The Salil
Formation is of Berriasian - Valanginian age, possibly Hauterivian in age in its upper part at some
localities. The Habshan Formation is of Hauterivian age everywhere, with possible extmsion into
the Late Valanginian in its lower pan. The Lekhwair Formation is essentially of Hauterivian -

243.

Barremian age (often largely Hautoivian). The Kharaib Formation is of typically Late Barremian Early i^tian age, whilst die Shuaiba Formation is of Early Aptian age.

(23)

Although not discussed in detail in this study, the age of the Nahr Umr Fbrmation in the Oman
Mountains is thought to be Early - Late Albian, whilst the Natih Formation is Late Albian/Early
Cenomanian - earliest Turonian. However, pre-Aruma Group erosion at some localities results in
the absence of Latest Cenwnanian and earliest Turonian strata.

Depositional Environments and Geological History

(24)

Thamama Group deposition took place on an initially downwarped carbonate ramp, prograding
towards the Tethyan Ocean (towards the north and east). Offshore palaeowinds precluded the
development of reefs, but an oolitic shoal was located at the margin of the ramp at least during
Hauterivian times.

(25)

The Rayda Formation is thought to have been deposited at the deep shelf margin of the Thamama
ramp. Water depths wererelativelydeep (upper bathyal?) and oxygen deficient Upwelling may
account for the abundance of siliceous microfossils. Alternatively, the C.C.D. may have been
raised by the initial drowning of the Arabian Platform.

(26)

The Salil Formation was deposited in outer neritic - upper bathyal, deep shelf - slope
environments. Downslope transport of sediment by bottom currents is thought to have occurred.

(27)

The Habshan Formation was largely deposited in high energy shoal, and fore-shoal or proximal
back-shoal environments, at, or above, wave base.
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(28)

The microfacies and microfossils presoit in the Ldchwair Formation suggest relatively quiet-water
deposition in a back-shoal lagoon environment

(29)

Facies within the Kharaib Formation suggest shallow back-shoal conditions of deposition, with
orbitolinid packstones perhaps having been deposited in broad lagoonal channels. Although still
shallow water, the reduced abundance of dasyciadacean algae and abundance of orbitolinids
suggests water dq>ths in the middle neritic range are likely, with an q)en circulaticHi.

(30)

The Shuaiba Formation was deposited in low energy, relatively shallow water, protected inner
neritic conditions.

(31)

Eustatic sea-level changes, such as those documented by Haq et al. (1987) played an important
role in the dqx)sitional history of the Thamama Group of the Oman Mountains. Subsidence of the
Arabian Platform and the Early Berriasian eustatic sea-level rise initiated Thamama Group
deposition. Subsequently, eustatic overprinting can be seen in the Thamama Group formations,
especially the Lekhwair Formation and Kharaib Formation. Uplift (?) and the Early Aptian or
Early Albian eustatic sea-level rise led to the development of the Shuaiba - Nahr Umr
disccMiformity surface.

This study can only be considered a preliminary review of the Cretaceous stratigraphy of the Oman
Moimtains and of the taxonomy of the microfossils found in the Early Cretaceous sediments. Much more
research is required in a numbo' of areas.

Of particular importance are examination of more outcrop sections to supplement the data presented in
this study. Stratignq}hic correlation both locally (for example to Abu Dhabi) and to other areas of Tethys (for
example to the Mediterranean) will provide valuable information on geological events across Tethys such as
sea-level fluctuations. Graphic correlation of Cretaceous sections across the Tethyan region should be attempted
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in order to develop a innovative mechanism for correlation and to better understand the stratigraphic range of
the taxa involved.

The taxonomy of many Early Cretaceous microfossil genera and species recorded from the Middle East
(but often not in this study) needs to be revised, particularly in the light of the numerous recent studies of
similar faunas and floras from the Peri-Mediterranean region. Much of the Middle East microfauna and
microflora needs to be further redescribed in line with recent advances in taxonomy. This will also provide
information on the palaeobiogeognqihy of the various taxa involved.
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APPENDIX 1 - RECENT UTERATURE

After this thesis went into the final stages of completion, a number of publications came to hand which
were pertinent to the subject matter of this study. It was decided not to incorporate the ideas and data they
presented into this thesis because it would have been too time consuming and necessitated rewriting large
sections of the thesis. However, thesereferencesare listed below, with brief notes on their implications for this
study.

Alshailian, A.S. & Nairn, A.E.M. 1986. Areviewof the Cretaceous formations in the Arabian Peninsula and
Gulf: Part I, Lower Cretaceous (Thamama Group) stratigraphy and paleogeography. /. Petrol. GeoL, 9,
365-392.

This paperreviewsthe Early Cretaceous lithostratigraphy of the Arabian Peninsula and Gulfregion,and
reaches similar conclusions to those presented in Chapter 2 of this thesis. In particular, the paper focuses on the
stratigraphy of the Abu Dhabi region, and the Thamama Group type sections in Saudi Arabia. The
lithostratigraphy of the Oman Mountains is not considered in detail. A historicalreviewprovides an explanation
for the profusion of lithostratigraphic terms. This problem is related to the fact that the Thamama Group type
section exposed in Saudi Arabia cannot be applied to the subsurface sections of the Arabian Gulf region.

The lithostratigraphy of the Arabian Peninsula and Gulf region is discussed in terms of a standard series
of formations (Habshan Formation, Lekhwair Formation, Kharaib Formation, Shuaiba Formation and Bab
Member). For each formation the following information is listed: author, synonymy, type locality, thickness,
lithology, fossils and age. Whilst this is a useful exercise, the fapas value is limited by: (i) the authors failure to
recognize that each lithostratigraphic unit is likely to be diachronous (although they do accept that the section
represents a iHOgradational carbonate platfonn). (ii) The standard section is only appUcsble in toms of lithology
(and usually age) to central offshore Abu Dhabi, (iii) The microfossils they record from each formation are
applicable largely only to Abu Dhabi, are sometimes incorrect, and not always compatible with their subsequent
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age determinations, (iv) No new data is presented. Only old and sometimes conflicting descriptions of
formations, or their fossil content and age are given. However, this paper is commendable because the formal
description of type and/or reference sections of the Thamama Group formations of Abu Dhabi has been needed
for some time.

The description of the age of the Thamama Group formations as seen in the Oman Mountains is in genial
agreement with the conclusions reached in this study An exception to this is the age of the Rayda Formation
which Alsharhan and Nairn (1986) consider to be Tithonian in age and sqiaratedfiromthe Salil Formation by an
unconformity. This differs from the view presented in this study which states that the Rayda Formation is
Berriasian in age and passes up into the Salil Formation conformably. Alsharhan and Nairn (1986) provide no
biostratigraphic data to support their argument, whilst the Berriasian calpionellids found at the base of the
formation in this study have also been recorded by Scott et al. (1988) (see below).

Alsharhan and Nairn (1986) recognize two carbonate cycles within the Lower Cretaceous sequence. The
first ends at the top of the Habshan Fnmation (or equival^its) in Hauterivian times. The second continues to the
top of the Shuiba Formation. Whilst this seems likely in Abu Dhabi, where the top of the Habshan Formation
and the top of the Shuaiba Formation could be considered the top of major shallowing-up cycles, in Oman the
situation is less clear. There is no biostratigraphic evidence for an unconformity at the top of the Habshan
Formation in the Oman Mountains.

In the latter part of their paper, Alsharhan and Nairn present a useful discussion of depositional
environments and paleogeography within the Early Cretaceous of the Arabian Peninsula and Gulf. In general,
their model is in agreement with that presented in this study (i.e. a progradational carbonate ramp). However,
there is a tendency to correlate similar facies too far across the study region (for example the Salil Formation of
Oman, considered to be a slope facies, as in this study, is thought to be similar to the Sulaiy Formation of Saudi
Arabia, which in fact probably represents much shallower water, inner platform deposition (from
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considerations of the description of that unit by Powers et al. (1966) and Powers (1968), and the general
palaeogeograi^ic setting).

Alsharhan, A.S. & Nairn, A.E.M. 1988. A review of the Cretaceous formations in the Arabian Peninsula and
Gulf: Part H, Mid-Cretaceous (Wasia Group) stratigr^hy and paleogeography. / . Petrol. GeoL, 11,89112.

In a similar manner to the above paper by the same authors, the stratigraphic sequence of the midCretaceous of the Arabian Peninsula and Gulf (Wasia Group) is reviewed. Type section and synonymy are
established for the succession in Abu Dhabi. As with the Thamama Group, the authors recognize that the
problems of lithostratigraphic nommclature in the Wasia Group relate to the fact the type section of the Wasia
Group in Saudi Arabia does not easily correlate with the subsurface sections of the Arabian Gulf. Refinement of
lithostratigraphic correlation await the publication of detailed biostratigraphic studies for the whole region.

In the outcrop sections of the Oman Mountains Alsharhan and Nairn (1988) follow Harris and Frost
(1984) and prefa the Arabian Gulf terms Mauddud Formation and Mishrif Formation for platform facies, and
Khatiyah Formation for basinal facies, to Natih Formation. Natih Formation Members E-G are equated to the
Mauddud Formation, Members A-D to the Mishrif Formation.

As with their earlier paper on the Thamama Group, Alshartian and Nairn (1988) provide a useful standard
section of formations (Nahr Umr Formation, Mauddud Formation, Shilaif Formation and Mishrif Formation) for
which they describe a type section and/or a reference section in Abu Dhabi. They also cite original author,
synonymy, age, and fossil content (the later only in Abu Dhabi). Unfortunately, also as in their earlio- papa*, the
authors do not emphasize the possibility of diachroneity in the formations described and the fossil data they
presoit is old and sometimes of questionable validity.
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The authors recognize two cycles of deposition within the Wasia Group. A Nahr Umr - Mauddud cycle
overlain by a Mishrif cycle. In Oman, the hardground seen within the Natih Formation (probably at the top of
the "E" member) corresponds to the boundary between these two cycles. The paleogeography of these two
cycles is discussed. In Oman, the Nahr Umr Formation is considered to represent deposition on an open shelf,
which further westwards is clastic dominated. The Mauddud Formation in Oman (=lower Natih Formation) is
interpreted as a open carbonate shelf which followed onfromthe Nahr Umr Formation when clastic input from
the west abruptly ceased. Shilaif/Khatiyah type carbonates within the Natih Formation (=Natih Membo' "£") are
intopreted as an intra-shelf basin. No comment is made on the basinal sedimoits seen in the Natih Member "B"
which cannot correlate to the Shilai^Khatiyah of Abu Dhabi because of age differences. The Mishrif facies in
Oman (=Natih members A-D) is interpreted as a offshore shoal prograding eastward into mud-rich carbonates
deposited below wave base.

See the pap^ by Smith, Simmons and Racey (in prq).) presented in Appendix 2 for further discussion of
the dqx>sitional setting of the Natih Formation and its correlation to the formations seen in the Arabian Gulf.

Baimer, F.T. & Desai, D. 1988. A review and revision of the Jurassic - Early Cretaceous Globigerinina, with
especial reference to the Aptian assemblages of Speeton (North Yorkshire, England). /. Micropalaeont.,
7,143-185.

This paper presents a phyletic and taxonomic revision of the Jurassic - Albian globigerinids. The genus
Globuligerina is placed within the superfamily Favusellacea, and together with Conoglobigerina is considered
ancestral to Favusella. This lineage is diought to be separate from the Globigoinacea, which includes the forms
ancestral to Hedbergella.

The genus Globuligerina is very precisely defined. It is considered as a trochospiral, muricate form with
two or more whorls and four or more (commonly five) chambers per whorl. Spire may be variable and the
umbilical side is almost completely involute with a narrow, but distinct, umbilicus. The aperture is a narrow.
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high, asymmetrical, loop-shaped, "bulimine-like" opening. The genus has a restricted range of Bajocian Kimmeridgian. Globuligerina hoterivica is transferred to the genus Favusella, because it possess a more
distinctive reticulum and an intra-umbilical aperture. This species is considered to be restricted to the
Hauterivian.

This highly precise (taxonomic "spliters") view of Early Cretaceous planktonic foraminifera differs from
the broader (taxoncHnic "lumpCTs") view presented in this thesis. However, whilst perhaps biologically incwrect,
a broad concept of the genus Globuligerina and the species G. hoteriydca is applicable to this study, because the
specimens have only been observed in thin-section. Indeed, it is not possible to be certain if the specimens in
this study are reticulate/muricate or not. Given their age and general form, according to Banner and Desai
(1988) they would be referable to Conoglobigerina gulekhensis (Gorbachik and Poroshina) if muricate, or
Gorbachikella parva (Kuznetsova) if smooth walled.

Beydoun, Z.R. 1988. The Middle East Regional Geology and Petroleum Resources. Scientific Press Ltd.,
292pp.

This book presents a complete review of the geology and hydrocarbon and mineral resources of the
Middle Eastregion.Because of this book cov«^ a great geographic area and the entire stratigiaphic colunm, the
Early - mid Cretaceous of the Oman Mountains is not discussed in any detail.

Of particularrelevanceto this thesis are the Cretaceous lithostratigra^hic correlation charts and summary
of Omani petroleum resources.

Connally. T.C. & Scott, R.W. 1985. Carbonate sediment-fill of an oceanic shelf. Lower Cretaceous, Arabian
Peninsula. SEPM Core Workshop, 6,266-302.
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This paper presents a review of the dqmsitional setting of the lower part of the Thamama Group (Rayda Lekhwair Formations) in the Oman Mountains and Sajaa Field, U.A.E. Some of the biostratigraphic and
sedimentological data incorporated in this study was supplied by the authw.

These authors suggest that the initial Cretaceous relative sea-level rise drowned the Jurassic shelf on the
eastern margin of the Arabian Plate forming a marginal shelf basin. Sediments in the deepest part of the basin
were silica-rich, radiolarian-calpionellid lime mudstones of the Rayda Formation. These are overlain by the
mudstones of the Salil formation which are influenced by doisity curroits. The giainstone dominated Habshan
Formationrepresentsshoals and bars forming at the margin of this marginal shelf basin. The mudstones of the
overlying Lddiwair Foimation were deposited in the protected shelf lagoon.

The above model of deposition of these units is in agreement with that presented in this thesis. Similarly,
Connally and Scott (1985) also note that these units were prograding eastwards as veriHed by the timetransgressive charact^ of the Habshan Formation.

The sedimentology and diag^esis of the lower Thamama Group in the Oman Mountains and Sajaa Field
is described and illustrated in detail. Certain key biostratigraphic events and the age of the formations are
documented (in agreement with those recorded in this study).

Hughes-Clarke, M.W. 1988. Stratigraphy and rock-unit nomenclature in the oil-producing area of interior
Oman. /. Petrol. Geol, 11,5-60.

This paper presents a description of all the major rock units in the sedimentary sequence seen in the oil
producing area of interior Oman. The lithostratigraphic nomenclature of the region is comprehensively
reviewed. The occurrence of hydnx:aibons within this sedimentary sequence is also discussed. Most importantly
with regard to this thesis, type and/or reference sections of all the Early - mid-Cretaceous formations occurring
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in the Oman Mountains are described. However, the description of the formations is not as detailed as that
undertaken in this thesis.

The Early Cretaceous (Berriasian - Aptian) carbonates are referred to the Kahmah Group. This term is
prefoied to Thamama Group (as used intfiisstudy) because of the presence of pelagic facies at the base of the
sequence. The Kahmah Group is described as unconformably overlying Jurassic carbonates of the Sahtan
Group. It is described as being unconformably overlain by mid-Cretaceous carbonates of the Wasia Group. Like
Alsharhan and Nairn (1986; 1988), two cycles of deposition are recognized within the Kahmah Group and
within the Wasia Group.

The type section of the Rayda Formation is given as SE Jebel Akhdar with a reference section being noted
in the well Dhulaima-4. Description and interpretation of environment of deposition are essentially similar to
those given in this study. Also, (unlike Alsharhan and Nairn, 1986) the age of this formation is considoed to be
Berriasian - Valanginian. Contact with the overlying Salil Formaticxi is described as gradational.

The type section of the Salil Formation is also given as SE Jebel Akhdar, with a reference section also
being described from the well DhuIaima-4. Description and interpretation of environment of deposition are
essentially similar to those given in this study. Age of this formation is given as Valanginian - Hauterivian (as in
this study).

Reference sections for the Habshan formation are given as SE Jebel Akhdar and Dhulaima-4. Description
and interpretation of environment of deposition are essentially similar to those given in this study, although
more emphasis is placed on a tidaly influenced depositional setting. Age of this formation is given as
Hauterivian (as in this study).

The type section for the Lekhwair Formation is described from the well Lekhwair-7. This type section
differs from the outcrop sections seen in the Oman Mountains. It is more argillaceous and bears closer
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similarities to the fonnation as seen in Abu Dhabi. No discussion of the fcHination in outcrop is gy/en. However,
the interpretation of age and depositional environment for this formation are similar to those given in this study
(age: Hauterivian - Barremian).

A reference section of the Kharaib Fonnation is described from the weU Lekhwair-7. Description and"
interpretation of environment of deposition are essratially similar to those given in this study. As in this study,
the age of this fonnation is suggested to be Barremian - Aptian.

Reference sections for the Shuaiba Formation are given from the wells Lekhwair-7 and Al Huwaisah-2.
Description and interpretation of environment of deposition are essentially similar to those given in this study.
As in this study, the age of this formation is suggested to be Aptian, although unlike this study, a possible
earliest Albian age is also suggested (but without any biostratigraphic support).

A reference section for the Nahr Umr Formation is described from the well Maqhoul-1. Description and
interpretation of environment of dqjosition are essentially similar to those given in this study. As in this study,
the age of the formation is considered to be broadly Albian.

The use of the term Natih Fonnation is upheld (instead of Mishrif Fonnation and Mauddud Formation,
etc.). The type section from the well Fahud North-3 is briefly described and a reference section at Wadi
Mi'aidin is proposed. Description and interpretation of environment of deposition are essentially similar to
those given in this study. A surface reference section at Wadi Mi'aidin seems to be unsuitable because the Natih
Fonnation there is incomplete (see Simmons and Hart, 1987; Smith, Simmons and Racey, in press - presented
in Appendix 2). A better section would be at Jebel Salak. The age of the formation is given as Albian Cenomanian, although biostratigraphic evidence gathered during the course of this study suggests extension into
the earliest Turcxiian (see C h ^ t a 2 and Appendix 2).
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Kalantari, A. 1986. Microfacies of carbonate rocks of Iran. National Iranian Oil Company Geological
Laboratories Publication, 11,287pp.

This book presents an alias of the microfacies and microfossils found within the Phanerozoic sedimentary
sequence of Iran. 55 plates of the microfacies of Early - Mid-Cretaceous carbonates are given, whilst a sq)arate
series of plates illustrate the various microfossil species found. This book is however limited by the use of
outdated taxonomy and by occasional questionable determinations.

Scott, R.W., Frost, S.H. & Shaffer, B.L. 1988. Early Cretaceous sea-level curves. Gulf Coast and Southeastern
Arabia. SEPM Spec. Pub., 42,275-284.

In this paper, three sections of Early - mid-Cretaceous strata from the Gulf Coast of the U.S.A. are
biostratigraphically correlated with three sections in Oman (Wadi Tanuf, Wadi Bani Kharus and Wadi
Mi'aidin), using graphic correlation. Some of the original biostratigraphic data for the sections in Oman was
supplied by the author.

This correlation reveals two synchronousrelativesea-level rise events. An intra-Aptian rise began about
1 IS.SMa, whilst an intra-Cenomanian rise began about 94.6Ma. In Oman, this later rise is represented by
hardground surfaces which formed following the drowning of the carbonate shelf.

The paper lists the ranges of a few key microfossil taxa which occur in the Early - mid-Cretaceous Oman
Mountains sections. These ranges are in agreement with those presented in this study, and conflnn the ages of
the various Thamama and Wasia Group formations as given in this study. Interestingly, these authors record
rather more calpionellid taxa ftom the Rayda Foimation than I did (i.e. 6). Howevo-, they also conclude that this
formation is of Berriasian age.
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Scott et al. (1988) also note that the top of the Shuaiba Formation may be younger in western Oman and
Abu Dhabi than in the Oman Mountains. They suggest that in these areas, dqmsition may have been continuous
from the Shuaiba Formation to the Nahr Umr Formation. However this needs further biostratigraphic
documentation.

Watts. K.F. & Garrison, R.E. 1986. Sumeini Group, Oman - Evolution of a Mesozoic carbonate slope on a
south Tethyan continental margin. Sed. GeoL, 48,107-168.

This paper reviews the sedimentology and deposition of the Permian - Cretaceous Sumeini Group
outcropping in and around the Oman Mountains.

Deposition of the Sumeini Group occurred on the slope between the shallow marine Arabian carbonate
platform (i.e. the Hajar Super-group) and the deep oceanic Hawasina Basin or southern Tethys Ocean, the later
now obducted over the more proximal facies. It therefore contains sedimentary units which are the lateral
equivalents of the Thamama and Wasia Groups discussed in this thesis.

The Mayhah Formation represents the lateral equivalraits of the Thamama and Wasia Groups. In the Early
Cretaceous it is formed of radiolarian cherts deposited on the slope (probably below C.C.D.) between the
basinal limestones of the Rayda and Salil Formations and the true abyssal Tethyan ocean floor. In midCretaceous times this margin became much more pronounced, and megabreccias were deposited at the base of
an extremely steep shelf edge - oceanic margin.
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PLATE 1.1

Plate 1.1:

LANDS AT photogr^h of the Caitral Oman Mountains. Width of photogn^h area is
approximately 12Skm. Mountainous area in the upper central part of the photograph is
the Jebel Akhdar Dome, a tectonic window exposing autochthonous carbonates of the
Hajar Siq)er-group, including the Thamama and Wasia Groups. Dark green
mountainous areas surrounding this are outcrops the Oman Mountains Ophiolite.
Distinctively folded light green area to bottom left of photogr^h is the outcrop of the
Hawasina Series in the Hamrat Dururegion.The three isolated jebels towards the
bottom of the photograph are from left toright:Jebel Salak, Jebel Madamar and Jebel
Madar. These expose Thamama and Wasia Group sediments. Figures 1.1 and 1.3 give
further location and geological details.
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PLATES 2.1 - 2.2

Plate 2.1:

Exposure of the Hajar Super-group on the east«n side of Wadi Bani Kharus. Well
exposed strata ccmsist largely of Thamama Group and Wasia Group sediments.

Plate 22:

Lower Thamama Group sediments exposed (and logged) on die western side of Wadi
Bani Kharus. Shaley, powly exposed sediments are Rayda Fomation and Salil
Formation. Bedded grey limestones are of the Habshan Formation.

Plate 2.1

Plate 2.2

PLATCS 23 - 2.4

Plate 23:

Thinly bedded lime mudslones of the Salil FonnaticHi, West valley side, Wadi Bani
Khams.

Plate 2.4:

Bioclastic - oncoidal wackestone with Exogyra and toucasid mdists [BcsenL Habshan
Fonnation, West valley side, Wadi Bani Kharus.

Plate 2.4

Plate 2.3

n.ATCS 2.5 • 2.7

Plate 2.5:

Oncoidal - oolitic packstone with oystra- debris. Habdian Fcjtmalion, West valley side,
Wadi Bani Khams.

Plate 2.6:

Oncoidal - oolitic packstone with oysia d e t ^ . Habshan Fonnation, West valley side,
WadifianiKhams.

Plate 2.7:

Low angle trough ooss bedding in bioclastic packstones. Basal Lekhwair Pomation,
West valley side, Wadi Bani Khanis. Palaeocmrmt direction is towards north.

Plate 2.5

Plate 2.6

Plate 2.7

PLATES 2.8 - 2.10

Plate 2.8:

Caprinid rudist biosormtes, Lekhwair FOTmation, West valley side, Wadi Bani Khaius.

Plate 2.9:

Detail trf caprinid nidist biostrome, Lekhwair Fonnalion, West valley side, Wadi Bani
Khanis.

Plate 2.10:

Nodular and rhythmic bedding, lower Kharaib Formaticm, West valley side, Wadi Bani
Khanis.
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Plate 2.8

Plate 2.9

Plate 2.10

PLATES 2.11-2.12

Plate 2.11:

Genoal viewof the Thamama Group, east valley side, Wadi Mi'aidin. Rayda and Salil
Fonnations are in foreground. Higher cliffs are of Lddiwair FtHmaiion and Kharaib
Fonnation sediments.

Plate 2.12:

Ui:{)er Sahtan Grotq> surface with abundant Thalassinoidts bunows, Wadi Mi'aidin.
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Plate 2.11

Plate 2.12
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PLATES 2.13-2.15

Plate 2.13:

Rayda Formation, Wadi Mi'aidin. Porccllanous hmesione with chen bands typical of
the formation.

Plate 2,14:

Abundant belemniics visible on bedding surface, Rayda Foimation, Wadi Mi'aidin.

Plate 2,15:

Lower Salil Formation, Wadi Mi'aidin. Thinly bedded lime mudstones.
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PLATES 2.16-2.18

Plate 2.16;

Highly burrowed and dolomiUzed bioclasiic wackestones and packsiones of the Kharaib
Ftamation, Wadi Mi'aidin. Note how the dolomitization [Feferentially exposes the
bunxiw netwoiks.

Plate 2.17:

Thinly bedded, cyclic sediments of the Kharaib Fonnalion abruptly overlain by the
massively bedded limestones of the Shuaiba Formation, Wadi Mi'aidin.

Plate 2.18:

Massive hmesiones of ihe Shuaiba Formation (Thamama Croup) overlain by the shaley
lime packsiones and marls of the Nahr Umr Formaticm (Wasia Group),
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Plate 2.16
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P l a t e 2.18

PLATE 2.19

Plate 2.19:

Limestones of the Natih Formation forming a prominent cliff overlying more thinly
bedded limestones of ihe Nahr Umr Formation, west valley side, Wadi Mi'aidin.

Plate 2.19

PLATES 2.20-2.21

Plate 2.20:

Limestones of the Shuaiba Fonnation overlain by recessive, thinly bedded limestones
and marls of the Nahr UMr Formation, in turn overlain by a distinctive cliH'of Natih
Formation limestone, east valley side, Wadi Mi'aidin.

Plate 2.21:

Intraformational hardground surface, upper Natih Formation, Wadi Mi'aidin.
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Plate 2.20

Plate 2.21

PLATE 2.22

Plate 222:

General view of Jebel Madar approaching from the west

PLATES 2.23 • 2.24

Plate 2.23:

Exposures of the Thamama Group, Jebel Madar. The exposed section is measured
sectiOTi 2 at this locality (see Figure 2.5 and Figure 2.9).

Plate 2.24:

Exposures of the Thamama Group and Wasia Group at Jebel Madar. the prominoit cliff
in lite tipper part of the jrfiotograph is the Nalih Fonnauon. This view corresponds to
part of measured section 4 at this locality (see Figures 2.5 and 2.9).

Plate 2.23

PLATES 2.25 - 2.27

Plate 2.25:

Limestones of the Lckhwair, Kharaib and Shuaiba Formations (Thamama Group) are
overlain by recessive thinly bedded limestones and marls of the Nahr Umr Fonnation
(Wasia Group), tlie limestones of (he Natih Foimation can be seen in the upper left
hand comer of the photograph. Measured secdon 4, Jebcl Madar (see Figure 2.9).

Plate 2.26:

Rhythmically bedded limestones of the Lekhwair and Kharaib Formations. Measured
section 2, Jebel Madar.

Plate 121:

Thamama Gnaup sediments in the foreground are overiain by the recessive Nahr Umr
Fonnalion. The prominent limestone cliff at the top of the exposure is the Nalih
Fwmation. Measured section 3, Jebel Madar (see Figures 2,5 and 2.9).
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Plate 2.25

Plate 2.26

Plate 2.27

PLATES 2.28 - 2.29

Plate 2.28:

Well bedded oolitic grainstones of the Habshan Fcffmaiion overlie shaley limestones of
the Salil Fonnatim. Measured section 1, Jebcl Madar (see Figures 2.5 and 2.9). Prof.
Malcolm Han provides scale.

Plate 2.29:

Coquina of oysters and small loucasid nidisis, Habshan Formation, Jebel Madar.
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Plate 2.28

Plate 2.29
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PLATES 2.30 - 2.32

Plate 2.30:

Bioclastic packstone of toucasid rudisi and other bivalve debris, together with in situ
stroinat(qK>roid, Habshan Fonnation, Jebel Madar.

Plate 2.31:

Hardground surface, or minor karstified exposure surface within the Lekhwair
Fcnnation, Jebel Madar.

Plate 2.32:

Algal lamination within the Lekhwair Formation, Jebel Madar. Mudcracks are visible
cutting down into the lamination, indicating periods of exposure. Fenestra! limestones
are visible in the upper pan of the photograph.

Plate 2.30

Plate 2.31

Plate 2.32

PLATES 2.33-2.34

Plate 2 J 3 :

Poorly exposed Nahr Umr Formation lo right of photograph overlain by better exposed
limestones of the Naiih Fonnaiion. Measured section 4. Jebel Madar.

Plate 2.34:

Limestones of the lower pan of ihe Naiih Formation, measured section 4. Jebel Madar.

Plate 2.33

Plate 2.34

PLATES 2.35 - 237

Plate 235:

Well preserved radioUtid rudist, Nalih Formation, Jebel Madar.

Plate 236:

Distinctive mottled (burrowed) unit within the Natih Formation, Jebel Madar. This is
the "Echinoid Marka^ Bed" a useful horizon for correlation of the Natih Formation
between localities. The larger foraminifera Praealveolina. and the echintnd
Coenholectypus cenomanensis are abundant at this level.

Plate 237:

Medium bedded wackesiones in the upper pan of the Natih Formation, Jebel Madar,
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Plate 2.35

Plate 2.36

Plate 2.37

PLATE 2.38

Plate 2,38:

Geno^al view of exposures of [he Natih Fonnation ai Jebel Madamar.

Plate 2.38

PLATE 2.39

Plaie 2.39;

Middle pan of ihe Natih Fonnation exposed ai Jebel Madamar. The "Echinoid Marker
Bed" forms ihe ledge in the foreground on ihe left of [he photograph.
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PLATES 2.40-2.41

Plate 2.40:

Radioliud mdisi wiihin the Natih Formaiion, Jebel Salak.

Plate 2.41:

Upper pan of the Natih Formation, Jebel Salak.

Plate 2.41

PLATES 2.42 - 2,44

Plate 2.42:

Rhythmic bedding of bioclastic wackesiones and mudstones within the iq)per part of the

Naoh Famaiion, Jebel Salak. Dr. Chris Dodd provides scale.

Plate 2.43:

Exogyrarichlimestones, upper Naiih Fonnalion, Jebel Salak.

Plate 2.44:

Uppennost Natih Fonnalion, Jebel Salak. The bedding surface isrichin ammonites.

Plate 2.42

Plate 2.43

Plate 2.44

PLATES 3.1 - 3.6

Plaie 3.1:

Reophax !^. A., xlOO. MR10.2

Plate 3.2:

Thomasinella punica. x40. MS41

Plate 3.3:

Nautilocutim bronmmanni. xlOO. MS41

Plate 3.4:

Naunlocidina bronnimanni. xlOO. MS52

Plate 3.5:

Nautilocidina cretacea. x40. JDSI09

Plate 3.6;

Nauiilocidina creiacea. x40. WM48

3.2

3.1
3.3

PLATES 3.7-3.12

Plate 3.7:

Nauuloculina cretacea. x40. WM48

Plate 3.8:

Lituola? kelleri. x40. MS6

Plate 3.9:

AmmobocuUies sp. A, x25. MS22

Plate 3.10:

Ammobaculiies sp. A. x25. WM102

Plate 3.11:

AmmobacuUtes sp. A. x40. MS79/2

Plate 3.12:

AmmobacuUtes sp. A, x40. B42.2
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3.9

3.10

3.12
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PLATES 3.13-3.18

Plate 3.13:

Ammobaculites sp. A. x40. WM41

Plate 3.14:

Choffaiella decipiens. x40. WM67

Plate 3.15:

Choffatella decipiens. x40. B94

Plate 3.16:

Choffatella decipiens. x40. MS85

Piate 3.17:

Choffatella decipiens. x40. B94

Plate 3.18:

Choffaiella decipiens. xlOO. B94
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PLATES 3.19-3.24

Plate 3.19:

Choffatella decipiens. x40. WM41.

Plate 3J20:

Choffatella dedpiens. x40. MS81.2

Plate 3 ^ 1 :

Choffaiella decipiens. x30. WM(JDS)86.

Plate 3.22:

Bramkampella arabica?.7.\m. B39.3.

Plate 3.23:

Everticyclammina greigi. xlOO. MS73/2.

Plate 3-24:

Everticyclammina greigi. xlOO. B39.3.

3.19

3.22

3.20

3.21

3.24

3.23

PLATES 3.25-332

Plate 3 ^ ;

Buccicrenata hedbergi. x40. WM39.

Plate 326:

Buccicrenata hedbergi. x40. WM(JDS)76.

Plate 3J27:

Buccicrenata hedbergi. x40. MS6.

Plate 3 ^ :
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The biostratigraphy and microfacies of the Early to
mid-Cretaceous carbonates of Wadi Mi'aidin,
Central Oman Mountains.
M. D. Simmons and M. B. Hart

ABSTRACT
The autochthonous successions of the oil-bearing Cretaceous carbonates in the Oman Mountains are mainly exposed in three areas: Musandam, Jebel Akhdar, and Saih Hatat. On the
southern flank of Jebel Akhdar, Wadi Mi'aidin
provides a well-exposed, accessible section
through the carbonate succession of Early to
mid-Cretaceous age. This succession is described and the microfacies illustrated. The stratigraphic distribution of the Foraminifera and
calcareous algae is presented for the first time,
despite this succession being used by many oil
geologists as a reference for correlation
throughout the Oman Mountains,

L\T»ODUCTION
The Oman Mountains form a distinct crescent
along the north of the country. To the south lies

the interior gravel plain, while to the north of
the mountains there is a narrow strip of Buvial/
aeohan sediments which border the Gulf of
Oman (see Figure 10.1). The region is famous
as the site of perhaps the best preserved ophiolite complex in the world: the Semail Ophiolite.
This ophiohte complex and the underlying
allochthonous thrust units known as the Hawasina Series override an in situ Mesozoic carbonate platform succession that rests unconformably on a pre-Permian basement. Details of this
geologically complex area are presented in
Glennie et al. (1974), which remains the key
text on the geology of this region.
Within the autochthonous succession, the
Early to mid-Cretaceous is represented by an
important sequence of carboante rocks which
provide both the source rock and the reservoir
for the Natih and Fahud oil fields. An understanding of this succession is the purpose of this
account.
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Fig. lO.l — Location of the Oman Mountains with an enlargement of the area investigated by the authors.
The Wadi Mi'iadin section is indicated by 9 , and the other sections that have tieen sampled are located at
Jebel Madar. Jebel Salakh, Jebel Madamar, and Ibe other wadis around Jebel Akhdar. Note the location of
the Fahud and Natih oilfields. Modified after data presented in Glennie et al. (1974).
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Wadi Mi'aidin cuts into the southern side of
the Jebel Akhdar dome (see Figure 10.1) 15 km
east of Nizwa and 10km west of Izki. The wadi
cuts through a number of rock types from Cambrian basement beds near its source, to allochthonous Hawasina Series sediments at its
mouth. However, the wadi is noted for its
exposures of Mesozoic autochthonous sediments of the Hajar Super-group, making it the
most extensively studied locality in the Oman
Mountains. Previously published descriptions
of the section are given by Wilson (1969) and
Glennie era/. (1974).
Although Early to mid-Cretaceous autochthonous carbonates are well exposed at other
locaUties in the Oman Mountains and have been
studied as part of our research, the succession at
Wadi Mi'aidin forms a biostratigraphic reference section, which acts as the key to understanding the regional stratigraphy.
GEOLOGICAL SETTING
The greater part of the Oman Mountains is
formed by the outcrops of the Semaii Ophiolite
and the Hawasina Series. The main outcrops of
the Mesozoic autochthonous succesion can be
seen in (from north to south-east) Musandam,
Jebel Akhdar, and Saih Hatat. The latter two
areas are presently exposed as a result of Early
Neogene doming, probably as a response lo
halokinetic movements in the pre-Permian
basement. Both these dome-like structures are
on a very large scale, with the mountains of
Jebel Akhdar almost attaining a height of
3000m above sea level. Minor doming of the
autochthonous succession is also seen along the
southern edge of the Oman Mountains where
only the very tops of the structures stand above
the otherwise flat gravel plain. These features,
at Jebel Madar, Jebel Salak, and Jebel Madamar are aligned with the major oil-producing
structures of Fahud and Natih. These localities,
and others around the Jebel Akhdar dome,
have been studied as part of our overall
research. This has shown that between Wadi
Mi'aidin and other sections in the Oman Mountains area, there are subtle variations in the
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thickness and facies types of the Early to midCretaceous succession; notably a thinning and
marked diachroneity of formations to the north.
The southernmost comer of Jebel Akhdar is
flanked by hills of the Semaii Ophiolite. At
some localities the ophioHte and the underiying
allochthonous Hawasina Series lie directly on
the Early to mid-Cretaceous carbonates, whilst
at others there is an intervening shale of Late
Cretaceous age (the Aruma Group; Muti and
Fiqa Formations). Emplacement of the allochthonous units is reportedly Campanian in age
(Giennie el al. 1974), as overlying the ophiolite
is a coarse pebbly sandstone of Maastrictian
age, followed by a succession of Cainozoic
carbonates.
Early to mid-Cretaceous carbonates outcrop for 2-3 km along the floor of Wadi Mi'aidin
(Figures 10.2-10.6). They are underlain by
similar carbonates of the Jurassic Sahtan Group
and unconformably overlain by deeper-water
sedimenfs of the Late Cretaceous Muti
Formation.
The sediments which are the subject of this
study range in age from basal Cretaceous to
Cenomanian, and are lithostratigraphically
grouped into the Thamama and Wasia Groups.
These lie within the Hajar Super-group of Glennie era/. (1974). The succession is further subdivided into a number of formations (see Figure
10.6 for a summary of the lithostratigraphy and
sedimentology). These formations are known
not to be exact (time or lithological) equivalents
to the same formations described elsewhere in
the Middle East. The sequence is dominated by
shallower-water carbonates which follow
shghtly deeper-water carbonates of earliest
Cretaceous age,
A major disconformity separates the Thamama Group, which is earUest CretaceousEarly Aptian in age, from the Wasia Group,
which is Early/Middle Albian-Middle/?Late
Cenomanian in age. The two groups thus have
separate microfossil assemblages and were desposited in separate but similar sedimentary
environments. The Thamama and Wasia
Groups therefore represent the first two
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depositional cycles recognized by Harris et al.
(1984) in the Cretaceous of the Arabian
Peninsula.
The Thamama Group sediments at Wadi
Mi'aidin represent the progradation of a carbonate ramp system. The type of environment of
deposition envisiged is similar to the 'ramps
with barrier ooid shoal complex' (type 'E')
described by Read (1985). The distal slope of
the ramp was downwarped in the Early Creta-
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ceous to produce the somewhat deeper water
sediments of the Rayda and Salil Formations.
These pass into slope sediments and eventually
the oolitic barrier shoal sediments of the Habshan Formation. Behind this barrier, bioclastic/
pelloidal wackestones and packstones were
deposited in very shallow lagoonal environments, now represented by the Lekwhair,
Kharaib, and Shuaiba Formations. The shallow, backshoal, nature of these formations is

Fig. 10.2 — Wad Mi'aidin: Tbe Thamama Groi^ (Rayda-Shuaiba Fonnatioas) on the wesi side of the wadi.
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Fig- 10-3 — Wadi Mi'aidin: Massively bedded tiirestones of the Shuaiba Formation overlying the thinnly
bedded limestones of the Kharaib Fonnation,

Fig. 10.4—Wadi Mi'aidin: Massivelybedded limestones oftheNatihFonnalioa overlying the scree-covered
ouicrop of the Nahr Umr Formation on the east side of the wadi.
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Fig. 10.5 — Wadi Mi'aidin: General view of the wadi looking north, wiih the Natih Formation in the foreground.

confirmed by the association of larger Foraminifera, dasyclad algae, and biostromes of toucasid
and monopleurid ridists.
The Wasia Group may also represent deposition in a carbonate ramp environment. The
Albian Nahr Umr Formation represents slow
sedimentation on a shallow platform, with clastic input from the Arabo-Nubian shield. Reworking of the fine clastic sediments during
storms developed many local hiatuses of short
duration (Harris et at. 1984). The overlying
Natih Formation represents deposition in the
type of carbonate environment envisaged by
Burchette & Brinon (1985) for the deposition of
the Mishrif Formation in Abu Dhabi. This
model describes a carbonate platform rimmed
by coarse bioclastic shoals or radiolitid rudist
biostromes. Behind these, backshoal bioctastic
packstones and platform lagoon benthonic foraminiferal mudstones develop. In front of the
shoals/biostromes bioclastic slope deposits

occur, passing into planktonic foraminiferal
wackestones within intrashelf basins. These
facies are developed in the Natih Formation at
Wadi Mi'aidin with the exception of the deeperwater planktonic foraminiferal wackestones.
However, this facies can be seen at other localities in the Oman Mountains area, presumably
where subsidence at the seaward margin of the
ramp was greater.
At some localities to the south of Jebel
Akhdar the uppermost Natih Formation consists of fine-grained Ume mudstones/wackestones with planktonic Foraminifera and ammonites indicating deeper-water, open marine
environments in the earliest Turonian. At Wadi
Mi'aidin the youngest Natih Formation sediments are of Middle-?Late Cenomanian age.
Therefore the deep-water sediments are not
present, presumably removed in the erosion
prior to the de[>osition of the Muti Formation.
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MICROFOSSIL ASSEMBLAGES
Despite relatively intense exploration by oil
companies in the Middle East, there are few
publications describing the Cretaceous biostratigraphy of this area. Important pubUcations
include Henson (1948). Sampo (1969), and ElNaggar& Al-Rifay(1972,1973). Recently Harris el al. (1984) produced a micropalaeontological zonation scheme for the Cretaceous of the
Arabian Peninsula.
Pubhcations concerning the micropalaeontology of the Cretaceous rocks of the Oman
Mountains are extremely scarce. Although
Glennie et al. (1974) outlined the microfauna
present in the autochthonous Cretaceous carbonates, they went into very little detail. Other
pubUcations on the geology of the Oman Mountains which mention some of the microfossils
occurring in the rocks described here include
Hudson & Chatton (1959) and Ricateau &
Riche (1980).
The lack of publications on Cretaceous microfossil assemblages in the Middle East is unfortunate. This area thus remains almost unknown
in terms of Tethyan palaezoogeography,
palaeoecology, and biostratjgraphy. Correlation of the highly developed biostratigraphic
schemes of Southern Europe (e.g. Neumann &
Schroeder 1981 and Saint-Marc 1977) to the
Middle East is required, and study of some of
the endemic faunas is also needed.
The microfossil assemblages present in the
Early to mid-Cretaceous carbonates of the
Oman Mountains have strong similarities with
those described from elsewhere within the
Tethyan region, although diversity tends to be
less than those of the "Peri-Mediterranean'
region. Strong comparisons can be drawn with
the assemblages in the Urgonian limestones of
Southern France, and the Cretaceous of Iberia
and the Mediterranean area. Although each
region does have endemic faunal elements, geographically widespread biostratigraphic correlation is possible.
The microfossil assemblages from Oman are
very closely comparable to those described
from Early to mid-Cretaceous sediments of
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otherpartsofthe Middle East, e.g. Iran (Sampo
1969), Kuwait (El-Naggar & Al-Rifay 1972,
1973), and Lebanon (Saint-Marc 1974, 1981,
Basson & Edgell 1971).
The earliest Cretaceous part of the Thamama Group (Rayda and lower Salil Formations) contains a microfossil assemblage consisting of calpionellids, calcified radiolarians,
sponge spicules, and rare planktonic Foraminifera. The upper part of the Salil Formation also
contains rare planktonic Foraminifera, but with
benthonic forms, presumably transported down
the slope of the carbonate ramp. The Habshan-Shuaiba Formations contain a classic Early
Cretaceous Tethyan microfauna and flora of
orbitolinids, htuolids, cuneohnids, milliolids.
and dasyclad and gymnocodoacid algae. The
mid-Cretaceous Wasia Group is dominated by
orbitolinids in its lower part, but passes into
assemblages also containing trocholinids, htuolids, and gymnocodiacid algae. In the upper
part of the Natih Formation alveoUnids replace
orbitolinids as the dominant foraminiferal component of the microfossil assemblage.

MICROFACIES
The distribution of carbonate microfacies/microfossil assemblages within the Thamama and
Wasia Groups is shown in Figures 10.7-10.9.
The microfacies present can be simplihed
into a number of associations. The associations
present in each formation are as follows:
Rayda Formation: This formation consists of
pelagic mudstones and wackestones, equivalent
to standard microfacies 3 of Wilson (1975) and
Bugel (1982). There are a variety of subfacies.
The lower beds of the formation are micrites
with common calcified radiolarians and some
small benthonic and planktonic Foraminifera.
Sponge spicules and echinoderm fragments are
also present. There is often evidence for
secondary partial dolomitisation. Some units
are burrowed and contain less fauna. Overlying
these units is a micrite with abundant calpionelhds, echinoderm debris, and microbioclasts.
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Fig. 10.7 — Represenlative microfades seen in Ihe Rayda, Saiil. and Habshan Fonnalions, Wadi Mi'aidin.
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Fig. lO.S — Representative microfacies seen in tbe Lekwhair, Kharaib and Sbuaiba Fotmatioiis, Wadi Mi'aiiUn.
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Fig. 10.9 — Repiesentadve iniciofades seen in Ihe Nahi Umr and Nalih Fonnations, Wadj Mi'atdin.
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The calpionellid wackestone is in turn overlain by micrites with varying abundances of
microbioclasts. In the field this formation is
characterised by the presence of cherts. Deposition of this formation is thought to have taken
place at the deep shelf margin of the Thamama
ramp.
Salil Formation: The greater part of this formation consists of pelagic mudstones and wackestones. with microbioclasts. calcified radiolaria,
and rare planktonic Foraminifera. Burrowing is
common, and burrow infills include faecal pellet
grainstones and dolosparites. Some horizons
contain quite abundant microbioctasts or are
peloidal packstones. These units probably
represent derived sediment from higher regions
of the carbonate ramp slope. Some of the bioclasts can be recognised as fragments of shallowwater benthonic Foraminifera.
Habshan Formation: The lowest units of this
formation are bioclastic wackestones with microbioclasts, lituolids, and large echinoderm and
mollusc fragments.
The overlying units of this formation consist
of high-energy deposits which indicate deposition of the flanks of, or within, the oolitic shoal
which rimmed the margin of the Thamama
ramp. A wide range of microfacies are represented. Carbonate microfacies present include
highly burrowed peloidal packstones with abundant micritized dasyclad algae, Bouenia sp. and
mollusc debris, and oolitic — peloidal packstones with micritized ooids, cortoids, and targe
echinoderm and mollusc fragments. Micritisation is very common in this formation, with
micritised ooids and macrofossil fragments surrounded by micrite envelopes being abundant.
This suggests a shallow-water environment of
deposition. Superficial ooids are also common.
Faecal [>elo)d grainstones are present, and
these often contain cortoids, lituotids and echinoderm and mollusc fragments, intraclasts and
lithoclasts are also moderately common allochems in this formation. High-energy, shallowwater conditions of deposition are indicated for
this formation.
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The uppermost units of the Habshan Formation are oolitic grainstones (the ooids are
usually partly micritrised), ooid — peloid packstones/grainstones, and faecal peloid grainstones. Intraclasts, mollusc debris, and benthonic Foraminifera are rarer allochems. These
units usually have a sparite cement, indicating
that the original micritic matrix has been winnowed out. The oolitic units are equivalent to
standard microfacies 15 of Wilson (1975) and
Rugel (1982). Standard microfacies type 11
(grainstones with coated bioclasts in sparry
cement) also occurs in the upper part of this
formation. These microfacies suggest deposition in facies zone 6 of Wilson (1975) with
winnowed platform edge sands and oolitic
shoals — all areas with constant wave action, at
or above wave base.
Lekwhair Formation: The mtcrofacies present
in this formation represent relatively quietwater deposition in a back-shoal environment.
Bioclastic wackestones and packstones
(standard microfacies 9 and 10 of Wilson
(1975)) are dominant. These include burrowed
micrites with mollusc debris and/or dasyclad
agae. Micritisation of allochems is common.
Burrows often have a dolosparite infilling.
Dasycladacean grainstones (standard microfacies 18 of Wilson (1975)) are a feature of
this formation. They indicate very shallow
environments of deposition, prassibly in lagoon
channels.
Another typical microfacies of this formation is that of micritic wackestones with highly
fragmented gymnocodiacid and dasyclad algal
remains and some benthonic Foraminifera.
This is the 'Algal Debris Facies' of the Middle
East, first described by Elliott (1958).
Kharaib Formation: Peloidal grainstones, algal
— Foraminifera packstones^ and orbitolinid
packstones characterise the microfacies present
in this formation. Algae are less conmion than
in the Lekwhair Formation. Orbitolinid packstones often also contain lituolids and Salpingoporella dinarica Radoicic, and may be partially
dolomitised. Burrowing is a common feature.
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Within the orbitolinid packstones the orbitohnids are often micritised. Mollusc debris
(notably oyster) is a quite common allochem.
This formation shows a large-scale cyclicity
of microfacies; two bioclastic wackestones are
underlain and overlain by orbitolinid packstones. Shallow back-shoal conditions of deposition are suggested, with the orbitolinid packstones perhaps deposited in broad lagoonal
channels.
Shuaiba Formation: The lowest beds in this
formation are Bacinella-LUhocodium boundstones, overlain by packstones with BacinellaLithocodium fragments, Foraminifera (including orbitolinids) and peloids. The upper part of
the formation largely consists of faecal peloid
packstones and grainstones with some Foraminifera (equivalent to standard microfacies 16 of
Wilson (1975)). These units are usually burrowed. There are also thin interbedded Bacinella-Lithocodium boundstones. Bacinella-Lithocodium boundstones are known to be a typical
feature of the lower part of the Shuaiba Formation of Abu Dhabi (Alsharhan 1985).
The highest beds of the Shuaiba Formation
often contain rudist bivalve fragments and orbitolinids in peloidal packstones. The large mollusc fragments are often encrusted by algae.
Deposition in low-energy, shallow-water conditions is suggested by these microfacies.
Nahr Umr Formation: The greater p a n of the
Nahr Umr Formation consists of alternations
between Orbitolina wackestones and packstones. The orbitohnids are often micritised and
form up to 90% of the allochems present. Gymnocodiacid algae and lituohds are less common
allochems. Thin mudstones often overlie the
wackestones. There appear to be repeated fining-up sequences of packstone-wackestone-mudstone within this formation.
The uppermost units of the Nahr Umr Formation are bioclastic packstones with abundant
mollusc debris (standard microsfacies 12 of Wilson (1975)).
Natih Formation: The lowest units of this formation are burrowed bioclastic wackestones
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with mollusc debris, Foraminifera especially
Orbitolina, and gymnocodiadd algae. These
are overlain by packstones with a similar microfaunal content and some peloids.
These units are in turn overlain by rudist
packstones—fioatstones
(equivalent
to
standard microfacies 5 of Wilson (1975)) and
peloidal-iniraclast packstones. Tliese sediments were deposited in high-energy conditions
and can be compared to lithofacies association 3
of the Mishrif Formation of Abu Dhabi described by Burchette & Britton (1985). Deposition in a platform margin shoal environment in
close proximity to a radiolitid rudist bioherm is
suggested.
The sediments overlying the bioclastic shoal
facies are alveolinid-chrysalidinid-mollusc
debris wackstones, overlain by packstones and
wackestones with alternating abundances of
alveohnids, gymnocodiacid algae, and mollusc
debris. These microfacies are similar to iithofacies association 6 of Burchette & Britton (1985)
and represent deposition in a shallow, quietwater platform lagoon environment.
In the upper part of the formation thin
bioclastic packstones occur. These contain
either abundant rudist fragments (as in the
sediments below) or oyster shells. The rudist
packstones probably represent periods when
back-shoal skeletal sands were extended, as
areas of intra-lagoonal biostromal growth
occurred. This mode! of deposition has been
proposed for similar rudjst packstones in the
platform lagoon facies of the Mishrif Formation
of Abu Dhabi by Burchette & Britton (1985).

BIOSTRATIGRAPHY
Figures 10.10-10.12 show the occurrence of
selected microfossil species in the Early-midCretaceous succession exposed at Wadi Mi'aidin. Plates 10.1-10.5 illustrate some of these
forms.
The succession at Wadi Mi'aidin has been
comprehensively sampled, with samples generally being taken at a maximum interval of 10
metres. At critical intervals sampling has been
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Fig. 10.11 — Distributioo of selected taxa io the Lekwhair, Kbaiaib, and Shuaiba Fonnalioiis, Wadi Mi'aidin.
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much more closely spaced. All the microfossils
described here have been identified in
thin-section.
No biozones are formally proposed for the
Wadi Mi'aidin succession. It would be impracticable to do so for only one locality, since the
lateral extent and signficence of such biozenes
, would remain unproven. However, it can be
seen from the occurrence charts that a number
of clearly recognisable assemblage zones and/or
< species range zones could be described; for
example, a number of zones based on the range
of orbitolinid species. Our studies of other
exposures of Early to mid-Cretaceous carbonates in the Oman Mountains have shown that
many of these biozones are of some lateral
extent. Furthermore, many equate with zones
described for other parts of the Middle East
(e.g. Harris et al. 1984). However, studies of
some of the assemblage zones have revealed
that they have a marked diachroneity across the
Oman Mountains area, particularly when compared to ages derived from the study of the
rudist bivalve faunas (P. W. Skelton, pers.
comm.).
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presence of Calpionella elliplica Cadisch points
to a 'mid' Berriasian age. This species is typical
of calpionellid zone C ('niid' Berriasian) in the
Western Alps (Remane 1971). Co-occurring
with C. elliptica are Calpionella alptna Lorenz
and Calpionellopsls oblonga (Cadisch). Also
occurring in this interval are calcified radiolarians and planktonic Foraminifera which appear
to be attributable to Globuligerina hoterivica
(Subbotina).
Valanginian: A Valanginian age is ascribed to
the middle and upper parts of the Salil Formation. Sediments of Valanginian age are first
recognised in the sequence with the first occurance of the algae Permocalculus inopinatus
Elliott and Coptocampylodon
lineolatus
Elliott, and the Foraminifera Vercorsella scarseliai (De Castro). Although the ranges of these
species are poorly known they have not been
recorded in Berriasian sediments. Also occurring in this interval are calcified radiolarians and
G. hoterivica.

Valanginian-?Hauterivian:
A Valanginian-questionably Hauterivian age is ascribed to
Age subdivision of the Wadi Mi'aidin sediments of the Habshan Formation and lower
succession can be achieved fairly precisely by part of the Lekwhair Formation. Within parts of
biostratigraphic means. However, age control- the Habshan and lower Lekwhair Formations
on many of the species used to date the succes- there is a relatively great diversity of both Forasion is derived from occurrences largely in the minifera and algae. However, none of the speMediterranean area. It may be shown even- cies present indicate a precise age. Two species
tually that the ranges of some of these species present have conflicting ranges. Neomeris cremay differ for the Middle East. Until now age tacea Steinmann has a range of Hauterivaiandeterminations of benthonic microfaunas and
-Danian (M. Conrad, pers. comm.), whilst
I, fioras from the Middle East have been, al best,
Cylindroporella arabica Elliott has a Kimmeridtentative, with there being little ammonite or
gian-Valanginian range (Masse and Poignant
other well established palaeontological age
1971, Elliott 1968). The Cylindroporella species
control.
we describe as C. sp. cf C, arabica is very similar
The mircrofossil assemblage for each age to the original description of ElUott (1957).
interval recognised in the Wadi Mi'aidin succes- Other species present in this interval are quite
sion is discussed below:
long-ranging but many are known to occur in
the Valanginian. On balance a Valanginan age
Berriasian: A Berriasian age is ascribed to sedi- is preferred, but a Hauterivian age cannot be
ments of the Rayda Formation, and questiona- discounted. The top of this interval is thus taken
bly the lower part of the Salil Formation. A very at the last occurrence of C. sp. cf C arabica.
Other significant algal occurrences are; P.
age diagnostic calpionellid assemblage occurs
within the Rayda Formation. In particular, the inopinatus, C. lineolatus, Bouenia sp., the
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encrusting codiacid (?) complex Bacinella—Lithocodium, and Cayeuxia sp.
Significant foraminiferal occurrences are
those of Buccicrenata hedbergi (Maync), Choffatella decipiens Schlumberger, Ammobaculites sp. A, Trochoina elongata (Leupotd), T.
alpina (Leupold), Evenicydammina
gregi
(Henson), Pseudocyclammina sp. cf. P. vasconica Maync, Praechrysalidina infracretacea
Luperto Sinni, Cuneolina laurentii Sartoni and
Crescent!, and Nautiloculina
bronnimanni
Amaud-Vanneau & Peybernes.
This microfossil assemblage is very similar
to that described from sediments of Valanginian-Hauterivian age in southwest Iran by
Sampo (1969).
Valanginian-Haulerivian:
A
Valanginian-Hauterivian age is ascribed to sediments of the
upper part of the Lekwhair Formation. Considering the age of the overyling interval (Late
Hauterivian-Early Barremian), it seems likely
that at least part of this succession is of Early
Hauterivian age.
Within this interval there is a fairly diverse
microfossil assemblage similar to that of the
underlying interval. However, the possible
Valanginian indicator C. sp. cf, C. arabica is
absent. None of.the microfauna or flora shows
positive evidence for a Hauterivian age, with
most of the species being fairly long-ranging
Eraly Cretaceous forms.
The most age diagnostic species occurring in
this interval is the dasyclad algal Acroporella
assurbanipali Elliott. According to Elliott
(1968), this species is recorded from the Valanginian-Hauterivian of Iraq.
Other significant algal occurrences are P.
inopinatus. C. lineolatus,
Bacinella-Lithocodium, Actinoporella podolica Alth, Clypenia?
solkani Conrad & Radiocic(?), and Salpingoporella dinarica Radioicic {=Hensonella cyiindrica Elliott). The range of 5, dinarica is
thought to be Valanginian-Aptian (Elliott
1968).
Significant foraminiferal occurrences are C.
laurentii. T. elongata, Vercorsella arenata
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Amaud-Vanneau, N. bronnimani,
Ammobaculites sp. A, Cuneolina hensoni Dalbiez(?),
and P. infracretacea.
Late Hauterivian—Barremian: A Late Hauterivian-Barremian age is ascribed to the lower
part of the Kharaib Formation. This interval
contains a number of fairly long-ranging species, but an age younger than Barremian is
precluded by the age of the overlying interval
which is Late Barremian, The occurrence of the
dasyclad alga Salpingoporella
muehlbergii
(Lorenz) indicates that this interval can be no
older than Late Hauterivian (Conrad & Peybernes 1976, Bassoullet etal. 1978).
Other significant algal occurrences in this
interval are P. inopinatus. C. lineolatus. S.
dinarica, and also undetermined species of
Salpingoporella.
Significant foraminiferal occurrences are
C. laurentii. T. elongata, V. arenata. N. bronnimani, P. infracretacea. and C. decipiens.
Late Barremian: A Late Barremian age is
ascribed to the upper part of the Kharaib Formation, although probably not the uppermost
beds.
The base of this interval is marked by the
first appearance of orbitohnds in the sequence.
The interval is characeterised by the presence of
'primitive' forms of Palorbitoiina lenticularis
(Blumenbach). P. lenticularis has a range of
Late Barremian-Early Aptian (Schroeder
1975). However. Gusic (1981) demonstrated
that 'primitive' forms of P. lenticularis (i.e.
those without peri-embyonic chamberlets)
characterise the Late Barremian, whilst
'advanced' forms (those with peri-embryonic
chamberlates) characterise the Early Aptian. It
is therefore suggested that this interval with
'primitive" P. lenlicutaris can be astgned to a
Late Barremian age.
Supportive evidence for this age determination comes from the occurrence of Eopalorbitolina charrollasii Schroeder & Conrad. This
species has only been recorded from Late Barremian strata (Schroeder & Conrad 1967,
Amaud-Vanneau 1980). Until now this species
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was thought to be endemic to the Western Alps
(Moulladecffl/. 1985).
Other species occurrences do not conSict
with the age assignation given- Other foraminiferal occurences include C. laurentii, N. bronnimanii, B. hedbergi, Ammobaculites sp. A., P.
infracreiacea, C. decipiens, and E. gregi. Forms
somewhat similar to Bramkampella arabica
Redmond also occur.
Significant algal occurrences are P. inopinalus, Bacinella-Lithocodium, and S. dinarica.
Early Aptian: An Early Aptian age is ascribed
to the Shuaiba Formation and possibly the
uppermost Kharaib Formation.
This interval is characterised by the
presence of 'advanced' forms of P. tenticularis.
As stated above, these are typical of the Early
Aptian. The actual base of Ais interval is difficult to define since transitional forms of P.
leiicularis occur in the uppermost Kharaib Formation. Certainly all the occuirencesofP. lendcularis in the Shuaiba Formation are clearly
advanced forms. The top of this interval is
marked by an unconformity with the overlying
Early-Middle Albian interval of the Nahr Umr
Formation.
Other significant foraminiferal occurrences
in this interval are C. laurentii, B. hedbergi, N.
bronnimanii?, P. infracreiacea. C. decipiens,
E. gregi, and forms similar to Dukhania conica
Henson and Orbitolinopsis simplex (Henson).
O. simplex (= Iraqia simplex) is thought t o be
restricted to the Early Aptian (Moullade et al.
1985).
Significant algal occurrences are S. dinarica
and Bacinella — Lithocodium.
Early-Middle Albian: An Early-Middle Albian
age is ascribed to the lower part of the Nahr
Umr Formation. The base of this interval is an
unconformity with the underlying ShuaJba Formation of Early Aptian age.
The interval is characterised by the occurrence of two species of Orbitolina. These are O.
[Mesorbitolina] texana (Roemer) and O. (M).
subconcava Leymerie. Both these species range
from
the Late Aptian-Middle Albian
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(Schroeder & Neiunann 1985). However, their
co-occurrence with Hemicyclammina sigali
Maync in this interval demonstrates an Early-Middle Albian age. H. sigali has not been
reported from strata older than Albian (Bengtson&Berthou l982).Thespecimensof O. (M.)
texana which occur at the base of this interval
are fairly primitive and suggest an Early Albian
age. They also have a large number of sponge
spicules agglutinated to their tests (so called
'calcite eyes' (Douglass I960)), which is a distinctive local feature.
Faunal diversity is very low in this interval.
No algae occur, and the only significant foraminiferal occurence other than those described
above is that of BuccicrenaSa subgoodlandensis
(Vanderpool).
Late Albian: A Late Albian age is ascribed to
the upper part of the Nahr Umr Formation.
This interval has a relatively diverse fauna
compared to the underlying interval. Significant
foraminiferal occurences are H. sigali, B. subgoodlandensis,
Orbitolina
[Mesorbitolinaj
aperta (Erman), Hedbergella sp., and Praeglobotruncana sp.,
Significant algal occurrences are Permocalcuius irenae Elliott, Permocalculus sp. nov. A,
and Salpingoporella hasi Conrad. Radoicic, &
Rey.
O. fM.J aperta is not known from strata
older than Late Albian (Schroeder & Neumann
1985). Also, no species of Praeglobotruncana
are known older than Late Albian (Robaszynski & Caron 1979). The presence of S. hasi
supports a Late Albian age determination. This
species is known from the Late Albian-Early
Cenomanian of Portugal and Yugloslavia (Conrad era/. 1976).
Early Cenorrmnian: An Early Cenomanian age
is ascribed to the lower part of the Natih
Formation.
This interval has a diverse fauna. Significant
foraminiferal occurrences are H. sigali, Praeglobotruncana sp., Chysalidina gradata d'Orbigny. Trochospira avnimelechi Hamaoui &
Saint-Marc, Trocholina 'arabica' Henson, Tro-
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cholina 'allispira' Henson, Trocholina lenticularis Henson, Cuneolina ex gr. pavonia d'Orbigny, Orbitolina (Orbitolina) seifini Henson,
Buccicrenata? rugosa (d'Orbigny), Charentia
cuvilleri Neumann and Orbitolina sp. cf. O.
(Conicorbitolina) conica (d'Archiac).
Significant algal occurrences are P. trenae
and Salpingoporella sp. cf. S. lurgida (Radoicic); Conrad, Praturlon, & Radoicic.
Although some of the above forms are quite
long-ranging, several are typically associated
with Cenomanian strata (Saint-Marc 1981,
Schroeder & Neumann 1985), giving the
assemblage a Cenomanian aspect. H. sigali is
not known from strata younger than Early
Cenomanian (Bengtson & Bertbou 1982).
The base of this interval is taken at the first
appearance of T. avnimelechi. which is restricted to the Cenomanian (Schroeder & Neumann 1985).
Middle-Late Cenomanian: A Middle to Late
Cenomanian age is ascribed to the middle and
upper parts of the Natih Formation.
This interval is characterised by a very
diverse fauna of Foraminfera. Some of the significant species present are Praeglobotruncana
sp., C. gradata, T. avnimelechi, Nummoloculina heimi Bonet, C. cuvilleri, Nezzazata simplex Omara, Merlingina cretacea Hamaoui &
Saint-Marc, Ovalveolina sp. cf. O. maccagnoae
De Castro, Dicyclina schlumbergeri MunierChalmas, Ovalveolina ovum (d'Orbigny),
JCisalveolina fraasi (Gumbel), Simplorbilolina
sp.?, Praealveolina brevis Reichel, Pseudedomina drorimensis Reiss, Hamaoui, & Ecker,
7Heierocoskinolia ruskei Saint-Marc, Orbitolinella depressa Henson, and Praealveolina
tenuis Reichel.
Algal occurrences include P. irenae and possibly Permocalculus sp. nov. A.
Several of the species present have a range
restricted to the Middle-Late Cenomanian.
These include O. Ovum, P. brevis, and P. tenuis
(Schroeder & Neumann 1985). The assemblage
present is very similar to that from the Middle-Late Cenomanian of Lebanon (Saint-Marc
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1981) and from the Cenomanian of South West
Iran (Sampo 1969).
The base of this interval is taken at the first
appearance of W. cretacea, which has a MiddleLate Cenomanian range. The top of the interval
is the top of the Wasia Group at this locality.
CONCLUSIONS
The Early to mid-Cretaceous carbonate succession exposed at Wadi Miaidin represents ,
depositon during the progradation of two separate carbonate platforms, to produce the Thamama and Wasia Group sediments. A varied
number of microfacies are present, and these
relate to depositional environments on the platforms, particularly the proximity and position
with regard to barriers — either bioherms or
oohtic shoals. Fore barrier, barrier, and back
barrier microfacies can be recognised.
A large number of microfossil species have
been recognised in the succession. These have
allowed the sequence to be subdivided quite
precisely, into age related intervals. The Thamama Group has been shown to be of Berriasian—Early Aptian age at this locality, whilst the
Wasia Group has been shown to be of Early/
Middle Albian—Middle/?Late Cenoinanian
age. A major unconformity separates these two
Uthostraigraphic units.
The microfossil assemblages present (Foraminifera, calcareous algae, and calpionellids)
are similar to those described from other parts
of Cretaceous Tethys, in particular the Mediterranean area and other sections described from
the Middle East.
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Plate lO.I
Fig.
Fig.
Fig,
Fig.
Fig.
Fig.
Fig.
Fig.

1 — PseudedomiadrorimensisReiss.
Hamaoui, & Ecker. X14,Natih FoimatioD. WadiMi'aidin,
2 — PraeaheoUna lenuis Reichel, x l 4 . Natih Formation, Wadi Mi'aidin,
3 — Ovaheolina ovum [d'Orbigny), x20. Natih Formation. Wadi Mi'aidin.
4 — Ovalveolina sp. cf. O.maccagnoae De Castro. x20. Natih Formation, Wadi Mi'aidin.
5 — Pmechrysaiidinainfracreiacfa
Luperto Sinni. x | 4 , Habshan Formation. WadiMi'aidin,
6 — Chrysalidina gradala d'Orbigny, x ]4, Natih Formatioa, Wadi Mi'aidin.
7 — Nautiloculina bronnimanni Amaud-Vanneau & Peybemes, x20. Habshan Fonnation. Wadi Mi'aidin.
8 — Nezzazata simplex Omara. x20, Natih Forniation. Wadi Mi'aidin.
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Plate 10.2
Fig.
Fig.
Fig.
Fig.
Fig.
Fig,
Fig.

1—
2—
3—
4—
5—
6—
7—

Falorbilolina leruicularis (Blumenbach). x55. Kharatb Fonnation, Wadi Mi'aidiii.
Orbilolina (Mesorbilolina) subconcava Leymene, x55, N a h r U m r Formation, Wadi Mi'aidin.
Orbilolina (Orbilolina) sefini HensoD, x M , Natih Formation, Wadi Mi'aidin.
Orbitolina (Mesorbilolina) lexana (Roemer), x55, Nahi Umr Formation. Wadi Nfi'aidin.
Orbilolina (Mesorbilolina) apena (Erman), x20, Nahr Umr Formation. Wadi Mi'aidin.
Eopalorbilolina charrollasii Schroeder & Conrad. X55, Hanshan Formation, Wadi Mi'aidin.
Palorbiiolina lenticularis (Biumenbaeh), x20, Kharaib Fonnation, Wadi Mi'aidin.
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Fig, I — Saipingoponlla dinarica Radoicic. xl4. Lekwhair Formation, Wadi Mi'aidin,
Fig, 2 — Salpingoporella dinarica Radoicic and Salpingoporella muehlbergU (Lorenz), xl4, Kharaib Formation, Wadi
Mi'aidin.
Fig. 3 — Fennocalculus irenae Elliott, x 14, Nahr Umr Formation, Wadi Mi'aidin.
Fig. 4 — Bacinella — Liihocodium. xI4.Lekwtiair Formation. WadiMi'aidio.
Fig. S — Acroparella assurbanipati E\bott, x l 4 . Lekwhair Formation, Wadi Mi'aidin.
Fig. 6 — Prrmocalculus sp. rtov. A. X20, Nabr Umi Fonnatioa, Wadi Mi'aidin.

Cb. 10]

Cretaceous biostratigraphy of the Oman Momitains

203

204

Cretaceous biostratigraphy of the Oman Mountains

PlaM 10.4
Fig. 1 — Orbiiolinella depressa Henson, x20. Nalih Formation, Wadi Mi'aidin.
Fig. 2 — Buccincrenaia kedbtrgi (Maync), x20. Habshan Formaiion, Wadi Mi'aidin.
Fig. 3 — Buccicrerutia hedbergi (Maync) x20. Habshan Formaiion, Wadi Mi'aidin.
Fig. 4 — Choffaiella decipierts Schiumberger, x20. Kharaib Formation, Wadi Mi'aidin.
Fig. 5 — DicyclinaschlumbergeriMameT-ChahBas. x20, Natih Formation, Wadi Mi'aidin.
Fig. 6 — Ammobaculiles sp.. xl4, Lekwhair Formation, Wadi Mi'aidin.
Fig. 7 — Hemkyclamminafigali Mayac, x20, Nahr Umr Fortnation. Wadi Mi'aidin.
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PhtclOJ
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

I—
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5—
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Buccicrenaia subgoodlandensis (Vandcrpool). x 14, Nahr Umr Formatioa, Wadi Mi'aidin.
Globuligeriruihoierivica (Sabbotina), x55, Salil Fonnation. Wadi Mi'aidin.
Cyclindroporellasp. cf. C.arabicd Elliott, x20, Habshan Fonnation, Wadi Mi'aidiD.
Buccicrenaia? rugosa (d'Orbigny). x 14. Nalih Fonnation, Wadi Mi'aidin.
Pratglobolruncanasp.,
x70, Nahr Umr Fomiation. Wadi Mi'aidin.
Neomeris craacea Steinmann and Bouenia sp. x 14, Habshan Formation. Wadi Mi'aidin.
Cunealinalaurentii SoTtoia&Cicsccati.
x55, Lekwhair Formation, Wadi Mi'aidin.
Vercorseila annaia Aniaud-Vanneau, x 100, Lekwbaij Fonnalion. Wadi Mi'aidin.
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Cenomanian echinoids, lai^er foraminifera and calcareous algae
from the Natih fonnation, central Oman Mountains
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Wiihin the Natih Formation dale Alhian-early TuronianI of ihe Oman Mountains, ihere occurs a
disiinciive, correlatablc horizon wiih an abundant and moderately diverse echinodemi fauna. This
horiMn occun within Member c of ihe Natih formation and can be assigned a latest middle Cenomanian
age based on Ihe associated microfossil assemblage which is dominated by alveolinids and gymnocodiarian algae. The deposiiional environment of this echinoderm-rich bed was probably back barrier, clow
to radioliiid rudisi biosiromcs and bioclasiic shoals which fringed the upper Naijh shelf edge. Nine
species of ectiinoid are described, most of which arc new records for ihe Arabian Peninsula. One new
species, PcdiTujpas sphaerica. is erected. Coenkoleciypui laneli dominaies the assemblage and occurs
together wilh Slerencidans saTracenaram, Telragnnrona vanolare, Hclerodiadema fybiai, Pedinapns humci,
P. dcsori, P. sphaenca. Hemiasur synacus and W. cubiciu. The composition of the genus Pcdmopas is
critically reviewed and a new subgenus, Sinaiopsis, erected. Many of the species have previously been
reported from Egypt, the Sinai Peninsula and Israel.
K£y WORDS: Oman; Cenonianian; cchinoids; foraminifera; algae; carbonaic sbelf.

1. Introduclion
The Sultanate of Oman occupies the easternmost comer of the Arabian Peninsula,
The Oman Mountains form a prominent arcuale range in the northern part of the
country. The mountains largely comprise a sequence of thnasi sheets, mainly of
Mesozoic Tethyan marine sediments and volcanics (the Hawasina and Haybi
complexes and the Sumeini Group), overlain by the Semail Ophiolite slab. These
were emplaced during the Campanian onto an autochthonous sequence consisting of
Precambrian w Cambrian basement overlain by Permian to Late Cretaceous
sediments largely of shelf origin (the Hajar Super-group). Unconformably overlying
the thrusi sequence are marine AVaastrichtian and Palaeogene sediments which today
crop out mainly around the mountain flanks. The regional geology is further
detailed in Glennie el al. (1974), Glennie (1977) and Hughes-Clarke (1988), Figure
1 presents a simplified geological map for the Oman Mountains region.
The autochthonous Cretaceous shelf sequence forming part of the Hajar
Super-group, from which the studied fauna and flora were collected, crops out in
four main areas (Figure 1); the Musandam Peninsula, the tectonic windows of Jebel
Akhdar and Saih Hatat, and the isolated jebeis to the south of the main mountain
belt (i.e. Jebel Nahdah, Jebel Salak, Jebel Madamar and Jebel Madar). This paper
describes a moderately diverse and well preserved Cenomanian echinoid fauna from
a distinctive bed within the Naiih Formation (the uppermost part of this
autochthonous Cretaceous shelf sequence) which is known to occur on the southern
side of Jebel Akhdar and at the jebeis to the south of the main mountain belt. The
majority of the macrofauna was collected from outcrops at the western end of Jebel
Madamar (see Figures 2, 3).
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Figure 2. Map showing ihc liKation of the Jebel Salak and Jebel Madamar aniiciines. The main source
of the material described bcrem is from the western end of Jebel Madamar.
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Figure 1. Simplified geological map of ihe Oman Mountains. The cchinoid-tich horizon described in
this paper occurs wiihin the Permian to Late Cieiaceous authochthonous sedimencs. The localities
menlioned in the lext are indicated. Figure modified from Simmons & Ilan (1987).

Little has been published on the echinoid faunas of the Oman Moniains region
and adjacent areas. Carter (1852) described Late Cretaceous sediments outcropping
in the Hadramaut region of south-east Oman. Duncan (1865) described the echinoid
feuna from these sediments which are largely of Cenomanian age. Duncan's
determinations are in need of revision, but the fauna that he documented, now
housed in the British Museum (Natural History), shares no species in common with

Figures. Vicwof the Nalih Formation at die western end of Jebel Madamai. The Echiooid Marker Bed
is indicated by the letters 'EMB'.
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the fauna described here and appears to be somewhat older. Lees (1928) described a
few Campanian/Maastrichlian species from northern Oman and also listed Sahnia
scuiigera Gray as present in Cenomanian beds in Dhofar. He also described a few
Early Cretaceous species from northern Oman, including a new species, Hcierastar
musandamensiz, from Aptian limestones of the Musandam Peninsula. Kuhn (1929),
in his description of the palaeontology and stratigraphy of Oman, only listed the
echinoid species described by Duncan (1865) from the Cenomanian of Hadramaut
and mentioned a few other species from the Campanian/Maastrichtian. Clegg (1933)
described echinoderms from the Cretaceous and Tertiary of the Persian Gulf
(including Oman) collected by the Geological Survey of India. He described two
species from unspecified levels in the Late? Cretaceous (almost certainly
Campanian/Maasirichtian): Hokctypus khamirensis from Khamir in Iran and Pyrina
arabica from near Khalhat in Oman. A diverse Late Cretaceous echinoid fauna was
described from southern Iran by Coiteau & Gauthier (1895) but this was almost
entirety Campanian/Maastrichtian in age and only two possible Cenomanian species
were recorded by t h ^ Similarly, Kier (1972) described the Cretaceous echinoids
from the Riyadh disiria of Saudi Arabia which consisted of a diverse
Campanian/Maastrichtian echinoid fauna but no Cenomanian species. Ali (1989) has
described a echinoid fauna of similar age from the United Arab Emirates. Roman ei
al. (1989) has recently published faunal lists of Cretaceous and Tertiary echinoids
from the Dhofar region of southern Oman and discussed their biogeographical
relationships. This includes fifteen Albian/Cenomanian species, but only three are
common lo the fauna described here.
There are few publications on the Cinomanian micropalaeontology of Oman,
Glennie et al. (1974) outhned the microfauna present in the partly Cenomanian
Wasia Group, but did not go into any detail. Simmons & Hart (1987) have produced
one of the more detailed studies to data, describing the biostratigraphy and
microfacies of the Early—Middle Cretaceous carbonates exposed at Wadi Mi'aidin.
whilst Scott (in press) has described the chronostratigraphic setting for the entire
Cretaceous of the Oman Mountains. There are more publications concerning the
Cenomanian micropalaeoniology of other regions of the Middle East. Those of
imponance to this studv include Sampo (1969), Kalantah (1986; Iran), and
Saint-Marc (1974, 1981; Lebanon).

2. Stiatigraphic setting
The echinoid-bearing horizon that is the focus of this study occurs within the Naiih
Formation, which forms the upper part of the Wasia Group (Owen & Nasr, 1958) in
the Oman Mountains region. This group is widely recognized throughout the Gulf
region and represents the second major depositional cycle recognised by Harris el
al. (1984) in the Cretaceous of the Arabian Peninsula. The Wasia Group contains
numerous cycles of varying orders of magnitude, some at least being driven by
eustatic sea-level changes (Scott, in press). The lower boundary of the Wasia Group
(Figure 4) is marked by a major disconformity between limestones of the Shuaiba
Formation (Kahmah Group), which in the Central Oman Mountains are early
Aptian in age (Simmons & Han, 1987; Scott, in press), and the shales and marls of
the Nahr Umr Formation (Wasia Group), which are Albian in age (Simmons &
Han, 1987; Hughes-Clarke, 1988). The upper boundary of the Wasia Group
(Figure 4) is marked by a hiatus between the mainly carbonate Natih Formauon,
which locally may be as young as earUest Tiironian (Simmons & Han, 1987; Scott,

IJchinoderm fauna of ihe Naiih Formaiion
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in press; Kennedy & Simmons, in prep.) and the overlying shaley Fiqa Formation
(/^uma Group), which is Santonian to Campanian in age (Hughes-Clarke, 1988). In
Oman, the Wasia Group is thus divided into a lower argillaceous unit, the Nahr
Umr Formation, and an upper carbonate unit, the Natih Formation. The contact
between these two formations is transitional (Hughes-Clarke, 1988).
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Type and reference sections of the Natih Formation were described by HughesClarke (1988). The surface reference section at Wadi Mi'aidin on the southern side
of Jebel Akhdar (see Figure I) was the subject of a biostratigraphic and microfacies
study by Simmons & H a n (1987). They concluded that at ihis locality the formauon
was? late Albian/early Cenomanian-late Cenomanian. To the south of this locahiy
the formation may be as young as earliest Turonian (Simmons & Hart. 1987; Scott,
in press; Kennedy & Simmons, in prep.), although this is disputed bv HughesClarke (1988) and others.
Tschopp (1967), in his original description of the Wasia Limestone Formation
(= Naiih Formation) in the subsurface of the Fahud oilfield, recognized seven
members within the formation which he termed a to g. Some authors (e.g. Harris &
Frost, 1984) have suggested that these members are not recognizable in the surface
outcrop sections because of fades variations. However, Scott (in press) has shown
that the seven-fold subdivision of ihe Natih Formation into members can be applied
to the outcrop sections, and has redescribed the members m terms of the facies seen
in the outcrops around and to the south of Jcbel Akhdar. It would appear that the
echinoderm-rich horizon forming the subject of this study occurs within Member c
(Figure 4).
The Natih Formaiion is equivalent to the Mauddud, Khatiyah (or Shiiaif) and
Mishrif Formations identified in the Arabian Gulf region. However, precise
correlation to these formations is problematic (Harris & Frost, 1984; Brennan, 1985,
1986; O'Connor & Patton, 1986, Hughes-Clarke, 1988; Alsharhan & Nairn, 1988)
because of apparently diachronous and localized inrrashelf basin deposits ihat
accumulated during the Cenomanian-Turonian period in this region. The preferred
correlation used in this study is shown on Figure 4. This shows that the Mauddud
Formation correlates with Members g, f and e of the Natih Formation, whilst the
Mishrif Formation correlates with Members d , c , b and a (see also Harris & Frosi,
1984; Alsharhan & Nairn, 1988). A hardground surface is located at the top of
Member e at several localities in the Oman Mountains which probably correlates
with a regional disconformity between the Mishrif and Mauddud Formations, the
boundary between two regionally recognized cycles of deposition; the Nahr
Umr-Mauddud cycle and the Wara-Mishrif cycle (Alsharhan & Nairn, 1988). This
w / disconformiiy can als~(|be recognized in Oman by a marked break in isotopic
/
signaiures (Wagner, in prSss). The basinal Khaiiyah Formation of Abu Dhabi is less
easily correlated with the Oman Mountains sections. Scott (in press) has suggested
correlation with a bituminous horizon in the lower part of Member e of the Natih
Formation. There is some biostratigraphic support for this in that both the Khatiyah
Formation of Abu Dhabi and the Member e of the Natih Formation contain the
plankionjc foraminifera Faousella washitensis Carsey, which ranges no higher
stratigraphically than middle Cenomanian (Caron, 1985). Basinal sediments occurring higher in the Natih Formation (e.g. Member b) have no direct correlative to the
formations seen in Abu Dhabi. Member b of the Naiih Formation coniams a late
Cenomanian-eariiesi Turonian planklonic foraminiferal assemblage (Simmons &
Han, 1987; Scott, in press; Kennedy & Simmons, in prep.) suggesting thai it cannot
be biostratigraphicaiiy correlated with the Khaiiyah Formation of Abu Dhabi.
The Naiih Formauon thus consists of two separate cycles of deposition separated
by a disranformiiy surface corresponding to the Mishrif-Mauddud boundary. The
eclijnoderm-rich horizon lies within Member c of the Natih Formation which
corresponds to a level within the Mishrif Formation of ihe Arabian Gulf region.
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3. Microfossil assemblages and biostratigrapfay
The echinoid-rich bed within Member c of the Natih Formation forms a distinctive
horizon which can be correlated across much of the Central Oman Mountains. Field
geologists operating in the region have termed it the "Echinoid Marker Bed". The
Ijihofacies adjacent to ihis marker bed appear lo be constant, and biostratigraphic
studies demonstrate that the microfauna and flora associated with the horizon are
similar at all locahties where it was erajnined. Within the limits of biosiraiigraphic
resolution the bed appiears to be synchronous.
The Echinoid Marker Bed was noted at five localities during the course of this
study: Wadi Mi'aidin, Jebel Nahdah, Jebel Salak, Jebei Madamar and Jebel Madar
(see Figure I). It probably occurs at other localities on the south side of Jebel
Akhdar, but on the northern side of Jebel Akhdar, the upper part of the Natih
Formation is absent, presumably a result of differential pre-Aruma Group erosion
and the effects of local faulting, so the Echinoid Marker Bed does not occur. The
majority of the echinoderm fauna described in the subsequent section of this paper is
from Jebel Madamar, where the echinoids are most abimdant and easily collected,
whilst the microfossil assemblages were studied from all the localities mentioned
above. There are only minor differences between the microfossil assemblages
associated with the Echinoid Marker Bed recorded at all these localities. For the
sake of brevity, the microfossil assemblages are considered as being from one
composite section, a range chart for which is given as Figure 5.
The lower part of the Natih e Member occurs in two distinct lithofacies across the
Central Oman Mountains. Al some localities (e.g. Jebel Madamar) it occurs as a
bituminous thinly bedded limestone, which in thin-section contains abundant
planklonic foraminifera (FavuseUa waskitensis, Hedbergella delrioensis (Carsey) and
Praeglobolntncatia nephani (Gandolfi)) and calcispheres {Pithonella spp.), together
with locally reworked benthonic microfaunas. This indicates deposition in deep
outer shelf conditions, corresponding to an arm of the Khaiiyah intrashelf basin. At
other localities (e.g. Wadi Mi'aidin) the lower pan of Member e is a platform
bioclastic limestone dominated by benthonic foraminifera, notably species of
Orbitoliim. In both facics, microfauna from the lower part of Member e suggests an
early-middle Cenomanian age.
The upf>er part of Member e is developed in platform hmestone facies across all
the Central Oman Mountains. A fairly diverse microfauna is present together with
the gymnocodiacian alga Permocalcubis irmae Elliott (Figure 61, m). Benthonic
foraminifcra present in this part of the succession include Orbiiolma conka
(d'Archiac), forms from the Orbitolina sefini<oncava plexus, rare Trocholma arabka
Henson and Trochoiina aitispim Henson, Dicyciina schlumbergeri Munier-Chalmas,
Dukhania conica Henson (Figure 6d), Chrysalidina gradaia d'Orbigny, Mayncina
orbignyi (Cuvillier & Szakall), two distinctive new species of orbiiolinid here referred
to as Orbilolinid A (Figure 6i) and B (Figure 6j), and Orbilolinella depressa Henson
(Figure 6h). Nezzazata simplex Omara (Figure 60, Merlingina cretacea Hamaoui
(Figure 6g), Tabeiina biitgisumi Hamaoui & Saint-Marc, Trochospira avnimelecki
Hamaoui and Biplanaia peneropliformis Hamaoui & Saint-Marc are present and
occur in abundance logether near the top of the member. Alveohnids also occur at
the top of Member e: Ovahcolina ovum d'Orbigny, forms from the Praeaiveolina
creiacea-brevis plexus, and a distinctive and often abundant new species of
Cisalveolina, here referred to as Cisaheoiina sp. A (Figure 6a). Questionable
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Figure 6, Foraminifera (a-j) and calcareous algae (k-m) from ihe Naiih Formauon, ceniral Oman
Mountains, a, Caahxolina sp. A. x2o, b, c, Pieaicdomia cf. globularii Smout, X20. d, Dukhonia
arnica Henson, X20 (possibly a transiiionai fonn lo Chrysalidiaa gradtua). e. Praeaheoima latim
Rejchcl, x 5 . f, Ncxzazam simpUx Omara, X20. g, McHingim avtacca Hamsoui, X20 h
CMnwlindia deprevsa Hemon, x20. i, Orbildinid A. x20- j , Orbiiolinid B. x 2 0 k, unideniified
dasycUdacean alga, X20. l , m , Pcntiorakutus irmae Eltiou, x20.
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Specimens of Pseudorhapydionina laurinensis (De Castro) are also present. Unidentified dasycladacean algae (Figure 6k) occur in this part of the succession, but are
rare.
The overlap of orbitolinids and alveoiinids in the upper part of Member e forms a
distinctive, coixelalable horizon, which, considering the species involved, is
indicative of middle Cenomanian age (Schroeder St Neumann, 1985). This is
supponed by the abundance of nezzazatid species, similar to the middle Cenomanian of Lebanon (Saint-Marc, 1981). The base of this clearly middle Cenomanian
interval is taken at the first local inception of Merlingina creiacea which is known to
range no older than middle Cenomanian (Schroeder & Neumann, 1985). The
following species occurring within the upper pan of Member e also have supposedly
pan-Tethyan inceptions in the middle Cenomanian: Ovaheolina ovum, Chysalidina
gradaxa, Praeahxolina brevis/cretacea and Pseudarhapydionina laurinensis, the latter
species being virtually restricted to this sub-stage (Schroeder & Ncuman, 1985).
TrodioUna ambtca, TrochoUna ahispira, Orbiwlina sefinilconcava and Orbiiotina arnica
range no higher than middle Cenomanian.
Although a major disconformity surface occurs at the top of Member e, there is no
major change in the microfossil assemblages across this boundary, and the overlying
unit (Member d) is also considered to be middle Cenomanian in age. Thus this
non-deposition event was short-lived and probably corresponds to the so-called
'Mid-Cenomanian non-sequence' (Carter & Hart, 1977), which can be correlated
across much of Tethys (Han & Simmons, in prep,). This in turn may relate to ihe
major intra-Cenomanian sea-levei fluctuation and sequence boundary recognised by
Haq et ai. (1987).
The microfaima from Member d is broadly similar to that described from the
upper part of member e. With the exception of the new taxon Orbitolinid B, no
orbitolinids range up into Member d. Similarly Ovaiveolina ovum and Cisaiveolina
sp. A do not range above the hardground at the top of Member e. However,
Praealveolina cretacea/brevis is present as are Chiysalidina gradam, Dukkania canica,
Orbitolinella depressa, Permocakulus irenae and rare unidentified dasycladacean algae.
Trocholinids are present, but are rare, whilst Nezzazata simplex, Merlingina crctacca,
Trochospira avnimelecki and BipUmata pemropUfarmis are present, but are less
common than in Member e. Pseudedomia drorimensis Reiss, Hamaoui & Ecker,
Heierocoskinolina ruskei Saint-Marc and PraealveoUna tenuis Reichel (Figure 6e) all
have their local inceptions within Member d. At some localities Hedbergclla
delrioensis and Praeglobotnmcana stephani are sporadically present.
The lower pan of Member c, which contains the Echinoid Marker Bed, has a
microfossil assemblage very similar to Member d. However, Praealveolina tenuis and
Permocakulus irenae (and possibly some new species of Permocalculus) become
extremely abundant, panicutarly within, and directly adjacent to the Echinoid
Marker Bed. Most of the taxa described from Member d, range up lo and occur
within, and just above, the Echinoid Marker Bed, although they may be somewhat
scarce. The presence of TrockoliTia arabica, Trochotina ahispira, Heierocoskinolina
ruskei and questionable specimens of Pseudorhapydionina lawrinensis all indicate an
age no younger than middle Cenomanian (Saint-Marc, 1978; Schroeder &
Neumann, 1985). The overlap with Praealveolina tenuis indicates more specifically a
latest middle Cenomanian age (Schrocder & Neumann, 1985). This is supported by
the nature of the overall microfossil assemblage which is comparable to the middle
Cenomanian of other parts of the Middle East (Sampo 1969; Saint-Marc, 1978,
1981; Kalantari, 1986). Additionally the echinoid faima itself is indicative of a
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middle Cenomanian age (see subsequent seaion), whilst ai Jebei Salak, middle
Cenomanian ammonites have been found some distance above the Echinoid Marker
Bed (Kennedy & Siitmions, in prep.). A latest middle Cenomanian age for the
Echinoid Marker Bed is in agreement with the work of Scott (in press), who, by
graphic correlation to European and Gulf Coast sections, places the middle-iate
Cenomanian boundary within Natih Member b.
Above the Echinoid Marker Bed, in the upper pan of Member c, the microfossil
assemblage decreases in abundance and diversity. HcdbergeUa delrioensis and
PraegloboiTuncana stephani are present, whilst Dieyclina schiumbergeri, Nezsasata
simplex, Merlingina cretacea, Taberina bingistani, Trochospira avmmelechi and
Biplanaia peneroptiformis occur but are not common. Permocakulus is present as are
alveolinids; Praealveoliiui tenuis, Praealveolina cretacea/brevis together with
Pseudedomia drorimensis. Of note is the presence of Pseudedomia cf. globularis Smout
(Figure 6b, c). Pseudedomia globularis was originally described by Smout (1963) from
the Campanian of Iraq. However, Hoitinger (pers. comm., 1989) has evidence that
Pseudedomia globularis was originally considered to be a Cenomanian species when
first discovered by Iraq Petroleimi Company biostratigraphers. The spjecimens noted
here are very similar to the types, suggesting that further research is required to
determine the true age range of this species. Overall the fauna from this part of the
succession indicates a middle-late Cenomanian age (Saint-Marc, 1981; Schroeder Sc
Neumann, 1985). No clearly middle Cenomanian species are present,
4. Depositiooal environment
The Wasia Group was deposited on a carbonate ramp {sensu Read, 1985). The lower
pan, the Nahr Umr Formation, is believed lo represent slow sedimentation on a
shallow platform, with clastic input from the Arabo-Nubian shield (Harris et al.,
1984). The overlying Cenomanian Natih Formation represents deposition on a
carbonate platform rimmed by coarse bioclastic shoals or radiolited rudist biosiromes (Simmons & Han, 1987; Skelton & Simmons, in prep.). Landwards from
these barriers there was a platform lagoon with benthonic foraminiferal mudstones,
whilst oceanwards the shoals passed into bioclasiic slope deposits and then into
planktonic foraminiferal intrashelf, basinal wackestones (Glennie et al., 1974; Harris
et al., 1984; Simmons & Han, 1987).
The upper part of the Naiih Formation (containing the echinoid bed) comprises
alveolinid-molluscan-algal debris wackestones which are overlain by packstones and
wackestones with varying abundances of algae, alveoLinids, and molluscan and
echinoderm debris. Rudjst biostromes associated with bioclastic shoals are also
locally developed. In the upper pan of the formation at localities to the south of the
main mountain belt, pelagic wackestones and packstones are developed with
abundant calcispheres and planktonic foraminifera. Simmons & Han (1987) noted
that such microfacies are similar to the Mishrif Formation in Abu Dhabi as
described by Burchette & Briiton (1985), and represent deposition in a shallow,
quiet-water, platform lagoon environment, passing into shelf-edge barrier facies,
and further seawards, into deeper water, intra-shelf basin conditions. At all localities
where it was seen, the echinoid bed is associated with biostromal radiolited rudist
beds and thinly bedded bioclastic packstones containing abundant rudist and/or
oyster fragments. The laner facies may represent periods of extension of backbarrier skeletal sands and the development of inira-lagoonal biostromes.
As noted above, the upper pan of the Natih Formation containing the Echinoid
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Marker Bed correlates with the Mishrif Formation of the Arabian Gulf. The
depositionai environment of this formation has been described by a number of
authors, notably Burchette & Britton (1985), Jordan el al. (1985) and Reulet (1982).
Harris & Frost (1984) described upper Natih Formation in the region of the Fahud
oilfield in terms of Mishrif deposiiional environments. All of these authors have
described the same basic deposiiional model for the Mishrif Formation (and hence
the upper Natih Formation of the Oman Mountains). Ii can be summarb.ed as a
carbonate shelf with a marked barrier (rudisi biostromes and/or bioclastic shoals)
prograding into a deeper intrashelf basin.
Reulet (1982) recognized several distinct facies within the Mishrif Formation of
Iraq: (i) open outer shelf—basin mudstones-packstones with planktonic foraminifera
and calcispheres, (ii) outer peri-reefal wackesiones-grainstones with echinoderms,
alveolinids and algae, (iii) barrier deposits including packstones-grainstones of
rudist debris forming shoals, and more rarely, true rudist bioherms, (iv) inner
peri-reefal wackestones—packs tones of rudist debris and other bioclasts, (v) inner
shelf sublidal, lagoon mudstones and wackestones with a diverse microfauna and (vi)
itenidal peloidal-bioclastic wackestones and packstones with milioUds and gastropods. Similar lithofacies associations were recognized by Burchetie & Britton (1985)
in the Mishrif Formation of Abu Dhabi.
According to the model of Reulet (1982) a biofacies of common PennocaicuUis,
PraealveoUTUi, nezzazatids, coarse rudisi and coral debris, and ediinoids, as found in
the Echinoid Marker Bed, is hkely to represent deposition in 'peri-reefal' conditions
either directly behind or in front of a barrier (facies ii and iv above). We favour a
depositionai position directly behind the barrier rimming the Mishrif (= upper
Natih) shelf. This is because the Echinoid Marker Bed hes within a progradational
shelf sequence, where below it arc coarse rudist biostromes representing the barrier,
and above it are fixogyra-rich lagoonal wackestones, with a moderately diverse
microfaima. It is unlikely that true reefal barriers developed lo rim the upper Naiih
shelf. Instead bioclastic shoals developed which were stabilized by radioliied rudists,
and were capped by caprinid rudisis. Although not bioherms, these
shoals/biostromes formed an effective hydrodynamic barrier to the upper Natih
shelf. This type of barrier may have also been prevalent in the Mishrif shelf of Abt]
Dhabi (Burcheite & Britton, 1985) and Iraq (Reulet, 1982). Jordan el al. (1985, p.
431), whilst referring to 'reefs' in the Mishrif of Dubai, also stated that "The reefs
are discontinuous and may be more a series of near-reef shoals than ecologic reefs".
The dominance of alveolinids also points to a back-barrier depositionai environment (Henson, 1950; Hottinger, 1973; Saint-Aiarc, 1982; Pautal, 1987; Racey, in
prep.), whilst the abundance of gymnocodiacian algae (Permocakulus) suggests
deposition in outer shelf conditions of moderate water depth (5-20 m?), either in
front of, or behind a barrier. The echinoid assemblage, which is dominated by
holectypoids, also suggests deposition in conditions close to a barrier. Modem-day
holectypoids occupy niches directly behind reefs in areas of coarse reef talus (Rose,
1976). The predominance of epifaunal regular echinoids and scarcity of biurowing
spatangoids suggests that the sediment was consolidated, perhaps algal bound.

5. The echinoid fauna
Nine species of echinoid were collected from the Echinoid Marker Bed at Jebel
Madamar, ^Temnoddaris {Slereoddaris) sarTocenarum Fourtau, Tetragramma variolare
(Brongnian), Pedinopsis kumilis Fourtau, P. sinaka (Agassiz & Desor), Pedijutpsis
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sphaerica sp. nov., Heterodiadema lybka (Agassiz & Desor), Hemiaster syriaais
Conrad, Hemiaster cubicus Cotteau and Coenholectypm larieti (Cotteau), most of
which have not previously been reported from the Arabian Peninsula. Pedinopsh
sphaerica, H. fybica and C. Umeti were also collected from Jebel Madar, while H.
lybica, C. ianeti, H. syriacus and T, variolare were collected from Jebel Salak. In
terms of specimens, C. larteci greatly outnumbers other species at Jebel Madamar,
/ / . lybica being the only other species present in any abundance. At Jebel Madar the
faunal composition is similar, but at Jebel Salak H. lybica and C. laneti occur in
equal abundance, with subsidiary T. variolare.
Faunas of similar age are known from North Africa (Algeria; Cotteau etal., 1878:
Egypt (Sinai Peninsula); Founau, 1914, 1921), the Middle East (Israel, Jordan;
Bianckenhom, 1925; Bandel & Geys, 1985), and India (Chiplonkar & Badve, 1972)
as well as from Europe. Interestingly none of the species described here is known to
occur in India, but most are recorded from Sinai. Of the nine species, eight are
definitely known from Sinai and the ninth may be present. Six of these species are
also known from Jordan/Israel and five from Algeria (Figure 7). Only two of the
Omani species are foimd in Portugal and southern France. Qearly then there can
have been httle barrier to dispersal between Oman and Sinai during the middle
Cenomanian but much less interchange between Oman and south western Europe.
Roman et al. (1989, p. 282) suggested that diuing the Albian-Cenomanian there
existed an eastern Mediterranean sub-province comprising the area circumscribed
by Egypt, Iran and Somalia. Our results are consistent with this view and
demonstrate that the Cenomanian fatma of Oman Egypt and the Middle East is very
similar.

6. Systematic descriptions
Class Echinoidea Leske, 1778
Subclass Cidaroidea Glaus, 1880
Order Cidaroida Glaus, 1880
Family Cidaridae Gray, 1825
Genus Temnoddaris Cotieau, 1863
Tettmocidaris {Stereocidaris) sarraceitarum (Fourtau, 1921)
Figure 8a.
1921 Stereocidaris sarracenarum Fourtau, p. 6, pi. 3, fig. 10.
Diagnosis. A Stereocidaris with five interambulacral plates in a cotimui, the top
bearing only a rudimentary tubercle. Ambital and adapical plates about as tall as
broad with large circular areoles occupying most of the plate. Scrobicuiar circles
tangential at the ambitus; separated adapically. Exira-scrobicular tuberculation
absent except adapically where a single row of miliary tubercles may occur along the
interradial margin.
Material. One specimen, BMNH E83II9, fr^m the Echinoid Marker Bed at Jebel
Madamar.
Description. The single specimen is 24.5 mm in diameter and 14.5 mm in height
(60% of the test diameter). It is incomplete and rather badly weathered in places.
The apical disc is not seen. Ambulacra are sinuous and about 13% of the test
diameter in width. The central tuberculaie zone forms about 60% of the width of an
ambulacrum. Ambulacral pores are non-conjugate and the two pores are separated
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•^ P sphaerica
P hum ills
S. sarracenarum
H. cubicus
P sinaica
C lartetl
•-^^ H. syriacas
H. lybica
T variolare

Figure 7. Oeogiaphical dislribuiion of Oman echinoid species given in the form of an area cladogram.
Filled drcles^'iaxon preseoi; open dicles^iaxon not recorded; ? = UX<HI may be present )iui
nuterial inadequate,

by a raised partition that is slightly narrower ihan the diameter of a single pore.
Each ambulacral plate has a targe namelonate primary tubercle adjacent to the pore
pair and two smaller secondary tubercles placed one above the other perradially.
There are five interambulacral plates in a column, the most adapical of which
bears a small rudimentary tubercle surrounded by numerous equal-sized miliaries.
The other plates each have a perforate, non-crenulate primary tubercle surrounded
by a large circular areole that occupies most of the plate. Scrobicular circles on
adoral plates are tangemial or confiuent and leave no room for extrascrobicular
tubercIllation. Adapically a single row of secondary tubercles and miliaries is present
along the interradial and adapical margins of plates outside the scrobicular circle.
Plate sutures are clearly marked and slightly incised. There are small angular pits at
interradial triple suture junctions.
The peristome is small and subpentagonal, measuring 42% of the test diameter.
Remarks. This species was established by Fourtati (1921) on the basis of two 18 mm
diameter specimens from the Cenomanian of the northern Sinai C%ypt). It is clearly
differentiated from other species of Temnocidaris (Stereocidaris) on account of the
lai^e size of its primary interambulacral tubercles and vinual absence of secondary
luberculation outside the scrobicular circles. This is a juvenile feature in cidarid
development, but, by the equivalent size, other T. {Slereocidaris) species have
extensive zones of miliary granulation on interambulacral plates (Smith & Wright,
1989). The specimen described here differs slightly from die types in having only
two secondary tubercles on ambulacral plates, whereas Fourtau described four
irregular rows developed at the widest pan of the ambulacrum. Possibly in his
specimen the two tubercles that are posidoned one above the other in the Oman
specimen are offset sHghUy in the types. However, the differences seem slight and in
other cidarid species considerable variation may be encountered in the precise
arrangement of secondary tubercles on ambulacral plates (Smith & Wright, 1989).
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Subclass Euechinoidea Bronn, 1860
Cohort Echinacea Claus, 1876
Family Pseudodiadematidae Pomel, 1883
Genus Telragramma Agassiz, 1840
Tetragramma variolare (Brongnian, 1822)
Figure 8b.
1822 Cidames variohms Brongnian, p. 84, 390 {panim); pi. 5, fig. 9.
1985 Telragramma variolare (Brongniari); Geys, p. 135 (see for full prior synonymy).
Diagnosis. A Tetragramma with ambulacral compounding of four elements at the
ambitus and above but only three elements adorally. There are two equal-sized
primary tubercles on ambital plates from about 15-40 mm test diameter.
Material. BMNH E83120, a single, incomplete specimen from the Echinoid Marker
Bed at Jebel Madamar: BMNH E83279-82, four specimens from Jebel Salak.
Descripiion. This species is very well known and needs little description. The Oman
specimens reach almost 40 mm in diameter and approximately 17 mm in height
(40% of the diameter). Ambulacral pores, which are arranged in weak arcs of four at
the ambitus and immediately subambitally, become biserial adapically. The four
• most adoral plates are ingeminate, but all other plates are quadrigeminate. In
quadrigeminate plates the upper of the two middle elements is a demi-plate. At the
ambitus there are two equal-sized interambulacral tubercles which occupy vinuaily
the entire width of the plate.
Remarks. This species is widespread in occurrence, being repHined from the
Cenomanian of North Africa (Algeria, Tunisia and Egypt), the Middle East (Syria,
Lebanon, Israel and Jordan) as well as Europe (see Geys, 1985). It has also recendy
been reported from Albian/Cenomanian of Dhofar, southern Oman by Roman et
ai., (1989). TTiere are subtle differences in test shape between the populations found
in Britain and France and those of North Africa and the Middle East. In comparison
with populations from Wilmington, England for example (Smith el al., 1988, the
Oman specimen has slightly coarser interamhulacral tuberculation and the ambitus
lies at mid-height. In the Wilmington population and in most of the French material
examined the ambitus lies above mid-height so that in profile the test has a broad,
flat top and a slightly narrower base. However, these differences are not consistently
developed.
Genus Helerodiadema Cotteau, 1864
Heierodiadema lybica (Agassiz & Desor, 1846)
Figures 8c-g, 9, 10.
1846 Hemicidaris lybica Agassiz & Desor, p. 338.
1980 Heterodiadema lybica (Agassiz & Desor); Geys, p . 449, pi. 8 [includes a full
synonymy].
Diagnosis. A depressed Heierodiadema (height about 50% of diameter) in which both
amhulacral and interambulacral primary tubercles decrease abruptly and markedly
in size at the ambitus.
Age and distribution. A widespread species known from the Cenomanian and
Turonian of southern Europe, North Africa and the Middle East; possibly also from
the Campanian of Belgium (Geys, 1980). The type comes from the Cenomanian of
Egypt.
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Material. Nine well preserved specimens, BMNH E83121-5, E83290-3, from the
^ h i n o i d Marker Bed ai Jebei Madamar form the basis for the following description.
A number of other specimens were collected from here and from Jebel Salak and
Jebel Madar.
Description. Tests are 15.3-36.3 mm in diameter and are subpcntagonal in outline,
the angles of the penlagon being radial. Test height is 40—53% of the test diameter
(mean = 46%, SD = 3.8%, N = 9; Figure 9). In profile the sides are strongly inflated
and the ambitus is at mid-height. Both the apex and the peristome are slightly
invaginated.
No specimen retains plating of the apical disc. The outline of the disc is highly
dislincdve, resembling a key-hole with four small interradial notches in inlerambulacra 1-4 and a deep, narrow cleft penetrating well into the posterior interambulacrum {Figure 8c). The width of the apical disc is 22-32% of the test diameter.
In large individuals, 30-35 mm in test diameter, the top two plates of inierambulacra 1—4 are separated by a sharp, clearly defined notch created by the genital
plates, in the posterior inierambulacrum, however, up to five adapical plates are
separated and the notch is slightly pinched adapically. The notches increase in size
teal height

peristome diameter

M

lest

tes! diameter
number of ambulacral
pores in column

diameter

number Of ambulacral
tubercjes

test diameter

teat diameter

number of inlerambulacral
plates in a column
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Figure 8. AU spedmens from ihe Echinoid Marker Bed, Member c, Natih Fonnaiion, late middle
Cenomanian of Jebel Madamar. a, Temnocuians (Slenoddans) smracaianm (Fouitau), BMNH
E83II9, X2. b , Teoragioinma vanolare (Broneman). BMNJ4 E83120, X2. c-g, Heierodiadema hbka
'Acaraiz & Desorl: c. d. adapical nnJ b i c n l vicv^ r^f H.MN'ir rg?12r^j;J_l|_cJ\_S:jn3LjhJj£i;^

Figure 9. Biometric data on Hetetodiadema lybica (Agassiz & Desor) from the Ecbinoid Marker
Bed. Member c, Natih Formation, laie middle Cenomanian (rf Jebel Madamar. AH measurements ia
roil limei res.
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during growth. In a 15-m-diameier individual, genital plates 1-4 hardly notch the
interradii while the posterior notch is broad, open and only sepKirates the most
adapical two interambulacral plates. By 21 mm test diameter genital plates 1-4 form
distinctive notches at the interradial sutures and the posterior notch is more clearly
differentiated, slightly pinched adapically and separates the three most adapical
interambulacral plates in each column. The length of the apical disc also grows
relative to the test diameter. In a 15-mm individual, the length of the spical disc is
only l l % o f the test diameter whereas, by 35 mm, it is 18-20% of the test diameter.
Ambulacral width is 21-23% of the test diameter at the ambitus. There are 40
ambulacral pores in a column at 15 mm test diameter rising to 78-83 at about
35-mm test diameter (Figure 9). Pores are uniserial throughout, with a tendency to
become weakly arcuate in triads towards the peristome. All plates are compound
triads in which the three elements reach the perradial suture. The central of the
three plates in each triad is distinctly pinched towards the centre (Figure 10),
particularly on ambital plates. Primar\' tubercles are perforate and crenulate adorally
but imperforate and with either little or no crenulation adapically. There is a single
large primary tubercle on each oral compound plate up to the ambitus. Those on the
lowest three of four plates have non-contiguous areoles but above this, areoles are
contiguous and elliptical rather than circular in outline. A narrow band of perradial
miharies occupies the centre of the ambulacrum. At the ambitus there is an abrupt
decrease in the size of primary tubercles, which suddenly become less than half the
diameter of adoraJ tubercles (Figures 8d, g, 10). Tubercles remain small to the apex.
Primary tubercles are situated on the adradial margin of the plate adjacent to the
pore zone and there is a broad perradial band of equal-sized miliary tubercles some
6-10 abreast. Adapically the primary tubercles are non-contiguous and are
separated by a band of miUary tubercles. There are five large oral tubercles at 15 mm
test diameter, 7 at 22 mm diameter and 9 or 10 at 35-36 nun test diameter (Figure
9). Four to five ambulacral pore pairs he opposite at ambital interambulacral plate.
Interambulacral plates are wide and low. There are 12 plates in a column at
15 mm test diameter, rising to 19-21 at about 35 mm test diameter (Figure 9).
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Adoral primary tubercles are large, perforate and crenulate, adapical ones are much
smaller, imperforate and hardly crenulate. Primary tubercles he at the centre of
inierambulacral plates and there are well-developed bands of miharies both
adradially and interradially. On an ambitai plate of larger specimens there are
approximately five miliaries abreast interradially and three or four abreast adradially.
Close to the peristome the primary tubercles are non-confiueni, with narrow bands
. of miliaries separating adjacent areoles. But over most of the oral surface, up to the
ambitus, areoles are confluent. At the ambitus there is an aburpt decrease in the size
of primary tubercles and adapical tubercles are less than half the diameter of amhital
tubercles (Figure 8d.g). Adapically, tubercles are all non-confluent and miliaries
are arranged in semi-regular horizontal rows. In the most adapical five or so plates
the primary tubercles may enlarge slightly. There is a narrow granule-free
interradial 'naked zone' developed toward the apex. At the ambitus, ambulacral
primary tubercles are only slightly smaller than interambulacral primary tubercles.
The peristome forms about 40% of the test diameter in 15 mm-sized individuals
but becomes proportionally smaller during growth (Figure 9), reducing to only 26%
of ihelest diameter at about 35 mm. It is circular in outline but incised by very deep
buccal notches that penetrate as far as the fifth ambulacral pore pair. The notch is
partitioned (Figure lOc) and has a well-developed rim. Buccal notches are poorly
developed at 15 mm test diameter but become deeper and sharper at test size
increases. In large specimens a naked channel extends from the tip of the buccal
notch adambiially for a further three interambulacral plates (Figure 8e), indicating
that in H. lybka the coelomic expansion sacs were large and recumbent.
Remarks. This species has been described and figured on several occasions but its
growth has not previously been documented biometrically. The aburptness wiih
which primary tubercle size decreases at the ambitus varies from population to
population. In the Oman sample the change is extremely abrupt whereas in other
populations, such as those from Batna, Algeria, the change tends lo be less abrupt
and tubercle size decreases gradually adapically. There is, however, no sharp
disdiicuon between the two and all intermediates can be found. The imperforate
nature of aboral primary tubercles has not previously been noted.
The species differs from H. aureyjiense Loriol, from the Cenomaruan of Portugal,
in shape, H. owememe having an almost globular lest. H. bigranuiatum Gregory,
from the Cenomanian of the Sinai Peninsula, Egypt, appears to be a poorly
preserved juvenile of H. lybica. H. lybka is known from the Cenomanian of
southern Europe, north Africa and the Middle East, and has been repwrted as far
afield as the Karakorum Mountains and Niger (Geys, 1980).
Genus/"edinopju Coiteau, 1863

2 mm
(-

Figure 10. (Danwra lucida drawings of arabuiacrai plating in Hcterodiadema Ivbica (Agassis &
Desor), BMNH E83122, from ihe Echinold Marker Bed, Member c, Natih Fomiation, laie middle
CcDomanian itf Jebel Madamar. A.adapical plaiing; B, ambital plating; C, adonl plating (noie shape
of buccal notches).

Diagnosis. Regular echinoid with perforate, feebly crenulate tubercles. Bolh
ambulacral and interambulacral tubercles small, with primary tubercles not much
differentiated from secondary tubercles; these arranged in horizontal rows. Ambuiacral plates compound; trigenunate adorally, quadrigeminate or polygeminate at
ambitus and above with only the principal element in each compound plate reaching
the perradial suture. Pore-pairs arranged biserially adapically but uniserial adorally.
Apical disc much smaller than peristome.
Type species. Pedinopsis meridianensis Cotteau, 1863 by original designation.
Range. Neocomian to Coniacian/Santonian unspecified.
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Remarks. Pedinopsis is readily recognized by its very complex ambuiacral compounding in which all bui the principal element are demi-plates. It resembles
Teiragramma in having ambulacra! pores arranged biserially adapicallyj but in
Teuagramma ambulacral compounding never includes more than four elements and
all elements reach the perradial suture. Furthermore, TelTogramma is a very much
more coarsely tuberculate and has a very much larger apical disc \iax is similar in
size to the peristome.
Several species of Pedinopsis have been described and these can be separated into
three discrete groups based on their style of ambulacral compounding. In members
of the first group, characterized by P. desori (Coquand, 1862), only the four or so
most adoral ambulacral plates are trigeminate; the other adoral plates are quadrigeminate and the adapical plates are composed of six elements. Biserial pore
arrangement extends from the apex to well below the ambitus. The type species, P.
meridianensis Cotteau, belongs here and is based on a large specimen with a row of
up to eight interambulacral tubercles on ambital interambulacral plates. Its
Compound plates comprise six elements and the biserial arrangement of ambulacral
pores extends virtually to the peristome. It is stated to come from Neocomian beds
in France. Also included are the Cenomanian P. humdis Fourtau and P. sphaerka
nov., differentiated from P. desori on general shape and on the size and degree of
invagination of the peristome. P. lexana Cook, from the Upper Albian of Texas also
belongs here, but appears vinually indistinguishable from P. derori in morphology
and is probably best treated as synonymous. The same is true of the Lower
Cenomanian P . vxisli Wright from England. P. potidi Clark from the
Coniacian/Santonian Austin Chalk of Texas is the youngest member known (Cooke,
1953).

[type species Pedina sinaka Agassiz & Desorj for species with trigeminate
compound plating adorally and quadrigeminate compound plating adapically.

In the second group, which contains only P. sinaica (Agassiz & Desor), ambulacra
are trigeminate adorally and quadrigeminaie adapically, while pores are arranged
uniserially adorally and become biserial adapically. Complex polygeminate compounding is not developed.
A closely related species is Dumblea ^ymmeiTica Cragin, from the Upper Albian of
Texas and Mexico (Cooke, 1955). This sjiecles resembles Pedinopsis in having rows
of small equal-sized tubercles on ambulacral and interambulacral plates and in
having biserially arranged pores from the apex to subambiially. Only the primary
element in each compound plate reaches the perradial suture. Dumblea differs from
Pedinopsis in having compound plating of triads throughout. Two species P.
yarbowughi and P. engerrandi, both from the Fredericksburg Group, Albian, of
Texas, also belong here and were described by Iken (1940, p. H ) . Cooke (1946, p.
212) treated these as synonymous and noted that they were 'very similar' to P.
symmetrica [= Dumblea synoneirica] but were tentatively maintained as valid species
because they were found at a different stratigraphical level. In addition, the Egyptian
Species P. torrendi Cotteau may belong here although it is poorly known. It was
redescribed by Founau (1921, p. 34) and differentiated from other species of
Pedinopsis by having three adradial and three interradial columns of tubercles.

Age and distribution. The two syntypes come from the Lower Cenomanian of Jebel el
Helal, Egypt. The Oman specimen is late middle Cenomanian in age. No other
material has been reponed.

These species are clearly closely related on account of their biserial pore
arrangement, similarity of demiplating and style of tuberculation, but they differ in
the detailed construction of compound plates. This allows the recognition of three
subgenera within Pedinopsis, P. {Pedinopsis) [type species P . meridianensis Cotleau]
for species with compound ambulacral plates consti^cted of six elements adapically
and four adorally; P . {Dumblea) Cragin [type species Dumblea symmetrica Cargin] for
species with trigeminate compound plating throughout; and P. {Sinaiopsis) nov.

Subgenus Pedinopsis (Pedinopsis) Cotteau, 1863
Type species. Pedinopsis meridianensis Cotteau, 1863.
Diagnosis. Pedinopsis with polygeminate ambulacral plate compounding ambitally
and adapically comprising six elements. Quadrigeminate plate compounding usually
developed adoraliy and irigeminate plating confined to the most adoral two to four
compound plates.
Range. Neocomian to Coniacian/Santonian, Europe, U.S.A., North Africa, Middle
East.
Pedinopis {Pedinopsis) humitis Fourtau, 1921
Figures 12, 14a-c.
1921 Pedinopsis humilis Fourtau, p. 33, pi, 5, fig. 2.
Diagnosis. A large, wheel-shaped Pedinopsis with pores arranged biserially except in
the adoral half of the lower surface, Adapical and ambital plates include occluded
elements. One large primary ambulacral tubercle on each plate. Ambital interambulacral plates broad, with a row of four equal-sized tubercles occupying most of
the plate height.
Material. One specimen, BMNH E83282, from the Echinoid Marker Bed at Jebel
Madamar.

Description. The unique specimen is rather badly weathered removing much surface
detail. The lest is fiat and wheel-shaped (Figure 14c), being 38 mm in diameter and
14 nun in height (37% of test diameter). It is slightly pentagonal in outline and has a
rounded margin, with the ambitus at about mid-height. The apical disc is small and
approximately circular in outline, being 6 mm in diameter (16% of the test
diameter). No apical disc plates remain in position.
Ambulacra are 8.5 mm in width at the ambitus (22% of the lest diameter). Pores
are arranged biserically from the apex to half-way towards the peristome on the oral
surface, where they become arranged into arcs of four. The pore-pairs are very
closely packed together and elements in compound plates often become occluded
from one or other of the sutures, or indeed from both (Figure 12a-b). The pore
zone is broad adapically and at the ambitus, occupies about half of the plate width,
Plate compounding is illustrated in Figure 12. One large primary tubercle lies
centrally on each compound plate; details of any finer tuberculation have been lost
through weathering. There are more than 80 pore pairs in a column (adoral pan of
ambulacrum not seen).
Interambulacra have a width about 40% that of the test diameter. Ambital plates
are wide and shon with a row of four equal-sized tubercles on each plate which
occupy much of the plate height (Figure 14c). Mifiary granules occur along the
upper and lower plate edge.
The peristome is not exposed.
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Figure I I . Camera lucida drawings of plaling and mberculatioa in Pedinopsis iPedinopns) hartiilis
Founau: BMNH E832S3, from ihe Echinoid Marker Bed, Member c, Naiih Fonnaiion, laie middle
Cenomanian of Jebel Madamar. A, adapical ambuiacral plaling; B, ambiial ambulacral plaling; C,
adoral ambulacraj plaijng. D. ambilal inieiambulacral pialcs (penadial sumrc lo ihe right) showing
ihe position and size of the principal tubercles. All lo same scale.

Remarks. The Oman specimen is identical to the types described and figured by
Fourtau (1921) from the Lower Cenomanian of Egypt. It resembles P. desori and P.
sphaericiis in having six elements in aboral and ambital ambulacral compound plates
and four adorally, but differs in having much wider and shorter interambuiacral
plates each with a row of four equal-sized tubercles at the ambitus; the primary
tubercle is not obviously differentiated from the rest. Furthermore, in ambital and
adapical compound plates some elements are occluded from both the adradial and
perradial sufure, a feature not seen in other species. Finally, its wheel-like shape is
also characteristic.
Pedinopsis {Pedawpsis) sphaerica sp. nov.
Figures l l a - e , 13.
?I92I Peditiopsis desori Coquand; Founau, p. 32.
Diagnosis. A globular species of Pedinopsis, almost as tall as wide, with pores
arranged biserially from subambitally to the apex. Peristome small and not at all
invaginated.
Types. Holoiype BMNH E83127, paratype BMNH E83128, designated here.
Origin of name. In allusion to the highly distinctive test shape.
Age and distribution. The types come from fhe Echinoid Marker Bed at Jebel
Madamar, late middle Cenomanian in age. A third, poorly preserved specimen
comes from a similar horizon at Jebel Madar. Possibly also known from the
Cenomanian of Egypt (see discussion).
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Description. The types are 23 and 27 mm in diameter and circular in oudine. Test
height is 20 and 23 mm (85-87%) of test diameter. In profile the test is almost
perfectly circular, with a small flat base and apex (Figure l i e , e ) . The ambitus is at
mid-height. I^lates of the apical disc are missing in both specimens and musi have
been rather loosely attached to the corona. The apical disc is circular in outline and
16-17% of the test diameter in diameter.
Ambulacra are broad and straight, tapering gradually adorally and rather abruptly
adapically. At the ambitus they are 19-22% of the test diameter in width. The pore
zones are relatively narrow, leaving a broad perradial zone of tubercles forming
about 67% of the ambulacral width. Pores are undifferentiated and are biserially
arranged from the apex to a httle below the ambitus. Towards the peristome
pore-pairs are arranged in arcs of three. The change in pore arrangement occurs
about 8 or 9 compound plates away from the peristome. There are about 140-150
pore pairs in a column and 29-31 compound plates. Plate compounding is highly
complex (Figure 13). At the apex the very first few plates are simple and all reach
the perradial suture. However, there rapidly develops a compounding style
involving six elements, only one of which reaches the perradius (Figure 13a). This
coincides with the development of a clear biserial arrangement of pore-pairs. Below
the ambitus, where the biserial pore arrangement starts to disappear, only four
elements are included in a compound plate, three of which are occluded from the
perradiai suture (Figure 13c). In the most adoral few plates compounding involves
just three elements, only the lowest of which is occluded from ihe perradial suture
(Figure 13d). Here pores become offset into strong arcs forming a phyllode. On the
lower surface each compound plate has a moderately large primary tubercle situated
close to the pore zone. This is situated on the largest of the three plates but also
overlaps one of the smaller elements. Towards the ambitus this primary tubercle
decreases in size and comes to lie almost entirely on the largest of the elements in
each compound plate, though still encroaching over one of the smaller elements
(Figure 13e). On ambital plates two horizontal rows of two or three smaller
secondary tubercles and scattered miliaries occur perradial to the primary lubercle
(Figure 13e). Primary tubercles continue to the apex, but are small and confined
entirely to the largest of the elements in the compound plate. They are hardly
differentiated from other small tubercles on ambulacral plates from the ambitus
adapically. Ambulacral and interambulacral plates are similar in height at the
ambitus and are arranged opposite rather than ahemaiely.
Interambulacral plates are wide and low, more than four times as wide as tall at
the ambitus. There are 27 plates in a column al 23imn test diameter and 28 at
27 mm. Adorally each plate carries three large perforate, crenulate tubercles which
occupy most of the pJate (Figure 13h). The largest of these is the central tubercle.
Away from the peristome, first the adradial and later the interradial tubercle
diminish in size rapidly, leaving only a single larger tubercle simated on the centre
of the plate. This primary tubercle also diminishes in size away from the peristome
so that by the ambitus it occupies only a small part of the plate height and is only
slightly larger than the numerous other small tubercles and miliaries that cover the
surface (Figure 130- This continues to the apex where the primary tubercle is barely
distinguishable.
The peristome is circular and not invaginated. Its diameter is 36% of the test
diameter and there are small, but sharply incised, buccal notches with a thickened
rim.

1 mm
}

Figure 12. All spedmens from ihe Echinoid Market Bed. Member c, Naiih Formalion, laie middle
Cenomanian of Jebel Madamar. a - e , Pcdinopsis (Pudmopsis) sphaerica sp. nov.: a--c, apical, oral and
Uieral views of BMNIl E83127, x 2 ; d , e , apical <x2) and lateral (x 1.5) liews of BMNH E831Z8.
f-h, Pedinopns iSnuaapsif) linmca (Agassiz & Desor), BMNH E83289, apical, oral and laieral views,

x2.

I

Figure 13. Camera lueida drawings of plaiing and lubcfculaiion of Peditiopsis (fn/mopsu) sphaerim sp.
nov. A, adapical ambulacral plating, apex at top; B. supta-ambilal ambulaaal plating; C,
sub-ambital plating: D, adoral plating, pcristomial margin at bott<Hn; £ , ambiial ambulacral
tuberculatlon; F, ambiial interambulacral plaie, inienadiu!; to the left; G, adoral interatnbuiacrai
[date, inteiradius to the lefi; II, adoral inierambulacral plates, peristomial margin at boiioia. A - C &
E - C . BMNH E8J12g; D, H, BMNH E83i27: ail to same scale.
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Remarks. P. desoH comes closest to this species but differs in having a subconical
profile and a larger and noticeably invaginated peristome. Test height in P. desori is
no more than about 60% of the test diameter. The type of P. desori comes from
North East Algeria, and addidonal specimens were illustrated by Coiieau (1865)
(though these are inaccurately illustrated in depicting an unnaturally large peristome) and by Blanckenhom (1925). The small, globular, badly preserved specimen
described by Fourtau (1921) as P. desori, from the Cenomanian of Egypt, is
probably the same as our Oman species but no illustradon was given and the type
has not been seen. P. sinaka (Agassiz & Desor, 1847) is easily distinguished both on
test shape and on st>le of ambulacral compounding. P. kumdis Founau, which is
also foimd at this horizon, is easily distinguished by its wheel-shaped test and has
more complex ambulacral compounding in which occulded elements are present.
Subgenus Pedinopsis (Sinaiapsis) nov.
Diagnosis. Pedinopsis with biserially arranged pores adapically only. Ambulacral
plating trigeminate adorally, becoming quadrigeminate adapically.
Type species. Pedina siaaica Agassiz & Desor, 1847, p. 67.
Age and dislTibulion. Cenomanian of Algeria, Egypt, Israel and Oman.
Pedinopsis (Sinaiopsis) sinaica (Agassiz & Desor, 1847)
Figures l l f - h , 15, 16
1847 Pedina sinaica Desor; Agassiz & Desor, p. 67.
1852 Echinus syriacus Conrad, in Lynch, p. 212, pi. 1, fig, 1, pi. 22, fig. 127,
1914 Pedinopsis sinaea Fourtau, p . 18, pi. 2, figs 3-4.
1925 Pedinopsis sinaica Des?; Blanckenhom, p. 89.
Diagnosis. Subconical, somewhat infiated in profile, with one primary tubercle
differentiated on each ambulacral and interambulacral plate.
Age and distribution. Cenomanian of Lebanon, Israel, Egypt, Algeria and Oman.
Material studied. One specimen from the Echinoid Marker Bed, Natih Formauon,
late middle Cenomanian of Jebel Madamar.
Description. The test is circular in outline and subconical in profile, with swollen
sides and the ambitus lying slightly below mid-height (Figures l!a-c). Test
diameter is 25.3 mm and test height 14.2 mm (56% of the diameter).
The apical disc is relatively small and approximately circular, 18% of the test
diameter. No apical disc plates are preserved in position.
Ambulacral width is 16% of the test diameter at the ambitus. Pore-pairs are
strictly unigeminaie adorally and ambitally but become biserially arranged towards
the apex. All plates up to the ambitus are irigeminaie and, except for the lowest two
or so plates, only one of the three elements reaches the perradial suture (Figure 15a).
Above the ambitus, where pore-pairs start to become biserially arranged, there is a
fourth element in each compound plate (Figure 15b). This style of compounding
continues to the apex. Tliere is a single latter primary tubercle on each compound
plate lying close to the pore zone. This tubercle straddles two of the three elements
in trigeminate plates and two or three elements in quadrigeminate plates. A
secondary tubercle, about half the diameter of the primary, lies at the lower
peiradlal edge of each plate. The remainder of the compound plate has scattered
miliaries (Figure 15a).

Figure 14. All specimens from ihe Echinoid Muka Bed, Membo' c, Natih Fonmiion, late middle
Cenomaoian, ai Jebel Madanur, x2; a-c, Pedinopsis (Pcdinapsit) humiltt Founau. BMNH E83283.
oral, apical and laieral views, x2. d-f, Coetdtaleayput larteti (Coiieau), BMNM B83I29, onl, apical,
and laieral views.
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Interambulacral plates are rather long and low, ambilal plates having a height that
is 30% of their length. One larger primary tubercle is differentiated bin is relatively
small in comparison with the plate (Figure 16). li occupies only about half of the
plate height and is situated centrally towards the adoral plate margin. On either side
on ambital plates there are two smaller secondary tubercles (about 60% of the
primary tubercle's diameter) offset towards the upper edge of the plate (Figure 16).
The remainder of the plate surface is covered in sparse tertiary tubercles and
miliaries.
The peristome is moderately large, 46% of the test diameter, and somewhat
invaginated. Shallow buccal notches are present.

I mm

Remarks. P. sinaica can be distinguished readily from the two other species of
Pedmopsis that occur at this level by its shape, luberculation and pattern of
ambulacral compounding. P. sphaerica is vinually globular and has a slightly smaller
peristome that is not at all invaginated. Interambulacral tuberculauon is rather
similar but there are more secondary ambulacral tubercles in P. sphaerica.
Trigeminate plating extends much higher in P. sinaica at an equivalent test size and
the biserial arrangement of pores is restricted to the adapical portion of the test. P.
humilis is very much more depressed in form, has larger interambulacral tubercles,
more equal in size and occupying very much more of the plate height. It has
quadrigeminate plating adoraliy and poiygeminate plating adapicaUy with occulded
elements in each compound plate.
The species was first described from the Cenomanian of Sinai, Egypt, and has also
been reported from Algeria (Cotteau el al., 1878).
Cohort Irreguiaria Laneille, 1825
Order Holectypoida Duncan, 1889
Family Holeclypidae Lambert, 1899
Genus Coenhokaypus Pomel, 1883
Coenhokaypus laneti (Cotieau, 1869)
Figures I4d-f, 17, 18

1-igure 15, CatDera lucida drawings of Ptdinopsa (Sinahpsts) sinaka (Agassiz & Desor), BMNII
E83289, from the Echinoid Marker Bed, Unii c. Natih Formaiion, Uie middle Cenomanian, ai Jcbcl
Madamar. Ambulacra! plaiing: A, plaiing from perisiome (bonomj w tulf-way up the adapical
surface; B, plating clasc lo ihc apex.

Figure 16. Camera ludda srawing of ambiialambulacrol (right) and interambulacraUlefO tuberculaiion
in Ptdiiv^sa (.^inOTOpju) lininca (Agassiz & Desor), BMNH E83289, from the Echinoid Marker Bed,
- Member c. Naiih Formation, late middle Cemnnanian. at Jcbel MiKlamar.
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1869 Hokctypus laned Cotteau; Cotteau, p. 537, text-fig.
1873 H. laneti Cotteau; Lanet, p. 81, pi. 9, figs 21-22.
1877 H. larteti Cotteau; Lanet, p. 155, pi- 14, figs 1-5.
1879 H. chauvmeli Coiteau, Peron & Gauihier, p. 172, pi. 12, figs 3-6.
1897 H. ianeti Cotieau; Loriol, p. 17, pi. 6, fig. 9.
1906 H. laneti Cotteau; Gregory, p. 226.
1909 H. cliauveneii Peron & Gauthier; Founau, p . 102,
1912 / / . dowsoni Fourtau, p. 160, pi. 2, fig- 5.
1914 H. larteii Coiteau; Fourtau, p . 44, pi. 3, fig. 8.
1914 H. larteti Cotteau race sinaea Fouriau, p. 46, pi. 4, figs 1-4,
1914 H. laneti Cotieau var. Dowscmi Fouriau; Fourtau, p . 47.
1921 / / . laneti Cotteau; Fourtau, p. 55.
1921 H. laneti Coiteaii race siitaea Fourtau; Founau, p. 55.
1925 H. laleni Cotieau; Blanckenhom, p. 90, pi. 7, figs 10-11.
1925 H. laneti var mcgor Blanckenhorn, p. 91, pi. 7, fig. 12.
Tum 1989 H. {Caejtholecvypus) laneti Cotteau; Ali, p . 401, fig. 5(10).
Diagnosis. An inflated species of Coenhokctypus with a rounded ambitus and the
periproct small and opening between plates 4a, b and 8a, b about midway between
the peristome and ambitus.
Material studied. Fifteen well preserved specimens, BMNH F83129-43, from the
Hchinoid Marker Bed at Jebel Madamar, were used in the biometric study. Other
material comes from Jebel Madar and Jebel Salak.
Age and distribution. This is the most abundant species in the Echinoid Marker Bed
at Jebel Madamar. It is also known from the Cenomanian of Egypi, North Africa
and the Middle East and has been recorded by Roman ei al. (1989) from the
Cenomanian of Dhofar, southern Oman.
Description. Tests range in size from 19 to 29.3 mm in diameter. Test height is
44-61% of the test diameter (mean = 51%, SD = 4.2%, n = 15; Figure 17), The test
is circular in outUne and has a low conical profile with a welt-rounded ambitus that
lies 30-40% of test height above the base (Figure 14f). The peristome is deeply
bvaginated because of the curvature of the test.
The apical disc is small, often somewhat elevated and the diameter is 8-11% of
the lest diameter (mean = 9%, SD = 0.9%, n = 1 4 ) . All five genital plates are
perforate at these sizes. Genital 2 is at least twice as lai^e as other genital plates and
occupies the centre of the apical disc. The madrepores are confined to genital 2,
which is usually domed and has a spongy appearance. Gonopores are positioned
centrally on the other genital plates. In most specimens occular plates I, IV and V
do not abut genital plate 2 (Figure 18b, c). However, in one large specimen genital
plate 2 is extremely large and genital plates altemaie with ocular plates around the
periphery (Figure 18d). Ocular plates are only slightly smaller than adjacent
non-madreporic genital plates.
The ambulacra form 14-17% of the test width at the ambitus. They are composed
of simple narrow plates from the subambitus adapically, but distinct triads are
developed adorally. Below the ambitus the middle plate in each triad is much
enlarged and one or both of the other pbtes are occasionally occluded from the
perradial suture (Figiu^ 18a). Ambulacral pores are undUTerentiated and are
arranged uniserially throughout. There are 85 pores in a column at about 20 mm test
diameter, increasing to 118 at 29 nun test diameter (Figure 17). There are three and
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ngure 17. Btomeiric data on CiKnhaocctypia laneii ICoiteau) from the Echinoid Marker Bed, Member
c, Naiih Formation of Jebel Madamar. All meastiremenrs in millimetres.

3 half to four ambulacral plates opposite a single ambital inierambulacral plate. One
third of the ambulacral plates lie below the ambitus.
Interambulacral plates are very broad and low at the ambitus. There are 25 plates
in a column at about 20 mm test diameter, rising to 32 or 33 at about 29 mm test
diameter (Figine 17). 45% of the interambulacral plates occur beneath the ambitus.
The most adapical plates have a single differentiated primary tubercle but other
plates have up to six equal-sized tubercles arranged in an offset row (Figure 1 4 d - 0 .
Over the remainder of the plate there are semi-regular horizontal rows of miliaries.
The periproct is small, longitudinally elongate and pointed both adoraliy and
adapically (Figure I8a). It is situated about midway between the peristome and the
ambitus. Its width is 65-80% of its length (mean = 72%, SD = 4.6%, N = 14), and
its length 14-20% of the test diameter (mean = 17%, S D = 1.7, N = 15; Figure 17).
The distance separating the periproa from the peristome is 14-19% of ihe test
diameter (mean = 15%, SD = 1.5%, N = 15; Figure 17) and this is composed of the
first four, or occasionlly five interambulacral plates. The periproct Ues between
plates 4a, b and 8a, b, or rarely between plates Sa,4b and 9a, 8b. The distance
separating the adapicai end of the periproa and the ambitus is 4 - 9 % of the test
diameter (mean = 6%, S D = 1.3, N = 15) (Figure 17) and is slightly shorter than the
distance from the periproci to the peristome. The peristome is circular and 20-26%
of the test diameter in diameter (mean = 23%, S D = 1 . 8 % , N = l l ; Figure 17).
Buccal slits are sharp and well defined. The peristome is deeply invaginated and the
oral surface pulvinate (Figure 14e, S D = 1.3%, N = 15; Figure 17) and is slightly
shoner than the distance from the periproct to the peristome. The peristome is
circular and 20-26% of the test diameter in diameter (mean = 23%, S D = 1.8%,
N = 11; Figure 17). Buccal slits are sharp and well defined. The peristome is deeply
invaginated and the oral surface pulvinate (Figure 14e).
Internally there are feeble thickenings of the test along the adradial margins of
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small size and position of its periproct. A number of subspecies have been described
in the literature, but all seem to fall within the range of variation encountered within
single populations. The species is known from the Cenomanian of Algeria, where it
was described under the name Holeclypm chaUDeneti, and from Egypt and the Sinai
Peninsula, Israel, Jordan and Syria. Previous authors have described this species
under the generic name Holeoypiis. However, it is here transferred to the genus
Coenhokctypus because it has five gonopores, not four. Ali (1989, figure 5(10))
illustrated a Comhoieaypus bom the supposed Maastrichtian of the United Arab
Emirates. The figure shows only the aboral surface and is completely undiagnostic.
lis apical disc siriictiure is different from that of C. laneii having five equally
developed genital plates and it is probably just a depressed form of C infiatus
(Cotteau & Gauthier).
Order Spatangoida Claus, 1860
Family Hemiasteridae Cl^k, 1917
Genus Hemiasier Agassiz, 1847
Hemxaster syriacus (Conrad, 1852)
Figures 19a-d, 20
1852 Halaster syriacus Conrad, in Lynch, p. 212, pi. 1, fig. 2.
1877 Hemiasier orbigrvyanus Lanet, p. 150, PI. 13, figs 11,12.
1878 H. gabreiiis Cotteau, Peron & Gauthier, p . 116, pi. 4, figs 9-12.
cf. 1888 H. lusilanicus Loriol, p. 100, pi. 19, figs 1-7.
cf. 1888 H. subtilis Loriol, p. 106, pi. 21, figs 1-3.
1912 H. dgabrielis Founau, p. 62.
1914 H. gabreielis var aegyptiaca Fouruu, p. 74, pi. 6, fig. 7.
1925 H. syriacus Conrad; Blanckenhom, p. 103, pi. 8, figs 33-35.
Diagnosis. Oval, depressed species o[Hemiasier tapering slighdy posteriorly with the
periproct visible from above. Posterior petals about two-thirds the length of anterior
petals; both rather narrow and reaching two-thirds of the way to the ambitus. Apical
disc lies slightly prosierior of centre. Anterior ambulacrum narrow, parallel-sided,
anterior notch vinually absent. Peristome crescentic.
Material. Three specimens, BMNH E83144-5, E83284, one of which is crushed,
from Jebel Madamar; one, BMNH E83285, from Jebel Salak.

Figure 18 Camera ludda drawu^s of plaiing in ConArf«:(yp»i tor«.- (Colteau) from the EchijwW
Marker Bed. Member e, Naiih Forraaiion, laie middle Ccnomanian al Jebel Madamar- A. BMNIl
E83I30, oral surftce-fwsierior imerambulacnim wiih I ^ P ^ ; " J " ^ „ ^ f i " " ° ' ^ ^ " ^ ^ ^ I V q " ^ ^
bar = 2 mm- B - D , apical disc plaling, sale bar = I mm; B, BMNH E8313L: C, BMNII E83129. D ,
BMNH E83I32.

interambulacra on the oral surface, where plates thicken to about twice their usual
thickness. However, these appear as low undulose features on the interior of the test
and not as sharply defined buttresses. There are marked interambulacral ridges
forming a perignalhic rim to the peristome, but the structure of this area is not
clearly seen and it is not known how large these are in comparison to the auncles.
Remarks. T ^ s species was first described from Syria by Cotteau (1869). li is readily
distinguished from other species by its inflated shape and rounded profile and by the

Description. Tests are 17-27 mm in length and 15-24 mm in breadth (83-88% of
length). The widest part of the test lies slighdy in front of the midpoint, 40-45% of
test length from the anterior border. Test height is 60-65% of test length and the
tallest part of the test lies well to ihe posterior midway between the apical disc and
the periproct. The test slopes anteriorly to a rounded anterior margin and there is a
slight lallon posteriorly (Figure 19c).
The apical disc is compaa with four gonopores. It is slightly longer than broad.
Genital plaie 2 is long and narrow and separates the two posterior genital plates
(Figure 20c). Other genital plates are small and sub-equal and are largely filled by
their gonopore. The posterior two ocular plates abut. The apical disc lies about 55%
of the test length from the anterior margin.
The petals are more or less straight and are arranged almost cross-like (Figure
19a). The anterior pair reach about two-thirds of the way from the apex to the
ambitus while the posterior pair are shoner and reach only slightly more than half
way. Anterior petals are 1.5 times as long as the posterior petals. Pores are elongate
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Figure 20. Camera lucida drawings of//CTniasKrsyrituats (Conrad), BMNH E83I44, from the Echinoid
Marker Bed, Member late middle Onomanian, at Jebel Madamat. A, B, apical and oral views; black
band = peripetalous fascioie (dashed s^ments inferred); stippled region = damaged pan of lest. C,
apical disc plating.

slits, characteristic of species of Hemiaster. The anterior ambulacrum lies in a
shallow groove adapically but this depression more or less disappears by the
ambitus. The frontal groove is narrow and parallel-sided.
The peripetalous fasciole is thickest ai the base of the anterior petals. It forms a
semicircle aroimd the anterior of the test and bends sharply behind the anterior
petals (Figure 20a).
The periproct is visible from above and Les very high on the test, its base being
75% of the test height above the base. It is relatively small and slighdy elongate
vertically. The peristome lies 70% of the lest let^th from the posterior and is
crescentic in outline due to projection of the labrum. The labral plate is shon and
broad (Figure 20b).
I'igure 19. All specimens from ihe Echinoid Marker Bed, Member c, Naiih Formaiion. laie niiiiJlc
Ccnomanian, al Jebel Madamar; MDNM x 2 . a-d, Hemiastfr syriaaa (Conrad), BMNtI E83144;
oral, apical, [ateral and posterior views, e-h, Hemiaoer cubiaa Agassiz 3c Dcsor, BMNII E83236;
o{al, apical, lateral and posterior views.

Remarks. The taxonomy of Cenomanian species of Hemiaster is in dire need of
revision. In the past a large number of specific names have been erected based on
one or a few specimens only and largely distinguished on subtle differences in shape.
There are no biometric studies of populations from single localities for any North
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African or Middle East species. This means that the validity of many of these
nominal species is questionable. Unfortunately only four specimens from Oman
were collected and it is not possible to estabUsh the variation in morphology
qiianiitaiively. The Oman specimens appear identical in all respects to specimens
described by Conrad, in Lynch (1852), and latter by Blanckenhom (1925) from
Syria under the name Hemiaster syriacus. They also bear a very close resemblance to
specimens from the Sinai Peninsula and from Algeria described under the name
Hemiaster gafmelis Cotieau et at. (1878). As noted by Fourtau (1914, p. 75), cenain
species from the Cenomanian of Ponugal described by Loriol (1888) also appear lo
be vinually identical, namely H. btsitaiiicus and L. sublilis. Proper biometric analysis
of populations of these species is required before we can be certain whether or not
they are conspecific.
Hemiaster cubicus Agassiz & Desor, 1847
Figures 19e-h, 21
1847 Hemiaster
1355 Hemiaster
1914 Hemiaster
1921 Hemiaster
1925 Hemiasler

cubicus Desor; Agassiz & Dcsor, p. 124.
cubicus Desor; Orbigny, p. 237, pi. 879, figs 1-7.
cubicus Desor; Founau, p. 67, pi. 6, figs 1—5.
cubicus Desor; Fourtau, p. 87.
cubicus Desor; Blanckenhom, p. 99, pi. 8, figs 28, 29.

Diagnosis. A Hemiaster with ioi^, sub-equal petals reaching about 3/4 of the way lo
the ambitus. Apical disc sub-central. Peristome very far forward, directed anteriorly
and largely covered by the labrum in oral view. Labral plate very long and narrow.

Figure 1\- CaiDcrB lucida drawings of HenaasKr aibtcui Agassiz & Dcsor, BMNH E832B6, from ihe
Echinoid Atarker Bed, Member c, Natih Formaiion, laie middle Cenomanian. ai Jcbel .Ntadamar:
apical and oral views. Black band = peripeialous iasciok; liaed area ^ missing pan of lest.

Age and dislribuiion. Very common in the Cenomanian of Egypt and Israel;
unknown from Algerian of European Cenomanian.
Material studied. Three specimens, BMNH E83286-8, all from the Echinoid Marker
Bed at Jebel Madamar. One specimen is incomplete, the other two are large,
complete individuals and form the basis for the following description.
Description. The test is subquadrate in outline with a moderately deep and
well-defined anterior sulcus (Figure 19e-h). The posterior of the test is squarely
truncated and the widest point on the test lies slightly anterior of mid-length. The
two complete specimens have test lengths of 35 and 36 mm, maximum widths of 31
and 34,5 mm (89-96% of test length) and heights of 24 and 26 mm (69-72% of test
length). In profile the posterior is venically truncated and the anterior well rounded.
The highest point on the test more or less coincides with the apical disc and the
upper surface is gently domed (Figure 19g).
The apical disc lies more or less centrally. Its anterior edge lies 47-49% of ihe lest
length from the front of the test. It is teirabasal and genital 2 extends posteriorly
separating the posterior two genital plates (Figure 21), The apical disc is much
broader than long.
The anterior ambulacrum lies in a moderately deep sulcus that omtinues lo ihe
peristome. There are about 24 small, rather widely spaced pores in each column
between the ocular and the peripetalous fasciole, which lies slightly above the
ambitus. The petals are long, deeply sunken and sub-equal in length. The posterior
petals are some 82-90% of the length of the anterior petals. There are just over 50
pore-pairs in the anterior petals and about 46 in the posterior petals. The anterior
peiais reach 80-82% of the radial length to the ambitus, while the posterior petals
reach about 70% of the radial length. The angle formed between the anterior two

petals is 115° while that between the posterior two petals is 65". There is a
peripeialous fasciole but only the anterior portion is preserved, due to weathering.
This lies close to the ambitus.
The lower surface is gently rounded. Plating on the oral surface is largely
obscured. The peristome, which is about 3.5rtmi is width, hes very close to the
anterior border and is directed forwards. The distance between the frontal edge of
the peristome and the anterior is only about 5% of the test length. The peristome is
largely hidden from sight in oral view because ii is orientated almost vertically and
covered by the labral plate. The labnmi is extremely long and slender, and appears
10 have been about 7 mm in length (the anterior is missing in the specimen that
shows plating arrangement). The interradial plastronal suture is inclined towards
ambulacrum V.
The periproct is relatively small (12% of the test height) and slighdy elongate
vertically. It lies towards the top of the posterior surface, its base being about
58-66% of the test height above the base.

Remarks. H. cubicus is a very distinctive species because of its long, sub-equal
petals, and very anterior and forward-pointing peristome that, in oral view, is
largely hidden from sight. The extreme length of the labral plate is also unusual. No
other species of Hemiaster can be confused.
The species was first described on the basis of material from the Cenomanian of
^ y p t , where it is common. It has also been reported from the Cenomanian of
Palestme (Blanckenhom, 1925).
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7. Conclusions
1. A relatively rich and diverse fauna, consisting of six regular and three irregular
echinoids, is preseni in the Cenomanian Natih Formation of northern Oman. This
horizon, termed the Echinoid Marker Bed, forms a distinct, correlatable unit within
that region.
2. Cenomanian microfossils are described from this region for the first time.
These allow for precise dating of this horizon as lage middle Cenomanian. A number
of these laxa are not known outside the Middle East region.
3. Microfauna, microHora and lithofacies analyses suggest that the Echinoid
Marker Bed represents pre-reefa! deposits lying immediately behind a rudist
shoal/biostrome complex fringing the Natih carbonate shelf. The preponderance of
regular echinoids over irregular echinoids suggests that the sediment must have been
predominandy algal bound.
4. The echinoid faima is very similar to the fauna of the Sinai Peninsula and the
Lebanon/Syria region. Eight of the nine species are also known from the Sinai
Peninsula. Faunal links with the western Mediterranean region are much weaker.
5. The composition of the genus Peditiopsis is reviewed and three species groups
recognised and distinguished at subgeneric level. The new subgenus Sinaioptis is
erected.
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ABSTRACT - Lithocodium aggregatum Elliott (with its synonyms, Bacinella
irregularis Radolcic and Pseudolithocodium carpaticum Hisik),
Radoicicinellopsis sterni (Radoicic) and Bacinellacodium calcareus
Dragastan are referred to the new subfamily Lithocodioidea of the family
Codiaceae (marine, chlorophycean, calcareous algae). The significance
vhich has been ascribed to these taxa by past authors is assessed.
Radoicicinellopsis is proposed as a new genus. Lithocodium is redescribed
and its diagnosis is emended. The importance of this alga in
palaeoenvironmental interpretation and fossil hydrocarbon accumulation is
noted.

INTRODUCTION

Lithocodium aggregatum was first described as a new genus and new species
by Elliott (1956, 1957) using specimens obtained in thin section from
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"Lover Cretaceous" limestones of the Rumaila No.4 well, Iraq. The taxon,
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which was firmly referred to the codiacean algae, was subsequently recorded
to occur abundantly in the top of the Iraqi Ratawi Formation with
Pseudocyclammina lituus (Dunnington et^ al., 1959), of probable Hauterivian
age, and at least as high stratigraphically as the Albian in that country
(Elliott, 1963). L. aggregatum was also reliably recorded in the Early
Cretaceous limestones of Iran (Kalantari, 1986, text-fig. 85.1), from the
Lekhwair Formation (broadly equivalent to the Ratawi Formation) of Oman
(Simmons & Bart, 1987) and abundantly in the succeeding Kharaib and Shuaiba
Formations (Barremian - Aptian) of the southern Arabian Gulf (Alsharhan,
1985; Alsharhan & Nairn, 1986; Simmons & Hart, 1987). This species has also
been found in the upper Aptian of Lebanon (Basson & Edgell, 1971), and in
limestones as old as Berriasian - Valanginian in Sharjah, U. A. E.
(Connally & Scott, 1985). Eastwards, L. aggregatum has been recorded from
the Cenoraanian - Turonian of central Afghanistan (Kaever, 1965), from the
late Aptian of north India (Cherchi £t al., 1984) and from the early
Cretaceous of China (Hu Xi-nan, 1986). The species is also known westwards,
from southern Europe (Urgonian of Bulgaria, Chrischev & Bakalova, 1974;
early Cretaceous of the Italian central Apennines, Praturlon, 1964; Aptian
of southern Italy, Luperto Sinni, 1979; Late Jurassic to Cenomanian in
southern French Aquitaine, Bouroullec & Deloffre, 1968; Valanginian Gargasian of the French eastern Pyrenees, Jaffrezo, 1975; Oxfordian ~
Portlandian of Portugal, Ramalho, 1971), but it does not yet appear to have
been found in northern Europe or, with certainty, in North Africa or
America; it has been recorded, but not illustrated, from the early
Cretaceous of Cuba, Texas and the Blake Escarpment (Johnson, 1968, 1969).

Quite independently of the proposal of Lithocodium, Radoicic (1959) had
published, also as a new genus and nev species, Bacinella irregularis,
based upon thin-sections of "algae incertae sedis" in "Barremian-Aptian"
limestones of Bosnia and Serbia, in the Yugoslav Dinarides. These findings
were confirmed (Radoicic, 1960) and B. irregularis vas recorded from many
Early Cretaceous limestones of southern Europe (e.g., the Valanginian Aptian of S.U. Italy, Sartoni & Crescenti, 1962; early to late Aptian
limestones of S.Italy, Chiocchini & Hancinelli, 1977; Valanginian to
Bedoulian limestones in Provence, Masse, 1976) as veil as in rocks of about
the same age from more eastern localities (the Shuaiba Formation, Aptian,
of Oman, Hughes Clarke, 1988; the Valanginian to Hauterivian limestones,
with Pseudocyclammina lituus, in Iran, Sampo, 1969; early Cretaceous
limestones in China, Mu Xi-nan, 1986). Occurrences in limestones as old as
Late Jurassic have also been recorded from southern Europe (Portugal,
"Upper Oxfordian/Kimmeridgian" to Valanginian, Ramalho, 1971; the French
eastern Pyrenees, late Jurassic - Late Urgonian, Jaffrezo, 1975; the late
Jurassic to Cenomanian of Aquitaine, Bouroullec & Deloffre, 1968;
"Portlandian" of central Italy, Barattolo & Pugliesi, 1987; Tithonian to
Barremian near Bucarest in Roumania, Dragastan, 1966; unspecified Upper
Jurassic limestones of mainland Greece, Zambetakis-Lekkas & Rarotsieris,
1986). Bacinella has also been recorded from the Triassic (Samuel et^ al.,
1972, p.129; Borza, 1975, pi.4) but these records are yet to be confirmed.
Like Lithocodium, B. irregularis seems not to have been recorded vith' any
reliability from northern Europe, Africa or America. The tvo taxa have
remarkably similar confirmed recorded ranges; both are certainly known in
the late Jurassic - middle Cretaceous limestones of Tethys, in the Portugal
to China area. Even if other species, originally assigned to these genera,
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are included, the main pattern of distribution is not significantly
changed; Endo (1961) reported L. japonicum and L. morikavai, both new
species, from Upper Jurassic limestones of Japan (Johnson, 1964), and
Radoicic' (1972) described as new B.? sterni from Cenomanian limestone in
Yugoslavia (Conrad £t al., 1977).
The similarity of stratigraphlc range and palaeogeographical
distribution is paralleled by that of the morphology of the type specimens
of the principal taxa concerned. Elliott (1956) illustrated
microphotographs of three specimens of L. aggregatiun, which represented the
holotype (1956, pl.l, fig. 5) and two paratypes (loc. cit., figs. 2 and 4)
from the same subsurface sample. Together, they clearly shoved the
character believed to typify Lithocodium - an encrusting or nodose growthmode in a codiacean with a subdermal skeletal structure similar to that of
regularly segmented genera (like Halimeda). One of the paratypes (loc.cit.,
fig-4) particularly well showed that the inner, irregularly oriented but
coarse filaments could be surrounded by an outer layer of much finer, subradial filaments, and that, in both layers, the filaments could be
separated by calcified tissues as thick, or even thicker than, the
filaments themselves. This paratype is very similar indeed to the holotype
of Bacinella irregularis Radoicic.
When Radoicic (1959) first described B. irregularis, she published
photomicrographs of two specimens from different localities, the holotype
(1959, pi.3, fig. 1) and one paratype (loc. cit., fig.2). Although Radoicic
noted that the "subdermal structure" (that is, the outer layer filamentous
arrangement) could be "similar to that one of the species Lithocodium
aggregatum Elliott" (Radoicic, 1959, p.92), she did not clearly attempt to
distinguish between them. The holotype of B. irregularis is morphologically

very similar indeed to L. aggregatum, as noted above, and is
distinguishable only by the more frequent occurrence in the former of thin
walls separating the adjacent cells of particular filaments. This
difference is one of degree; thin walls separate adjacent cells while
thickly calcitiscd tissues separate adjacent filaments in both specimens,
in both the outer and the inner layers of the thalli. A more clearly
recognisable difference between the taxa appears to be shown by the
morphology of the illustrated paratype of B. irregularis (Radoicic, 1959,
pi.3, fig.2). In this specimen, only the inner layer of the thallus is seen
(no cortex, is visible), and all the filaments are of the coarser kind and
are very randomly arranged, with no clear directions of growth; their cells
are divided only by thinly calcitised walls, and walls of equally thin
calcification may separate adjacent filaments. It is this "vacuolated" and
apparently poorly organised structure, regardless of the precise morphology
of the holotype, which has been taken by many authors to typify Bacinella.
This is in spite of the fact that "systematic distinction based essentially
on the degree

of calcification appears to be wrong" (Bassoullet et^ al.,

1977) in any member of the Chlorophyta.
Variation in the degree of calcification was even used by Misik (1979)
for the distinction of his new genus Pseudolithocodium (typified,
monotypically, by P. carpaticum Misik n.sp.) which was clearly corticate,
like Lithocodium, but in which "the tubes of [the] cortical layer are
densely packed, not submerged in micrite" (Misik, 1979, p.709). In other
words, the thickness of the calcified tissues between the filaments of the
cortex of "Pseudolithocodium" is no greater than it was between the
filaments in the subcortical parts of the paratype Bacinella irregularis.
It is clear, from these specimens alone, that the degree of calcification
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varied in forms with and without a cortex, and that it would seem to be
unwise to use an observed degree as the basis for a taxonomic distinction.
Such taxa would be difficult to distinguish in many other fossil
assemblages.
Although some authors (e.g., Alsharhan, 1985; Luperto Sinni, 1979;
Poignant, 1968; Simmons & Hart, 1987) have concluded that Lithocodium and
Bacinella are synonymous genera of the Codiaceae, others (e.g., Barattolo &
Pugliese, 1987; BourouUec & Deloffre, 1968; Elliott, 1963; Jaffrezo, 1975;
Ramalho, 1979) have considered them as separable, probably distinct genera
of that same suprageneric group. Some (e.g., Chrischev & Bakalova, 1974;
Johnson, 1968, 1969) have been willing to refer Lithocodium to the
Codiaceae, but have been unhappy to consider Bacinella as anything but
"algae incertae sedis"; Radoicic (1959) is unclear but probably belonged to
this group of workers. Opposed to this view is that of those who believe
that Lithocodium and Bacinella were of organic origin, but not from the
Codiaceae (Segonzac & Harln, 1972). Previous systematic assignations of
Lithocodium-Bacinella have encompassed both the green and the red algae.
Both the Codiaceae and Dasycladaceae, the marine families of the
Chlorophyta, are skeletally aragonitic, and only the Corallinaceae of the
Rhodophyta are calcitic (e.g, Wray, 1977). No published photomicrograph, or
unpublished but studied specimens, give any indication that L. aggregatum
or B.irregularis were anything but primarily calcitic. This is discussed
further in this paper. The taxa have also been considered to belong to
zoological phyla, and have been referred to orders as diverse as the
stromatoporoids and the foraminifera (see, e.g., Haurin et al., 1985).
Hasse (1976) has suggested that these microfossils were of botanical but

multiple origin, comparable to the algal symbioses seen in

terrestrial

lichens.
Haurin et al. (1985) and Camoin and Haurin (1988), basing their decisions
on material from the Upper Cretaceous of Tunisia, the Lower Cretaceous of
Sicily and the Middle East, and the Upper Jurassic of Sumatra, claimed that
the origin was universally microbial; they extended the stratigraphic
significance of "bacinellid-textures" to include everything from
Frecambrian to Recent, but admitted that "the debate is not closed". There
can be no doubt that the microstructures commonly known as Lithoeodium and
BacAnella are common in micritic, calcareous, apparently well oxygenated,
marine sediments of Mesozoic age in Tethys; if their origin is merely
microbial, why are they confined to these Tethyan, Hesozoic carbonates? Why
do not identical microstructures occur equally commonly in argillites, in
the Americas, and in sediments of Tertiary and even Quaternary-Recent age?
Again, if their origin is merely microbial, why is there such a narrow
size-limitation on the "vesicles" of both Lithocodium and Bacinella, when
both, it is presumed, would be merely lithified bubbles of (calcareous!)
mud following microbial gas-generation? The "bacinellid~texture" developed
in stromatolites may even there have an algal origin (Wright & Wright,
1985); true Lithocodium-Bacinella specimens are, as shown below, nodularencrusting and are not at all stromatolitic (or mud-mound-like) even in
gross growth-plan. As for the bacterial genesis of the calcium carbonate
itself, nothing can be proved: as would be expected, all the specimens of
the Mesozoic microfossils that we have studied have undergone
recrystallisation to some degree (not excluding obvious dolomitisation!)
and this may obscure resemblance to any of the biogeochemically produced
carbonate grains shown in her 38 plates by Castanier (1987); grains which
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resemble lithified (or S£H coated?) bacteria may, of course, be found, but
bacteria are present on all organisms, living and dead. The aseptic alga
would be unique.
In this paper, we attempt to demonstrate the identity of Lithocodium
aggregatum, Pseudolithocodium carpaticum

and Bacinella irregularis, the

place these microfossils have within the Codiaceae, their significance in
the interpretation of palaeoenvironments, their role in producing high
intraparticle porosity, and, therefore, their importance as primary
producers of porous limestone petroleum reservoirs in the Middle East.

HATBRIALS AND METHODS

The problem was highlighted by the need to study the Early Cretaceous
sequences (the Shuaiba, Kharaib, Lekhwair and Habshan Formations) retrieved
during field geology in Oman (Simmons & Hart, 1987) and during oil-well
drilling in the United Arab Emirates (particularly in offshore and onshore
Abu Dhabi). Core-slab successions from eleven selected wells were studied
macroscopically in the laboratories of ADNOC. In total, the work has
provided many thousands of field, core and cuttings samples of limestones
which have been routinely examined in thin section for their entire
assemblages of fossil microfauna and microflora. Many of the sections of
veil cores were routinely stained vith Alizarin Red-S, and impregnated with
resin, to identify dolomite and ferroan calcite and to enable
quantification of crystallography and porosity.
Additional material, similarly studied, was obtained from the southern
Apennines, Italy; these limestones displayed well-preserved sections o£
Lithocodium-Bacinella but the specimens were solidly infilled with

secondary, sparitic calcite. Host of the specimens available from the
Middle East lacked such solid infilling, and some (especially from the
Lekhwalr formation) seemed to possess a total lack of secondary infilling;
these, especially, were studied under S. E. H.

THE IDENTITT OF LITHOCODIDM AND BACIHELLA

As noted above, the holotype and paratype thin-sections of Lithocodium
aggregatum (Elliott, 1956) undoubtedly refer to the same species and they
are not to be separated from the holotype thin-section of Bacinella
irregularis (Radoicic, 1959). This was emphasised zmd most clearly shown by
Segonzac & Harin (1972), who illustrated every conceivable morphological
intermediate between the holotypes of the two taxa, using only Aptian
limestone specimens from north-east Spain. Such morphological intermediates
are also illustrated here (Plates 1-5). There can be no doubt that
Lithocodium aggregatum Elliott is the senior synonym for all such forms.
Similarly, L. aggregatum, for the reasons noted above, must be regarded as
the senior synonym of Pseudolithocodium carpaticum Mislk.
Etamalho (1971, pi. 29, fig.l) has illustrated a remarkably well preserved
nodule formed by Lithocodium (reproduced Text-figure 1 ) , in which the
pattern of growth of the alga may be noted. This nodule shows no erosion or
abrasion from any post-mortem transportation; it was probably buried
virtually in situ in the calcite-mud which now forms the micritic matrix of
its rock. The posture and structure of the nodule shows that it has nothing
in common with the layered, unstructured stromatolites of gaseous,
microbial origin (c.f. Maurin e^ al., 1985). A smaller nodule of Rivularia
(a) forms the base upon which the Lithocodium grows (organic nodules

typically form such bases - e.g., sponge skeletons as shown by Cherchi et_
al., 1984, pi. 1, or microgastropods, as on Plate 4, Fig. 4

- but they

provide substrates for initial algal colonisation, as they are always too
small to have provided decaying bases for adequate microbial flatulence of
the kind favoured by Maurin e^ al., 1985). The Rivularia nodule is partly
covered (b) by thick-walled cortical and near-cortical Lithocodium skeleton
and partly (c) by thin-walled medullary structures. The latter show at
least four successive layers of cortical development (d) now embedded in
the skeleton of the thallus. The last-formed cortical structures (e) are
thickest-walled, but lie directly on top of poorly calcified, "vacuolated"
medulla (,t).

Laterally to the main thallus growth direction, no

recognisable cortex structures are apparent.
From this and similar specimens, problems of identity are isolated:
(1) Although some specimens have every appearance of possessing a codiacean
cortex of fine, subradial filaments, such specimens may also appear to lack
a siphonate, filamentous medulla. As pointed out by Segonzac & Harin (1972,
p.334) "Lithocodium presente une aberration apparente de structure, avec
une base cloisonnee et un sommet siphone. II ne rentre dans aucune
categoric actuelle or fossile." This is not typically Codiacean, if the
preserved skeletal structure is a true reflection of the original tissues.
(2) Other specimens, like the paratype of Bacinella irregularis, appear to
lack any cortical skeletal structure and merely consist of irregularly
arranged, coarse (but with little apparent consistency of size),
"medullary" siphons or filaments, which may be septate. This appears to be
an opposite condition from that noted as (1), above, but would be easily
derived from sections of specimens cut across the thallus, at right singles

to the direction of thallus growth, where the cortical, terminal structure
is not yet developed.
Such apparent contradictions are easily explained not only by the
specimen described above but by the characteristic property of the
Codiaceae to calcify secondarily, after the complete growth of soft tissue,
and then perhaps to calcify only partially. Partial calcification may leave
some tissue without a calcareous skeleton. This is commonest in those
Codiacea where the thallus is composed of erect tufts (e.g., Halimeda,
Boueina, etc.); as Johnson (1969, p.35) so clearly put it,

"calcification

.. begins at, or just inside, the outer margin and works inward. Older
segments may be completely calcified, but many specimens show only partial
calcification with the central structure not preserved."
We believe that Lithocodium-Bacinella answers the following description:
(a) It grew as an essentially encrusting codiacean, and was not erect and
tufted,
(b) It developed a nodular thallus in which only the terminal zone of
growth developed cortical structures,
(c) It may have been only partially calcified and that calcification
began internally; consequently, the medulla is always calcified, but
the cortex may be fully calcified (Plate 1, Figs. 1-4, and Plate 3,
Fig. 1, as in the paratypes of h. aggregatum and the holotype of
B.irregularis), or only partly calcified (as shown by Praturlon,
1964, fig. 28).
(d) Even where the medullary or cortical calcification appears to have
been complete (in the sense that all tissues possessed a skeleton),
the

degree of calcification was variable, in that in some areas (or

specimens) the calcified layers were relatively thin, but in other
areas (or specimens) they were relatively thick,
(e) Thinly calcified vails, in particular, may have been skeletally
discontinuous (e.g., Plate 4, Fig. 2 ) . The absence of a skeletal wall
does not mean that the living alga also lacked a wall of uncalcified
tissue in that place; the absence of such skeletal vails gives the
visual impression that many filamentous spaces are much larger than
the filaments which occupied them, but it should not be interpreted
to mean that the filaments, themselves, were so large.

Ve believe that all of the above apply not only to the Late Jurassic Albian species Lithocodium aggregatum Elliott (and, of course, to its
synonym Bacinella irregularis Radoicic) but also to the Jurassic synonyms
called L. morikawai Endo and L. japonicum Endo.

"Bacinella?" sterni

Radoicitf (as figured by Radoicic, 1972) followed the same pattern of growth
and calcification in the Cenomanian, and differed from true Lithocodium
only in the great reduction (almost to terminal absence) of the cortex. We
distinguish, below, this species under a separate generic name
(Radoicicinellopsis

nov.) but in the same new subfamily, Lithocodioidea;

we cannot agree with Masse (1979) in the transfer of this species to the
Porostromata. The opposite morphological trend is displayed by the
Tithonian - Aptian taxon with a variably calcified medulla but a heavily
calcified cortex, distinguished as Bacinellacodium calcareus by Dragastan
(1985); the principal difference from Lithocodium, that in Bacinellacodium
the cortical filaments are distinctly thinner, longer and more parallel, is
essentially a difference of degree, not of kind. The medulla is essentially
the same in both genera, but may be very weakly calcified in

Bacinellacodium. In the latter genus, the overall structure is distinctly
Codiacean, with strong medulla - cortex differentiation. It confirms our
allocation of Lithocodium itself to the family Codiaceae. Betveen these
genera^ ve are distinguishing not just degrees of calcification of
components of the thallus, but the extent of primary development of the
cortex itself: thick and solely terminal in Bacinellacodium, much reduced
and repetitious In Lithocodium, but reduced even to a non-filamentous state
in Radoicicinellopsis. This is not to be confused with the recognition of
different degrees of calcification in different specimens of Lithocodium,
where the degree of cortical development is essentially always the same.
All of these genera are now referred (below) to the same, new subfamily,
Lithocodioidea.
Of course, all of the Codiaceae can be readily distinguished from the
members of the family Rivulariaceae Rabenhorst 1865, of the division
Cyanophyta, as the latter have no medulla/cortex differentiation at all but
merely possess regularly diverging filaments which are orientated
subparallel to the long axis of the thallus (e.g., as in Rivularla (Roth)
Agardh itself, which, according to Dragastan (1985), is a senior synonym of
the commonly recorded genus Cayeuxia Frollo).
All these codiacean taxa appear to constitute a recognisably distinct
group of Codiaceae, of common Late Jurassic - Cretaceous stratlgraphic
Tethyan range, and they often occur in association.

Consequently, it is

appropriate to recommend that fossils of the family Codiaceae be considered
to comprise the following subfamilies of the Chlorophyta (the names
following the standards outlined by Jeffrey, 1973; Wray, 1977; Voss £t al.,
1983, articles 16-19).

<1J

STSTEHATIC TAXONOHT

Class CHLOROPHYCEAE Kuetzing, 1843:
Order SIPHONALES Uille, 1884:
Family Codiaceae (Trevisan) Zanardini 1843:
Subfamilies:
(1) Halimedoidea nov. subfam.: thallus of erect tufts, regularly
segmented; typically with filaments differentiated into an inner medulla
and continuous outer cortex; typically with calcification of tissues
between filaments, initially at or near the outer margin of the cortex; the
medulla may be calcified, in whole or in part, or it may remain
uncalcified; the calcareous skeleton is primarily aragonite; includes
Halimeda, Boueina, Arabicodlum, Carpathicodium,

etc.

(2) Lithocodioidea nov. subfam.: thallus is encrusting, initially at
least, and the fully-grown thallus may be nodose to subcylindrical in form;
it is initially calcified at earliest tissue growth stages, but later it
may lack uniformity of the extent of calcification and may remain
uncalcified in parts of the thallus;

filaments are differentiated into

those of an internal medulla and terminally the thallus has an external,
usually filamentous cortex of increased calcification; the calcareous
skeleton is probably primarily calcite; includes Lithocodium Elliott,
Bacinellacodium Dragastan and Radoicicinellopsis nov.

Subfamily Lithocodioidea nov.
Lithocodium Elliott, 1956, emend.

Lithocodiuro Elliott, 1956, p.331

k

Bacinella Radoicic, 1959, p.89
Pseudolithocodium Misik, 1979, p.709

Descriptive diagnosis:
A Codiacean genus of the subfamily Lithocodioidea (as defined above);
initially encrusting, but the thallus may in later growth become
subconical, subcylindrical or nodose in shape; the subdermal tubular
filaments of the medulla are irregularly arranged, and encrust each other
in various directions which are dominantly subparallel to each other and
are broadly oblique to, or nearly at right-angles to, the long axis of the
encrusting or nodular thallus; the subdermal filaments may bifurcate or
trifurcate or variously ramify, cind broaden before and during ramification,
and are consequently of variable diameter; subdermal filaments are
irregularly septate; in the area of terminal growth, the filaments narrow,
become subparallel to the long-axis of growth of the previously-formed
encrustation or nodule (i.e., they become subperpendicular to the planes of
the subdermal filaments) and become heavily encrusted with microgranules of
calcium carbonate to form a relatively heavily calcified cortex; in the
cortex, the relatively narrow tubular filaments also bifurcate, trifurcate
or variously ramify, but they diminish in diameter as they do so, so that
the outermost cortical filaments (which have undergone the most
ramifications) are the narrowest; the cortical filaments are terminated by
a continuous thin sheet of calcium carbonate and are not open to the
exterior, but this terminal sheet may be followed by resumed (originally
lateral, then supraterminal) growth of subdermal filaments which are
followed by another cortical development.

Remarks:
Lithocodium differs from Bacinellacodium Dragastan in possessing
distinctly shorter and broader cortical filaments, and the walls of the
subdermal filaments of the medulla are more strongly and continuously
calcified; the medulla of Bacinellacodium is much reduced. In Lithocodium
the cortex is relatively reduced, and is present typically only at the
terminal growth-stage area of the thallus. Radoicicinellopsis nov. differs
in its much more greatly reduced cortex (which may, in fact, be
nonfilamentous even in terminal growth stages); the medulla of that genus
is very much enlarged.

Lithocodium aggregatum Elliott emend.
Plates 1-5

Lithocodium aggregatum Elliott, 1956, pp.331-332, pi. 1, figs. 2, A-5.
Bacinella irregularis Radoicic, 1959, pp.89, 92, pi.3, figs.1-2.
Pseudolithocodium carpaticum Misik, 1979, pp. 709-710, pi.2, figs.2-8.

Descriptive diagnosis:
A species of the genus Lithocodium as defined above, in which the cortex
is regularly formed and possesses two or more (usually three or more)
phases of branching and diminution in size of the cortical filaments. The
cortical filaments are circular or subcircular in cross-section, but those
of the medulla are of irregular cross-section shape. The thalli are 1 to
5cm thick.

Remarks;

This genus may subjectively be monotypic. As noted by Johnson (1969,
p.38), "L. regularis" Johnson, 1968, was a complete error: "unfortunately
the author identified this as an alga by mistake. It is a foraminifer." The
Jurassic taxa L. japonicum Endo and L. morikawai Endo, 1961, do not seem to
be separable at species level from the range of variation observed in Early
Cretaceous specimens of L.aggregatum.
The thallus of L.aggregatum may consist of a few, broad medullar-cortex
growths (as depicted in Text-figure 1, derived from Ramalho, 1971) and this
morphologically grades into forms where there are many, narrow but
otherwise similar growths (Plate 1, fig.l). Even in such thalli, the
medullary filaments are septate (Plate 1, fig. 2; Plate 2, figs. 1, 4), and
they are distinctly tubular (Plate 2, fig.3). They ramify diversely with
marked broadening of their diameters (Plate 1, figs. 3,4; also Plate 2,
fig. 2, where one tube quadrifurcates, the two outer ramifications rapidly
bending into the specimen, one of the two inner ramifications later doing
the same, and the remaining branch continuing on a path in the same plane
as the original tube), but this apparent broadening may also result from
incomplete calcification of the walls of the medullary filaments (Plate 2,
fig.4). These medullary, subdermal filaments are stacked upon each other,
often encrusting earlier-formed medullae in subparallel planes (Plate 3,
figs. 2-4). The cortical filaments are heavily calcified and they are
distinctly narrower than the previously formed, subdermal filaments (Plate
1, figs. 1-4; Plate 3, fig. 1) but they may be seen to branch even in thinsection (Plate 1, fig. 4 ) . When it is cut obliquely, the complete, nodular
thallus is usually seen, in random thin-section of its host limestone, to
contain a subdermal (or,at least, initially formed) mass of broad, thinlywalled and relatively weakly calcified medullary filaments, and dermal.

cortical filaments which are distinctively heavily calcified, more clearly
subparallel in direction, and which diminish in diameter towards the
exterior of the thallus; such a section is characteristic of both the genus
and its type species (Plate 4, fig.l).
The growth of the medullary filaments begins upon a substratum which is
often biogenic (Rivularia sp., Text-figure 1; gastropod, Plate 4, fig.4)
and which is soon encased in these filaments (Plate 1, fig.l; Plate 4,
fig.4). Other biogenic, skeletal fragments may be similarly encapsulated
during the growth of the medulla; examples include miliolid and textularild
foraminiferan tests (Plate 4, fig.2) and other calcareous algae (Plate 4,
fig. 3, shows Thaumatoporella parvovesiculifera (Raineri) (-Polygonella
incrustata Elliott) which now lies parallel to the previously formed
subdermal filaments, seen lower right of the photograph, but which is
encased by subsequently formed, but similar filaments on the other side).
Vhere relatively large biogenic skeletal fragments have been previously
bored, the medullary filaments of encrusting L. aggregatum may fill these
borings so closely that the impressions may be gained, erroneously, the the
encrusting alga had, itself, created the borings! Such a specimen is shown
on Plate 5, fig. 2, and this must be compared to other specimens which have
been previously bored, obviously by other organisms (e.g., Plate 5, fig.l,
where the echinoderm clast shows earlier, much finer borings and corrosion,
possibly by sponges and bacteria), and those which have been widely
fractured, not bored at all (Plate 4, fig.3). Those calcareous skeletal
fragments which form initial substrates for encrustation, and which are
longest in contact with the L.aggregatum filaments (as well as being the
most obvious source of calcium carbonate for the calcification of the

growing alga), may show no boring or corrosion at all (e.g., Plate 4,
fig.4).
As noted above, in the Introduction to this paper, the type horizon of
Lithocodium aggregatum Elliott is probably Hauterivian in age, and that the
species ranges from Late Jurassic (probably Oxfordian, certainly Tithonian)
to Albian, in clean micritic marine limestones of Tethys.

Radoicicinellopsis nov.gen.
Type species; Bacinella? sterni Radoicic, 1972

Descriptive diagnosis:
A Codiacean genus of the subfamily Lithocodioidea (as defined above),
initially encrusting but which, in later growth, becomes nodulose or
subconical in shape; medullary, subdermal filaments are encrusting,
oriented in various directions which are dominantly subparallel to each
other and which are nearly at right-angles to the long-axis of the thallus;
the cortex is (or successive cortices are) very thin and

usually reduced '

to a thickened layer (or layers) of calcification.

Remarks:
Radoicicinellopsis differs from the other genera of the Lithocodioidea by
the great reduction in its cortex. Biostratigraphically, it is the youngest
(and last) known genus of this subfamily.

Radoicicinellopsis sterni (Radoicic)

Bacinella? sterni Radoicic, 1972, pp. 228-229, figs. 1 a-c.

Description:
A species of the genus which has thalli of 4-6 mm (rarely up to 10mm)
diameter and which terminally divides into two or more lobes, with densely
encrusting medullary filaments, each about 0.2 mm in diameter.

Remarks:
The type specimens were obtained by Radoicic (1972) from micritic, marine
limestones of the (probably lowest) Cenomanian, exposed at Urladanas,
Yugoslavia. No other records are yet known.
As the genus is monotypic, the morphocharacters of the species are not,
as yet, clearly separable from those of the genus.

PALAEOENVIB(»niENTAL SIGNIFICANCE

All the records of Lithocodium aggregatum (and its synonymous references
to Bacinella irregularis) which are cited in the Introduction above, and
which give sufficient information for the palaeoenvironment under which the
microfossils were deposited to be assessed, indicate that all known
occurrences of this alga are from marine, micritic limestones. This, like
the additional comments noted below, is in complete agreement with the
observations we, ourselves, have made in the routine examination suid record
of many thousands of samples from the Mediterranean area and from the
Hiddle East. If the limestones are sparitic, the Lithocodium specimens are
found encased in micrite, and they are clearly allochthonous, having been
transported and redeposited from micritic environments. These occurrences
are rare; in situ specimens, in which no apparent abrasion or erosion has

occurred, are found in abundance in calcareous, micritic limestone of
mudstone or wackestone packing. However, Lithocodium (or any other taxa of
the Lithocodioidea) has never been found by us, and its occurrence has
never been substantiated, in any argillaceous rock. Specimens are known
only in "clean" carbonates.
The micritic matrix in which Lithocodium occurs indicates low
palaeocurrent velocities (broadly equivalent to those which would allow
settlement of argillaceous mud, and therefore probably not exceeding about
10 cm/sec speeds), and, therefore, the occurrences are unlikely to be
commonly in inner-shelf palaeoenviroiunents, but more likely to have been in
water deeper than this. This agrees with the lack of association
of Lithocodium with acknowledged shallov-water Codiacea (such as
Arabicodium, Boueina, etc), but with its occurrence with deeper-water
dasyclads (Acicularia, Salpingoporella, etc), Eind the calcitic (possibly
also dasyclad) "Hensonella" cylindrica Elliott (vel "Salpingoporella"
dinarica Radoicic). This is also in agreement with our palaeodepthestimations using associated forziminifera. Other palaeoenvironmental
estimates (palaeosalinity, palaeotemperature) based on associated
foraminifera and other microfossils are in line with the conclusions given
below. Also, the palaeogeography is that which clearly associates the known
occurrences of Lithocodium with Tethys; the Lithocodioidea are not known
from more boreal or austral deposits.
As a result, we estimate that the palaeoenvironment favoured by
Lithocodium was that of a warm, fully marine, well oxygenated, calcium
carbonate rich, mid-shelf sea (possible palaeodepths of abundant, in situ
specimens ranging from ca. 15 m to ca. 60m b.s.l.). This is quite different

from that which would be concluded from the opinions published by Kaurin £t
al. (1985).

RESERVOIR PROPERTIES OF LITHOCODIUM

Lithocodium (as defined in this paper) is common or abundant at many
horizons in the Early Cretaceous of the Arabian Peninsula. Simmons and Hart
(1987) and Hughes-Clarke (1988) have recorded it from the Lekhwair, Kharaib
and Shuaiba Formations o£ Oman, whilst Alsharhan (1983; 1987) and Alsharhan
and Nairn (1986) have described it from the Thamama Group of Abu Dhabi.
The genus is most prolific at two levels in the subsurface Thamama Group
of Abu Dhabi; within the lowermost Shuaiba Formation (Aptian), termed
Reservoir Zone A by ADCO for the onshore region, Reservoir Zone lA by ADHA
for the offshore region and units A and B by Alsharhan (1987), and within
the lower Lekhwair Formation (Valanginian - Hauterivian) at horizons termed
Reservoir Zones F, G and H by ADCO for the onshore region, and Reservoir
Zone 4 or Zakum Member by AOHA for the offshore region. As can be seen from
this, prolific Lithocodium buildups seem to be associated with so called
"Reservoir Zones".
Examination of these intervals reveals that Lithocodium often dominates
the biofacies of the reservoir zone horizon, but is less common in the
sediments surrounding the reservoir zone, termed "dense zones" by the
operating companies. Lithocodium recorded from the dense zones is usually
present as clearly reworked nodules or fragments. Within the reservoir
zones themselves, Lithocodium forms major biostromes of layered
encrustations, which are laterally continuous and may vary from a few
centimetres to a metre in thickness. In thin-section they give the

appearance of boundstones or packstones with abundant coalescing
Lithocodium nodules.
Vithin the reservoir zones, only the medulla structure of the Lithocodium
organism is often present (i.e. that often described as "Bacinella") (see
Plate 5, figs. 3-4). However the cortical structure may be preserved, more
commonly in the Shuaiba Formation (see Plate 1, figs. 1-3). Often the
medulla structure of Lithocodium is infilled by secondary calcite spar
(Plate 1, fig. 4, Plate A, fig. 2). However, in samples from the subsurface
of Abu Dhabi, particularly those from the reservoir zones of the Lekhwair
Formation, the vesicles remained unfilled by calcite and thus develop
significant intraparticle porosity (see Plate 5, figs. 3-4). Porosities
between 30 and 40% may be developed locally, although permeabilities are
variable. These porosities may be enhanced by leaching associated with the
development of hiatus surfaces within the Lekhwair and Shuaiba Formation.
As an example, the Zakum field of offshore Abu Dhabi produces oil from
Reservoir Zone 4 (Zakum Member) of the Lekhvair Formation (Beydoun, 1988)
which is associated with Lithocodium accumulations. Hoshier st^ al. (1988)
have described the role of intraparticle porosity in Lithocodium within the
Shuaiba Formation of Sharjah in the development of the giant gas and
condensate reservoir of the Sajaa field.
Clearly therefore, the development of Lithocodium buildups may be
beneficial for the reservoiring of large hydrocarbon accumulations. These
Lithocodium buildups have an associated fauna of Lenticulina,
Pseudocyclammina, Neotrocholina, echinoderm debris and occasionally small
hedbergellid planktonic foraminifera. It is suggested that such buildups
developed in response to moderate increases in relative water depth. Such
water depth increases may themselves be eustatically controlled on

carbonate platforms such as that of the Early Cretaceous of Arabia. The
prediction of major Lithocodium accumulations is thus of importance in
hydrocarbon exploration. This can be facilitated by the detailed study of
sequential palaeoenvironmental change, with particular emphasis on water
depth, within a sequence. Of course, the retention of porosity in such
buildups is controlled by diagenesis which may be independent of primary
depositional controls.
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Explanation of Plate 1

Lithocodium aggregatum Elliott

Fig. 1 Photomicrograph (xl6), Shuaiba Formation, subsurface Abu
Dhabi.

Fig. 2 Photomicrograph (x40), Shuaiba Formation, subsurface Abu
Dhabi.

'

.

Fig. 3 Photomicrograph (x40), Shuaiba Formation, subsurface Abu
Dhabi.

Fig. 4 Photomicrograph (xl3), Shuaiba Formation, Uadi Hani
Kharus, Oman Mountains.

Explanation of Plate 2

Lithocodium aggregatum Elliott

Fig. 1 Scanning electron micrograph (x30), Shuaiba Formation,
subsurface Abu Dhabi.

Fig. 2 Scanning electron micrograph (xlAO), Shuaiba Formation,
subsurface Abu Dhabi.

Fig. 3 Scanning electron micrograph (xlOO), Shuaiba Formation,
subsurface Abu Dhabi.

Fig. A Scanning electron micrograph (x80), Shuaiba Formation,
subsurface Abu Dhabi.

Explanation of Plate 3

Lithocodium aggregatum Elliott

Fig. 1 Scanning electron micrograph, back-scattered electrons
(x25), Shuaiba Formation, subsurface Abu Dhabi.

Fig. 2 Scanning electron micrograph, back-scattered electrons
(xl40), Shuaiba Formation, subsurface Abu Dhabi.

Fig. 3 Scanning electron micrograph, back-scattered electrons
Cx75), Shuaiba Formation, subsurface Abu Dhabi.

Fig. A Scanning electron micrograph (x32), Shuaiba Formation,
subsurface Abu Dhabi.

Explanation of Plate 4

Lithocodium aggregatum Elliott

Fig. 1 Photomicrograph (xl6), Shuaiba Formation, subsurface Abu
Dhabi.

Fig. 2 Photomicrograph (x40), Aptian, Southern Apennines, Italy.

Fig. 3 Photomicrograph (x40), Lekhvair Formation, subsurface Abu
Dhabi.

Fig. 4 Photomicrograph (xl6), Shuaiba Formation, subsurface Abu
Dhabi.

Explanation of Plate 5

Lithocodium aggregatum Elliott

Fig. I Photomicrograph (x40), Lekhwair Formation, Wadi Mi'aidin,
Oman Mountains.

Fig. 2 Photomicrograph (x40), Habshan Formation, Vadi Bani
Kharus, Oman Mountains.

Fig. 3 Photomicrograph (x40), Lekhwair Formation, subsurface Abu
Dhabi.

Fig. 4 Photomicrograph (xl6), Lekhwair Formation, subsurface Abu
Dhabi.
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ABSTRACT
Early-mid Cretaceous larger Foraminifera (orbitolinids, alveolinids, cyclamminids, cuneolinids. etc) have been shown to be
extremely useful in constructing biostratigraphic zonation schemes wilhin the Tethyan region. However, the siratigraphic
ranges and palaeogeographic distribution of these Foraminitera has only been extensively studied in the 'PeriMedilerranean" region. There are relatively few publications dealing with this subject for the Middle East, despite ir;tense oil
company exploration.
This presentation synthesizes the available data on stratigraphic ranges and palaeogeographic distribution ol Early-mid
Cretaceous larger Foraminilera in the Middle East, and incorporates new data, in particular, Irom Oman, An attempt is made to
correlate the existing bioslratigraphjc zonation schemes for the Medilerranean region to those of the Middle East.
The presentation shows t h a t :
1) Larger Benthonic Foraminifera provide the most practical bioslraligraphic zonation of most Early-mid Cretaceous sediments
in the Middle East,
2) This zonation is correlatable with similar zonation schemes lor the Mediterranean region, although certain differences do
exist.
3) Certain Foraminifera previously thought endemic to the Mediterranean region also occur in the Middle East. However, there
are forms endemic to the Middle Eastern region.
4) The microfaunas of the Middle East are not yet known to be as diverse as ttiose of the Mediterranean area. This has
palaeoecological and palaeozoogeographic implications.
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ABSTRACT-A number of species have been suggested as type species of the genus
OrbiioUna d'Orbigny. 1850. notably Madreporites temicalaris Blumenbach. 1805. Orbidites
concava Lamarck. 1816 and Orbiiolina giganiea d'Orbigny. 1850- It is shown ihat the correct
type species is OrbiioUna giganiea. although this is in fact a species of corai. Consequently in
order to preserve the concept of OrbiloUna as a foraminiferal genus, we herein recommend
to the ICZN the proposal of Orbulires concava as a replacement type species. This would
negate the need for a major revision of orbitolinid taxonomy and allows the genus
Palorbitolina Schroeder, 1963 to remain valid.

INTRODUCTION
The typically Tethyan, Cretaceous larger foraminiferal genus OrbiioUna was erected by d'Orbigny in
1850. Because of uncenainty in the original designation
of a type species for this genus, a number of species
have since been referred to as "type species". This has
led to some confusion concerning the taxonomic
concept of the genus and may have rendered other
genera invalid because of problems with type species
priority. In particular, the commonly used generic
name Palorbitolina Schroeder, 1963 has been thought
by some to be invalid, because the type species of that
genus, Madreporiies lenticularis Blumenbach, 1805. has
been described, e.g. by Douglass. Loeblich and Tappan
(1964), as the type species of Orbisolina. If this were
the case it would have tremendous taxonomic implications. Not only would the name Palorbitolina be
unavailable, but most species commonly regarded as
belonging to Orbitolina would have to be assigned to a
new genus. This is because Schroeder (1964a,b; 1975)
has shown that Palorbitolina is morphologically and
phylogenetically distinct from Orbitolina. TTierefore if
the true nature of Orbiiolina is that commonly regarded
as Palorbitolina (i.e. that of the species lenticularis),
then other species thought today to be OrbiioUna (e.g.
O. concava (Lamarck, 1816) {Orbuiiies) or O. lexana
(Roemer, 1849) (Orbiiuliies)) could not belong to that
genus because of the observations of Schroeder {opp.
cit.).
To clarify these problems a detailed examination of •
the original description of the genus Orbisolina and
subsequent type species designations has been carried
out.
•
'

DISCUSSION
Original designation
The first problem to address in this review is to '
establish if d'Orbigny designated a type species for^
Orbiiolina in his original 1850 description.
OrbitoUna is first mentioned on page 143 of volume 2'
of the "Prodrome de Paleontologie stratigraphique
universelle des animaux mollusques & rayonnes faisant
suite au cours elementaire de Paleonioiogie ei de
Geologic straiigraphiques". There is no mention of''
Orbitolina in either volume 1 or 3 of this book. '•*:
The entry on page 143 reads:
' "^
••ORBITOLINA. d'Orbe.. 1847. Ce sont des Orbito-'„:
lites a cotes inegaux. I'un encroiiie, I'autre avec des*"
loges.
]'•''
*342. lenticulata. d'Orb., 1847. Orbiiolites lenticulaia.
Lamarck, 1816; Lamouroux, 1821, pi. 72. fig. 13-16.'CPerte-du-Rhone (Ain). St-Paul-de-Fenouiilei {Aude).'"!^
In this text -d'Orb.. 1847" refers to the manuscript /
date. Orbiiotiies lenticulata Lamarck 1816 is synony-""
mous with Madreporiies lenticularis Blumenbach, 1805.
variously referred to Orbitolina,or PalorbiioUna.
It is important to note that volume is arranged in .'
straiigraphic order. Hence the first species mentioned''''
under Orbitolina is lenticulata in the section "•Foramini- 'T
ittes", within the chapter "19e etage - Albien". "^"^
Within the subsequent chapters the following species,'~
are listed:
'',
20e elage - Cenomanien; pages 184-185:
'"'•'
"ORBITOLINA. d'Orb., 1847. Voy. t.2. pM8.
"i\
•743. plana. d'Archiac, 1837, Mem. Soc. geol. d e ' •
France, t.2.. p.I78. France, Fouras, La Malle (Var). '"
•744. mamillaia. d'Archiac, 1837. id., t.2. p.l78. '^ '
Fouras.
' ''

Schroeder & Simmons
•745. concava, Lamarck, 1816. Anim. sans ven., 2,
Michelin, 1842, Icon, zoophyt., p.28, pl.7, fig. 9
(mala). Orbitolina conica, d'Archiac. France, Ballon,
St-Paulet, pres le Pont-St-Esprit, Fouras."
22e etage - Senonien; pages 279-280:
"ORBITOUNA, d'Orb., 1847. Voy. p.148.
•1350. gigantea, d'Orb., 1847. Espece qui atleint
jusqu'a 10 centimetres de diametre; concave en
dessous. convexe en dessus, France, Royan, Perignac
(Charente-Inferieure).
*1351. radiaia; d'Orb., 1847. Espece pourvue de
rayons qui convergent du bord au centre. France,
Royan."
In total six species are listed under the genus
Orbitolina in stratigraphic order. D'Orbigny does not
indicate any particular species to be the type, and the
stratigraphic nature of the volume implies that the first
mentioned species under a genus is not necessarily the
type.
It is clear, therefore, that no type species was
designated for Orbitolina by d'Orbigny, and that
lenticulata (=lenlicularis) is not automatically the type
species simply because it is listed first. This was first
noted by Schroeder (1963) in a paper which established
lenticularis as type species of the new subgenus (later
genus) Palorbitolina.
Unfonunalely, Douglass (1960a,b), Hofker (1963;
1966a,b) and most imponantly Douglass, Loeblich and
Tappan (1964) in the definitive "Treatise on Invenebrate Paleontology" regard Madreporiies lenticularis
Blumenbach, 1803 as type species. According to the
last-named authors (page C309); Orbuliies lenticulata
L a m a r c k , 1816 ( = Madreporiies
lenticularis
Blumenbach, 1805) is the type species of the genus by.
original designation (monotypy).
As demonstrated above there is neither an original
type species designation by d'Orbigny, nor is the genus
montypic in the reference containing the original
description.
Subsequent designation
All six species recorded by d'Orbigny (1850) under
Orbiiolina have equal claim as type species. According
to Article 69(a) of the International Code of Zoological
Nomenclature (ICZN) (Ride et al., 1985), the first
published designation of a type species subsequent to
the original publication of the genus should be regarded
as the only vahd one.
There are, in fact, several subsequent quotations
which could be regarded as designations of a type
species for Orbitolina.
. •
. •
(i) According to Parker and Jones (1860:35) "the
conical, hemispherical and flattened forms of Orbitolina so common in the Cretaceous deposits, and known
imder twelve or more different names, are referable to
one specific type, namely the O. concava, Lamarck, sp.
and to this type not only these large . . ." However, this
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quotation, nor any that follow it in the text, is not really
valid as a type designation, as these authors were not
using type in the sense of "type species of a genus", but
rather as an indication of the "•typical form of a
species." Indeed on page 38 we read "we regard it (O.
concava) as the type of a species including numerous
varieiys". In their recent monograph of foraminfera
genera, Loeblich and Tappan (1988:166) cited this
reference by Parker and Jones {op. cii.). as a valid
subsequent designation of a type species, and thus
regarded Orbulites concava Lamarck, 1816, as the
correct type species of Orbitolina. As noted above, we
cannot agree with their opinion that the Parker and
Jones reference is a valid subsequent designation,
although for different reasons, as will be shown, we
would recommend that O. concava be regarded as type
species.
(ii) Ellis and Messina (1940 ei seq.) reported that
Orbitolina leniicularis Blumenbach. 1805 was designated as type species by Doilfus (1905). They regarded
this designation as invalid because a species named.
lenticularis was "not among the species originally
included under the generic name by d'Orbigny." In fact
d'Orbigny (1850:143) cited Orbitolites
leniiculaia
Lamarck, 1816, which is synonymous with Madreporites lenncularis Blumenbach, 1805.
The reference "Dollfus, 1905" of Ellis and Messina
relates to a review by that author on a paper published
by Prever (in Prever and Silvestri, 1905). In this review
Dollfus (1905:232) pointed out: "II [= Preverj considere que le Genre Dictyocornis [he means Dictyoconus] Blackenhom, fonde pour quelques especes d'Egypte, est bien rigoureusement synonyme [with Orbiio/i>ia]; tl le compare aux Genres voisins et commence par
elablir que le type du G. Orbiiolina est O. lenticularis •
Blum. sp. (Madreporites) 1796, espece de la Pene du ;
Rhone."'However, the second half of this statement
made by Dollfus is wrong; Prever has never designated O. lenticularis as type species of Orbitolina. On the
contrary, O. lenticularis belongs to the species which •
were eliminated by this latter author (1905:469; ""i!
lavoro di revisione compiuto, mi ha obbtigato a
distruggere parecchie delle specie gia istituiie ed anche .
di quelle or nominate, ed in cambio a crearne delle .
nuove").
(iii) Cushman (1928:182) designated Orbitolina giganlea d'Orbigny as type species of Orbiiolina. Subsequently Douville (1933:199) demonstrated that this
species is a coral belonging to the genus Cyclolites
Lamarck.
(iv) Davies (1939:786) pointed out that "O. concava
seems to be the form best indicated in the "Prodrome*
itself. It is also the best for studying the genus, being
usually better preserved as well as much larger than O.
lenticularis. It should obviously, in my opinion, be
_taken as the type of Orbiiolina."

:
.
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' The type species of the genus Orbitolina D"Orbigny

Davies (op. cit.) therefore selected O. concava as
type species. By dong so h e hoped t o alleviate the
t a x o n o m i c problems caused by C u s h m a n ' s designation
of the coral O. gigantea (~ Cycloliies) as type species.
In fact Cushman in the 1950 edition of his text, n a m e d
O. concava as the type species. A n u m b e r of o t h e r
workers have also agreed with Davies's opinion t h a t Oconcava should b e r e g a r d e d as t h e type species of
Orbitolina. These include Henson (1948) and Sahni a n d
Sasiri (1957).
(v) T h a l m a n n (1950:509) p r o p o s e d Orbitolina
lexana
( R o e m e r . 1849) ( = Orbitulites texanus R o e m e r , 1849)
as a substitute type species in place of
Orbitolina
concava. However, since this species is n o t a m o n g
those originally included under t h e generic n a m e by
d ' O r b i g n y , it can be irnmediately excluded from
consideration as a type species ( I C Z N Article 69a),
(vi) Douglass (1960a:28) and D o u g l a s s , Leoblich a n d
T a p p a n (1964:C309) considered Orbitolina
lenticularis
to b e the type species of the genus. Douglass (op. cit.)
is of the opinion that "only one species is referred t o the
genus in this, the original description. T h e g e n u s as
described is therefore monotypic, even t h o u g h five
o t h e r species are referred to it in later sections of the
v o l u m e . " A s demonstrated a b o v e , the stratigraphic
n a t u r e of the " P r o d r o m e " implies that the first ment i o n e d species under a genus is n o t necessarily t h e t y p e .
F o r this reason, the arguments of Douglass a n d
Douglass etal. (op. cii.). which w e r e also followed by
H o f k e r (1963:220; 1966b;9), are invalid (see also
S c h r o e d e r . 1963:351).

CONCLUSIONS AND R E C O M M E N D A T I O N S
It is clear that despite the a r g u m e n t s of Douglass
(1960a). Hofker (1963) and D o u g l a s s . Leoblich a n d
T a p p a n (1964), no original designation of a type species
of Orbiiolina was m a d e by d'Orbigny (1850), n o r was
t h e g e n u s monotypic in t h e original description. H e n c e ,
Madreporiies lemicularis ( = Orbitolina lenticularis) is
not automatically the type species.
T h e first designation of a type species is t h a t of
C u s h m a n (1928), who nominated Orbiiolina
gigantea
d ' O r b i g n y , 1850. According t o Douville (1933) this
taxon is a species of the coral genus Cyclolites. In strict
observance of the International C o d e of Zoological
N o m e n c l a t u r e , OrbifoUna
d ' O r b i g n y , 1850 is a
synonvm of Cyclolites Lamarck, 1801 (see Wells,
1956:F386).
If o n e accepts this situation, (hen the n u m e r o u s
species regarded as belonging t o Orbitolina would have
to be assigned to a new genus. T h e r e f o r e we recomm e n d the suppression of Orbitolina gigantea as type
species and the recognition of Orbitolina concava as
replacement type species of Orbitolina,
as originally
suggested by Davies (1939). This will negate the need
for a major revision of orbitolinid taxonomy a n d allow

the genus Palorbitolina t o remain valid. In this context
an official application has b e e n m a d e to t h e International Commission on Zoological N o m e n c l a t u r e t o
i m p l e m e n t the a b o v e r e c o m m e n d a t i o n s ( C a s e 2663,
Schroeder and S i m m o n s , 1988).
It is worth noting that Orbiiolina
concava
(=
Orbulites concava L a m a r c k , 1816) is not the same
t a x o n a s Orbitoliles
concava
L a m a r c k , 1801. A s
d e m o n s t r a t e d by P a r k e r and J o n e s (1860) a n d Schroede r (1962), the e a r h e r n a m e d species (in fact a bryozoan)
c a n n o t b e considered a s the type of Orbitolina
concava.
H e n c e it is Orbitolina concava (Lamarck. 1816) that
should be r e g a r d e d as the valid type species of the
genus
Orbitolina.
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Abstract. The purpose of this apphcation is the confirmation of the nominal species
Orbuliies concava Lamarck, 1816 as type species of Orbitolina d'Orbigny, 1850. The
first type species designated is now known to be a coral, but the designation supported
here maintains the Tethyan, Cretaceous foraminiferal genus OrhitoUna in its
estabfished meaning.
1. Orhitolina is first mentioned on p. 143 of volume 2 of d'Orbigny's Prodrome de
Paleoniologie... .Thereisno mention of (3rfti7o/ina in either volume l o r 3 of this book.
In total, six species are listed under the genus, in stratigraphic order. He hsted them as
follows: (i) (p. 143) lenticulala d'Orbigny, 1847; (ii) (p. 184) plana d'Archiac, 1837;
(iii) (p. 184) mamiUaia d'Archlac, 1837; (iv) (p. 185) concava Lamarck, 1816; (v) (p. 279)
giganiea d'Orbigny, 1847 and (vi) (p. 280) radiata d'Orbigny 1847. D'Orbigny does not
indicate any particular species to be the type. It must be noted here that in the text of the
Prodrome the date 1847 refers to the date of the manuscript, which was actually
pubhshedinl850.
2. All six species recorded by d'Orbigny (1850) under OrbiioUna have equal claim as
type species. According to Article 69a of the Code, the first pubhshed designation of a
type species subsequent to the original publication of the genus should be regarded as
the only valid one. There are several subsequent quotations which could be regarded as
designations of a type species for OrbiloUna, and these are discussed in paragraphs 3-8
below.
3. According to Parker & Jones (1860, p. 35) 'the conical, hemispherical and flattened forms of OrhitoUna so common in the Cretaceous deposits, and known under
twelve or more different names, are referable to one specific type, namely the O.
concava, Lamarck, sp. and to this type not only these large...'. However, neither this
quotation, nor any that follow it in the text, are vaUd as a type designation, as these
authors were not using'type' in the sense of'type species of a genus', but rather as an
indication of the 'typical form of a species'. Indeed on p. 38 we read 'we regard it
[O. concava} as the type of a species including numerous varietys'. In their recent
monograph of foraminifera genera, Loeblich & Tappan (1988, p. 166) cited this
reference by Parker & Jones as a valid designation of a type species, and thus regarded
Orbulites concava Lamarck, 1816 (p. 197) as the correct type species of Orbitolina. As
noted above, we cannot agree with their opinion that the Parker & Jones reference is a
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vaUd designation, although for different reasons, as will be shown, we suggest that
O. concava be recognised as the type species.
4. Ellis & Messina (1940 et seq.) reported that Orbitolina lenticularis (Blumenbach,
1805) was designated as type species by Dollfus {1905, p. 232). They regarded this
designation as invalid because a species named lenticularis was 'not among the species
originally included under the generic name by d'Orbigny'. In fact d'Orbigny (1850,
p. 143) mentioned Orhitolites tenticulata Lamarck, 1816, which Schroeder (1963) noted
is synonymous with Madreporiies leniicularis Blumenbach, 1805. The Dollfus reference
relates to a review by that author of a paper published by Prever {in Prever & Silvestri,
1905). In this reviewDoilfuspointed out:'II [Prever]considere quele Genre D/c^'ocornu
[he means Diclyoconus] Blanckenhorn, fonde pour quelques especes d'Egypte, est
bien rigoureusemenl synonyme [with Orbilolina]; it le compare aux Genres voisins et
commence par etabiir que le type du G. Orbilolina est O. lenticularis Blum. sp.
(Madreporiies) 1796, espece de la Perte du Rhone'. However, the second half of this
statement made by Dollfus is wrong; Prever never designated O. lenticularis as type
species of Orbilolina. On the contrary, O. lenticularis belongs to the species which
were eliminated by this latter author {1905, p. 469): 'II lavoro di revisione compiuto, mi
ha obbligalo a dislruggere parecchie delle specie gia istiliute ed anche di quelle or
nominate, ed in cambio a creame delle nuove' [As a result of this revision, I have been
obhged to destroy quite a lot ofspecies already established and also quite a lot of those
just mentioned and to create new ones instead]. It is clear that neither Dollfus nor
Prever designated a type species.
5. Cushman (1928, p. 182) designated OrftiW/Z/idgigUMfefld'Orbigny as type species
ot Orbitotina. Subsequently Douville {1933, p. 199) demonstrated that this species is a
coral belonging to the genus Cvc/o//(e.< Lamarck, 1801.
6. Davies {1939, p. 786) pointed out that 'O. concava seems to be the form best
indicated in the Prodrome itself. It is also the best for studying the genus, being usually
better preserved as well as much larger than O. lenlicularis. It should obviously, in my
opinion, be taken as the type of OrhiioUnd'. Davies therefore selected O. concava as
type species. By doing so he hoped to alleviate the taxonomic problems caused by
Cushman's designation of the coral O. giganiea [ = Cyclolites] as type species, and in
fact Cushman in the 1950 edition of his text named 0. concava as the typye species. A
number of other workers have also agreed with Davies' opinion that O. concava should
be regarded as the type species of Orbilolina. These include Henson (1948) and Sahni &
Sastri (1957), and wc also suggest that this designation be accepted.
7. Thalmann {1950, p. 509) proposed 'Orbilolina lexana Roemer, 1849' [Orbiiulites
texanus Roemer, 1849] as a substitute type species in place of Orbitolina concava.
However, this species is not among those originally included under the generic name by
d'Orbigny.
8. Douglass {1960a, p. 28) and Douglass, Loeblich & Tappan (1964, p. C309) considered Orbitolina lenlicularis to be the type Species of the genus. Douglass [op. cit.] is of
the opinion that 'only one species is referred to the genus in this, the original description. The genus as described is therefore monotypic, even though five other species are
referred to it in later sections of the volume'. However, as pointed out in para. 1 above,
six species were included in d'Orbigny (1850), and so the arguments of Douglass
(1960a,b) and of Douglass et al. [op. cit.], which were also followed by Hofker (1963,
p. 220; 1966a, p. 204; 1966b, p. 9), are invalid (see also Schroeder, 1963, p. 351).
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9. Madreporites lenticularis Blumenbach, 1805 (Heft 8 [80]) { = OrbUolina lenttculata) is the type species by monotypy of Palorbitolina Schroeder, 1963 (p. 348). This
genus was shown by Schroeder (1964a,b; 1975) to be morphologically and phylogenetically distinct from Orhiiolina.
10. A s there was no type by original designation, nor was the genus monotypic in the
original description, Cushman's 1928 designation of Orbitolina giganlea d'Orbigny
makes (9rMo//nad'Orbigny, 1850 a junior objective synonym of the coral genus Cvc/o/i7e5 Lamarck, 1801 (see Wells, 1956. p. F 3 S 6 ) . I f o n e were to accept this situation, the
numerous species regarded as belonging to Orbitolina would have t o be assigned to a
new genus. Therefore we request the suppression of Orbitolina giganlea as type species
of Orbilo/ina and the recognition of Orhiiolina concava as type species, as originally
suggested by Davies (1939). This solution negates the need for a major revision of
orbitolinid taxonomy, and allows the genus PalorbiioHna Schroeder, 1963 to remain
valid, with Madreporites lenticularis as its type species by monotypy. Palorhiiolina and
Orbitolina are often abundant in Early and Middle Cretaceous platform carbonates of
the Tethyan realm a n d recognition of their constituent species is extremely valuable in
biostratigraphic studies of such sediments. As biozonation schemes can be developed
using these taxa (e.g. Schroeder, 1975), it is important that t h e i r n a m e s be conserved in
their accustomed usage.
11. Parker & Jones (1860) and Schroeder (1962) pointed out that OrbitoUna concava
[^Orhuliies
concava Lamarck, 1816] is not the same taxon as Orbitotites concava
Lamarck, 1801; the earlier named species is now referred to the bryozoan genus
Lunulites,
12. The International Commission on Zoological Nomenclature is accordingly
asked:
(!) to use its plenary powers to set aside all designations of type species for the
nominal genus Orhitolina d'Orbigny, 1850 prior to that of Orbulites concava,
Lamarck, 1816by Davies(1939);
(2) to place on the Official List of Generic N a m e s in Zoology the following names:
(i) Orbitolina d'Orbigny, 1850 (gender: feminine), type species by designation
by Davies (1939) OrWii^jconcflva Lamarck, 1816;
(ii) Palorbitolina Schroeder, j 963 (gender: feminine), type species by monotypy
Madreporites lenticularis Blumenbach, 1805;
(3) to place on the Official List of Specific N a m e s in Zoology the following names:
(i) concava Lamarck, 1816, as published in the binomen Orbuliles concava
(specific n a m e of the type species of Orbitolina d'Orbigny, 1850);
(ii) lenticularis Blumenbach, 1805, as published in the binomen Madreporiies
lenticularis (specific n a m e of the type species of Palorbitolina Schroeder,
1963).
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