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HZD- TO LATE CBETACEOUS 

MICROBIOSTHATIGRAHT, PALAEO-ECOLOGY AHD 

PALAEOGEOGRAPHY OF THE SERGIPE BASIN, 

NORTHEASTERN BRAZIL 

by 

Eduardo A p o s t ó l o s Hachado Koutsoukos 

The palaeo-ecology and b i o s t r a t i g r a j d i y o f f o r a m i n i f e r a l , r a d i o l a r i a n 
and d ia tom assesii^lages have been s t u d i e d t h r o u ^ the i^iper A p t i a n t o 
M a a s t r i c h t i a n sedimentary success icx i o f the Serg ipe B a s i n , 
no r theas t e rn B r a z i l , The sys temat ic taxonomy o f the microfauna s t u d i e d 
i s documented and c o n p l e t e l y r e v i s e d . Pa laeo-env i ronmenta l models , 
n o s t l y d e r i v e d from m i c r o p a l a e o n t o l o g i c a l and s e d i m e n t o l o g i c a l 
c r i t e r i a , a re proposed for the d i s t r i b u t i o n o f the f o r a m i n i f e r a l 
morphogroups. The palaeogeographic r e c o n s t r u c t i c n o f the s t ud i ed a r e a , 
frcsn the upper A p t i a n t o M a a s t r i c h t i a n , i s p resen ted . A r e f i n e d 
raicrobiostratigraphic z o n a t i o n scheme, based on a l i s e c t i c n s s t u d i e d , 
i s proposed and p r i m a r i l y de f ined f o r r e g i o n a l a p p l i c a t i c i . Ihe 
c o n p o s i t i o n and d i s t r i b u t i o n pa t t e rn s o f the f o r a m i n i f e r a l assanblages 
( d i v e r s i t y and abundance of norphogrOLÇJs) a re shown to be a d i r e c t 
respcxise t o o v e r a l l pa laeoceanographic c o n d i t i c n s and t o conmunity 
s t r a t e g i e s o f e x p l o i t a t i o n of the t r o p h i c resources i n the 
m i c r o h a b i t a t s . The f o r a m i n i f e r a r ecovered - from the o l d e s t , l a t e 
i ^ t i a n , marine sediments r e v e a l a c h a r a c t e r i s t i c Tethyan a f f i n i t y and 
suggest t h a t t h i s area had a t l e a s t min imal sur face water exchange 
w i t h low l a t i t u d e c e n t r a l Nor th fttlantic-western Tethyan b i c p r o v i n c e s , 
even p o s s i b l y a t in te rmedia te ( e p i - t o mesopelagic) water dep ths . A 
sha l low C a l c i t e Conpensa t icn D ^ t h w i t h i n Upper mesopelagic depths (c . 
3Q0~500m) i s i n f e r r e d for the Upper A p t i a n - A l b i a n . Twelve 
f o r a m i n i f e r a l palaeocoi tnoini t ies can be r ecogn i sed i n the s u c c e s s i o n . 
These are c h a r a c t e r i s e d by the r e l a t i v e dorainance o f the major 
f o r a m i n i f e r a l groups and r e l a t e d to v a r i a t i o n s i n t r o p h i c s t r u c t u r e s . 
I h e i r p a l a e o - e n v i r o n n e n t a l d i s t r i b u t i c n i s proposed as a model w i t h 
référence t o the Se rg ipe Cretaceous séquence. R a d i o l a r i a n s and diatoms 
are documented for the f i r s t time from the mid-Cretaceous succes s ion 
of the S e r g i p e B a s i n . P r e v a i l i n g palaeoceanograj*i ic c o n d i t i c n s a re 
i n f e r r e d f o r the épisodes of s i l i c e o u s r a d i o l a r i a n and diatcsn 
b i c B t i i n e r a l i z a t i o n / p r e s e r v a t i c n . The s tudy i n d i c a t e s tha t i n t e r m i t t e n t 
h y p o x i c / a n o x i c events occur red i n the b a s i n , most l i k e l y a s s o c i a t e d 
w i t h the I n t e r p l a y o f va r i ous p r o c e s s e s . Three nexima i n oxygen 
depletiíMi (dysae rob ic -anae rob ic c o n d i t i c n s ) are recorded i n the 
success ion : I s t ) i n the iipper Äptian-lowernost A l b i a n ; 2nd) i n the 
lower Cenomanian; 3rd) i n the uppermost Cenomanian-lowermost T u r o n i a n . 
Waning low-oxygen c o n d i t i o i s ( d y s ^ r o b i c t o aérobic) are apparent i n 
the middle-içjper A l b i a n and midd le -u fper Tu ron i an to C c n i a c i a n . 
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During the l a s t two decades a number of palaeontolDgical studies have 

been ca r r i ed out a b n g the Braz i l i an con tmen ta l margin, e ^ e d a U y foIlDwiiìg 

the s t a r t of actìve offshcre cdl expiloration by Petróileo Brastleiro S .A. 

(PETROBRAS), the Braz i l ian state cài company, i n 1968. The understanding of 

the bics t ra t igraE*i ical and palaeobdogeographical c h a r a c t e r i s t k s of i t s 

Cretaceous stratigcaE*uc sequence i s c£ focemost signif icance Eoe studies 

re la t ing to tìie ea r ly geolDgical histcary and subsequent palaeoceanograj^iic 

evoluticMi o f the nor them South A t l a n t i c Ocean. 

The present research was d i r ec t ed towards raicrc^àostratigraphical, 

pa l aeo -eco log ica l and palaeohdogeographical studies of the marine 

Cretaceous succession of the Sergipe Basin, a passive marginai basin i n 

nc t theas tem B r a z i l 1.1, 1.2). A marpr pa r t of the research was also 

concemed wi th the systematdc taxonomy of the fcxraminiEeral, radio lar ian 

and diatom species. Por the basin, the avai la td l i ty of w e l l sections (cores 

and di tch-cut t ings) and estensive outxrop samples, wifch ref ined 

biostrabigrapto: con t ro l (e.g., the mid-Cretaceous ammonite z tx ia l schemes 

for the basin of Beurien, 1967a,b, 1970; SchaEer , 1970; and Bengtso i , 1983), 

affords an almost corapletie marine Cretaceous sedimentary record ^)anning 

the l a t e Aptdan to Maas t r id i t i an (Fig. 1.3). 

Par t oE the investìgatim has been c a r r i ed out an the Cretaceous 

outcrops, where severa l loca l i t i e s were s tudied. A mcgor par t of the 

research was subsequently concerned wi th wéH-sections dr i l l ed OT^ore and 

offshcre i n the basin. 

1.1 - SCOPE OP THE RESEARCH 

The principal aims of the research were as fcQlow: 

1) Ihvestigation and systematic taxonomy of the p l a n k t m i c and 

benthcaiic fcxaminifera, radicOarians and diatoms with a quant i ta t ive 

evaluat ion of the re la t ive abundances o f the microfauna, curat ing of a type 

ccQlectdon and the scanning e lec t ron EAiotomicrograEAiic record of the 

^ c i e s . 
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2) To estabiish a ref ined micrctoLOstratigraphical fcamework, based mairiLy 

on foramini fera l asserablages, whix:h can be applied t o the studied sections 

enhancing cross-bas in sbrat igraphical cor re la t ion . 

3) To del ineate the general dis t r ibut ion pa t t ems of fcararainiferal 

morphogroups and palaeocom munities and tfie main envirOTimental and 

5*iysicQogical cont roUing fccces behind tìiera. Eraphasis has been pilaced upon 

the determination of tbe palaeo-envircmmental evolutìon and the 

identificatiCHi c£ speciaUsed micxofaunal pa t t ems i n mid-Cretaceous o rgan ic -

r i c h sediments tìiat are associated with hypoxic/anojdc events. 

4) To provide a se t of regional data tha t aLow the reconstruct ion of 

the' palaeogeographical and palaeoceanographical h is tory of the tiasin from 

tìie l a t e Aptìan t o MaastrLchtian, with emphasìs cai the foDowing : 

.to iden t i fy palaeoceanographical events of reg iona l and/oc w o r l d -

wide scale. 

.to agysR the impcM±ance and magnitude of unconfcarmities, palaeo-

environmental disoontinuitìfiS, facies changes, and s t ruc tu ra l controls of 

pre-oceanic tec tonism; 

.to recons t ruc t the basin palaeobathymetric and palaeogeographic 

evcOution and evaluat^ the dis tr ibut ion t r end-pa t t ems oE deposits with 

reservoir -bear ing potentLal on the cxishore area and on the cont inenta l 

mar g in . 

- 3 -
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1.2 - EXPERIMENTAI. AND ANALYTICAL PROCEDURES 

Part oE this research has been car r ied out cn Qàld sampling tìie 

Cretaceous marine sediments o£ the Setgipe Basàn. There, fo r ty -e igh t 

outcroping loca l i t i e s were sampled, comprising 127 sampOes representatìve of 

a l i the maj^Jed chrono-lithostratdgraE^Tical umts i n the basin. These samples 

were subsequently processed ^long w i l h borehcde mater ia l (ditch-cutt ings 

and cores) from se lec ted onshore and c ± ^ o r e wéU sec±ions. A 

compQementary sampling programme was car r ied out i n November, 1987, 

from the sample c o l l e c t i x i o f Cenomanian-early C c n i a d a n ammonite-dated 

localitìfis firom Sergipe a t the "Paleontologiska Inst i tut ionen' of Uppsala 

Univers i ty , Sweden. 

A H the samples from outccops and weH sectdcffis were submitted to 

micropalaeontdlogical analyses (taxonomy and a quant i ta t ive evaluat ion of 

the re la t ive abundances of the microfauna). A n estensive type coDect ion 

was cura ted for a U the biochronostrat igraphical units. The speoes and 

the i r var iants were careful ly selected to be photomiarographìcally recorded 

using the JEOL pSM - T20) Scanning EOectron Microscope i n the E lec t ron 

Miccoscopy Unit of Polytechnic South West. A t o t a l of 2550 

jhotomicrograEhs have been taken. The f igured specimens w i U be registered 

and depcsi ted i n the micropalaeontological co l lec t ions of the PETROBRAS' 

Research Centre (CENPES), i n R i o de Janeiro , B r a z i l . 

1 . 2 . 1 - F i e l d Work 

The select ion of the surface locaüties to be sampQed was undertaken as 

fcQlows. The geo log ica l guide 'Roteiro Geològico da B a d a Sergipe-Alagoas ' 

of SchaUer e t ^ (1980, 'Rotei ro 1: Sergipe', PETROBRAS' a l t e rna i Reportj , 

wi th 13 plot ted sect ions, gave a reascmable i n i t i a l coverage t o weH-known 

loca l i t i e s of the Riachuelo and Cotinguiba Formations; the wocks of G. 

Beurlen (1967a, 1968) were partía i l a r ly helpful i n the loca t ion of the Albian 

s t ra ta (Riachuelo Formation). The ammonite-based b ios t ra t igraphica l map and 

l o c a l i t y descriptàons provided i n the work of Bengtson (1983) was a further 

leading r e f s e n c e to the outcrops oE the Cotinguiba Fcrmat ion (Cenomanian 



to l ower Ccn iadan) . FinaUy, t i ie f i e l d expérience and assist3nce of 

geologists F*J. Ferjb and A - J . Rich te r , i n the pLanning and locat iOT c£ most 

of the iDcàlities, was essential fcc the success of the Hetd work. 

I h e t y p i c a l t r o p i c a l d i m a t e (humid and hot) o f Sergipe ac t s as a 

s t imulant to the rapid weathering processes, which contr ibuted to the 

des t ruct ion of severa l cûd, wéE-known, l o c a l i t i e s (e.g., outcrops of the 

Calumbi Memlier, Piacabucu F o c m a t i m , near Aracarji). However, the modem 

quarr ies o f limestcxie beds (Riachuélo and Cotinguiba Formations) presented 

good opportunit ies of sampling v i r t u a l l y unweathered secticxis. In badly 

weathered l o c a l i t i e s a t h r o u ^ o u t c leaning of the surface was ca r r i ed out 

i n ccder to r e a d i the less ox id ized and deca lc i f ied levels . Usual ly around 

0.5kg of sédiment was taken f a : each sample. A t r i e f l i t h o l o g i c a l and 

s t ra t ig ra j^ i i ca l descriptiDn, f^iotograj^iic record and p lo t t ing on topographie 

maps CPETROBRAS' u r p u b l i ^ e d topographica l map^ "Bacia de Serg ipe-

Alagoas", 1:25000, produced by Services Aarofotogramètricos Cruze i ro do S u l 

S J i . , 1964) were rout inely undertaken f a : a U sampled loca l i t i e s . 

Œhe loca t ion of sampled l o c a l i t i e s can be found i n F i g . 1.2. Complète 

l o c a l i t y descript ions {UTM coordinates, l o c a l références and l i thology) ^ e 

refer red t o i n Appendix 1. There are also addi t iona l t r i e f descript ions of 

the l o c a l i t y da ta from the complementary outcrop saraples (not p lo t ted i n 

F i g . 1.2) and studLed w e l l sectôais. 

1 . 2 . 2 - Scunple P r é p a r a t i o n 

The studifid microfosaf] asse mblages were coUected as a resui t of 

c o n v e n t i a i a l p repa ra t i a i of samples for foramini fera l analysis. Laboratory 

sample préparation was raostly ca r r i ed out i n the 'Setor de Bioestratdgrafia 

e Paleoecologia ' o f the PETROBRAS Research Centre (CENPES), i n Rio de 

Jane i ro . A U the indurated sampiLes were crushed p r i a : to parocessing. 

Représentative cuts of 60g (ditch-cuttings) and 120g of sédiment (cores and 

cxitcrops) were taken from each sample and then immersed i n a solut ion of 

concentra ted hydrogen peroxide (120 v /V) , and a l lowed to s i t for about 6-8 

hours i n a fume cuptoard u n t i l fcceakdown. The disaggregated sédiment was 



then washed through one fine-mesh sieves of 6 3 ^ to e l iminate the c l ay , 

ïtie residues were a l lowed to dry fca: 24 hours a t 60° C and were, 

subsequently, d ry - s i eved wi th tiiree screens c f 125^m, 2 5 0 ^ and 500^m 

mesh. A l l the s i z e fractirms were examined and the microfcssils 

(fcraminifera, ostracods, radidlarians, micromolluscs), and any other 

sigit if icant fos s i l debris, were p icked out on a gridded t r ay and co l l ec ted 

into cne-hole s l ides , u n t i l a minimum representat ive count of ^)proximateILy 

300 ^ c i m e n s was r ead i ed . The samples r i c h i n microfossils were usually 

divided i n to t w o or more equivalent parts prior to p i ck ing . I t i s s t rongly 

emphasized the use of this smal l -s ize 63^m mesh, which increases ^ jec imen 

recovery and y ie lds a more representat ive and pa laeo-eco log ica l ly 

s ignif icant pflanktonic and benthonic fcaraminiferal assemblage (Leckie, 1987; 

Schroder e t 1987). Ih i s i s pa r t i cu la r ly important when an ontogenetic 

analysis i s undertaken prummer e t 1986) - see Chaptçr 6. About 30 

samples from the compdementary sampled l o c a l i t i e s were processed a t the 

labora tc t ies of the Department of Geo log ica l Sciences of Polytechnic South 

West, i n a s tandard manner as fo l lows. Samples were broken down in to 

smal l -pieces using a mortar and pest le . Crushed samptles were then dr ied 

and soaked i n *White Spi r i t ' overnight. Excess solvent was decanted o f f and 

baUing- water added (Ih) u n t i l breakdown. Normal wa^ung procedures and 

packing fo l lowed (as above). 

Some of the processed sampOes Sur face , d i tch-cut t ings and cores) d id not 

succeed i n y ie ld ing microfossils, because they were e i ther too highly 

indurated or t o non^i reservat ion . In the case of the cxitcrop sections th is 

i s mostly due t o the exfremely weathered condi t ion of some loca l i t i e s , from 

where a l l the microfossils have been probably d i^cdved . 

1 . 2 . 3 - S c a n n i n g B l e c t r o n M i c r o s c o p y 

A l l the se lec ted specimens to be E*iotograj*iically recorded were mounted 

on standard copper stubs with doutfle-sided tape, shadowcasted with 

^ p r o x i m a t e l y 13A° ' o f gold , and observed on a JEOL trSH-T20) Scanning 

Electron Microscope, operated a t 20Kv. Elemental analysis of t es t 

composi t iMi were car r ied out under a JEOL pSM-35C) S X . M . with a Link 

System X - R a y Spectrometer {860B Series), cperated a t 25Kv. 
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1 .2 -4 - H i c r o b i o s t r a t i g r a p h y 

The integrat ion o f the ammonite hiostratigrafÄiical framework (Beunlen, 

1967a,b, 1968, 1970; Schauer , 1970; Bengtsc«, 1983} wi th the microfossa 

aasemtilages, fc r the upper Apt ian to lower Ccniac ian outcrop succession, 

made pcesible the proposai o f a prel iminary composite microbiozonal 

scheme. This was subsequently af^üied to the dr iUed sections, improving the 

f i n a l proposed raicrobiostratigrc^Jhical zonation (Chapter 4). 

I h e microfossa biozonatdons (fcr the p lanktonic and bentìicnic 

fccaminifera l assemblages) proposed here are p r imar i ly defined f c r regional 

appl icat ion. However, there are close analogies between the proposed 

foraminifara l z a i a l schemes and others established fcs: c o e v a l s t ra ta 

elsewhere. I h i s makes i t poesiMe to ag^-sFi the i r s ignif icance on a larger 

scale as w e i l to al low c o r r e l a t i c i wi th , and ident i f ica t ion of, worldwide 

palaeoceanographical events . 

1 . 2 . 5 - P o r a m i n i f e r a l P a l a e o - e c o l o g y 

The pa laeo-ecologica l stucty demonstrates an int imate relat ionship anongst 

the distributdon of fo ramin i fe ra l palaeocoramunities, community t rophic 

structures, palaeobathymetric niches (water-depth, inferred micrc^abi ta t and 

sulEtra te type and statdlity) and pelagic conditìons, depth-rela ted i n part , 

such as temperature, sa l in i ty , oxygen concentratdons, calcium carbonate 

avai labUity (Chapter 5). 

Palaeobathymetric terms and genera l depth values may be summarised as 

foUows ^ e F i g . 1.4) : 

Para l ic : hyper-/hyposaline marginai environments (lagocsTs, bays, t i d a l f lats , 

esbiaries , marshes and mangroyes); c 0-lOra 

Inner ^haUow) ne r i t i c (shelf): e 0-30/50m 

Middle ner i t ic : c 30/50-lOOm 

Outer (deep) ner i t i c : c 100-200m 

l}gg&: bathyàl ^ p e ) : c 200-500m 

Middle bathyali c. 500-lOOOm 

Lower bathyaL e 1000-2000m 

Abyssal (Oceanie deeps): >2000m 
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1.3 - PREVIODS BIOSTRATIGRAPHIC STUDIES (pOSt-1960) 

Severa l s tudies have deal t with the palaeontology and hiostrat igraphy of 

the marine Cretaceous succeœïDn of Sorgipe. The fo l lowing review gives a 

summary account of the more recen t )ïxist-1960) contributions. The 

CretacecHos fo ramin i fe ra l aœemhlages repeated i n the l i t e ra ture are l i s t e d 

and br ie f ly discussed i n Appendix 2. 

The f i r s t a t tempt a t an ammonite zcnat ion was presented by K . Beurien 

(1961) foe the upper Aptian-Altaian sediments, while P e t r i (1962) proposed a 

foramin i fe ra l zcffiation for the Al tdan-Maast r icht ian succession. The l a t t e r 

authOT also at tempted to correla te the microbdostratágrapáiical scheme wi th 

the macrofosFril zonat ion tha t was based, i n part , cn Maury (1937). and 

Beurlen's (1961) work. Ostracods were reported by Krommelbein (1964, 1966, 

1975) from the mid-Cretaceous sequence. MuHer (1966) proposed a 

palyncdogical zonat ion for the Cretaceous of northeastern B r a z i l , wi th one 

palynozone defined for the Cotinguiba Formatdon. G. Beurien (1967a, b, 

1968, 1970) proposed ammonite ages for the upper Apt ian to lower 

Coniacian succession, complementing K. Beurlente (1961) A p t i a n - A l b i a n 

zonat ion. Viana (1969) presented the f txamin i fe ra l zonation used by 

PetrcAràs for the Cretaceous of the Sergipe. SchaHerte (1970) work, on the 

s t r a t ig raph ica l rev is ion of the Sergipe-Alagoas Basin, described the zona l 

schemes e s t a b l i ^ e d by Petrolxas* bdostratigrapAïers for the m i d - t o Upper 

Cretaceous, based on ammonites, fc ramini fera , ostracods and palynomorphs. 

A z tx ia l scheme based on calcareous nannofosssils was la te r developed by 

Petrotràs f c r the Braz i l i an marginal basins, and presented i n Troelsen & 

Quadros (1971) and Quadros & Gomide (1973). G. Beurien (1972) presented 

pa l ae -eco log ica l studies of the fc ramin i fe ra l microfauna from the Caliirabi 

Member, Piacabucu Formation {Campanian-Miocene), i n the area of the Sao 

Francisco l o w , mouth of the Sao Francisco River , between the s ta tes of 

Sergipe and Alagoas. Nogut i & Santos (1973) e rec ted a zcmatdon based upon 

Edanktonic foraminifera , recognising f ive hiozcnes f a : the Cretaceous. Rega l i 

e t aL (1974, 1975) subsequently estcdüshed a pa lyno log ica l zonation for the 

con t inen ta l margin. A t the same time Herngreen (1975), based on 

pa lyno log ica l studies of cored sections, recognised two pollen zones i n the 

Cenomanian-Turonian and l a t e Senonian of Sergipe-Alagoas . In an at tempt 

to recons t ruc t the early history of the South A t l a n t i c , Reyment & Ta i t 
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(1972) prcposed further ammonite ages for a i e mid-Cretaceous s u c c e s i o n . 

La te Cretaceous cstracod assemblages were described by NeufviUe (1979). 

Quadros (1981} presented a pa laeo -eco log ica l study of the i^iper Cretaceous 

from Ole B r e p Grande area , Sao Francisco low, based on S t a t i s t i c a l 

accounts of calcareous nannofossu populations. Bengtson & Berthou (1982) 

descr ibed, fciy means of microfacies studLes, the microfossils , echinoderms 

and a lga l ^>ecies firom the upper A lh ian to lower Ccn iac ian deposits, A 

maJDr i n v e s t i g a t i m was ca r r i ed ou t by Bengtscn (1983), who established a 

deta i led ammonite taLostratigraE^iical zcnat ion for the Cenomanian-lower 

ConiacLan succession. Fre i tas (1984) discussed the s t ra t igraphy and 

d i s b d b u t i m of the calcareous nannofossils i n the basJn. Kauffman & 

BengtsOTi (1985) disünguished three Turonian assemhüage z a i e s of 

inoceramids. Further hiostratigraE¿iic and pa laeo-eco log ica l studLes cxi the 

area c f the Sao Francisco Low were presentied by G. Beurien e t ^ (1986), 

far the Cretaceous marine succession. Lower Turcmian inoceramid bivalvas 

were l a t e r described by Hessel (1987) with a pa laeo-eco log ica l ancdysis of 

the regìcn. Mere recent ly Berthou & Bengtson (1988) repOTted studies on the 

Po ten t i a l e f microfacifis analysis for s t ra t igraphica l -correlation cf the 

Cenomanian-lower Ccniacian succession. 

13 -



C H A P T E R 2 

G E N E R A L G E O L O G I C A L S E T T I N 6 

- 14 -



2 .1 - GEOLOGY OF THE BRAZILIAM CONTINEHTAI. HASGIN 

The BrazÜian marginal basins (Fig. 2.1) are d i r ec t l y re la ted to tìie 

rupture of tìie Afidcan-South American plates and occur en a t y p i c a l 

divergent , r i f ted , Atìantic-type cont inenta l margin (Pai te & Asmus, 1978; 

Ojsda, 1982; Estrel la e t 1984) extending for almost aOOOkm._.In general , 

they can be l inked to a single evcOutdonary geologica l h i s b x y (Fig. 2.2) and 

subdivided into tìiree main tectono-sedimentary stages: p re - r i f t , r i f t and 

d r i f t . The d r i f t stage i s subdivided in to t w o dis t inct phases: a gul f p r o t o -

marine evapcci t ic phase, and a subséquent marine E*iase (Asmus, 1975, 

1981; Asmus & B a i s d i , 1983). 

The l a t e Juraœic-early Cretaceous p r e ^ i f t stage i s a s soda ted with 

s t re tching of the con t inen ta l c rus t and l i t h o ^ e r e . Block faul t ing , 

subsidence and loca l i sed mafie vcûcanism occurred , associated with thinning 

of the underlying crust and manüe (Bott, 1976). The sedimentary succession 

i s composed mairily of r e d beds of fine t o coarse süLcudastíc sédiments 

deposited under highly oxygenated condit ions i n f l u v i a l and del ta- lacus t r ine 

envirOTiments, associated w i th aecûian sédiments (Schaller, 1969; Medeiros e t 

a L , 1971; Mello, 1988). 

The ear ly Cretaceous rifting stage i s general ly associated with 

basement-involved block fau l t ing on a subsiding crust, and w i d e ^ r e a d mafie 

vcûcanism P o t t , 1976; Mc^iriak & Dewey, 1987). I t i s represented by the 

déposition of a th ick sedimentary success i i ^ coraprising süicLclastic, 

carbonate and ev^xañtic sédiments i n fresh to saline water lacust r ine 

envircaiments (Bertani & C a r e z z i , 1985; Mello, 1988). In some áreas, the 

sectám overl ies , and i s in te rca la ted wi th , bask i -vo lcan ic rocks. Af te r 

r i f t i ng , t ec tcn ic acüvity ^ p e a r s to have been res t r ic ted to subsidence and 

basinward tüting, with the development of gcavity sl iding features and 

loca l i sed réactivation of faul ts (Opda, 1982; Estre l la e t a L , 1984), 

The f i r s t marine incursicais in to the nor them coas t a l basins occurred 

during the Apt ian when the S3o Paulo Plateau-Walvis Rií3ge complex was 

bypaffied and saline waters flooded the c e n t r a l r i f t -g raben system from the 

south ^roto-marine jhase) - (Asmus, 1975). A narrow and elongated 

embayment was then fcarmed between South America and A f r i c a , extiending 

ncrthwards along the eastern marginal basins from Santos to Serg ipe-
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Alagoas ^ i g s 2 .1 , 2.2). Tectonic quiesœnce and isola t ion by topographical 

barriecs, together with warm and arid cUmat ic conditions, l ed t o low 

clast ic in f lux and res t r ic ted conditions ^ ^ c ç r i a t e Cor high evapcaration. 

This aUowed t i ie c y c l i c déposition of a th ick and widespread succession of 

e v ^ x m t L c sédiments Oîalite, anhydrite, dolomite , gypsum) intercaHated with 

carbonate and sûiciclastLC sédiments (Asmus, 1975; Opda , 1982). Two marjor 

res t r ic ted basins were then loca ted i n the Proto-South At l an t i c ; the B r a z i l -

Angcûa Basin i n the north and the Cape-Argent ine Basin i n the south, 

separated by the SSo Paulo Plateau-Walvis Ridge (Arthur & Natland, 1979; 

Reyment & Bengtson, 1986) - F i g . 2.3. 

As . a conséquence of increased sea f loor ^ r e a d i n g and progressive 

subsidence, the envirOTimental conditions became less res t r ic ted and near 

normal marine condit ions were es tabl id ied by l a t e Apt ian times ^ e 

Ch^ i t e r s 4, 8 and 9), initdating the marine phase i n the marginal basins. 

L o c a l basai t f l ows , progressive basin subsidence, seaward tUt ing and large 

adiastrophic growth-faul t ing structures marked the tectono-sedimentary 

ac t iv i ty c f the whcQe marine succession (EstréDa e t a L , 1984). 

The marine p*iase can be further character ised in to three d i s t i nc t 

deposi t ional sequences; 

(i) the l a t e A p t i a n - A l b i a n marine pilatfctm and slope sequence, mainly 

composed of f ine t o coarse carbonate sediments accumulated under the 

predominantly neritdc environments ctf a narrow epicont inenta l sea 

(Koutsoukos & Dias-Britio, 1987). As a resul t of the dynamic balance 

between subsidence and sedimentation en. the con t inen ta l margin, the 

northern area maintained an almost unifcrm p)alaeogeograpiiical se t t ing 

during tha t t ime. The marine carbonates and subordinate s i l i d c l a s t i c 

sediments of the pilatfcrra and slope ware depKJsited mainly under conditions 

of tectonic quiescence, with the development of growth faults probably 

produced by parogressive gravi ty sl iding of carbonate rock slabs as the 

basins t i l t e d seaward (Falkenhein, 1981; Opda , 1982). Geochemical and 

micropalaeontcilogical evidence suggest deposition of o rgan ic^dch marls and 

calcareous raudstones i n hypersaline s t r a t i f i e d water-masses) and 

intermit tent oxygen-depOeted bottom conditiOTS {MeHo, 1988; see also 

Chapter 5, sec t ion 5.5.1). 
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FTGUKE 2JZz Evcduticnary phases c£ the Braz i l i an cont inenta l margin (adapted 
after MeDo, 1988). 
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F E U R E 2.3: South At l an t i c palaeogeograEàùc reconstaictìon during the la te 
Apt ian-Alhian showing the Walvis Ridge-SSo Paulo Plateau separating the 
Brazi l -Angola Basin, to the Ncr th , firom the Argent ine-Cape Basin, to the 
South. 
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Öi) the Cenoraanian • to Palaeogene marine shelE-alope sedimentary 

^ i s t em, i s character ised by predominantly süiciclastic deposLtion i n 

progressively deepening basins, which iead u l t imate ly to ba thyaVahyssa l 

condltiDns i n the more Hti^ai áreas ^equence of coas ta l onlap; Beurlen, 

1982). W i d e ^ r e a d oxygen-depleted condit ions were estahlished Erom 

Cenomanian t o Santonian times, with Öie deposit ion of OTganic-<ich 

Sediments, such as calcareous mudstones or black äiales, i n most of the 

Brazf l ian marginal basins {e.g.. A r a i , 1988, Mello e t 1989, and 

references therein) . 

(üi) the Campanian-Maastr icht ian t o Holocene p r o g r a d a t i m a l sequence 

of tiie p a ^ v e margin, is generally character ised by proximal coarse 

s i l i c l c l a s t i c facLes and rti^t^^i p e l i t i c and t i . irbidit ic deposits. Geochemica l 

and micropalaeontcQogical evidence suggests t i i a t during the late Cretaceous 

normal marine conditiíxis wiüi warm t r o p i c a l and weU oxygenated waters 

preva i led i n the whcde water column (MeHo e t 1989). 

Mere r ecen t ly pubUáied reviews have concentrated an the geoLogical 

evo lu t i cn , s t ruc tu ra l geology and palaeogeography of the B r a z i l i a n 

Continental margin. These were discussed by Crpda (1982), Asmus & Baisch 

(1983), Chang & Kowsmann (1987), P e t r i (1987), Francolín & Sza tmar i (1987), 

Sza tmar i e t aL (1987), Zanotto & Sza tmar i (1987), V i v i e r s & Azevedo (1988) 

and Spadin i e t aL (1988), among others. 

2.2 - THE SERGIPE BASIM 

2 . 2 . 1 - H e s o z o i c - C e n o z o i c G e o l o g i c a l S e t t i n g 

ttie basin is tÜe southern part o f the Sergipe-Alagoas sedimentary 

compQex, a s t ructural ly-elongated marginal basin loca ted between the 

l a t i tudes 9° and l l ' S O ' S , and the longitudes 37° and SS'SO'W ff-ig. 1.1). I t 

has an area of ^)proximately 6000km^ onshore, extending to more Üian 

5000km offshore. Onshore, i t covers a narrow coas ta l strip, approximatély 

16 t o 50km wide and some 170km long , extending from near Indiaroba, a t 

the mouth of the R e a l River , up t o the Säo Francisco River , i n the north. 

In th is area, between the states of Sergipe and Alagoas, the basin i s a t its 
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maximum width of 50km. I t i s l imi ted , on the continent , by a boundary 

system of normal faul ts , const i tu t ing the topographic high ca l l ed 'Serra de 

Itabaiana', and offshore by the cont inenta l slope. South of the Itaporanga 

faul t , i n the southwestern area , i s the 'Es tanda Plat form' where o i l y a t±iin 

sedimentary record of mid-Cretaceous marine deposits i s found (Schaller, 

1970; Meister & Aur ich , 1972; Opda & Fugi ta , 1976; Bengtson, 1983; P e t r i , 

1987) - see Figs 2.4 and 2.5. 

The Sergipe Basin fcrms a half -graben with a reg iona l dip averaging 

10-15° to the southeast (Opda & Fugi ta , 1976), which i s the resul t of the 

cont inenta l dr i f t ing o f South American and Af r i can continents i n the La te 

Mesozoic. I t i s pa r t o f a group of MesozoLc-Cenozaic extensional 

basins formed along the western cont inenta l margin of the northern South 

A t l an t i c during that event and i s , therefore, c lassif ied as an A t l an t i c - t ype 

basin ftiassive margin; Dickinson, 1974; Wi l so i & Will iams, 1979; Asmus, 

1981). Its prcAtable counterpar t i n the Af r i can cont inent i s offishore Gabon 

(Femandes, 1966; Reyment & Tai t , 1972; Castro J r . , 1987). B : has a 

sedimentary thickness onshore which general ly var ies fi:om 1000 to 3000 

meters. 3h l o c a l areas offshore, the basin may conta in 9000m o f sediments, 

wi th a strat igraphie r eco rd c a n n i n g a t ime i n t e r v a l from the 

Carboniferousf?) to Recen t (Asmus & Pente, 1973; Ponte e t a L , 1980). This 

sequence i s thought to be one o f the most complete o f the northern South 

At l an t i c basins (cf. Bengtson, 1983), with v i r tua l ly a H the r i f t and post-^dft 

succession represented. 

The Sergipe Basin has been extensively dr i l led s ince 1963, when the 

f i r s t cdl f ie ld was discovered near Carmôpxuis. I t was also i n Sergipe, i n 

1968, where the f i r s t cdl f i e ld was found i n the B r a z i l i a n cont inenta l 

pilatform, the Guaricema field (Aurich e t a L , 1972). The stratigrajAiy, 

sedimentcOogy and geo log ica l history of the basin has been discussed i n 

more de t a i l i n the works o f Schal ler (1970), Ojsda S B i s d (1972), Reyment 

& Tai t (op. c i t . ) , Meister & Aur i ch (1972), Opda & Fugi ta (1976), Bandeira 

J r . (1978), Ferji (1980), SchaHer e t ^ (1980), Bengtson (1983) and Berthou 

& Bengtson (1988). The middle to Upper Cretaceous l i thos t ra t ig ra jhy and 

evolutionary phases of the Sergipe Basin are presented i n F i g . 1.3. 
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FTCORE 2-4: Geograçiiic distribution o f ]iüicstratigraphic units i n tiie Sergipe 
Basin (adapted after Asmus & Ponte, 1973, F i g . 6} 





2 . 2 . 2 - G e o h i s t o r y and L i t h o s t r a t i g r a p h y 

Ttìe Mesozcàc succesEdon of t i ie Sergipe Basìn is cOosely re la ted to the 

r i f t i ng and dr i f t ing f i iases and exe mp1i.fiRs the ear ly geo log ica l his tory of 

other nor t i i em Soutìi A t i an t i c marginai basins. The basement i s 

characterised by l o c a i s t ruc tu ra l highs, lows and intermediate areas, these 

iDeing evidence c£ the s t rong t e c t t m c acdLvity tha t has affected the basìn 

since i t s f o r m a t i m . Norma l faults, arranged i n p re fe ren t ia l trends along 

zones of weakness i n the Precamtr ian basement, give r ise to a system of 

horsts and grabens tìiat consti tute the more remarkahOe s t ruc tu ra l character 

of the basin - see F i g . 2.5. 

BasLcaHy, five majx tectOTO-sedimentary phases (adapted after O ^ a & 

Fugi ta , 1976; Pente & Asmus, 1976; Pìgueiredo, 1978; Pente e t 1980; 

Opda , 1982) can be d i s t l n g u i ^ e d (Fig. 1.3): intracastonic phase (Permo-

Carboniferous); p re -r i f t phase (late Jurassic (?)/ear1iest Cretaceous; Dom JoKo 

l o c a i stage); r ift phase (Neocomian to early(?) Aptìan; Rio da Serra , Ara tu , 

Burac ica , J iquid and lowermost Alagoas l o c a i stages); {robo-manne 

evapaàtìc phase (Apdan; Alagoas l o c a i stage), and; marìiie ^lase ^ t e 

Apt ian to Recent i . These c o r r e ^ x x i d to the genera l evolut ion of the 

Braz i l i an cont inent3l margin and have been Identi'fied, i n whcle or i n part , 

i n a U noirthem South A t l an t i c basins. 

2 . 2 . 2 . ( 1 ) - I n t r a c r a t o n l c Phase 

The in tacra tonic phase i s charac ter ized by contdnental lacustr ine 

depcsits that once covered a large area of the Gondwana Continent, from 

the northeastem B r a z i l i a n to the cen t r a i and western AfrLcan basins. During 

this phase the sediments of the Batinga Formation (C arboniferous?) ; 

s i l ts tcnes, paraconglomerates, OTtoconglomerates and coarse arenites), o f the 

Aracaré Facmation (Permian; ^ l a l e s interbeded wi th bands of fine sandstone, 

siltstOTie and ^xaradic l imestones, a l i associated wi th f l i n t bands) and their 

l i thostra t igraphic Af r i can counterparts were deposited over metamorphic 

rocks of the Precamtr ian basement. 
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2 . 2 . 2 . ( i i ) - P r e - R i f t Phase 

Ehase of crustaL upl i f t (mtumescence) wi th cont inenta l sédiments 

(Eluvio-lacustrine dastLcs) being deposi ted i n the perijrfiecal in t rac ra ton ic 

basin. During th is phase, i n l a t e Jurass ic -ear l i es t Cretaceous t imes, the 

depcsi ts of the Banandras Facmation (red and green shales) and o f the 

Serrarla Formatíon (thick-bedded to maffiive, coarse-grained, poor ly sccbed, 

white t o grey quartziüc sandstones) were extensively accumulated i n a 

continuous "and progressive subsiding system, the Balzo S3o Francisco Group. 

2 . 2 . 2 . ( 1 1 1 ) - R i f t Phase 

This i s a taphrogenic phase of intense tec ton ic actLvity wi th s t re txhing 

of the crust . The tceakup of the con t inen ta l crus t of the Go idwana 

cont inent i n ea r ly Cretaceous t imes gave rise t o the formation of a long 

c e n t r a l graben and r i f t - v a l l e y Systems, where süiciclastic and carbonate 

sediments were being deposited i n de l t a i c - l acus t r ine environments. 

The R i f t Phase is represented by the Bar ra de ItiiSba, Penedo, Rio 

Pi tanga and Morro do Chaves Formations. The Barra de ^Hî hñ cOTisists of a 

t h i ck s u c c e s s i m of greenish-grey d ia l e s with some intercalatÌOTis of fine-

grained sandstones and rare ca lcareous bands. The Rio Pitanga and Penedo 

Formations are considered to be l a t e r aRy équivalent, i . e . , f a d e s var ia t ions 

(Schauer , 1970; Meister & Aur i ch , 1972). They are represented, 

r e ^ c t i v e l y , by red to green coarse conglomérâtes and bceccLas mainly 

consis t ing of metamorphic rocks (Rio Pi tanga FormatiDn), and by poorly 

sort:ed, greyish white to yel low sandstones (Penedo Formation). The Harro do 

Chaves Fermation has a res t r ic ted occurrence i n the Sergipe Basin, wheré i t 

consists c f cha lky , coquinoidal or dolomitdc l imestones, with in te rca la t ions 

c f sandstones, áiales and marls. The Cogueiro Seco and Ponta Verde 

Formations are predominantly süiciclastic units regarded as pr(±iatly 

différent faciès variatÌOTis oE the Mcrro do Chaves Formation (Reyment & 

Ta i t , 1972) and only recorded i n the nor them part of the Sergipe-Alagoas 

sedLmentary complex, the Alagoas Basin. F d l o w i n g the déposition i n the 

basin of the Lower Cretaceous sediments occurred a widespread erosijMial 

event tha t removed msçJDr parts of the previous strat igraphie record (Opda 

& Fugi ta , 1976). This hiatus i s known as the p re -Mur ibeca unconfcrmity . 
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2 . 2 . 2 . ( i v i - P r o t o - M a r i n e E v a p o r i t i c Phase 

The proto-marine e v a p o i t i c phase, in i t i a t ed i n ear ly Apt ian times, 

cocre^xxids to a t e rmina l rift cyc l e with 3ess pronounced tec±omsm. A t 

tha t time were t3epQsited the o i l -product ive beds c f the Muriheca 

FcnuAÌDn, a hypecsaline sedimentary sequence unconfcrraahLy restìng over 

Qlder Mccro do Chaves s t ra ta . I t represents the record of the f i r s t marine 

advances tha t occurred i n the nor them proto-South Atüantic. The Muriheca 

Formation i s represented i n Sergipe by three superimpcsed members: 

Carmöpcais, Ibura and Oiteir inhos. The Carm^oitis Hember sequence, 

deposited in a system of inf iHed palaeotopographic depressions and de l ta 

fans, begins at i t s base with a coarse conglomerate interbedded with grey 

and bituminous ^ a l e s tha t gradually fines upwards, grading in to the next 

uni t . The over ly ing Ibura Member, deposited i n a t rans i t iona l evaparitìc 

envircnment, i s represented by a succession of bituminous shales, scQufcüe 

sal ts (halite, t achyhydr i te , camaHte and süvinite), dolomit ic limestones, 

dcdomites and anhydrites, r e a d i i n g a considerable thickness i n the basìn 

(Szatmari et a L , 1979; Opda , 1982). The uppermost Oibeiriidu3S Member 

consists of in terca la t ions of grey to dark bituminous shales, l imestones and 

siltstones, deposited cn a carbonate and c l a s t i c platform system. 

2 . 2 . 2 . ( v ) - Macine Phase 

Fòllowing a shor t erosìonal period tha t succeeded the Muribeca 

Formation, and as the South At l an t i c r i f t progressively expanded, the sea 

transgressed over the scwthern par t of the basìn from la te Apt ian to Alb ian 

t imes . I t reached as far north as the S3o Francisco River región and the 

southemmost pa r t c£ the Alagoas Basin ö^ear the 'Peritai de Coruripe' 

graben). A t tha t t ime deposLÜon c£ the f i r s t true marine carbonate 

sediments (the Riachuelo Focmatior^ occurred , initdating the marine phase. 

However, i n the present cnshore región of the Alagoas Basin , there was, 

apparently, no further recorded Sedimentation u n t i l the la1:e Ter t ia ry 

(Pliocene ?), although there are some sca t te red records of aramonite-bearing 

l a t e Cenomanian beds (Beurlen, 1961; Muniz e t 1975; Bengtson & 

Nordlund, 1987). 

In the Sergipe Basin, the outcrops of the R iad iue lo Formation extend 

along a band from I t ^ x r a n g a , south of Aracaja, to the va l l ey of the Poxùn 
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River , north of Pacat i iba, with a width of cÇproxiniateLy 20km. Ihe 

formation has an average thickness of 500m, but locaHy at tains a maximum 

of 1700m. Four members can be distinguished (Figs 1.3, 2.4). The Angico 

Hember occurs mainly near the base oE the sequence, overlying the 

Muribeca Formation, cQose t o the western interic»: margin of the basin, 

where i t represents a synbectonic facies , I t consists of conglomerat ic to 

very f ine-grained sandstones, interbedded with sütstones, a i a l e s and rare 

th in beds of l imestones wi th b iva lve Shells (Chapter 8, Photos 8.4-6. 

Towards the east the Angico Member grades ' in to • the sediments of the 

TEiguan. Hember (Photo 8.7). The l a t t e r consists of a l t ema t ing depcsi ts of 

shales, sütstones and, o c c a s i m a l l y , t h in beds of greyish limestOTies, which 

cppear to have accumulated i n a s l igh t ly deeper water environment. The 

over ly ing ManiiiD Hember i s mainly represented by ooli t i c /onco l i t i c and 

h ioc las t ic limestcnes, and some red a lgal , patch ree f structures (weU 

preserved i n oubcrops - see Photo 8.11), wi th a few in tercala t ions of 

süicicilastic mater ia l (Photos 8.8-9). It reaches a maximum thickness of 

600m towards the east. The l i t h o l o g i c a l charac ter i s t ics of the Maruira 

Member indicate an envi rcnmenta l change from the r e l a t ive ly deep and 

quie t waters cf the Taquar i depcsi is t o a ^ l a l l o w e r and more turbulent, 

higher-energy facies . The saccharcddal dolomites of the AguÜbada Hember 

(Kioto 8.10) commonly occur wi th some intercalaticHis of f ine to 

conglomeratic sandstones, shales and ^ x x a d i c non-dolomitázed limestOTies. I t 

represents a dolomit ic f a d e s of the Maruim Member, 

Overlying the Riachuelo Formation i s the Cotinguiba Fcrmatian 

(Cenomanian to lower Coniadan) , previously kown as the Sapucar i -

Lararrpiras Formation. It outcrops i n Sergipe along a band of 5 to 10km 

Wide, from Üie R e a l R ive r , i n the south, area of the Estancia Platform 

(where i t i s known t o l i e d i r ec t ly over the Precamboan basement -

Bengtson, 1983), to J ^ a r a t u b a , i n the north. The Cotinguiba Formation 

represents a time of sedimentation/subsidence balance on a t ec ton ica l ly 

stable platform wüh áreas of low terrigenous in f lux , where thick séquences 

of calcareous mudstaies are to be found (cf. Bengtson, op. d t . ; Berthou & 

Bengtscxi, 1988). Two l i t h o l o g i c a l units are identáfied: the Sapucar i and 

Araca j j Members. 

The SapicacL Memhpr i s composed of a very th ick succession of 

calcareous mudstones (maximum thickness around lOOOm) with occas ionai 
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t h i n pel i t i c levéis of marls ce shales and some conglomerat ic sandstones 

near the base (Photos 8.12, 8.15-26). "Hie Aracatji Member i s a pelagic 

fac ies with an average thickness of lOOm (maximum around 300m i n the 

subsurface) and consists of ^ a l e s interbedded wi th tìiin calcareous 

mudstones and raarls. Tt occurs predominantly i n the sufcsurface sectdons 

(only ane exposure has been studied i n Sergipe; località A - 9 , see Chapter 8, 

Photos 8.13-14). _ . - - — 

Unconformably restìng over the previous un i t and d o s i n g the 

carbonate-dominated deposicic»ial cycüe are the süiciclastic depcsits of the 

Piacabucu Formatdon (upper ConiacLan/Santonian to Miocene / Pl iocene? -

Asmus, 1981; Opda & Fugi ta , 1976) - (Photo 8.27). This event marks the 

reacüvatdOT of the source area wi th s treng terrigenous input leading to a 

change i n the sedimentary regime, from a carbonate-dominated {Cotinguiba 

Formation) to a süiciclastic deposüdónal c y c l e . Two l i thos t ra t igraphic uni ts 

are described: the Calumbi and Marituba Members. 

The Calumbi Member occurs s t ra t igraphica l ly below and basinward o f 

the Hosqueiro carbonate system, i n the south, and represents deposüdon i n 

middle/outer shelf and contdnental slope environments. I t consists of a th ick 

sequence of dark grey shales (maximura thickness around 3000m) with minor 

amounts of fine and coarse grained sandstones deposited as turbòjditdc 

submarine fans pisher e t 1973). The shaHower c o e v a l depcsits were 

probably eroded as a resu l t of the progressive eastward tilting o f the basin 

and consequent upl i f t o f most of the present cnshore area (ppda & Fugi ta , 

1976). 

I h e Narituba Hemb^ i s chief ly comp>osed of sandstones and 

ca lcareni tes commonly occur r ing i n the north, offshore the mouth of the 

Sao Francisco River . I t comprases a mapr fan del ta system tha t prograded 

over a narrow äielf cxi which were developed the Mosqueiro carbonates. 

These sediments were not studied during th is research. 

Düring the Pliocene the Barrearas F c r m a t i m was deposited, consistdng 

o f fine to coarse grained con t inen ta l c las t ios with a maximum thickness 

around 300m. Its deposLts occur i n a widespread area , passing over the 

borders of the basin and focming cÜfEs along the present coast. The 

Quatemary sediments consis t mostly of contdnental aHuvium and sands being 

extensively depcstted a long the Valleys o f the great r ivers and along the 

piresent-day äioreline. 
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C H A P T E R 3 

S Y S T E M A T I C P A L A E O N T O L O G Y 
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3.1 - FORAHINIPBSA 

A systemat ic cecord is g iven of the planktonic and benthcnic 

foramlnifera whicài have been recovered during th is study frora the upper 

Apt ian to MaastcLchtian succession o f Sergipe. Each species i s iHustra ted by 

scanning électrcMi photoraicxographs using ^)ecimens selected from t i ie 

cura ted type c o U e c t i m . The taxa are arranged a t supragenerLc l e v e l chiefLy 

according t o the classifications of Haynes (1981) and Loebl ich & Tappan 

(1988). The gener ic définitions used are mostly according to the diagnoses 

of Loeb l i ch & Tappan (1988), for the benthonic fccaminifera, and Masters 

(1977), Robaszynski & Carcn (1979), Rc^aszynsk i e t a L (1984) and Caron 

(1985), for the planktonic ^)ecies, excep t where s ta ted-otherwise . 

Enfr ies for each qpecies are t n e f g iv ing only the author, date, pílate 

and figure numbers. Each référence i s r e s t r i c t ed to the f i r s t o r i g ina l 

descripticffi o f the ^ d e s , subséquent gener ic narae changes and to a U 

re levan t références used i n this s tudy. A U are Usted according to the i r 

year of publ ica t ion . Since most of the species iHust ra ted i n this work have 

been descr ibed i n de t au i n easily accessible l i t e ra tu re , only t c i e f taxonomic 

remarks are made within the t e x t about pert inent , d is t inc t ive and 

diagnost ic morphcuogical features where these are necessary. More extensive 

taxonomic entrries aind remarks are given where c r i g i n a l descriptions have 

béera emended, redefined and/or modified i n any manner. The recorded 

hLochrcKiostratdgraphic range, s i tes of occurrence and palaeo-environments 

(fa: the benthonic microfauna) are also repccted. Severa l gaps were 

observed i n the táostratigr^hic r eco rd of long ranging benthonic sped^ 

{e.g., Superfamily Astrcrhizacea) , i n these cases reflectdng exclusion due to 

majx changes i n palaeo-envirc»imental conditicsTs. 

Phylum PROTOZOA 

S u b ^ y l u m SARCODINA 

riatgî RmZOPODBA 

Subclass GRANDLORETCCDLOSIA 

Order FORAHINIFERIDA 
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Suborder TEXTDLARIINA 

Delage & Hérouard, 1396 

Superfamily ASTRORHIZACEA. 

Brady, 1881 

- Remarks on tbe tazonomy o£ t h e 

p r i m i t i v e t y p e s o f a g g l u t i n a t e d f o r a m l n i f e r a -

T5ie genera Batliysi{^cgi, Dendrophrya, Hyperammina {Siçserfamily 

Hippocrepinacea), Rhabdammina and Rhizammina are re f érable t o a 

morphogroup o f long^ranging pr imit ive elongate agglutinated fccaminifera 

whœe tes t i s whol ly oc i n pa r t arenaceous, composed of single-chambered 

tubes, s t ra ight oc tcanched, and regular c r i r regular i n s ize and 

arrangement. In tiïe nor them hemi^ i i e r e t l iey are mostly known ârora the 

E u r c ^ a n f l y sch faciès (Bavaria, southem Germany: PElaumann, 1967; 

GumigeVSchl ie ren , Swi tze r land : Butt , 1980, Winkler & Van S t u ^ e n b e r g , 

1982, Winkler, 1984; Solignano and Monte Cassio, nor them I ta l ian Apennines: 

Morlot i , 1988; Moravia , Czechoslovakia: HanzUková, 1966, 1969; Nauss, 1947; 

Suh^xitina, 1950; Rumania: Neagu, 1970; Carpathian flysch, Poland: 

Ks iazk iewicz , 1975, Morg ie l & Olszewska, 1981). 

As regards tiie taxonomy of these spécimens, the v iews oE Bartenstein 

(1974, p. 684) are fcûlowed herein: "différences i n tes t s i ze ^ma lU 

intermedíate, g i anQ; i n w a l l material ^mooth, coarse, fine grained, coarser 

grained); a : i n ccûour (white, reddish-brown, ca: d i f ferent ly colored), do not 

j j s t i ^ t i ie érection o f new species or even genera". Furthermore, because 

c£ the fragmentatdcBi c f tests and common post -deposi t ional defcrmation, no 

décision could be made en spécifie a t t r ibut icn o f severa l morphotypes. Such 

forms were lumped i n single ^)ecies-groups, each regarded with bcoad 

morfhological var iabal i ty . 

Fami ly BATHTSXFHONIDAE Avnimelech , 1881 

Genus BATHYSCPHON M . Sars, 1872 

Type ^)ecdes: Bathysjghm fnifnrmis M . Sars, 1872 
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Bdthyaifhon ex g c vìtta Nauss 

(EL 1, Figs 1-3) 

Bathys i i^on v i t t a Nauss, 1947, p . 334, p L 48, f i g . 4. 

B a t h y s i ^ o n v i t t a Nauss. TTUÌLDD, 1960, p.302-303, p L 4 3 , fig.2a-b. 

Bathysip^on t rosgei T ^ p a n . S l i t e r , 1968, p . 39-40, pL. 1, f i g . 1. 

BathysipAion vitba Nauss. SUter , 1968, p . 40-41 , p L 1, f i g . 3. 

BathysiphOTì ap., Bar tenste in , 1974, p . 684-685, pL 1, S g s 1-4. 

Bathysifdicyi brosgei T ^ p ^ Haig , 1980, p . 91, p L 1, figs 1-2, p L 9, f i g . 

1. 

Bathysi^OTi v i t t a Nauss. Haig , 1980, p . 91-92, pL. 1, f i g . 3, p L 9, f i g . 2. 

B a t h y s j ^ g i micrcarhaphidus SamueL Kaminski , Gradstein, Berggren, Geroch & 

Beckmann, 1988 p. 182, p L 1, f igs l a - b . 

Bathysiphon sp., Kaminski , Gradstein, Berggren, Geroch & Beckmann, 1988 p. 

182, pL. 1, figs 2 -3 . 

Remarks: Mccphotypes assigned to tìiis q iec ies-group occur as cn ly 

fcagmental unLlocular chambers o f a s t r a i ^ t , ce s l i ^ t l y curved, unbranched 

elongate tubular d iape , open a t both ends (fragments varying from c 760/ira 

t o 1900)am i n maximum length); waH structure tt i ick and f ine-gra ined; 

cement of crganic cind/or sUiceous odg in ; tes t surface typ icaUy smooth, 

homogeneous, sometimes showing annoiar constr ic t ions a t i r regular in tervals ; 

t es t usuaUy compressed by p o ^ - m o r t e m compaction. 

Range: la te Ap t i an to A l b i a n , l a t e Ccttiiadan to Maasteichtìan. 

Occurrence: weUs 1 - A U - l - S E , I r C A - l - S E , 1 - C N - l - S E , 1 - U S - l - S E , 1-

S E S - I A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-environments: deep ner i t i c to upper ba thya l Qats Apt ian to la te 

Albian tdotopes); middle t o l o w e r fcathyal (late Ccxiiacian t o Màastrichtdan 

bLotopes). 

Fami ly RHABDAM MINIDAE Brady, 1384 

SubfamHy RHABDAMHININAE Brady, 1884 

Genus RHABDAHHINA M . Sars, 1869 

Type species; Rhabdammina abyssorum M . Sars, i n Carpenter, 1869 
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Rhahrtamiirina ex gr- d i sot ta B r a ^ 

(PL 1, Figs 4-5) 

Rhabdammina discre ta Brady, 1881, p . 48, pL 22, figs 7-10. 

Rhabdammina discreta Brady. Cushman, 1946, p. 14, pL 1, f igs 1-2. 

Rhabdammina sp. , Hoa ing , 1988, p. 135, p L 1, f igs 1-2. 

Rhabdammjjia ex gr. d iscre ta Brady. Kaminski , Gradstein, Berggren, Geroch & 

Beckmann, 1988 p. 183, pL 1, f igs 8-9. 

Rhabdammina sp. äff. abyssorum Sars. MouUade, Kuhnt S Thurow, 1988, p L 

1, f i g . 1. 

Remarks: Rhabdammina ex gr . d i sc re ta morphotypes are represented by 

Ehca±, rare ly branched {PL 1, F i g . 4) or single fragments of s t ra ight 

c y l i n d r i c a l tubes {c 1 0 1 0 - 1 6 4 0 ^ i n maximum length), of near ly ccMistant 

diameter , mostly without annular const r ic t ions , cpen a t both ends; t h i c k -

wal led and coarsely aggUitinated; rough tes t surface, with l i t t l e cement, o f 

c rganic and/or sUiceous csdgin; t e s t usually cdrcular i n cross sec t ion , but 

may be compressed by post-mortem compact ion. 

Range: la te Campanian. 

Occurrence: l - S E S - 9 . 

Palaeo-envircnments: middle to l o w e r bathyal . 

Genus RHIZAHHIHA Brady, 1879 

Type specdes: Rhizammina algaefcrmis Brady, 1879 

Rhizammina ex gr. indivisa Brady 

{PL 1, Figs 6-8) 

Rhizammina indiv isa Brady, 1884, p. 277, p L 29, figs 5-7. 

Rhizammina indiv isa Brady. SUter , 1980, p . 368, p L 1, f i g . 1. 

Rhizammina indyvisa Brady. Morg ie l & Olszewäca, 1981, p. 7, p L 1, f i g . 2. 

Rhizammina indiv isa Brady. Kaminski , Gradstein, Berggren, Geroch & 

Beckmann, 1988 p. 183, p L 1, f igs 10-13 . 
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Remarks: Rhizammina ex gr. ind iv i sa morphotypes are charac±erised by 

narrow, etongate and cyündnical t e s t fragments (varying from c 580;im t o 

1400(wn i n maximum length), commonly flat±ened and distorted; t i i i n -waUed 

and f l ex ib le test , wi th l i t t l e cement, oE organio and/or sHiceous a n g i n ; 

coarsely agglutinated. Fragments of Rhizammina are d i s t i n g u i ^ e d from those 

o f Hyperammina gaultdna ten Dam by t i i e i r coarser agglutinated and slender 

tes t , commonly distorted, wiüi less cement and a r o u ^ e r surface (cf. 

S l i t e r , 1980, p . 368). 

Range: Campanian to Maastr icht ian. 

Occurrence: wells 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Pa laeo-envi ra iments : middle to lower bathyaL 

SubfamiLy DENDROPHRYINAE HaeckeL 1894 

Genus DENDROPHRYA T .S. Wright, 1861 

Type species: Dendropfarya e r ec t a T.S. Wright, 1861 

Daadrqghrya ex gc. exoetea Grzybowski 

(EL 1, Figs 9-10) 

Dendrc^hya excelsa Grzybowski , 1898, p . 272, p L 10, figs 1-4. 

Dendroghrya excelsa Grzybowski . Hanzllkovà, 1972, p . 32, pL 2, f i g . 6. 

Hyperammina gault ina ten Dam. Bartenstein, 1974, p. 685, p L 2, f i g . 4 

(?). 
Kalamopsis grzybowski i (Dylazanka). Bartenstein, 1974, p.685, piL 1, flg. 

34, p L 2, f i g . 35. 

Dendroghrya excelsa Grzytx>wäd. Mcargiel & • Olszewska, 1981, p. 7, p L 1, 

figs 5-6. 

Dendroghrya ex gr. excelsa GrzybowskL Kaminski , Gradstein, Berggren, 

Geroch & Beckmann, 1988, p. 182, p L 1, figs 4 -5 . 

Dendrot^irya latdssima GrzybowskL Kaminski , Gradstein, Berggren, Geroch & 

Beckmann, 1988 p. 182, piL 1, f i g . 6. 

Dendrophrya sp., Höfling, 1988, p . 135-136, piL 1, f igs 11-12. 

Remarks: Dendrophrya ex gr. excelsa morphotypes are character ised by 

l a r g e - s i z e d , elongate, tubular t es t fragments (c. 2220-2230jim i n maximum 
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length); wide tube, usually compressed, wi th a longi tud ina l groove; S n e -

grainad agglut inated waH; smooth, even surface; non-const r ic ted and 

paraHel-^ided chamber. No branched spedraens have been found. 

Range: Maas t r i d i t i an . 

Occurrence: w e l l 1 - S E S - l A . 

Palaeo-envircmments: middle to l o w e r bathyáL 

Family PSAMMOSPHAERIDAE Haecke l , 1894 

SubfamiLy PSAMMOSPHAERINAE Haecke l , 1894 

Genus PSAHHOSFHAERA S d i u l z e , 1875 

Type species: Psammosphaera fusca S d i u l z e , 1875 

Rsammoephaera scn^osa ^er the l in) 

(EL 1, Figs 11-13) 

H^flophragmium scruposum BertheHn, 1880, p . 21 , p L 1, f i g . 1. 

P s a m m o ^ a e r a l aev iga ta White, 1928 a, p . 183-184, pL 27, f i g . l a - b . 

Psammosghaera l aev iga ta White. HanzUkovA, 1972, p . 33, piL 1, figs 7-8 . 

feammo^Aiaera scruposa ^er t i i e l in ) . HanzUková, 1973, p.136, p L 1, f ig .4a-b . 

feammos^aera scruposa pertheUn). Kaminski , Gradstein, Berggren, Geroch & 

Beckmann, 1988, p . 182, piL 2, f i g . 5. 

Remarks: P . scruposa comprises ^)ecimens with a l a rge sgher ica l t es t 

(c. 1470-1530|Am i n maximum diameter), commonly compressed by pos t 

mortem compact ion; non-septate; w a l l tíiick and rather coarsely 

agglutinated. Ttie morphotypes differ from Saccammina sghaerica Sars i n 

having a l a rge r tes t wi th agglutinated grains that are finer and more 

urafcarm. 

Range: l a t e Ccmiacian to Haastr icht ian 

Occurrence: wells 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-envircaiments: upper to l o w e r bathyaL 

FamÜy SACCAHHNIDAE Brady, 1884 

Subfamily SACCAHHININAE arady, 1884 



Genus S&CCÄMIONÄ Carpenter, 1869 

Type ^)ec ies : Saccammina ^ a e r i c a B r a c ^ , 1871 

*;afx?ain urina T'H^CT-ir-a Sars 

(EL 1, F ig . 14) 

Saccammina ^¿laerica Sars, 1872, p , 250. 

Saccammina compLanata (Franke), saiter, 1968, p . 42, p L 1, f i g . 7. 

Saccammina pflacenta (Grzybowski). Hanzllkovà, 1972, p . 33, jìL 1, fig. 9. 

Saccammina complanaba (Franke). Krasheninnikov, 1974, p. 644, p L 7, f igs 

l O a - b . 

Saccammina sphaer ica Sars . MouEade, Kuhnt & Thurow, 1988, piL 2, f ig . 12. 

Remarks; S. ^ A i a e r i c a i s characterised by having a large ^Äierical t es t 

(c. 840-850^ra i n maxijnum diameter), commonly compressed by post-mortem 

compac t io i ; sma l l , rounded, t e rmina l ^ jor ture , often obscured [which makes 

i t difFicult to be distinguished from specimens of Psam mosphaera sccuposa 

(Bertìielin)]; tìiick-walled and coarsely agglut inated, with a rough tes t 

surface. 

Range: l a t e Campanian to Maastr icht ian. 

Occurrence: wélls l - S E S - 3 . 

Paiaeo-envircnments: upper to middle bathyaL 

SubfamiLy mJIUNINAE Brady, 1884 

Genus RILDUNA Carpenter, 1870 

Type Speeles: P i lu l ina :^grey5Ü Carpenter , 1875 

Bi lu l ina s p . A 

(EL 1, Figs 15-16) 

Remarks: Specimens of Pi lu l ina ap. A have a l a rge single-chambered 

n e r i c a i t e s t (e. 1 0 2 0 - 1 2 4 0 ^ i n maximum diameter), usually compressed by 

compaction; long o v a i , sL i t - l ike , terminal aperture; rather f ine-grained 

agglutinated wa lL I t i s similar to Saccammina from which i t diffecs i n 

possessìng an elongate sLLt-like aperture. The ^ c d e s has aff ini t ies wi th 

Püulina ant iqua described by Krasheninnikov (1974) from the Upper 

Cretaceous of the NE pa r t c f the Lid ian Ocean, bu t differs i n i t s much 
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l a rgar s ize , depresseti t e r m i n a l aperture and coarser-gra ined agglutinated 

walL 

Range: l a t e Campanian. 

Occurrence: wéU l - S E S - 9 (rare occurrence). 

Palaeo-environments: middle to lower bathyaL 

Superfamüy HITOOCREEDIACEA 

Rhumbler, 1895 

Fami ly HIFPOCREPINIDAE Rhumbler, 1895 

Genus HYPERAHIONA Brady, 1878 

Type ^ i e c i e s : Hyperammina élongata Brady, 1878 

Hypecammiiia ex gr. gaiiltina t en Dam 

(RL 1, Figs 17-20) 

Hyperammina gault ina ten Dam, 1950, p . 5, p L 1, f i g . 8. 

Hyperammina gault ina ten Dam. Bartenstein, 1974, p . 685, p L 1, f igs 5-30, 

35-36, piL 2, figs 1-4. 

Hyperammina sp. 1, Bar tenste in , 1974, p . 685, p L 2, figs 5-14. 

Hyperammina ex gr. subnodosiformis GrzybawskL Kaminski , Gradstein, 

Berggren, Geroch & Beckmann, 1988, p. 184, pL 1, f igs 16-17 . 

Remarks: Hyperammina ex gr. gault ina specimens are d i s t i n g u i ^ e d by 

the i r simple, elongate tubular t es t fragments (varying from c. 660^m to 

1350^m i n maximum length) , usually compressed, wi th an i r regular growth; 

slender ex large long tests , of Constant diameter but tapering sUghfly a t 

one end; annular constrictioTs a t i r regular in te rva ls may be present; Einély 

agglutinated wall, w i th abundant cement oE arganic and/or sÜiceous origin; 

smooth test surface. Hyperammina ex gr. ganH-jn;:; and BathysiphCTi ex gr. 

v i t t a Nauss morphotypes are c lose ly related, based only cn simfüe 

morphological characteristìcs, and i t i s not always possible to differentìate 

one from the other. 

Range: la te A p t i a n t o middle- late Albian, Maas t r ich t ian . 

. Occurrence: 1 - U S - l - S E , 1 - C N - l - S E , 1 - S E S - l A , l - S E S - 9 . 

Palaeo-environments: deep ne r i t i c to upper ba thya l (Late Ap t i an to 

middle-late Albian bìotopes), middle to lower ba thya l (Maastrichtian). 
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S i ^ r f a m i l y AHHOniBCACEA 

Reuss, 1862 

Family AHHOCOSCIDAE Reuss, 1862 

SuhEamily A H M O D E C I N A E Reuss, 1862 

Genus AMMODOSCaS Reuss, 1862 

Type q)ecdje^ Ammodiscus inHinnn L . G . Bcmeraann, 1874 

Remarks: Ih the s tudied sampQes specimens belonging to tìiis genus 

commonly áiow post-mortem deformation. 

Ammodìscas CTetaoeus (Reuss) 

(PL 1, F i g . 21) 

OpercuUna cre tacea R e u ^ , 1845, p. 35, pL 13, figs 64-65. 

Ammodiscus cretaceus (Reus) . Cudnman, 1946, p . 17, piL 1, f i g . 35. 

Ammodiscus cretaceus (Reuss). T ^ p a n , 1962, pi.130, piL30, f igs 1-2. 

Ammodiscus cretaceus (Reuss). S l i t e r , 1968, p . 42, piL 1, f i g , 8. 

Ammodiscus cretaceus (Reuss). HanzUková, 1972, p. 34, piL 3, f igs 1, 9. 

Ammodiscus cretaceus (Reuss). Kaminski , Gradstein, Berggren, Geroch & 

Beckmann, 1988, p. 184, piL 3, f ig ,7 , 

Ammodiscus glafcratus C u ^ m a n & Jarvds. Kaminski, Gradstein , Berggren, 

Geroch & Beckmann, 1988, p . 184, pO. 3, ñg. 8a-b. 

Ammodiscus cretaceus (Reuss). MouUade, Kuhnt & Thurow, 1988, pÌL 1, f i g .7 . 

Remarks: This ^)ecies i s distinguished by having a l a rge d i sco ida l t e s t 

(c. 800^m i n maximum diameter); biconcave; an undivided, p lanispi raL wide 

tubular chamber, par t ia l ly overlapping preceeding whixls ; f ine ly agglutinated 

wallf surface smooth. 

Range: l a t e Ccniac ian to Maastr icht ian. 

Occurrence: weUs 1 - S E S - l A , l - S E S - 3 , l - S E S - 2 4 . 

Palaeo-envirOTraents: middle to lower bathyaL 

- 3 8 -



AmmodiscuB glafcratus Cushman & Jarvis 

( H . 1, F i g . 22) 

Ammodiscus g la t ra tus Cushman & Ja rv i s , 1928, p . 86, pL, 12, flg. 6. 

Ammodiscus giahratus Cushman S Ja rv i s . Hanzllkovà, 1972, p. 35, p L 3, S g . 

7. 

Ammodiscus cretaceus (Reuss). Scheihnerovà, 1976, p L 2 , figs 3-4 . 

Remarks: A . g la t ra tus i s charac ter i sed by i t s smal l discoixial t es t (e. 

230-240ftra i n maximum diameter), b iconcave, involute; w a l l ve ry f i ne ly 

agglut inated, with cement of c rgan ic and/or s i l iceous cañgin; homogeneous 

and smooth tes t surface. Ti i is species differs from A. cretaceus (Reuss) by 

i t s smallar s i ze and more compressed test , usually more involu te . 

Range: l a t e Campanian to Maas t r ich t ian . 

Occurrence: l o c a l i t y A - 1 8 , wéUs 1 - S E S - l A , l - S E S - 2 4 . 

Palaeo-envircnments: middle t o l o w e r bathyaL 

Ammodiscus inoeitus (d'Orblgny) 

(PL 1, F i g . 23) 

Opercul ina i n c e r t a d'Orblgny, 1839, p. 49, p L 6, figs 16, 17. 

Ammodiscus incer tus (d'Orblgny). Bar tenste in , 1974, p. 687, pU 3, f igs 14-17 . 

Ammodiscus rotalar ius Loebl ich & T ^ p a n , 1949, p. 247, p L 46, f i g . 1. 

Ammodiscus rotalar ius Loeblich & T ^ p a n . Haig, 1980, p . 96-97, p L 2, f igs 

3 -4 , p L 9, f i g . 5. 

Remarks: A . incertus i s dist inguished by i t s smal l , compressed, d i sco ida l 

t e s t (c. 320^m i n maximum diameter) , involute , with radiate const r ic t ions . 

The ^cámens differ Erora GlomospireUa gault ina (Berthelin) i n having a 

more regular, p lanispi ra l co i l ing t h r o u ^ o u t . 

Range: l a t e Apt ian to middle- la te A lb i an . 

Occurrence: weUs 1-ÜS-1-SE, l - S E S - 9 . 

Palaeo-environments: deep ne r i t i c to upper bathyaL 
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AmmodiBcas pdanus Loeb l i ch 

(EL 1, F i g . 24) 

Ammodiscus planus Loebl ich , 1946, p . 133, p L 22, fig. 2. 

Ammodiscus planus Loeblirdi. Kaminsk i , Gcat3stein, Berggren, Geroch & 

Beckmann, 1988, p . 185, pL 3, fig. 13. 

Remarks: A . piani I R i s distinguished by having a smal l , very ttun-waUed, 

compressed, d i sco ida l t e ^ (c. 220-300^m i n maximum diameter); finely 

agglut inated, wi th cement, of c rgan ic and/or sÜLceous origi iv smooth t e s t 

surface. I t differs frora A . g l a t r a tu s Cushman & Jarvis by i t s more 

compressed and regular test . 

Range: l a t e Maastr icht ian. 

Occurrence: weUs l - S E S - 9 , l - S E S - 2 4 (rare occurrence). 

Palaeo-envircHiments: middle t o l o w e r bathyaL 

Ammodiscus tiPTiníggiTnus (GuembelJ 

(EL 1, F i g . 25) 

Sp i r i l l ina tenulssima Guembel, 1862, p . 214, p L 13, f i g . 2. 

Ammodiscus tenuissimus (Guembel). Bar tenste in , 1974, p . 687, pL 3, figs 7 -

13. 

Remarks: Specimens of A . tenuissimus are characterised by the i r 

slender, very compressed, d iscoida l t e s t (c. 450^m i n maximura diameter) , 

invo lu te . 

Range: la te Apt ian . 

Occurrence: wéU. 1 - U S - l - S E fcare occurrence) . 

Palaeo-envirOTiments: deep ne r i t i c to upper bathyaL 

SubfamUy AHHOVERTEUJKINAE Saidova, 1981 

Genus AHHOVERTELLINA Suleymanov, 1959 

Type ^ lec ies : Ammovertel l ina pr ima Suleymanov, 1959 
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AminogerteDnia A 

(PL 1, Figs 26-27) 

Remarks: A single speàraen referable to Ammovert)='nina sp. A was 

recovered from the lower to middle Campanian. I t i s characterised by 

having a tubular chamber with an ear ly stage p l a n i ^ i r a l l y enrciUed i n an 

evolute pa t te rn , as i n Ammodiscus Heuss, l a t e r uncoìling with i r regular 

growth (c. 640^m i n maximum length); w a l l somewhat f ine ly agglutinated, 

comparessed by compactám. The ear ly s t rep tospi ra l stage, as i n the 

d e s c r i p t i m o f the genus (cf. Loebl ich & Tappan, 1988, p . 50), i s not 

observed i n th is single qjecimen. This feature may ac tua l ly be absent or 

rather masked by post-deposüdonal deformation. 

Range: l a t e Campanian. 

Occurrence: wéD. 1 - S E S - l A t a r e occurrence) . 

Palaeo-envircaiments: i5)per to middle bathyaL 

Genus GLOHOSFIRA Rzehak, 1885 

Type ^ c d e s : Trochammina squamata Jones & Parker 

va r . gordial is Jones & Parker, 1860 

Caomcepira charoddes (Jones & Parker) 

(PL 1, Figs 28-30) 

Trochammina squamata var. charcddes Jones & Parker , 1860, p.304. 

Qomospi ra charcddes (Icnes & Parker) va r . corona Cushman & Jarvis , 1928, 

p . 89, pL 12, f igs 9-11 . 

G l o m o ^ i r a charoides 0cxies & Parker). Hanzllkovà, 1966, p . 101, pL 1, f i g . 

6. 

Glomospira charoides (Tenes & Parker). Bartenstein, 1974, p . 686, pL 2, f igs 

45-50. 

Glomospira charoides pones & Parker). Kaminski , Gradstein, Berggren, Geroch 

& Beckmann, 1988, p. 185, piL 3, figs 14-15. 

Glomorirà charoides pones & Parker). MouUade, Kuhnt & Thurow, 1988, p L 

1, f i g . 6. 
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Remarks G . charcEÌdes is diarac±erised by a f a i r l y regular cy l ind r i ca l 

t es t (varying from c . 250/240jum to 600/400/am i n maximum diaraeter/height 

rat io) , witìi almost pa raUe l l a t e r a l sides; a tìiin tube i n a near t r o c h o ^ i r a l 

cedi i n hor izcxi ta l planes; the l a s t txie or t w o whorls i r regular ly co i led ; 

f ine ly-gra ined agglut inated wa l l , with cement of orgarac amVor sìliceous 

or igin; smooth and homogeneous tes t surface. 

Range: l a t e Coniac ian to Maas t r id i t i an . 

Occurrence: wèlls 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-enviroiraents : middle to lower ba thyaL 

CJomoepna gcxdìalìa pcnes & Parker) 

(PL 1, F i g . 31) 

I tochammina squamata Jones & Parker var . gordial is Jones & Parker, 1860, 

p . 304-

Glomospira gorrtiaiis Jcnes & Parker. Bartenstein, 1974, p. 686, p L 2, f igs 

51-53 (not f i g . 54 and p L 3, f igs 1-3. 

Glomospira gordia l i s Pcnes & Parker). Kaminski , Gradstein, Berggren, Geroch 

& Beckmann, 1988, p. 185, p L 3, f i g . 17. 

GLamospìra geriti a l i h Jones & Parker. MouUade, Kuhnt & Thurow, 1988, pL 1, 

fig. 4. 

Remarks: G. geriti ̂ 1''^ i s character ised by having a moderately l a rge , 

subglobular t e s t wi th an i r regular ly co i led tube (c. 410/200/im i n maximum 

diameter/height ra t io) ; f ine ly agglutinated waH, wi th cement of organic 

and/or sdliceous or ig in ; smooth and even tes t surface. 

Range: l a t e Campanian to Maastr icht ian. 

Occurrence: wèEs l-a :S- lA, l - S E S - 2 4 (rare ocurrence). 

Palaeo-environments: middle to lower bathyaL 

Genus QX)HOSFIREUA Plummer, 1945 

Type species: Glomo^àra umhil icata Cudiraan & Waters, 1927 
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GaomogáraPa g a u M i i a (Berth&lii^ 

(EL 1, Figs 32-35) 

Ammodiscus gault inus BertheUni, 1880, p. 19, p L 1, fig. 3 a - ^ 

Glomospira gordial is Penes & Parker) var . rtiffundens C u ^ m a n & Renz, 1946, 

p , 15, pL 1, f i g . 30. 

Glomospira gordia l i s Jones & Parker . Bartenstein, 1974, p . 686, p L 2, fig. 

54, pL 3, figs 1-3. 

Glomo^àra sp„ Bartenstein, 1974, p. 687, pL. 3, f i g . 4. 

GLomo^òrglIa gaul t ina PertheÜn). Krasheninnikov, 1974, p. 643, pL 7, figs 

6 -7 . 

Glomospirella gaiütina (Berthelin). Magniez-Jannin, 1975, p. 26-27, pL 1, f igs 

2-4 . 

Glomo^áreUa gaulüna per the l in) . Haig, 1980, p . 97-99, p L 2, f igs 5-7, pO-

9, fig. 4. 

Glomospirella gault ina (Bertìielin). S l i te r , 1980, p . 368, piL 1, f igs 11-13{?). 

Glomospirella gault ina per the l in) . Cri t tenden, 1983a, p . 17, p L 1, figs 8-9. 

Glomo^àra diffundens (Cushman & Renz). Kaminski , Gradstein, Berggren, 

Geroch & Beckmann, 1988, p. 185, p L 3, f igs 18-19. 

Glomo^àrella gault ina (Berthelin). MouUade, Kuhnt & Thurow, 1988, pL 1, 

fig. 5. 

Remarks: This species i s character ised by having a compressed d i sco ida l 

t es t (varying from c . 310-320/im i n maximum diameter , i n the lower Alb ian , 

t o c 720-730jttm, i n the i^jper Campanian-lower Maastr ichtian); th in tubular 

chamber arranged i n an i n i t i a l s t r e p t o ^ i r a l c o i l , l a te r becoming 

pQani^ i ra l ly coüed, overlapping previous whorls; w a l l very f ine ly 

agglutinated, wi th carganic and/or s i l iceous cement; smooth test surface. 

Range: Altdan, l a t e Campanian to ear ly Maas t r ich t ian . 

Occurrence: weDs 1 - U S - l - S E , 1 - S E S - l A , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-environments: deep ner i t i c to upper ba thya l (Alhian bLotopes), 

middle to lower ba thya l (Campanian-Maastrichtian biotopes). 

Superfamily RZEHAKDÍACEA 

Cuáiman, 1933 
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Family RZEHAKINIDAE Cushman, 1933 

Genus RZEQAKINA Cushman, 1927 

Type ^>ecies: SJUcdna epigona Rzehak, 1895 

Rzdiakina epigona (Rzehak) 

CPL 2, Fig. 1) 

S i l i c ina epigona Rzehak, 1895, p. 214, p L 6, f i g . 1. 

Rzehakina epigona (Rzehak). Cudiman, 1927a, p . 115, p L 23, f i g . 4. 

Rz^ìakina epigona (Rzehak). S l i te r , 1968, p. 43, p L 1, f i g . 18. 

Rzehakina epigona (Rzmhak). Hanzllkovà, 1972, p . 38, p L 4, figs 1-4. 

R z ^ a k i n a epigona ( R z ^ a k ) . Kaminski , Gradstein, Berggren, Geroch & 

Beckmann, 1988, p . 186, p L 7, figs 6 -7 . 

Remarks: Rzeh . epigona i s characterised by an o v a i to nearly sfAierical 

(subcircular) test , fusiform shaped (c. 750/600/im i n maxiumum length /width 

ra t io) ; compreffied, wi th cen t r a i depression; per iphery subacute; two 

chambers per whor l , p lan iq j i ra l , involute; waH f ine ly agglutinated. with 

cement of organic and/or sfliceous or ig in . 

Range: l a t e C caria d a n to Maastr icht ian. 

Occurrence: weUs 1 - S E S - l A , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-envircximents: i^sper to lower bathyaL 

R z d i a l d n a fì*™^na^ (Grzybowski) 

(EL 2, Figs 2-4) 

Spirdloculina f issis tomata Grzybowski , 1901, p .261,pL7, f igs 22-24. 

Rzehakina f issis tomata (Grzybowski). Hanzllkovà, 1972, p . 39, pL 4, figs 6 -

10. 

Rzehakina fisFìistomata (Grzybowski). Morgiel & Olszewska, 1981, p.9, pL 2, 

f i g . 12. 
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Remarks Ttiìs q iec i f i s i s distinguished by having a flat±ened e l U p t i c a l 

t es t (varying from c . 480/340/im to 520/38C|^m i n maximura length/width 

ratio) , almost p l a n i ^ a r a l , depressed on both sides; s l igh t ly evolute; severa l 

coüs, oE 2 tubular chambers per whor l , pa r t i a l ly overlapping previous anss; 

finely agglutinated waU, with cement of carganic aniVor siUceous cògin. 

differs frora Spirdlocammina sp. A i n having an a U i p t i c a l t es t with a more 

symmetr ica l p l an i sp i ra l c o i l pa t tern . 

Range: l a t e Campanian to Maastr icht ian. 

Occurrence: weUs 1 - S E S - l A , l - S E S - 2 4 . 

Palaeo-envircaiments: i p p e r to lower bathyaL 

Genus SIUCOSEGHOILINA Cushman S Church , 1929 

Type s p e c i e s Si l icosigmoil ina c ^ i i f a m i c a C u ^ m a n & Church, 1929 

?ìiHnnFgqmagìna ccdàfacnìca C u ^ r a a n & Church 

(RL 2, Figs 5-6) 

Siligosigmoiltna c?ì1ifomica Cushman & Church, 1929, p . 502, p L 36, figs 10-

12. 

Sil icosigraoil ina ca l i f ccn ica Cuáiman & Church. SUter , 1968, p. 43, p L 1, 

f igs 13-15. 

• SilicosigraoiLina futabaensis Asano. Beckmann, 1978, p . 769, p L 1, f i g . 2. 

Remarks The ^Jecdes i s distinguished by i t s ova i , compressed tes t (c. 

610/270^ra i n maximum length/width ratio), wi th s igmoida l chambers; waU 

f inely agglutinated, wi th carganic and/or sfliceous cement; smooth surface. 

Range; la te Campanian to ear ly Maastr icht ian. 

Occurrence: w e l l l - S E S - 2 4 (rare occurrence). 

Palaeo-envircHiments: middle to lower bathyaL 

Genus S H R O L O C A M K I N A Earland, 1934 

Type spedes; Spirolocammina tenuis Ear land, 1934 
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(HL 2, Figs 7-8} 

Remarks: Spirolocammina sp. A i s character ised by an elongate and 

f lat tened tes t (varying from c 540/240/im to 590/280;im i n maximum 

length/width ratio), s igmoid i n outline; co i l ing near ly p l a n i ^ i r a l * t w o 

t u b l iar chambers per whor l , wi th a s l i ^ t sigmoid curve i n the long axis; 

w a l l t h in , very f ine ly aggultìnated; smooth tes t surface. 

Range: la te Campanian. 

Occurrence: weE l - S E S - 9 &:are occurrence). 

Palaeo-environments: upper to middle bathyaL 

SuperfamUy HORMOSINACEA 

Haeckel , 1894 

Fami ly A S C H E M O C E I U D A E Vyalov , 1965 

Genus RALAMOFSIS de FcOin, 1883 

Type ^)ec ies : Kalamopsis v^^iHant-i de Fcfllin, 1883 

Ka lamopas grzyfaowsfcii (Dylazanka) 

(EL 2, Figs 9-10) 

Hyperammina g r z y b o w ^ d i Dylazanka, 1923, p . 65-66 (nomen nudum). 

Kalamopsis grzybowski i (Dylazanka). Hazllkovà, 1972, p . 36, p L 2, f i g . 8, 

Hyperammina gaul t ina ten Dam. Bartenstein, 1974, p . 685, p L 1, Hgs 9 -

10, 35-36, pL 2, f i g . 4. 

Kalamopsis grzyfaow^di (Dylazanka}. Bartenstein, 1974, p .685, cd. 1, figs 3 1 -

34, pL 2, figs 27-35. 

Kalamopsis gczybow^d i (Dylazanka). Kaminski* Gradstein, Berggren, Geroch 

& Beckmann, 1988, p. 187, p L 1, figs 18-20. 

Remarks: K. g rzybowsk i i morE^iotypes are charac ter i sed by la rge , 

sLngle-charabered, f la t tened , elongate fragments (c. 1510-1520^m i n 

- 46 -



maximum length), usuaEy displaying constrictk»is a t one end; ve ry f ine ly 

aggUitinated walL with abundant ceraent, c€ organic and/or süiceous or ig i i i ; 

smooth and even tas t surface. 

Range: la te C a i i a d a n tx> ear ly- labe San tmian . 

Occurrence: weU l - E E S - 2 4 frare occurrence). 

Palaeo-envircaiinents: middLe t o lower bat i iyaL 

Fami ly HORMOSDODAE 

HaeckeL 1894 

Subfamily HORHOSDONAE 

HaeckeL 1894 

Genus HORHOSDüA Bcady, 1879 

Type ^)ecdfis: Hocmosina g l o b i i i f e r a Brady, 1879 

Hcrmoana ex g r . g inh i t i f a r a Brady 

(PL 2, Figs 11-13) 

Hormosina g l o b i i i f e r a Brady, 1879, p . 60, p L 4, f igs 4-5 . 

Hormosina g l o b i l i f e r a Brady var . ta±Tita1:ensis Cushman & Renz, 1946, p. 14, 

p L 1, figs 15-19. 

R e c ^ a x globosus SÜter, 1968, p . 43 , pL. 1, f ig- 12. 

Reoghax t r in i ta tens is (Cushman & Renz) . HanzHkovä, 1972, p. 37, p L 3, f i g . 

10. 

Hormosina t r ini ta tensis Cushman & Renz. Kaminski , Gradstein, Berggren, 

Geroch & Beckmann, 1988, p . 187, p L 3, fig. 1. 

Reoghax globosus Sl i ter . Kaminski , Gradstein, Berggren, Geroch & Beckmann, 

1988, p . 187, pU 3, f ig . 4. 

Remarks: Spedmens of Hormosina ex gr. globulifera are character ised 

by the i r uniser ia l test (varying from c 1290jum to 2550jiim, i n maximum 

length) , s t ra ight to s l ight ly arcuate; large globular Chambers increasing 

rap id ly i n s ize , commonly compressed by compaction, pa r t i a l ly overlapjrfng 
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the previous cnes; t e rmina l aperture, pcoduced a t the end o£ a d i s t i nc t 

tubulär neck; w a l l t h i ck , moderately t o coarsely agglutinated, with abundant 

cement, of organic and/or sÜLceous o r ig in . 

Range: l a t e C a i i a c i a n to Maast r icht ian . 

Occurrence: wells 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Pa laeo-envi ro iments : i^jper t o l o w e r bathyaL 

Hcrmoedna ogulum (Grzybswski) 

(RL 2, F igs 14-16) 

Rec^hax ovolum Grzybowski , 1896, p . 276, pL 8, f igs 19-20. 

Hormosina Ovulum (Grzybowski). Maslakova, 1955, p. 41 , pU 1, f i g . 9. 

Hormosina Ovulum (Grzybowski) var . gigantea Geroch, 1960, p^ 43, p L 2, figs 

18-19. 

Pelosina caudata (Mcntanaro-Gal l i te l l i ) . HazllkovÄ, 1972, p. 34, p L 1, 

figs 2-6. 

Hormosina Ovulum Ovulum (Grzybowski). Kaminski , Gradstein, Berggren, 

Geroch & Beckmann, 1988, p. 186, p L 2, f i g . 10. 

Hormosina gigantea Geroch. Mcxiüade, Kuhnt & Thurow, 1988, piL 2, fig. 11 . 

Hormosina Ovulum (Grzybowsfcü. Moullade, Kuhnt & Thurow, 1988, p i . 2, figs 

7-9. 

Remarks: Tl i is ^)ecLes is character ised by a Öiick-waHed, f ine ly 

agglutinated test , wiüi subsfher ical chamber-shape. The ^ lec imens are 

mostly found i n uralocular fragments of large s ize (varying from c . 350fim 

to 750/im i n maximum length, morphot^pes of Hormosina Ovulum va r . 

gigantea Geroch ). 

Range: l a t e Santonian to Maasb i ch t i an . 

Occurrence: weUs l - S E S - 3 , l - S E S - 2 4 . 

Palaeo-environments: middle to l o w e r bathyaL 

Subfamüy REOPHACIHAE Cushman, 1910 



Genus RBOPQAX de Montfort , 1808 

Type q)ecies: Reogrfiax scorpiurus de Montfoct, 1808 

Reo | t i ax tezanuB C u ^ m a n & Waters 

(PL 2, Figs 17-18) 

Rect^ax texanus Cuáiman & Waters, 1927, p . 82, p L 10, £ig. 2. 

R e c ^ a x texanus C u ^ m a n & Waters. Cushman, 1946, p. 16, p L 1, figs 1 8 -

20. 

ReoFhax h y a t t i P e t r i , 1962, p . 44-45, p L 1, f i g . 2. 

Reoghax sp. 2, K a m i n ^ d , Gradstein, Berggren, Geroch & Beckmann, 1988, p . 

187, piL 3, figs 2 -3 . 

Remarks: R e ^ a x texanus i s character ised by having an elongate, 

s b r a i ^ t , un i se r ia l t es t fvarying frora c 1600^m to 2230/im i n maximum 

üength); globular embracing chamiDers, gradually increasing i n s ize; t e rmina l 

aperture, cai a shor t neck; tìiick, rather coarsely agghit inated walL I h i s 

form resembles specimens of Hccmosina ex gr . g lob i l i fera Brady, but differs 

i n possessing globular chambers t i ia t are smaller , less inf la ted , more 

embcancdng and increasing gradually i n s i ze . 

Range: l a t e Campanian to Maastr icht ian. 

Occurrence: wel ls 1 - S E S - l A , l - E E S - 3 . 

Palaeo-environments; upper to lower bathyaL 

Superfamìly I IPOOLACEA 

de Blainvüle, 1827 

Fami ly HAPLOPHRAGMOODIDAE Maync, 1952 

Genus &SANOSEIRA TakayanagL, 1960 

Type specdes: Lent i tellina? teshioensis Asano, 1950 

Remarks: I h i s genus differs Erom Haplo^hragmoides i n i t s l en t icu la r 

form, subangular marginai per i j i i e ry , and rounded rather tìian lobate 

equatCBñal per ip i ie ry {cf. Loetüich & Tappan, 1988, p . 65). 
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Asanoepara e x gc . g labra (Cushman & Waters), emended 

(PL 2, Figs 19-22) 

Haploghragmoides g labra G u z m a n & Waters, 1927, p . 83, pL 10, f i g . 6a-b. 

Haploghragmoides g labra C u ^ m a n & Waters. Cushman, 1946, p. 20, pL 2, 

figs 16-17. 

Haplo t^agmoides wilgunyaensis Cre^ r in . ScheibnerovA, 1976, p. 39, pL 4, 

figs 2, 7, tejct-fig. 5. 

H^ilDghragmoides(?) ; ^ r v i s l fJttialmann). Kaminski , Gradstein, Berggren, Geroch 

& Beckraann, 1988, p. 190, p L 7, f igs 1-2, p L 10, figs 8-9. 

Remarks: PiSanospira ex gr. glabra q iec imens are character ised by 

having a large , somewhat compressed, l en t i cu la r t e s t (varying from c . 

800/im to 1 4 9 0 ^ i n maximum diameter); p l a n i ^ i r a l and involute ; marginal 

periphery subacute; 8 t o 15 chambers Qhe greatest number of chambers i n 

the largest specimens) i n the l a s t wheel, increasing s lowly i n s ize ; c i rcu lar 

equa tor ia l periphery; w a l l f ine ly agglutinated; smooth tes t surface. The 

species' o r ig ina l descriptiDn i s emended here to include ^ c i m e n s with 

larger size and more chambers than the holotype and paratypes. The 

morphotypes are s imi la r to Cyclammina Brady and Dax ia Cuvi l l i e r & Szaka l l , 

bu t there i s no evidence o f the alveolar subepidermal meshwcrk of the 

former. They have l e ^ numerous chambers i n the l a s t whor l than Daxia and 

the ^ l e r t u r a l face , a l t h o u ^ somewhat obscured, appears to be a sunpOe low 

in ter iomarginal a rch . 

Range: l a t e Santonian to Maastr icht ian. 

Occurrence: weUs 1 - C A - l , 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 

Palaeo-envircximents: i5)per to middle bathyaL 

A s a n c q i i r a wai l ted (Grzybowsk:^ 

(EL 2, Figs 23-24) 

Trochammina wai ter ! Grzybowski , 1898b, p. 290, piL 11, f i g . 31. 

Haploghragmoides excava ta Cushman & Waters. Cushman, 1946, p. 21, pO. 2, 

figs 13-15. 
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H a p l o ^ a g m c d d e s wa l t e r i {Grzybowski). Kaminski , Gradstein, Berggren, 

Geroch & Beckmann, 1988, p. 190, p L 5, f igs 14-15. 

Remarks: Asan. wa l t e r i i s distinguished by having a very compressed 

l en t i cu l a r t es t (c. 630^m i n maximum diameter); pLanispiral and involate ; 

acute marginal p e i j ^ i e r y ; 7 t o 9 Chambers i n the l a s t whorl , increasing 

gradual ly i n s ize; neady d c c u l a r equa toda l peripiiery; f ine ly agglutinated 

wa lL a i s morphcQogicalLy sunüar t o A s a n o ^ i r a ex gr. glabra (Cu^man & 

Waters), from which i t differs i n possessing a smaller t es t t ha t i s more 

l a t e r a l l y compressed and with fewer Chambers i n the l a s t whorL Ihe 

^)ecimens may eventually be äiown bo .be ea r ly cntogenetdc s t ages .o f the 

A . glabca qec i e s -g roup , but this could not be properly assessed i n th is 

study because of the s ca r c i t y of spedmens referable to th is taxon. 

Range: l a t e Santonian. 

Occurrence: weU 1 - C A - l - S E Orare occurrence). 

Palaeo-environments: L^jper t o middle bathyaL 

Genus CKIBROSTOHaiDES Cushman, 1910 

Type q)edes : Cribcostomoides bcadyi Cushman, 1910 

Ciihcosbomcddes e x g r . trinitatMieäs Cushman & Ja rv i s 

{EL 2, Figs 25-27) 

Critarostomoides t r ini ta tensis Cushman & Jarvis , 1928, p ,91 , p L 12, fig. 12. 

Crihrostomoides cretacea Cushman & Goudkoff, 1944, p . 54, p L 9, f i g . 4. 

CriJarostomoides t r ini tatensis C u ^ m a n & Jarv is . C u ^ m a n , 1946, p. 22, pL 3, 

fig. 3. 

Crihrostomoides t r ini tatensis Cudiman & Jarvis . HanzHkovä, 1972, p. 42, p L 

6, f igs 2-3 . 

Crihrostomoides t r in i ta tens is Cushman & Jarvis . Kaminski , Grattetdn, 

Berggren, Geroch & Beckmann, 1988, p . 188, p L 6, figs 1-2. 

Remarks: Spedmens o f Cribrostomoides ex gr. t r in i ta tens is have a 

l a rge , involute plani^pira l t es t {varying from c . 370/310^m t o 710/690^m i n 

maximum diameter /width rat io) , sometimes deformed by post-mortem 
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compactìon; 5 to 7 Chambers i n tìie l a s t whccl , gradually increasing i n s i ze ; 

low ^ ) e r t u r a l face , with an a rea l dentate c^ìerture, usuaRy obscured; rather 

coarsely agglut inated walL Larger specimens di^üay a slLght tendency 

towards a spreptospira l c o i l . Distorted ca: poorly preserved ^)eclmens, with 

obscured ^ ) e r t u r a l d i a rac te r i s t i c s , are morphologically s imilar to 

Haplo^hragmoides ex gr. buTloides (Beissel) and diföcult to distinguish from 

eacìi other. 

Range: l a t e Santonian to Haastr icht iaru 

Occurrence: weUs 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-envircnments: i^iper to lower bathyaL 

Genus HAEI.OPHRAGHOn>ES Cushman, 1910 

Type ^)ecies: Ncnionina canariensis d'Orbigny, 1839 

Haplophragmoides ex g r . tyiTifTnA*g ^e i sse l ) , emended 

(PL 2, Figs 28-31) 

HaplopAiragmium buHoides BeisseL 1891, p. 17, p L 2, figs 1-3, pL 4, f igs 

24-30. 

HaplopAiragmoides k i r k i Wickenden. SUter , 1968, p . 44, p L 2, f i g . 2. 

HaplopAiragmoides egger i Cushman. HanzHkovà, 1972, p . 40, p L 5, figs 1-2. 

HapQo^^agmoides impensus Mart in . HanzHkovà, 1972, p . 40-41, p L 5, figs 6 -

7. 

Haplophragmoides k i r k i Wickenden. HanzHkovà, 1972, p . 41, pL 5, f i g . 4. 

Haploghragmoides buHoides (Beissel). Krasheninnikov, 1974, p. 636, p L 1, figs 

9-11 . 

H a p l o t ^ a g m o i d e s peeudokirki Krasheninnikov, 1974, p . 635-636, p L 1, fig. 

8a-b . 

H^Jophragmoides sp. c f . buHoides peissel ) . Malumiàn & Proserpio, 1978, p . 

439, p L 2, f igs 1-2. 

Haplog^agmoides ex gr. suborbjciiiarjs (Grzybowski). Kaminski , Gradstein, 

Berggren, Geroch & Beckmann, 1988, p . 189, p L 5, f igs 12-13. 

H^dophragmoijdes buHoides (Beissel). MouHade, Kuhnt & Thurow,1988, p L 6, 

figs 3, 7-8 . 
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Remarks: H^üDEAiragmoides ex gr. bnilnjdes i s here considered to 

comprise s eve ra l raorphoi^pes of common or ig in (eco^enotypes and 

ontogenetic poLymorpiis), which have have been ascribed to seve ra l different 

^jecdes by previous authccs and are, henceforth, included i n the synonomy 

l i s t of this ^JecLes-group. The ^ i edmens are character ised by large , 

inf la ted, nearly n e r i c a i p lan isp i ra l tests (varying from c . 380/im to 910/im 

i n maximum diameter) ; involute ; 5 bo 8 chambers i n the l a s t whorl , 

gradually increasing i n s ize ; marginal periphery broadly rounded; aper tura l 

face low and broadly arched; w a l l f inely cr somewhat coarsely agglutdnated; 

post-depositirwial deformation commonly c teerved. 

Range: l a t e Santcxiian to Maastr icht ian. 

Occurrence: weUs 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-envirOTiments: upper to lower bathyaL 

HapLophragmcddes rugosa C u ^ m a n & Waters 

(PL 2, Figs 32-35) 

H^Jophragmoides rugosa Cushman & Waters, 1927, p . 83, p L 10, f i g . 4a-b. 

Haplophragmoides rugosa C u ^ m a n & Watera. C u ^ m a n , 1946, p. 20-21 , pL 2, 

f i ^ 18-19. 

H^aophragmoides topagorukensis T^)pan. Eicher & WOTStell, 1970, p . 280, p L 

1, f i g . 12a-b. 

Haplophragmoides rugosus Cushman & Waters. HanzHkovà, 1972, p. 41, p L 

5, f i g . 8. 

Remarks: Hapl'des rugosa i s distinguished by having a moderately smal l , 

closely co i l ed , p l an i sp i ra l t es t (c. 300-320pm i n maximum diameter); rounded 

marginal peri j*iery; 5 bo 6 subsE*ierical chambers i n the l a s t whorl , rapidly 

increasing i n s i ze ; c i r cu la r equatxadal periphery; coarsely agglutdnated walL 

I t differs from Haplophragmoides ex gr. buUoides (Beissel) by i t s smaller 

s i ze , more compressed l a t e r a l l y , less numerous chambers i n the l a s t whorl , 

more rapidly increasing i n s ize , and more coarsely agglutinated wa lL 

Range: l a t e Santtxiian to Campanian. 

Occurrence: w e l l 1 - C A - l - S E . 

Palaeo-environments: i^iper t o middle bathyaL 
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Family mSCAHHINIDAB Mikhalevich, 1980 

Genus DISCAHHIHA Lacrcáx, 1932 

Type ^ c i e s : Discammina falLax Lacrcáx, 1932 

Discammina A 

{PL 3, Figs 1-5) 

Remarks: SpecLmens oE Discammina sp. A are character ised by having a 

moderately 3arge, p l a n i ^ i r a l tes t (varying from c . 360;im to 530^m i n 

máximum diameter), s l i ^ t L y evotute, sbrcngLy compressed; aperture a facoad 

iov in ter iomarginal equa to r ia l arch; f ine ly to moderately aggLutmated wa lL 

They are similar t o morpAiotypes described by Sdieitxiecová (1976) as 

Ammomarginulina pa te re l la Eicher (p. 46, pL 6, Eig. 2, pL 7, f i g . 1, t e x t -

f ig . 18), Discammina sp. tp. 41 , p L 5, f ig- 5, p L 6, S g . 1, t e x t - f i g . 9) and 

H^Jophragmoides sp. ^ 4, figs 5-6), and to ^)ecimens described as 

H^dophragmoides coUyra Nauss by Eicher {1967, p. 180-181, p L 17, f i g . 9, 

not f ig , 7). 

Range: l a tes t Cenomanian. 

Occurrence: tocalities A - 9 , A - 4 5 . 

Palaeo-environments: shal lDw-middle neri t ic to upper ba thyal . 

Genus GLAPHYRAHHDIA Loebl ich & T^ípan, 1984 

Type ^)ec ies : AmmobacuHtes americanus Cushman, 1910 

Glaphyrammina spi. A 

(PL 3, Figs 6-11) 

Remarks: Specimens of GIaE*iyrammina sp. A are dist inguished by having 

a large, p l a n i ^ i r a l , d i sco ida l tes t (c. 520-630^m i n máximum diameter), 

lateralLy compressed, partíaUy evolute and tending to uncoü i n tíie l a t e r 

stage; 5 to 6 chambets i n the l a s t whorl; t e rmina l aperture an elongate 

narrow, s l i t - l i k e c^)ening; coarsely agglutinated walL They are s imilar to 

Discammina sp. A morphotypes, but differ i n t i ie aper tura l characteristícs 

and i n having coarser agglut inated tests. 

Range: la te Campanian. 

Occurrence: w e l l 1 - C A - l - S E (rare occurrence). 

Palaeo-envircximents: upper to middle bathyaL 
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Family UTDOTOHIDAE Loefcìlich & T ^ p a n , 1984 

Genus TROCHAMHDIQIDES Cushman, 1910 

Type ^ jec ies : Tirochammina proteus Karrer , 1866 

TtiyfeiiniiiìiiaìdeB ex. gr. dubia (Grzybow^d) 

(PL 3, Figs 12-15) 

Ammodiscus dubius Grzybowski , 1901, p . 274, p L 8, figs 12, 14. 

Trcx:hammincàdes ypi/^^^coensis Cushman. Hanzlikovà, 1972, p.44, p L 8 , Eig. 3. 

Trochammincñdes duHns (Grzybowski). Kaminski , Gradstein, Berggren, Geroch 

& Beckmann, 1988, p . 191, p L 4, f igs 16-17-

Remarks: Trocha m minoides ex gr. dubia morphotypes are character ised 

iDy having a large, somewhat compressed, p l a n i ^ i r a l * evoMte tes t (varying 

feom c 550/im i n maximum diameter , i n the towermost A lb i an , to c. 1060-

1070^m i n the i^ipér Santonian), with a c i rcu lar equa to r ia l perif^iery; 

rounded bo subacute perdpheral margin; moderately to coarsely agglutinated. 

Range: ear l iest A l b i a n , l a t e Santonian. 

Occurrence: wells 1 - C A - l - S E , 1-ÜS-l-SE. 

Palaeo-envircximents: deep ne r i t i c to Upper bathyaL 

'Pcocfaamip^'^'^pg f l ag lpr i Cushman & Hedberg 

(FL 3, Figs 16-21) 

Haplothragmoides Elagler i Cushman & Hedberg, 1941, p . 82-33 , pL 21, f i g . 

2a-b . 

H aplothragmoides fr a se r i Wickenden. TnriLUo, 1960, p . 305, p l . 43, flg. 6a-b . 

Remarks: Specimens oE Trocham minoidesdes f l ag l e r i are distinguished by 

having a large, p lan i sp i ra l and evolute , d iscoidal t es t (varying from c . 

520/230fim to 1160/540;im i n maximum diametsr /width rat io) , commonly 

d is tor ted by corapaction; 7 t o 9 Chambers i n the l a s t whor l , increasing 

gradually i n size; marginal periphery taroadly rounded; w a l l f inely to 
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coarse ly agglutinated. They di f fer from Trochamndnoijjes dubius (Grzybowsltü 

i n possessing moce Chambers i n Öie l a s t whor l and a d i sco ida l tasí^ Crom 

Trochamminoides proteus (Karrer) fFrochamminoides velascoensis Cuáiman, 

pardaably a j i n i o r synonym) i n the i r fccoadly rounded marginal peripäery. 

Range: l a t e Santcmian to Maas t r ich t ian . 

Occurrence: weUs 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 9 . 

Palaeo-environments: middle t o l o w e r bathyaL 

'Itodiamip^"^'*« sp. cf. T. subcoconata (Grzybowski) 

(EL 3, Figs 22-23) 

c f . Trochammina subcorOTiata Grzybowsk i , 1898b, p . 283-284, ptL 9, f i g , 3 a -

c . 

HaploE^iragmoides corcmaba Brady. Cushman, 1946, p. 20, pL 2, f igs 20-

22. 

TTochamminoides irregularis White. HanzHková, 1972, p. 44, p L 8, f igs 1-2, 

piL 9, f i g . 1. 

'nrocham-minoides irregnlaris White. Kaminski , Gradstein, Berggren, Geroch & 

Beckmann, 1988, p. 191-192, p L 4, f i g . 18. 

c f . Trocham minoides sufacorcnatus (Grzybowski). Kaminski , Gradsbein, 

Berggren, Geroch & Beckmann, 1988, p . 192, pL 4, f i g . 19. 

Remarks: Rare ^lecimens tentatìvely asslgned to Trocham minoides sp. 

cf- T. subcoronata were recovered from the Alfcdan. Itiey are character ised 

by having a large test (varying from c 600/im to 1010/ira i n maximum 

diameter), commonly crushed and distocted by compacti ixi ; 5 to 7 f la t tened 

globular Chambers, i n an i r regular c o i l i n g ; ra ther f inely agglut inated walL 

The morphotypes differ from Trochamminoides f lagLeri Cushman & Hedberg i n 

pos se^ ing a tes t strongly d is tcc ted , wi th fewer globular Chambers i n the 

l a s t whorL 

Range: Älfcdan. 

Occurrence: wells 1 - C A - l - S E , 1-üS-l-SE. 

Palaeo-envircHiment: deep neritíc t o L5>per bathyaL 
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Fandly LETOOLIDAE de EflainviUe, 1827 

SidiEamily AHMOHARGDinLININAE Podobina, 1978 

Genus AHHOBACUIiEIES Cushman, 1910 

Type specdes: Spirdlina agglutinans d'Orhigny, 1845 

Remarks: Ttie genus i s character ised by having an elongate test , 

rounded i n secticai; plani^äral early stage, c lose ly c o i l s d , la ter uncoiled and 

s t r a i ^ t to soraewhat curved; aperture te rmina l , rounded to sLLt-l ike, 

par t ia l ly due to post-deposi t ional d i s t o r t i m of tests; w a E f inely to coarsely 

agglutinated. 

A great Variat ion i n test size and shape, number of Chambers of the 

un ise r ia l stage, depresión of sutures, and coarseness of the waH texture i s 

found i n t i ie a semblages oE ihe area s tudied. Because of this^ broad 

speci f ic definitdons are accepted herein fca: the genera Ammobaoiiit'=>g and 

Haplophragmiu m Reuss {family H^lophragmüdae). 

Ammobari iTi trs ex gr . cogrolitfaifjaciius (Schwager), emended 

(RU 3, Figs 24-26) 

Haptot^iragmium coproEthifcarme Schwager, 1867, p . 654, pL. 34, f i g . 3. 

Ammobaci]litj?s coprcJi thif tymis (Scíiwager). Cushman, 1946, p. 22-23, p L 3, 

figs 7-9-

Ammobaculi tes j jnceus C u ^ m a n & Appl in . E icher , 1967, pw 181-182, pL, 17, 

ägs 11-12. 

Ammobaculi tes a lexander i Cushman. HanzHková, 1972, p. 45, pL 9, f i g . 4. 

AmmobacuUtes copralithifcarmis (Schwager). HanzHková, 1972, p. 46, p L 9, 

f i g . 5. 

Ammobaai l i t es compositus Hagniez-Jannin, 1976, p. 44-45, pL 1, f i g . 27a-b. 

AmmobacuHtes erec tus Crespin. Scheibnerová, 1976, p. 44, pL 7, ägs 4 -5 , 

text-ägs 14-15 . 

AmmobacuHtes f i she r i Crespin. Scheibnerová, 1976, p. 42, pL 7, f igs 8-10, 

t ex t - f i g s 11-12 . 

Ammobaculi tes Eragmentarius Cuäiman. Scheitnerová, 1976, p. 45, pL 7, f i g . 

11. 
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Ammobaciil i tes irdmmus Creían. Scheibnerová, 1976, p. 44, pL. 6, f ig , 6, pL 

7, figs 2 -3 . 

Ammobaculites humei Nauss. Haig, 1980, p, 106-108, p L 4, figs 4-10, p L 10, 

f i g . 2. 

Ammobaai l i tes obscurus Loe b l ich . Stelck & Hedinger, 1983, pL 1, f i g . 37, p L 

2, figs 5, 11 -12 . 

Ammobaculites paca l i s p a t t e r s o i i Sutherland & Ste lck . Stelck & Hedinger, 

1983, EiL 2, f i g . 13. 

Remarks: Spedraens of Ammobaculites ex gr . coprol i thiformis are 

character ised by having a large elongate t es t (varying from c 1300/im to 

288(ifim i n máximum length), sometimes compressed and distorted by 

compaction; globular, inf la ted Chambers, o f unifcarm width i n the uncoi led 

uniser ia l stage; coarsely agglutinated waH, wi th organic and süiceous 

cement. "nie s y n o m y i ^ l i s t exemplifies Öie broad variabüity of morphotypes 

here considered t o belong to this specLes group. 

Range: l a t e Santonian to Maastr icht ian. 

Occurrence: weHs 1 - C A - l - S E , 1 - S E S - l A , l - ^ S - 3 , l - S E S - 9 . 

Palaeo-environments: ipper to lower bathyaL 

AmmobacuKtES sp. c C A . cqpCQlitliiIJa.iius (Schwager) 

(PL 3, Figs 27-28) . 

c f . Hsp lop^agmium coproli thiforme Schwager, 1868, p . 654, p L 34, f i g . 3. 

cf . AmmobaailitJ^s Sragmentarius Cudiman. Stelck & Hedinger, 1983, p L 1, 

figs 33-36, 38-40, 

Remarks: Spedmens tentat ively assigned t o A m mobacuUtes sp. c f . A . 

copräUthifCa:mis were recovered from para l i c (lagoonal) enviroiments of the 

uppermost Ap t i an . The morphotypes are dist inguished by having a very large 

and robust t es t (c. 1450jum i n máximum length); few Chambers in the ear ly 

coi led stage and 3 t o 4 rauch larger in f l a t ed globular charabers i n the 

uniser ia l porticffi; f ine ly agglutinated w a l l wi th OTganic and calcareous 

cement. 

Range: l a t e Ap t i an . 

Occurrence: weHs 1 - C A - l - S E , 1 - C N - l - S E . 

Palaeo-environments: paral ic (lagoonal environraents). 
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AmmdaaaiBbes ^ c£. A. firagmentaria Cushman 

(H. 3, Pigs 29-32) 

Am mobacuUtes fcagmentaria Cuäiraan, 1927b, p . 130, p L 1, f i g . 8. 

Ammobaculites fragmentarius Cushman. C u ^ m a n , 1946, p . 23, p L 3, figs 1 0 -

13, 16 (not f i ^ 14-15). 

Remarks: Spedmens referatüe to Ammobaqjl i tes sp, c f . A . fcagmentaria 

are distinguished by having a large, elongate test , o f variatfle s i ze (varying 

from c 630/im to 1070/im i n maximum length), commonly compressed by 

compaction; un i se r i a l stage with Chambers increasing graduaUy or i r regular ly 

i n s ize; sutures d i s t inc t , depcessed; waH coarse ly agglut inated; very rough 

tes t surface. They di f fer from A. ex gr. coproHthif«:mis (Schwager) 

morphotypes i n possessing an irregulär Chamber g rowt i i i n the uniser ia l 

stage and coarser w a l l texture . 

Range: l a t e s t Campanian to eady- l a t e Maas t r ich t ian 

Occurrence: weUs 1 - S E S - l A , l - S E S - 9 . 

Palaeo-environments: Upper to middle ba1±yaL 

AntmobacuMtes inpexus Eicher 

(PL 3, Figs 33-34) 

Ammobaculites impexus Eicher , 1965, p . 895-896, p L 104, figs 3-5 . 

AmmotiaculLtes impexus Eicher . E i d i e r , 1967, p . 181, p L 17, f ig .6a-b . 

Ammobaculites impexus Eicher . Abdel-Kireem & Sul tan , 1988, p. 265, p L 2, 

figs 6, 8-10. 

Remarks: Spedmens of Ammobaculites impexus are characterised by 

having a l a rge , elongatie t es t (c. 490-680/xm i n maximum length); püanispiral 

and evolutDe ea r ly stage, l a te r uncoiled and s t ra ight , usually distorted by 

compaction; ea r ly co i l ed pOTticn greater i n width than the l a te r un ise r ia l 

^ g e ; cxjarsely agglut inated walL 

Range: l a t e s t Cenomanian. 

Occurrence: l o c a l i t i e s A - 9 , A - 4 6 . 

Palaeo-environments: shallow-middle ne r i t i c to Upper bathyaL 
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AmmobOT^ 'Kt^ leophaooides Bartensbein 

{EL 3, Figs 35-36) 

Ammobaail i tes r e o ^ a c o i j e s Bartenstein, 1952, 307, f i g . 1. 

Ammobaai l i tes reog*iaa3li3es Bartenstein. Flandrin , Mou]lat3e & Porthault , 

1961, FL 215-216, p L 1, f i g . 3. 

Ammobaculites reophacoixtes Bartenstein. Bartenstein & BoUi , 1977, p. 546, 

p L 1, figs 10-13 . 

Ammobaculites aff . reoE^iacoijes Bartenstein. Cr i t tenden, 1983a, p . 20, p L 2, 

figs 7-8 . 

cf . Ammobaculites subcretaceus Cushman & Alexander. Cr i t tenden, 1983a, p . 

19-20, piL 2, f igs 2 -3 . 

Remarks: A m mobaculites reophacoides i s character ised by having a 

large , elongate tes t {c. 590^m i n maximum length), somewhat compre^ed , 

with a ^ c r t ea r ly p lan i sp i ra l stage, of about 3 chambers, fol lowed by a 

high uniser ia l stage of equal -s ized chambers; coarsely agglutinated walL 

Range: l a t e Aprtian. 

Occurrence: w e l l 7 -CP-252-SE ö^are occurrence) . 

Pa laeo-envi ro iments : dial lDw to middle n e r i t i c 

AmmobaailitEs ^ A 

(PL 3, Figs 37-39) 

Remarks: Ammobaculi tes ^ A i s character ised having a large , 

elongate tes t (c. 460-630^m i n maximum length); 4 to 5 chambers i n the 

c o i l stage, and 3 globular chambers i n the uraser ia l portiOT, increasing 

gradually to rap id ly i n s i ze ; wa l l f ine ly to coarse ly agglutinated. The 

^ d m e n s of smaller best s ize have a more regular chamber growth i n the 

uniser ia l stage and resemble Ammobaculites sp. c f . A . corprolithiEccmis 

morphotypes. 

Range: ea r l i es t Al tdan. 

Occurrence: l o c a l i t y A - 3 2 . 

Palaeo-envircximent: para l ic (lagoonal environment). 
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Genus AHHOHARGINDLINA Wiesner, 1931 

Type ^ìecdes; Ammomarginulma engis Wies ie r , 1931 

AmiBOiiiacginaliiia jvrtrr'^Tl^ Elcher 

(EL 3, Figs 40-41) 

Ammomargiiìiilina patereUa Eic t ier , 1967, p . 182, pL 17, f igs 15-16 . 

Ammomarginiilina paterelLa Eicher . Scheihnecovà, 1976, p. 46, t e x t - f i g . 18, 

p L 7, f i g . 1. 

AmmomarginulLna patereTla E icher . Abdel-Kireeni & Sul tan, 1988, p. 266, pU 

1, f igs 17-18, 20. 

Remarks: The species i s character ised by having a moderatély la rge , 

p l a n i ^ i r a l , evolute, s tcongly corapressed tes t (e. 310-500;4m i n maximum 

diameter); coarsely agglut lnated w a l L 

Range: l a tes t Cenomanian. 

Occurrence: l o c a l i t y A - 9 . 

Palaeo-environments: i^iper bathyaL. 

Superfamily BACLOPHRAGHIACSA 

Eimer & F icker t , 1899 

Family AHMOSPHAEROmiNIDAE Cushman, 1927 

SubfamiLy RECURVOIDINAE A lekseych ik -Mi t skev ich , 1973 

Genus BUDASHEVAECXA Loebl ich & T^^)an, 1964 

Type spedes: Circus mult icameratus Voloshinova & B u d a ^ e v a , 1961 

Rudadievaéna iMiriomncddes (Reuss) 

(EL 4, Figs 1-3) 

HagdDghragmium nonioninoides R e u s , 1863, p. 30, p L 1, Eig. 8a-b . 

HapJoghragmoides nonioninoides (Reuss). Magniez-Jannin, 1976, p. 30-37, p L 

2, figs 9-18, t e x t - f i g . 11-12 . 
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Lat ra sp i r a nonioninoides (Reuss). Ha ig , 1980, p . 104, p L 3, figs 12-19. 

H a p l o ^ a g m o i d e s nonioninoides (Reuss). S l i t e r , 1980, pU 2, figs 5-6 . 

Haplofhragmoides nonioninoides (Reuss). Cr i t tenden, 1983a, p . 18, pL 1, 

figs 17-18. 

Remarks: Specimens of Budashevaella nonioninoides are character ised by 

having a la rge tes t ( c 410-430/im i n maximum diameter) with an involu te 

s t r ep to^ r i r a l i n i t i a l c o i l , l a te r stage par t ly ewdute and nearly plani^àral; 4 

to 5 chambers i n the l a s t whorl; finely or coarsely agglutinated w a l L 

Range: l a t e Apt ian to early AlbLan. 

Occurrence: wells 1 - C A - l - S E , 1 - U S - l - S E . 

Palaeo-environments: deep ne r i t i c to upper bathyaL 

Budadievael la t d n i t a t a B i s (Cushman & Renz) 

(PL 4, Figs 4-5) 

Haplo^hragmoides Qag le r i Cushman & Hedberg var. t r ini ta tensis Cushman & 

Renz , 1946, p . 18, p L 2, figs 2 -3 . 

Recurvoldes ge roch i Hanzllkovà, 1972, p. 43, pL 6, figs 4{hcilotype)-6. 

Budashevaella t r in i ta tens is (Cushman & Renz). Kaminski , Gradstein, Berggren, 

Geroch & Beckmann, 1988, p. 188-189, p L 5, fig. 2, p L 10, f igs 2 -3 . 

Remarks: Budashevaella t r in i ta tens is i s distinguished by i t s larger t e s t 

(c. 900um i n maxiumum diameter), with a somewhat more evolute l a t e r 

pt lam^jiral stage than B . nonicmnoides (Reuss); 6.5 chambers i n the l a s t 

whor l ; coarsely agglutinated wa lL 

Range: l a t e Campanian. 

Occurrence: weE 1 - S E S - l A (care occurrence). 

Palaeo-environments: upper to middle bathyaL 

Genus RECDRVOIDES Barland, 1934 

Type ^secdfis: Recurvoides confacytus Earland, 1934 

RecurvOEJdes gr . g i n K i i f s a (Grzybowski), emended 

(PL 4, Figs 6-8) 

Cyclammina globulosa Grzybowski , 1896b, p . 285, p L 9, f i g . l O a - b . 

Crifcrostomoides cretaceus Cushman & GoudkofE. HanzUkova, 1972, p . 42, p L 

6, fig. 1. 
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HeploFdTragmoides cetroseptus (Grzybowski). HanzUková, 1972, p . 41, p L 5, 

fig. 5. 

Recurvoides def lexifor inis (Noth). HanzUková, 1972, p . 42, p L 6, fígs 2-3 

Recurvoides globulosus (Grzybowski). HanzUková, 1972, p . 43, p L 6 , fig. 7, 

p L 7, fígs 1-4. 

Recurvoides sp. 1, Kaminski , Gradsbein, Berggren, Geroch & Beckmann, 1988, 

p . 191, p L 6, fig. 4a-b , 

Recurvoides sp. 2, Kaminski , Gradstein, Berggren, Geroch & Beckmann, 1988, 

pw 191, p L 6, figs 10 -11 . 

Recurvoides imperfectus H a n z U k o v i . Kamin^ t i , Gradstein, Berggren, Geroch & 

Beckmann, 1988, p. 191, pL 6, figs 5-6, p L 10, fíg. 4 a - c 

Remarks: Spedmens of Recurvoides ex gr. globulosa are character ised 

by having a sE^ierical to sub^ ihe r ica l test , o f var iable s ize (varying from c . 

520^m t o 800/im i n maiximum diameter), sometimes distcoted by compaction; 

4 to 7 chambers i n tíie l a s t whorl , arranged i n a s t r e p t o ^ i r a l c o i l ; wáE. 

moderately to coarse ly agglutinated. 

Range: l a t e C o n i a d a n to Maastr icht ian. 

Occurrence: weUs 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-envircHiments: upper to lower bathyaL 

r 
Recurvoides sp, cf. ^ Sübtnrfaánata (Grzybowski) 

(PL 4, Figs 9-10) 

Haplophragmium subturbinataim Grzybowski , 1898b, p . 280, p L 10, f i g . 23. 

Ihalmannammina subturbdnata (Grzybowski). Kanzllková, 1972, p . 43-44, pL 

7, fíg. 5. 

Thaljnannammina walberi (Grzabowski). HanzUková, 1972, p, 44, pL 7, fig. 6. 

Recurvoides c f . subturfalnatus (Grzybowski). Kaminski , Gradstein, Berggren, 

Geroch & Beckmann, 1988, p . 191, p L 6, f igs 8-9. 

Remarks: Spedmens of Recurvoides sp. cf . R. subturbinaba have a la rge 

s u b ^ e r i c a l t es t (c. 940/720/im i n máximum diameter / t readth rat io); 

involute s t rep tosp i ra l coüing; 3 to 5 chambers i n the l a s t whorl; finely t o 

moderately coarse agglut inated walL They dlEfer firom Recurvoides ex gr. 
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globulosa (Grzytowsld) morphotypes by their large i r regular ^ h e r i c a l test, 

with fewer chambers i n the l a s t whor l and smoother surface. The spedes 

was designated Öie genotype of Ihalmannammina Pokorn^, which i s probable 

synonymous with Recurvoides (cf. Kaminski e t 1988, p . 191). 

Range: Carapanian to Maastrici i tLan. 

Occurrence: wells 1 - S E S - l A , l - S E S - 3 . 

Palaeo-envircnments: middle to lower bathyaL 

Family HAEIOraRAGHIIDAE Eimer & F i c k e r t , 1899 

Genus HAfLOPHRAGHIDH Reuss, 1860 

Type Speeles: Spirol ina aequ^^li?^ Roemer, 1841 

Remarks: H^>lo^feagmium i s morphologically sLmilar to Ammobaculites 

Cushman, from which i t diffiers i n having an i n i t i a l streptc^äral to 

t r o c h o ^ i i r a l coü ra ther than p l a n i ^ i r a L 

Haplophragmiim ex gc. fog^j*"™"™ (Reuss) 

(PL 4, Figs 11-13) 

Dentalina f o e d i ^ i m a Reuss, 1860, p . 45, p L 3, f i g . 23 (fide Hofker, 1957). 

Haplothragmium foedissimum (Reus) . Hofker, 1957, p . 25-27, t ex t - f igs 9a-c , 

l O a - c . 

Ammobaculites irregiilarifcarmis Bartenstein & Brand. Schei l^rovà, 1976, p. 

43, p L 6, f i g . 5, t e x t - f i g . 13. 

Haplophragmium swaren i S te lck & Hedinger, 1976, p . 135-136, 139-140, p L 

1, f igs 8-10, 21-22, pü. 2, f igs 2 -3 . 

HapJophragmium swaren i S te lck & Hedinger. Ste lck & Hedinger, 1983, p L 2, 

f igs 7-8 , 16-18. 

Remarks: The morpho^pes belonging to the H ^ d o ^ a g m i u m foedippimum 

^»des -g roup are charac ter i sed by having a la rge , rather elongate tes t (c. 

470-540^m i n maximum length); an earUer i r regular , s t reptospi ra l to 

trochoepiral /nearly p i l an i^ i i r a l coi l^ foUowed by an un ise r ia l stage, straight 

rectüinear to s l igh t ly curved, somewhat distorted by compaction; outline 

s l ight iy lobate as Chambers are somewhat in f la ted and sutures, on the 

rectüinear stage, are s l igh t ly depressed; i n i t i a l co i l ed pxartion i s very low; 
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aperture a single te rminal opening, sometimes j roduc ted on an indfáent 

neck; waü ratìier coarsely agglut inated, with calcareous and organic 

ceraent. 

Range: earüest Älfcdaru 

Occurrence: l oca l i t y A - 3 2 . 

Palaeo-envircnment: para l ic (lagoonal environmentj. 

Hapaopfaragmiim luecJcei (Cushman & Hedberg) 

(RL 4, Figs 14-16) 

AmmobacuUtes luecke i Cushman & Hedberg, 1941, pw 83, piL21, f i g . 4. 

H^dopAiragmium foedi.ssimum (Reu^) , m e g a l o ^ e r u ; form. Hofker, 1957, p . 

25 -27 , text -äg . I I a (?). 

Haplophragmium luecke i (Cushman & Hedberg). HanzUkova, 1972, p . 46, p L 

9, f i g . 8. 

Haplo^hragmium engler i Ste lck & Hedinger, 1976, p . 140-141, p L 1, figs 1-

5. 

H^dofhragmium swareni Stelck & Hedinger, 1976, p . 135-136, 139-140, piL. 

1, f igs 25-26. 

HapOophragmium sp, c f . H . swaren i Stelck & Hedinger, 1976, p . 140, pL 1, 

fígs 15-16, 23-24, 27-28, pL 2, f i g . 6. 

Hapdophragmium engleri S te lck & Hedinger. Stelck & Hedinger, 1983, pL 2, 

f i g s 3-4, 6, 14-15. 

Haplophragmium swareni Stelck & Hedinger. Stelck & Hedinger, 1983, p L 1, 

f i g s 31-32. 

Bulbobacul i tes luecke i (Cushman & HedDerg), Loebl ich & T^:pan , 1988, p. 

83-84 , pü. 70, figs 14-16. 

Remarks: Spedmens of H ^ l o p h r a g m i u m l u e c k d are character ised by 

hav ing a very large tes t (varying from c . 2140/im to 2810/im i n maximum 

length) , wi th few Chambers i n the c o i l s d pcetion and in f la ted globular 

chamtiers i n the uniserial stage; f ine ly agglutinated waB, wi th calcareous 

and carganic cement. 

Range: l a t e Apüan. 

Occurrence: weUs 1 - C A - l - S E , 1 - C N - l - S E . 

Palaeo-environment: para l ic (lagoonal environment). 
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PamiLy NEZZAZAUDAE Hamaoui & S a i n t - M a r c , 1970 

Sufcfanuly NEZZAZATTNAE Hamatxii & Sa in t -Marc , 1970 

Genus TROCHOSPIRA Hamaoui, 1965 

Type qpecLes: Trochospira avnimelechi Hamaoui, 1965 

Remarks: Genus known from the Cenomanian of the Middle East 

(Lebanon, Israel , Iran) - (cf. Loebl ich & Tappan, 1988, p . 87). 

ttodK3epira(7) ^ A 

(EL 4, Figs 17-19) 

Remarks: Rare ^)ecijnens ten ta t ive ly assigned to T r o c h o ^ i r a (?) sp. A 

were recovered from the i^iper Santonian-lower Campanian sectdon, They 

are charac ter i sed by having a large , p lano-convex, t rocho^r i r a l t es t (c. 

520-630jam i n maximum diameter); flattened t rocho^r i re and s l igh t ly convex 

ven t r a l side; numerous chamtiers i n the l a s t whccL* digi ta te chamt>er 

in te r ior ; ve ry f ine ly agglutinated w a l L 

Range: l a t e Santonian to ear ly Campanian-

Occurrence: w e l l l - ^ S - 9 (rare ocurence). 

Palaeo-envircnments: upper to middle bathyaL 

Superfamily CTCLOLINACEA 

Loeblich & Tappan, 1964 

Family CYCLAHIONIDAE Marie, 1941 

SubfamiLy BDCdCRENATIMAE Loeb l i ch & T ^ a n , 1955 

Genus BDCCICRENATA Loebtich & Tappan, 1949 

Type ^>ecies: Am mobaculites subgoorn^^ndensis Vanderpool 
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Buocìccaiata ep, <^ ^ Übyca Gchrbandt 

CEO. 4, Edgs 20-25) 

Buccicrenata l i b y c a Gohrbandt, 1966, p. 67-68, p L 1, f igs 11-16. 

Remarks: Rare ^secimens, tenta t ively assigned t o Bucc ic rena ta sp. c f . 

B. Ubyca , were recovered frora the uppermost Aptìan- They are distìnguished 

by Üieir l a t e raHy compressed test , of variati le s ize fvarying from c 1000-

1560fim i n maximum diameter, i n tìie upper Apt ian , to 300-370^m i n the 

lowermost Alfcdan) wi th a planispiraU involute , stage, l a t e r tending t o 

uncoi l ; 4 to 5 chambers i n Üie l a s t coü, with a reduced un ise r ia l stage of 

1 or 2 chambers; aperture elongate, terminal , and i r regular sLLt-like; w a l l 

f ine ly agglutinated, wi th calcareous and organic cement (cf. Loebl ich & 

T ^ p a n , 1988). The morphotypes are similar t o Bucc ic rena ta l i b y c a described 

from the Cenomanian of northwestern t j bya . They differ from B. 

subgoodiandensis (Vanderpool), described from the Alb ian of Nor th America 

(Loeblidi & Tappan, 1949) and o f the C e n t r a l Oman mountains (Simmons & 

Kar t , 1987), and from B . austral is (Howchin), described from the Aptìan-

Altáan of the Grea t Aust ra l ian Basin (Scheibnerovà, 1976, p. 47, t e x t - f i g . 

19, pL 8, S g s 1-4), t y having generally smoother surface, less compressed 

tes t and bcoad, crescent-shaped rather than pe ta lo id chambers. Because o f 

the scaròty of the recovered qiecimens the precise taxonomic a t r i b u t i m of 

the present specdes i s uncer ta in , and i t may eventual ly be shown that they 

represent a d i f ferent specLes. 

Range: l a t e Ap t i an t o ear l ies t Alb ian . 

Occurrence: l o c a l i t y A - 3 2 , weH 1 - C A - l - S E . 

Palaeo-envircximent: para l ic (lagoonal environmentj. 

SubfamiLy ALVEOLOFHRAGHIINAE Saidova, 1981 

Genus ALVEOLOPHRAGHIDM Shchedrina, 1936 

Type spedes : A l v e o l o ^ a g m i u m orbiculatum Shchedrina, 1936 
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fllgecOoptiragmium ^ A 

(PL 4, Figs 26-27) 

Remarks: AlveolopAiragmiu m A i s Gharac±erised by having a l a rge , 

involute , pilani^àral t es t (varying from c. l200/im to 1910jum i n maximum 

diameter), commonly d is tor ted by compactìon; 3 to 10 chambers i n tìie l a s t 

whorl ; marginai pe r i f i i e ry t coad ly rounded; cdrcular equa to r ia l perij*iery; 

coarsely agglutinated w a l l wi th alveolar subepidermal l aye r . 

Range: la tes t Campanian t o ea r ly - l a t e MaastcLchtian. 

Occurrence: weUs 1 - S E S - l A , l - S E S - 9 . 

Palaeo-envircffiments: upper t o middle bathyaL 

Superfamily SPIR0I1£CIAH1CINACEA 

C u ^ m a n , 1927 

Family SHROPI£CTAMMINIDAE Cushman, 1927 

SubfamiLy SEDtOrafCTAHHUnNAE C u ^ m a n , 1927 

Genus QDASlSPIROFIfCTAHIONA LoetOich & Tappan, 1982 

Type qjecies : Spiroplectammina nuda LaUcker , 1935 

Remarks: TITÌS genus di f fers from Spiroplectam mina Cushman i n having 

an ear ly planispiral c o i l t ha t i s of lesser diameter than the succeeding f i r s t 

few pairs c£ fcdserial chambers, whereas i n Spiroplecta m mina the coUed 

stage i s larger (LoeblLch & T ^ a n , 1982, p. 60). 

QiiriKiqiiroiiLectainiirina ex g r . a i t i r a n d a l (LaUcker) 

(PL 4, Figs 28-29) 

Spirc^jlectammina a lexander i L a l i c k e r , 1935, pu 1, p L 1, f igs l a - c . 

Spiroplectam mina l i n k i R e t r i , 1962, pw 47-48, pL 1, fig. 5 (not f i g . 4). 

Quasispiroplectammina a lexander i (Lalicker). Loebl ich & Tappm, 1982, p . 60, 

p L 1, figs 11-17. 
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Remarks: Specdmens of Quasifpjroplgctam mina ex gr. a lexander i are 

distìnguished by having a smaU, elongate, slightìy fc^)ering tes t (c. 360-

370/im i n maximum length); minute, cxsmpressed, early plaraspira l c o i l , 

usual ly ind i s t inc t and sometimes t r o k e n a£E, faUowed by a shor t b i s e r i a l 

stage of somewhat inflated chambers, increasing s lowly to gradualLy i n s i ze ; 

rounded t o o v a i per igheral margin i n cross sectìon; waU ra ther coarsely 

agglut inated . 

Range; l a t e Apt ian to middle A lb i an . 

Occurrence: localLtìes A - 1 5 , A - 3 8 , weLs 1 - C A - l - S E , 7 - C P - 2 5 2 - a : , 1-

O S - l - S E . 

Palaeo-envircnraents: shaEow to raiddlfi ne r i t i c . 

Qiidsbj^iUuiJilectammìna sp, c f . Q . anneps (Reuss) 

(EL 4, F i g . 30) 

Texti i l ar i ?ì anceps Reuss, 1860, p . 234, p L 13, f i g . 2. 

SpiropQectammina anceps (Reuss). Hofker , 1957, p . 60, t ex t - f igs 56a-d . 

Remarks: Spedmens referable to QuasùspiropQectam mina sp. c f . Q. 

anceps are d iarac ter i sed by having an elongate, slightìy t ^ ) e r ing test , of 

medium s i z e (c. 50C(um i n maximum lengti i) ; minute, compressed, ear ly 

plani^àral c o i l , usuaUy indis t inc t and sometimes t roken off, EoUDwed by a 

long b i se r i a l stage of chambers increas ing ^raduaHy i n s ize ; subacute to 

somewhat rounded peripheral margin i n cross sect ion; waU f ine ly 

agglut inated. 

Range: l a t e Apt ian to middle A lb i an . 

Occurrence: l o c a l i t y A - 1 5 , w e U 1 - O S - l - S E . 

Palaeo-envircHiments: middle ne r i t i c to upper bathyaL 

QiirtKJHiii mitpctTimadna e x g r . gonHijmAana (Lalicker) 

(EL 4, F ig 31-32) 

Spiroplectam mina goodiandana L a l i c k e r , 1935, p . 2, pL 1, figs 2 -3 . 

Spiroplectam mina l a l i c k e r i A lb r i t t on & Phleger. C u ^ m a n , 1946, p* 29, pL 6, 

figs 28-29. 

(?) Spdroplectinata l a t a Grabert. Gradstein, 1978, p. 675-676, p L 2, f igs 1-

3, 6-7 (? not figs 4 -5 , 8). 
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Quasispiroplfictammina goodlandana (Lalicker), Loetflich & T^jpan, 1982, p . 

60, p L 1, figs 31-33 . 

Remarks: Quasi^pirc^dectammina ex gr . goodlandana i s characterised by 

i t s elongate, compressed tes t (varying from c . 260/im to 430^ra i n majojnum 

length), which has an ear ly minute p l a n i ^ i r a l stage tìiat i s often t r o k e n 

off. This i s foUowed by a f lar ing b i s e r i a l pcotion; ovate outline i n cross 

sectiiMi w i th narrowly rounded per i fhery margin; w a l l finely agglutinated. I t 

differs from QuasiE^iarogdectam mina ex gr . a lexander i {Lalicker} by possessing 

a more compressed and elongate test, wi th a f l a r ing b i se r i a l port ion. 

Range: l a t e Apt ian to middle Alb ian . 

Occurrence: l o c a l i t i e s A - 1 5 , A - 3 2 , A - 3 8 , weBs 7 - C P - 2 5 2 - S E . 

Palaeo-environments: shallow to middle n e r i t i c 

QiMKb^iitotflectamnuna lìrid. (Petri) 

(EU 4, Figs 33-34) 

Spiroplectam mina U n k i Ret r i , 1962, pw 47-48, ptL 1, f i g . 4 (not fig. 5). 

Remarks: Spedmens of Qasispirc^ilecta m mina l i n k i are characterised by 

possessing a l a rge , elongate, s l i ^ t l y taper ing tes t (c. 400-530/im i n 

maximum length) ; minute, corapresed, ea r ly c o i l , usually indis t inct , fcQlowed 

by a b i s e r i a l stage of inf la ted chambers, increasing gradualy i n s i ze , 

sometimes slightìy twis ted ; rounded perifAieral margin i n cross sec t icn; w a l l 

f inely agglut inated, I t differs from Qu^^gi'-'piroplectam mina ex gr. alexanderi 

(Lalicker) i n i t s la rger and more elongate test ; from Qu.=¥^^iropQectammina 

Ep. c f . Q. anceps (Reusi) and QuaqJFpiroplectam mina ex gr. goodlandana 

(Lalicker) i n having more inf la ted chambers i n the b i se r i a l stage, with a 

rounded p e r d e r a i margin i n cross sec t ion. The paratype i l lus t ra ted by R e t r i 

(1962, p L 1, fig, 5) i s rather referable to Quasispiroplectam mina ex gr, 

a lexander i ^ e above), as i t has a much smaller , less elongate and more 

compressed tes t . 

Range: l a t e Aptìan t o middle Alb ian . 

Occurrence: l o c a l i t y A - 1 5 , we l l 7 - C P - 2 5 2 - S E , 1 - U S - l - S E . 

Palaeo-environments: middle ner i t i c to upper bathyaL 
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QuaHgpirotflectainmina navarroana (Cushman) 

{PL 4, Figs 35-36) 

SpiroplectammiJTa m v a r r o a n a C u ^ m a n , 1932, p. 96, p L 11 , f i g . 14. 

Spiroplectammina navarroana Cushman. C u ^ m a n , 1946, p . 27, p L 5, f igs 13-

14. 

Spircplecfcammina r e g o i Pe tx i , 1962, p . 48-49, p L 1, f i g . 6a-b . 

Spiroplectammina navarroana C u ^ m a n , HanzHkovâ, 1972, p . 47, p L 10, figs 

6-7 (not f i g . 5). 

Remarks: QuasL°pirogdectam mina navarroana morphotypes are 

distinguished t y the i r l a rge , eOongate, s l i ^ t l y taç>ering test , of variable 

s ize (varying from c 600fim to 98Cl^m i n maximum length); minute, 

compressed, commonly ind is t inc t , e a d y p lan i sp i ra l c o i l , fcŒlDwed by a 

b i se r i a l stage o f broad, somewhat inf la ted Chambers, increasing s lowly to 

graduaUy i n s i ze ; rounded per^Aiera l margin i n cross sect ion; slighüy 

depressed sutures, near ly transverse; waU rather coarsély agglutinated. The 

ear ly coi led stage i s usuaJIly bçcJcen off. The spécimens dif fer Ecom Q. l i n k i 

(Petr^ i n having l a rga r and more élongate tests, with more inf la ted , 

globular-shaped l a s t Chambers i n the fcdserial s tage. 

Range: M a a s t r i d i t i a n . 

Occurrence; wel ls 1 - S E S - l A , l - S E S - 9 . 

Palaeo-envirOTiments: i^jper to middle bathyaL 

Genus SF[R07I£CTAHiaN& Cushman, 1927 

Type ^)ecLes: Textular ia agglutinans d'Orbigny 

Spmmplpctaminiiia cìriooana L a l i c k e r 

(EL 4, Figs 37-38) 

Spirc^ilectammina chicoana L a l i c k e r , 1935, p . 7> p L 1, figs 8-9. 

SpiropOectammina chicoana La l i cke r . T n i j l l o , 1960, p . 310, p L 44, fig. 6a-b. 

Spiroplectam mina chicoana La l i cke r . S l i te r , 1968, p .46, p L 2, fig.8. 

Spiroplectam mina sp. aff . Ŝ . dentata (Alth). Kaminski , Gradstein, Berggren, 

Geroch & Beckmann, 1988, p. 192, pL 7, f ig 10 (not f i g . 11). 
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Remarka Specmens of Spiroplectain mina chicoana are character ised by 

tìieir 3arge, compcessed, élongate, tsper ing t e s t fvarying frora c . 440/200fim 

t o 530/240^m in maximum ieng th /wid th rat io); ea r ly p lan isp i ra l coìU 

dis t inc t ; b i s e t i a l stage with l o w , tcoad charabers, rap id ly increasing i n 

hreadth; ìrregiilar periphery out l ine; walL rather Cinely agglutinated. 

Range: l a t e San to i i an to Maastr icht ian. 

Occurrence: weEs l - S E S - 3 , l - S E S - 9 , l - ^ S - 2 4 . 

Palaeo-envircnments: middle t o lower bathyàL 

gpàroEflgctcuniirina l a e v i s (Roemer) 

( H . 4, Figs 39-40) 

Textular ia l a ev i s Roemer, 1841, p . 97, p L 15, f i g . 17. 

SpJropJectammina laevis (Roemer) va r . cretosa. C u ^ m a n , 1946, p . 27-28, p L 

6, f igs 1-3. 

SpiropOectammina laevis (Roemer). Hofker,1957, p.61-62, f igs 58a-f . 

Spiroplectammina laevis (Roemer). saiter, 1968, p . 46, pL. 1, f i g . 9. 

Spìrcplectammina cretosa Cushman. HanzUkovà, 1972, p. 47, p L 10, f i g . 9. 

Remarks: Spirc^dectam mina l aev i s i s distinguished by i t s tapering 

compressed tes t (varying from c . 290A90;im to 770/520fim i n maximum 

leng th /wid th ratio) ; e a r ly pSanispiral stage, la ter hdserial, wi th s l i ^ t l y 

in f l a t ed , low and t coad chambers, increasing rap id ly i n s ize ; sutures 

d is t inc t , gent ly curved to h o r i z o i t a l ; peripi iery subacute to acute; w a l l 

f i ne ly agglutinated. 

Range: l a t e Santonian to Maastr icht ian. 

Occurrence: weUs 1 - C N - l - S E , 1 - S E S - l A , l - ^ S - 3 . 

Palaeo-environments: upper to lower bathyaL 

gpjrotflectamndna agmcddina La l icker 

(PL 5, Figs 1-2) 

Spirc^ilectammina sigmoidina L a l i c k e r , 1935, p . 7, pL 1, f igs 10-11 . 

Spiroplectam mina semicomplanata (Carsey) var . y n c e a Cushman. Cushman, 

1946, p. 29, p L 6, fig. 15. 

Spiroplectam mina sigmoidina LaHcke r . S l i te r , 1968, p . 46, p L 2, f i g . 12. 

Bdiv inops i s spectabil is (Grzybowski). HanzUkovà, 1972, p . 48, pO. 10, f i g . 8. 

SpiropOectammina sigmoidina L a l i c k e r . SUter, 1977b, piL 2, f i g . 3 (not fig. 2) 



SpiroplectaniinijTa spectabi l is {Gczybow^d). Kaminski , Gradstein, Berggren, 

Geroch & Beckmann, 1988, p, 193, p L 7, f i g . 18 {not figs 16-17). 

Remarks: Specimens oE Spiroplectam mina sigmoidina bave a ve ry 

élongate, compressed, stender tes t (varying from c840/230jum t o 870/250;im 

i n maximura length /width rat io); ea r ly smal l p l a n i ^ i i r a l c o i l , fo l lowed by a 

long bìserial stage of chambers t i i a t increase s lowly i n s ize , with neady 

p a r a l l e l sides; subacute to acute pe r ighera l margin i n cross sec t ion; w a l l 

f i ne ly agglutinated. I t diEEers from S. chicoana LaUcker i n i t s narrower, 

e l o i g a t e , t es t and smooth ratìier than lobate pe r i jhe ry . 

Range: l a t e s t Campanian to ear ly Maastr icht ian. 

Occurrence: wéD. l - S E S - 9 . 

Palaeo-envirOTiments: upper to middle bathyaL 

^piroplectamiirina ex gc . sper^HìKa (Grzybowski) 

(PL 5, Figs 3-4) 

Spirc^decta spectabiUs Grzbowski , 1898b, p. 293, pL 12, fig. 12. 

Spiroplectam mina mordensis Wickenden. Cushman, 1946, p. 28, p L 6, f i g . 4. 

Spicoplectaramina regiii.^'-iH HoEker, 1957, p. 58-59, figs 54a-k. 

Spiroplectam mina regni ^^ri a HoEker. Beckmann, 1978, p . 769, pL 1, fig. 6. 

(?) Spdrcplectammina c£. se mico mplanata (Carsey). Beckraan, 1978, p. 769, p i . 

1, f i g . 7 (not f i g . 13). 

Spìroplectaramina spectabi l is (Grzybowski). Kaminski , Gradstein, Berggren, 

Geroch & Beckmann, 1988, p. 193, pL. 7, figs 16-17 (not f ig . 18). 

Remarks: Spiroplectam mina ex gr. ^ c t a b U i s morphotypes are 

charac ter i sed by having a soraewhat compressed, élongate test (varying from 

c 590/210^m to 770/430^m i n maximum length /width ratio); weH developed 

ea r ly p i l a n i ^ i r a l c o i l , foUDwed by nearly pa ra l l e l sided b i se r i a l ^ g e , 

almost rectangular; w a l l moderabely t o Einely agglutinated. 

Range: ea r ly - l a t e Maastr icht ian. 

Occurrence: weE 1 - S E S - l A . 

Palaeo-environments: upper to middle bathyaL 
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SLperfamily TROCHAN HIN ACEA 

Schwager, 1877 

Fami ly TROCHAHMnUDAE Schwager, 1877 

SubCamily. TROCHANHMINAE Schwager, 1877 

Genus AHMOGLOmGERINA Eimer & F i c k e r t , 1899 

Type Speeles: Ammoglobigerina buHoides Eimer & F icke r t , 1899 = LitucOa 

nautlloidea Lamarck var . globigerinifcarmis Parker & Jones, 1865 

AmmoghAägerina ex gc . glnhjgm'njrormis (Parker & Jones) 

(PL 5, Figs 5-7) 

IJ tuola globigerinifcBrmis Parker & Jones, 1865, p . 407, p L 15, figs 46-47, 

p L 17, figs 96-98 . 

Trochammina globigeriniformis (Parker & Jenes). Cushman, 1946, p. 51, p L 

15, 8, 10-11 . 

Trochammina globigeriniformis Cushman (non Parker & Jones). HanzUkovà, 

1972, pw 50, piL 10, f i g . 12a-c. 

Trochammina globigeriniformis altiCcymis Cushman & Renz. Krasheninnikov, 

1974, p. 641-642, p L 6, figs 4 - 5 . 

Trochammina ex gr. Ixüloides (Parker & Jenes). Malumiàn & Proserpio, 1978, 

p . 411, p L 2, f igs 9-10. 

Remarks: Spécimens of Am moglobigerina ex gr . globigerimfca: mis are 

charactet ised by having a large t r o c h o ^ j i r a l t es t (varying from c . 

640/520^m to 680/530nm i n maximum diameter/breadth), which i s usuaHy 

c r u ^ e d by compact ion; 4 subglobular to bcoadly o v a l Chambers i n ven t r a l 

v i ew, increasing rap id ly i n s ize ; depressed sutures, almost straight; narrow 

and smal l umbálicus; lobate equatccia l periphery; moderately to coarsely 

aggkitinated wa lL 

Range: l a t e Campanian to Maasb ich t i an . 

Occurrence: wel ls 1 - ^ S - l A , l - S E S - 9 . 

Palaeo-envircaiments: Lçper to lower t a t h y a L 

Genus TROCHAHHINA Parker & Jones, 1859 

Type ^Jeedes: Nauti lus inf la tus Montagu, 1859 
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TtorJYfUTnTnìna gatef lMsis Stélck & Wal l 

{EL 5, Figs 8-10) 

Trochammina gatesensis S te lck & WalL 1955, p.53, p L 4, f igs 9-11 . 

Trochammina gatasensis S te lck & WalL E i d i e r , 1967, p . 183, p L 18, f i g . 

l l a - c . 

Remarks: The ^lecLmens are dìstànguished by the i r la rge , compressed, 

t r o c h o ^ i r a l test (c. 530-540;im i n maximum length); 6 t o 7 Chambers i n 

ven t r a l v iew; sutures depressed and radia i to slighüy curved on the 

umbüical side; loba te equa to r ia l peri{*iery; waH moderately to coarsely 

aggkit inated. 

Range: la te Santonian. 

Occurrence: weR l - S E S - 9 t a r e occurrence). 

Palaeo-envircximents: upper to middle bathyaL 

Tfcocfaamnana ex gr. nrinuta Crespin 

(RL 5, Figs 11-12) 

Trochammina minuta Crespin , 1953, p. 32, pi* 5, figs 19a-b. 

Trochammina minuta Cre^àn. Scheuxierovà, 1974a, p . 710, p L 1, figs 18-20, 

piL 10, f igs 9-10, 

Trochammina aff. l a t t a i LoebLLch & Tappan. Magniez-Janrdn, 1975, p. 60-61 , 

p L 4, f igs 21-29. 

Trochammina aff. we t t e r i Stélck & WalL Magniez-Jannin, 1975, p. 57-60, p L 

4, figs 1-8, 19-20 (? f igs 9-18). 

Trochammina minuta Crespin. Scheitnerovà, 1976, p. 54, p L 15, f igs 4 -8 , p L 

16, figs 1-3, t e x t - f i g . 37. 

Trochammina minuta G r e b i n . Haig, 1980, p . 117-118, p L 6, f igs 8-10, p L 

11, f i g . 6. 

Trochammina umiatensis Tappan. S l i te r , 1980, pL 4, figs 1-2, 6-7. 

Remarks: Trochammina ex gr. minuta morphotypes are d i s t i n g u i ^ e d by 

their t r o c h o ^ i r a l t es t (c. 570-580/im i n maximum diameter) which i s 

commonly compressed; 4 t o 5 globular Chambers i n v e n t r a l v iew; sutures 

depressed and r ad ia i ; c i r cu la r equator ia l periphery; w a l l rather finely 

aggludnated. 
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Range: l a t e Aptáan. 

Occurrence: weUs 1 - C N - l - S E , 1-üS-l-SE orare occurrence}. 

Palaeo-environments: middle t o deep ner i t ic . 

(RL 5, Figs 13-16) 

Remarks: Specimens oE Trochammina sp, A have a smaU, strongLy 

compressed and distcoted t rochcep i ra l t e s t {varying ñrom c . 360fim to 580;im 

i n maximum diameter); 4 to 5 Chambers; waU th in and moderately coarsely 

agglutinabed. Preservatíon chairacterist ics prevenís tìie precise taxcsiomlc 

a t t r ibu t ion of the morphotypes. The closest morphcdogical a f S n i t y , however, 

^ jpears to be with Trochammina ex gr . depressa Lozo , but wi th fewer 

Chambers i n the l a s t whorL 

Range: l a t e s t Cenomanian ta ea r l i es t Turonian. 

Occurrence: loca l i t i e s A - 9 , A - 3 5 . 

Palaeo-environments: deep ne r i t i c to upper bathyaL 

Superfamüy VERNEDUIHACEA Cushman, 1911 

Family VERNEmUNTOAE Cushman, 1911 

Genus EGGEREEUNA Marie, 1941 

Type ^ d e s : Bulimina hcevis d'Orblgny, 1840 

Eggeréffina mJ^Hat» t en Dam 

(RL 5, Figs 17-13) 

Eggerel l ina mariae ten Dam, 1950, p. 15, p L 1, figs 17a-e. 

Eggerénina mariae ten Dam. Magniez-Jannin, 1975, p. 94, pL 6, f igs 12-21 . 

Eggerel l ina mariae ten Dam. Car te r & Hart , 1977, p. 17, p L 2 , f ig .7 . 

Eggerel l ina mariae ten Dam. Har t e t 1981, p . 176, p L 7.2, f igs 1-2. 

Eggerel l ina mariae ten Dam. Har t e t a L , 1989, p. 318, pL 7.2, f igs 1-2. 

Remarks: Specimens of Eggerel l ina mariae are character ised by their 

sraalL br i ser ia l t es t {varying from c . 310/260fim to 330/280nm i n maximum 
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lengt i i /breadt l i ra t io) , wi th inf la ted , subglobular chambers which increase 

rapidLy i n s i ze (c. 280-290^m i n maxiinum width); aperture a narrow 

v e r t i c a l hookl ike slLt extending up the aper tura l face; w a l l f ine ly 

agglutinated. 

Range: l a t e Apt ian t o early Alb ian . 

Occurrence: w e l l l - S E S - 9 t a r e occurrence) . 

Pa iaeo-envi ro iments : middle to deep ne r i t i c . 

Genus GADDRXINOFSIS Podobina, 1975 

Type ^)ecies: Gaudryina vulgar is KiprLyanova, 1960 

Remarks: The genus differs Erom Gaudryina d'Orblgny i n i t s ea r ly 

t r i s e r i a l stage which i s rounded i n sec t ion; firom V e m e i " l ì n o i d e s LoebUch & 

Tappan i n the l a t e r b i se r i a l stage; from Dorothia i n having caüy three 

chambers per w h o r l i n the early stage (cf. LoebLLch & Tappan, 1988, p . 

133). 

GaadryinopBÌs filificnnìs (Berthelin) 

(EL 5, Figs 19-20) 

Gaudryina f i l i fo rmis Ber thel in , 1880, p . 25, p L 1, figs 8a -d . 

Dorothia fìliformis (BertheHr^. Cuáiman, 1937, p .73, p L 8 , figs 1-2. 

Dorothia fìliformis Per the l in) . Bartenstein, Bettenstaedt & BcOli, 1966, p . 

144, p L 1, f i g . 43. 

Dorothia fìliformis ber the l in) . Magniez-Jannin, 1975, p. 83-86, p L 8, f igs 

1-2, t e x t - f i g . 34. 

Gaudryina bevissensis Ludbrook. Scheitsierovà, 1976, p. 60, p L 21, f igs 5-6. 

Dorothia füiformis (Berthelin). Carter & Kar t , 1977, p . 7, p L 1, f i g . 3. 

Gaudryina fiUformis BertheÜn. Haig, 1980, p . 120-121, p L 8, figs 1-5, fu

l l , f i g . 2. 

Dorothia fílifccmis b e r t h e l i n . Hart e t a L , 1981, p. 174, p L 7.1, f igs 11-12. 

Dorothia filifcarmis (Berthelin . Hart e t a L , 1989, p. 316, p L 7.1, f igs 11-12. 

Remarks: Specimens of Gaudryinopsis F i l i f oc mis are character ised by 

having a narrowly elongate, slendec tes t (varying from c. 470/130;im to 
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6 2 0 / 1 5 0 ^ i n maximum length/breadth rat io) , commonly compressed fcy 

compaction; t r i s e r i a l ea r ly port ion of few chambers, fol lowed by a long 

b i se r ia l stage of globular and inf la ted chambers, increasing s lowly i n s ize ; 

rounded to ovoid pe r ip i i e ra l margin i n cross sect ion tiiroughout; wa l l 

moderately to coarsely agglutinated. The ^>ecies i s here assigned to 

Gaudryinopsis fcdlowing the usage of Loebl ich & T ^ i p a n (op. c i t . , see 

above). 

Range: l a t e Rptìan to middle ftlbian. 

Occurrence: l ocaUt i e s A - 1 5 , A - 3 8 , weUs 1 - C A - l - S E , 1 - U S - l - S E . 

Palaeo-envircximents: middle to deep ner i t ic . 

Gaucteyinopsis g la txa ta (Cushman) 

(PL 5, Figs 21-23) 

Dorothia g la t r a t a C u ^ m a n , 1933b, p. 56, pL 6, f i g . 10. 

Gaudryina g la t r a t a (Cudiman). S l i t e r , 1968, p . 48, p L 3, f igs 4 -5 . 

Remarks: Gaudryinopsis g l a t r a t a i s character ised by having a sQightiy 

tapering, ^ n g a t e t e s t (varying Erom c . 350/im to 1130;im i n maximum 

length); eady t r i s e r i a l stage, subtriangular i n cross sec t ion , fol lowed by a 

short hdserial pra±ion of moderately in f la ted , overlapping chamtiers, 

increasing rapidly i n wid th ; w a l l rather coarsely agglutinated. 

Range: middle to l a t e Maastr icht ian. 

Occurrence: wel ls 1 - S E S - l A , l - ^ S - 3 . 

Palaeo-environments; upper to lower t^athyaL 

Gaudryjnopsis ap, c C gradata ber the l in) 

(PL 5, Figs 24-27) 

cf . Gaudryina gradatia Ber the l in , 1880, p , 24, p L 1, f igs 6a -c . 

cf . Gaudryina di^)ansa, Ctiapman, 1892, p. 753, p L 11, fig. l O a - b . 

Dtro th ia gradata (Berthelin). Magniez-Jannin, 1975, p. 86-87, pL 8, figs 

3-6, t e x t - f i g . 38. 

Gaudryina sp, c f . G . gradata Ber thel in . Haig, 1980, p . 122, p L 8, figs 21-24. 

Gaudryina gradata Berthel in- Cr i t tenden, 1983a, p . 22, p L 2, f i g . 21. 

cf . Gaudryinopsis gradata per the l in) . LoebUch & Tappan, 1988, p. 36, pL 

140, figs 28-29. 
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Remarks: Specimens referable to Gaudryinopsis sp. c f . G. gradata are 

distinguished by having an elongate and narrow tes t (c. 420-660)am i n 

maximum length) of nearly p a r a l l e l sides; short ea r ly t r i s e r i a l pcr t ion , 

fo l lowed t y an elongate biser ia l stage of subglobular chambers, increasing 

s l o w l y i n sdze; tes t rounded to ovoid i n cross sect ion thoroughout; w a l l 

f ine ly agglutinated. The species i s here assigned to Gaudryinopsis fdlLowing 

the usage of LoebLLch & Tsppan (op. d t . , see above). Dis tor ted ^>ecimens 

^ee P L 5, Figs 26-27), prcisabLy by post-mortem compact ion, are commonly 

observed S imi la r to the morphotypes described as Gaudryina di^)ansa by 

Chapman, cp. c i t . ) . 

Range: ea r ly to middle A lb i an . 

Occurrence: l oca l i t y A - 1 5 , weHs 1 - C N - l - S E , 1 - U S - l - S E , l-a;s-9. 

Palaeo-enviriximents: middle to deep n e r i t i c 

Subfamily VERNEDIUNINAE C u ^ m a n , 1911 

Genus GAODRYINA d'Orbigny, 1839 

Type ^)ecies: Gaudryina rugosa d'Orbigny, 1840 

Gapdcyina l a ev iga t a Franke 

(PL 5, Figs 28-31) 

Gaudryina laevigata Franke, 1914, p . 431, p L 27, figs 1-2. 

Gaudryina laevigata Franke. Cudiman, 1946, p . 33, piL 8, f i g . 4. 

Gaudryina pyramidata Cushman. T r u j l l o , 1960, p.308, p i . 44, f i g . 9. 

Gaudryina laeviga ta Franke. S l i t e r , 1968, p . 48, p L 3, f i g . 8. 

Gaudryina l aev iga ta Franke. SUter , 1977b, pL 2, f i g . 8. 

Remarks: Gaudryina l aev iga ta has an large , elongate, tapering tes t 

(varying Erom c . 920/4m t o 1530/im i n maximum length); ear ly t r i s e r i a l 

portLtxi, áiarply tr iangular i n cross sect ion with subacute angles, l a te r 

b i s e r i a l stage of inf la ted and overlapping chambers, subrectangular i n 

sectiOTi; aperture an arch a t the inner margin of tìie l a s t chamber; w a l l 

f ine ly agglutinated. 

Range: l a t e Coniacian to Maastr icht ian. 
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Occurrence: wélls 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 

Palaeo-environments: i^jper to lower bathyaL 

Gaudryii ia pyramiifata C u ^ m a n 

(PL 5, Figs 32) 

Gaudryina l aev iga ta Franke var . gyramidata Cushman, 1926b, p . 587, p L 16, 

fig. 8. 

Gaudryina pyramidata Cushman. S l i t e r , 1968, p .48-49, p L 3, fig. 9. 

Gaudryina car ina ta Franke. HanzUkovà, 1972, p. 51, p L 11, fig. 4. 

Gaudryina pyramidata Cuäiman. S l i t e r , 1977b, p L 2, fig. 9. 

Gaudryina pyramidata Cushman. Beckmann, 1978, p . 766, p L 1, figs 9-10. 

Gaudryina. pyramidatia Cushman. Kaminski , Grac3sbein, Berggren, Geroch & 

Beckmann, 1988, p . 194, piL 8, fig. 7. 

Remarks: Specimens of Gaudryina pyramidata are distinguished by 

having a moderately elongate, taper ing tes t (c. 680/530^m i n maximum 

length/breadth rat io) , ^ a r p l y t r iangular i n cross sect ion with acute angles; 

ea r ly por t ion t r i s e r i a l , rapixJly increasing i n s ize , fol lowed by a short 

táserial stage wi th stL^Üy inf la ted chamtiers; aperture a low 

in te r iomarg ina l arch; waH f i i K l y agglut inated. 

Range: l a t e CcaTiacdan to MaastcLchtian. 

Occurrence: weUs 1 - C R L - l - S E , 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-envircmments: upper to lower bathyaL 

G e m s K E D D O G A D D R Y I N E L L A Cu^iman, 1936 

Type q)ecies: Gaudryinel la capitosa Cushman 

Remarks: This genus d i f f o ^ from Gaudryina d'Orblgny i n i t s l a te r 

un i se r i a l por t ion , and firom Tr i t ax i a by possessdng an intermediate b i se r i a l 

s tage, 

IteudogaudcymeDa e x g r . capibosa (Cushman) 

(PL 5, Figs 33-34) 

Gaudryinel la capitosa Cushman, 1933b, p . 52, p L 5, fig. 8a-c . 

Pseudogaudryinella colombiana Cushman & Hedberg, 1941, p. 84-85 , piL 21, 

f igs 9-10. 
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feeudogaudcyinella capi tcsa (Cushman). Cushman, 1946, p. 40, p L 10, f igs 

15-19. 

Eteudogaudryinella capi tcsa (Cushman) var . serrulata (Cu^man) . Cuáiman, 

1946, p. 40, p L 10, f igs 20-23. 

Tr i tax ia cap i tosa (Cuáiman). HanzUkovà, 1972, p. 54, p L 12, fig. 2. 

' m t a x i a capi tosa (Cuáiman). Beckmann, 1978, p. 769, p L 1, fig. 11. 

Remarks: PseudogaudryineTla ex gr. capi tosa specimens are distinguished 

by having a l a rge , elongate tes t (c. 980-1050^m i n maximura length); ea r iy 

t r i s e r i a l stage, t r iangular i n cross s e c t i m , fcQlowed by a b i se r i a l port ion o f 

bcoad chambers, l a t e r stage uncoiled, uniser ia l , wi th in f la ted globular 

chambers, c i r c u l a r i n cross secticai; ^ jer ture smal l , rounded, t e rmina l i n the 

uniserial s tage; waU moderately coarsely agglutinated. 

Range: l a t e Ccmac ian to Maasteichtian. 

Occurrence: weUs 1 - C R L - l - S E , 1 - S E S - l A , l - S B S - 9 . 

Palaeo-envircximents: upper to middle bathyaL 

Genus S E Z R O t l f C Q N A T A Cushman, 1927 

Type specdes: Textular ia annectens Parker & Jones, 1863 

feaigaudcyìneina-^pirogaecbiiiata plezus 

Reraarks: Specimens a s i g n e d to th is p lexus show consideratile var ia t ion 

i n morphology (either t r i s e r i a l -b i s e r i a l oc t r i ser ia l - tdser ia l -uniser ia l ) and 

tes t s i ze . The specimens from Sergipe f a l l wi th in the plexus of 

Pseugaudryinella ex gr. d ividens-Spiroglect inata of Aptian-Albdan age ^ n s u 

Gradstein, 1978, pu 675). 

feeadogaudcyineiD^/SpirGtflectinata ex gr. dividens (Grabert) 

(PL 5, Figs 35-37) 

T r i t ax i a D4 Hech t (Gaudryina c f . a lexander i C u ^ m a n ) . Bettenstaedt & 

Wicher, 1955, p . 504, p L 4, f igs 23-25. 

Gaudryina dividens Grabert , 1959, p . 9, pìL 1, f igs 3-5 , piL 2, figs 16-30, pìL 

3, figs 53-59. 

Gaudryina dividens Grabert . Bartenstein, Bet tenstaedt s BoUi , 1966, p . 141, 

piL 1, figs 56-57 . 
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Gaudcyina aff. dividens Graber t . Magniez-Jannin, 1975, p. 66-67, p . 5, f igs 

1-4. 

Gaudryina dividens Grabert . Gradstein, 1978, p . 675-678, p L 2, figs 16-18. 

Gaudryina dividens Graber t var . reichéli Bartenstein. Gradstein, 1978, p, 

675-678, p L 2, figs 14-15 . 

Remarks: Specimens of PseudogaudryineUa/SpiropJectinata ex gr . 

dividens are character ised by having a large , elongate tes t {c. 760-900pm 

i n maximum length), w i l i i an ear ly , smal l , t r i s e r i a l stage, fo l lowed by a 

b iser ia l and la te r un i se r i a l chamber arrangement^ tests usually deformed by 

corapactÌOT; wa l l f ine ly agglutinated. The morphotypes are s imilar t o the 

l a t e Cretaceous Pseudogaudryin^na ex gr. capitosa (Cu^man}, but d i f fer i n 

having a smallar t es t s i ze (usually distorted), wi th a smal l and less sharply 

angled t r i s e r i a l pOTtion. 

Range: early A lb i an . 

Occurrence: weUs 1 - C A - l - S E , 1 - U S - l - S E , l - S E S - 9 . 

Palaeo-envircximents: middle to deep ner i t i c . 

Genus VERMBOIUNA d'Ortdgny, 1839 

Type ^Jecìes: Vemein ' l ina t r i ca r ina ta d'Orbigny, 1840 

Vemeuilìiia CTctaoea Karrer 

(RL 5, Figs 38-40) 

Vemeui l ina cre tacea Kar re r , 1870, p . 164, p i . 1, f i g . 1 (fide Krasheninnikov, 

1974, p. 643). 

Vemeui l ina cre tacea Kar re r . Krasheirrinnikov, 1974, p . 643, p i - 7, f i g . l a - c . 

Remarks: The species i s distinguished by i t s moderately l a rge , pyramidal 

t r i s e r i a l tes t (varying from c . 340/290pm to 380/320^m i n maximum 

length/breadth ra t io) , t i i a t is tr iangular i n cross sec t ion; t rapeziform 

chambers increasing ve ry rap id ly i n wiath; s l ight concave l a t e r a l sides; 

subacute to acute pericolerai margins i n cross sec t ion; w a l l very f ine ly 

agglutinated. 

Range: Santonian t o Maast r icht ian . 

Occurrence: weUs 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 2 4 . 

Palaeo-envircsiments: i;pper to middle bathyaL 
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V c t n e m l i n a m t a s a C u ^ m a n 

(EL 5, Figs 41) 

Vemeu i l i na cretosa C u ^ m a n , 1933a, p . 31 , p L 5, âg . 7a-b. 

V e m e m l i n a cretosa Cudiman. Cushman, 1946, p. 31 , pL 7, f i g . 7. 

Remarks: Specimens of Vememlína cretosa are character ised by tìieir 

l a rge , elongate, t r i se r i a l t es t (c. 990^m i n maximum length); numerous 

chambers i n a t r i s e r i a l arrangement t h r o u ^ o u t , increasing graduaUy i n s i ze ; 

t r iangular outline i n cross sectiCHi, wi th acute angles and serrate peri{*iery; 

w a U f i n e l y to moderately agglut inated. 

Range: la tes t Campanian to e a r l y - l a t e Maastr icht ian. 

Occurrence: wèlls 1 - S E S - l A , l - S E S - 9 . 

Palaeo-envircnments: Lçper to middle bathyaL 

Family TREEAXnDAE Plotn ikova, 1979 

Genus TRITAXIA R e u ^ 1860 

Type species: T e x h i l a r i a t r i ca r ina t a R e u s , 1844 

TVil-OTia oTKgr»-;» Cushman 

(m. 6, Figs 1-2) 

T r i t ax i a elUsocae Cuáiman, 1936a, p . 5, p L 1, S g . 9a-b. 

T r i t ax i a ellisorae C u ^ m a n . C u ^ m a n , 1946, p. 32, p L 7, figs 10-11 . 

Remarks: Tr i t ax ia pllisnrap morphotypes are distinguished by having a 

l a rge , elongate tes t (c. 860-910pm i n maximum length), t r iangular i n cross 

s e c t i m throughout; t r i s e r i a l ea r ly stage with carínate angles, fo l lowed by a 

few unise r ia l chambers; t e rmina l aperture, usually bcoken or ind i s t inc t 

because of recrystaHizat ion; waU moderatiely to coarsely agglutinated. 

Range: Maastr icht ian. 

Occurrence: weUs 1 - S E S - l A , l - S E S - 9 . 

Palaeo-environments: upper to middle bathyaL 
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SiJperfanuly ATAXOPBRAGfOACEA 

Schwager, 1877 

Family ATAXOraRAGHIIDAE Schwager, 1877 

SubEamily ATAXOPHRAGHnHAE Schwager, 1877 

Genus HAGEHOWEUA Cushman, 1933 

Type ^jecdes: Valvul ina gibbosa d'Orbigny, 1840 

Hagaiowélla ex g r . subsphaepca (Reuss), emended 

(FU 6, F igs 3-5) 

BuUmina subschaerica Reuss, 1846, p . 109, p L 24, fig. 23. 

ArenobuUmina ex gr. sub^Oiaerica (Reu^) . HanzUkovà, 1972, p. 56, pi, 13, 

fig. 4a -b . 

Remarks: HagenowePa ex gr. s u b ^ h a e r i c a morphotypes are distinguished 

by having a subglDbular to ovoid, t rochosp i ra l test , variatile in s ize (varying 

from c 210A9C^m to 420/340pm i n maximum length/breadth ra t io , i n the 

neanio and ea r ly ephebic stages, to c 770/590^ra in tìie l a t e 

ephebic/geront ic stage); c o n i c a l ea r ly pcrtion, ind is t inc t , fol lowed by an 

inf la ted trocho^àral stage; 3 to 4 g rea t ly in f la ted and subglobular chambers 

in the l a s t whorl ; single aperture, a low in te r iomarg ina l arch at tìie base 

of tìie l a s t chamber; c i rcu la r perÌE*ieral margin in cross sect ion throughout; 

waU moderately f ine ly agglutinated. The qjecimens are herein p laced in 

HagenowéUa by having in tercamera l sutures nearly pa ra l l e l to the axis of 

ccdling, ra ther than at a fccoadly acute angle as i n Arenobulimina Cushman 

(cf. Loeb l i ch & Tappan, 1988, p . 139^140). The morphotypes are similar to 

Eqgerel la Cushman, but difiEer in aper tu ra l features (low inter iomarginal 

arch posLtioned at the base of the l a s t chamber, rather than a low sUt 

near the base of the aper tura l face). 

Range: Campanian to Maastr icht ian. 

Occurrence: weLs 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-environments: upper to middle bathyaL 
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Superfamüy ORBEIOUNACEA 

Mart in , 1890 

Fami ly OBHECOLINIDAE Mart in , 1890 

SubEamily DÜCTnOCOlONAE MouUade, 1965 

Genus PARACOSfONOLENA MouUade, 1965 

Type species: Coskinolina sunnUandensis Maync, 1955 

ParaccekJncfliiiaCT ^ A 
(EL 6, Figs 6-7) 

Remarks: A single ortdtolinLd specimen was recovered Erom t n r h i ^ H ' -

depcsits (Angk» Member) oE the lower Albian. I t i s character ised by having 

an highly c o n i c a l t es t (c. 400/370;im i n maximum height/tareadth ratio), with 

a ccncave base; nuraerous chambers, with in te r ior p a r t i a l l y subdivided by 

r a d i a i or t ransverse par t i t ions; ^)erture not observed; waU finely 

agglutinated, oE organic and microgranular calcareous cement. The lack oE 

further ^)ecimens made i t impossible to ca r ry ou t a thin-sectdoning of the 

^jecimen, which, conseguently, ru led out i t s precise generic a t t r ibut ion. I t 

seeras, however, t ha t the closest morphcQogical a f f i n i l a may be found with 

ParacoskinoHna MouUade l ^ n s u Loebl ich & Tappan, 1988, p. 162), to which 

the pcesent ^ c d e s i s t en ta t ive ly assigned. 

Range: ea r ly Alb ian (rare occurrence). 

Occurrence: w e H 1 - U S - l - S E . 

Palaeo-envircximents: shaUow neri t ic ca r tona te platforms Specimen 

dtlEted by grav i ty down-Elow currents to deep ner i t ic -upper bathyal 

envircmments). 

Superfamüy TEXTOLARIACEA 

Ehrenberg, 1838 

Fami ly EGGERELUDAE Cushman, 1937 

SubfamÜy D O R O i m i N A E Balakhmatova, 1972 

Genus D0R01HIA Plummer, 1931, emended, Desai & Banner, 1987, p.16. 

Type ^ c d e s ; Gaudryina bul le ta Carsey, 1926. 
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DcpjÜlia e x g r . bu l l e ta (Carsey) 

(EÍL 6, F i g . 8) 

Gauc3ryina biHt'-ta Carsey, 1926, p . 28, p L 4, fig. 4. 

Dorothia bul le ta (Carsey). Cudiman, 1946, p . 46, pL 12, fígs 21-26. 

Dorothia re tusa (Cudiman). C u ^ m a n , 1946, p. 46, p L 13 , fígs 1-4. 

Dorothia buUeta (Carsey). S l i t e r , 1968, p. 49, pL 3, fig. l l a - b . 

Dorothia bul le ta (Carsey). HanzUkovà, 1972, p.57, p L 12, figs 4, 9. 

Dorothia pupa (Reuss). HanzUkovà, 1972, PL57, piL 13, fig. 3 (not piL. 12, fig. 

8, pfl. 13, fig. 8a-b). 

Dorothia bul le ta . (Carsey). SUter , 1977b, p L 3, fig. 7. 

Dorothia \3ì^^e't•^ (Carsey). Beckmann, 1978, p. 765, pL 1, fig. 18. 

Dorothia retusa (Cushman). Kaminski , Gradstein, Berggren, Geroch & 

Beckmann, 1988, p. 195, piL 9, fig. 6 (not fig. 11) 

Remarks: Dcrothia ex gr . bul le ta morphotypes are distinguished by 

having an elongate, subcy l ind r i caL robust t es t (varying firom c . 400/im to 

1240/im i n maximum length); ea r ly t rochospi ra l coü, conica l -shaped, fo l lowed 

by a b i se r i a l stage of in f l a t ed chambers; per ipheral margin near ly c i rcu la r 

i n cross sect ion throughcxat; elongate inter iomarginal ap)erture; w a l l finely 

agglutinated. Ihe synonymy l i s t exemplifies the morphological va r i ab i l i t y of 

th i s specdes-grcxip. 

Range: l a t e Ccniacìan to Maastr icht ian. 

Occurrence: wells 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 

Palaeo-envircximents: upper t o lower bathyaL 

Genus HARSSONELLA Cushman, 1933 

Type species: Gaudryina oxycona Reuss, 1860. 

Remarks: The marsscxiellids are basical ly , distinguished from doroth i id 

forms by their charac te r i s t i c c o n i c a l to subcorneal t e s t and concave 

aper tura l face . Close morphological aff ini ty suggests ve ry prdDabLe 

intergrading variants (ecophenotypác variations) among the ident i f ied 

qjecies and variet ies. However, th is tias not been prec i se ly es ta t i i shed i n 

th i s study because of a l ack of ^ d m e n s and their sporadic occurrence . 
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Hcgajmiana kummL ZedLer 

(PL 6, Figs 9-10) 

MarssoneUa kummi Zedler, 1961, p . 31, p L 7, fig. 1. 

HarssoneJla kummi Zedler. Bar tenste in & B Q D Ì , 1977, p. 548, p L 1, figs 2 3 -

24. 

Dorothia kummi (Zedler). SUter , 1980, p L 5, figs 5-6. 

c f . Praedorothia zedierae (MouUade) l u t e r b a d i e r i Desai & Banner, 1987, p . 

20, p L 5, figs la-b (not figs l c ? - d ) . 

Protomarsscmella kummi (Zedler). Desai & Banner, 1987, p.24, piL5, f igs 2a-e. 

Remarks: This ^ Jedes i s charac ter i sed by a narrow and s lowly taper ing, 

subcon ica l test (varying from c 200/250jum to 260/270/im i n maximum 

length/tareadtìi ra t io) , with ve ry weakly depressed sutures; l a s t chambers of 

the b i se r i a l stege are usuaBy fccoader than high and strongLy overlaKàng; 

waU f ine ly agglutinated. 

Desai & Banner (1987, p. 24) assigned Mai^scnella kummi to a new 

genus. Proto marsscxieUa, based on the scUid, noncanaliculate, waH structure 

of the ^ c i e s , which d i f fe rs from the canaUculate waH charac ter of 

Marsscaiella. However, i n t e rna i waU structure i s a feature not read i ly 

v is ih le without the use of a Scanning Ellectronic Hiaroscope which , for 

obvious reasOTis, cannot be used for the study of aU recovered specimens. 

I t i s also probable that th i s waH character may actualLy be e i ther an 

i n t e r ^ d f i c different iat ion ce an ecophenotypic feature among the 

marssoneUid morphogroup, and because of this the ^ jec ies i s maintained i n 

the Harsscaiella genus. Giv ing . suppcrt to the l a t t e r hypothesis of 

ecophenotypic variatdons i s the evidence presented by A . A l m o g i - L a b i n , A . 

Bein & E . Sass (orai communicatdon, Tubingen, 21st S^i tember, 1989) from 

the upper Cretaceous of IsraeL Specimens of agglutinated foramini fera with 

a canaUculate w a l l s tructure (Gaudryina pyramidata Cu^man) were shown 

t o predominate i n nearly anoxic sedimenta of the lower Maast r icht ian , i n 

the southeastern Zin V a l l e y . Ncn-cana l icu la te species dominate i n more 

divers i f i ed asemblages from dysaerobic sediments of the uppermost 

Campanian i n the western, less r e s t r i c t ed basin of the Shefela . 

Range: l a t e Apt ian to ea r ly A l b i a n , la tes t Cenomanian. 
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Occurrence: I cca l i t y A - 9 , wélls 1 - C N - l - S E , 1 - C P B - l R - S E , 7 -CP-252 -SE , 

1-üS-l-SE, 1 - S E S - l A . 

Palaeo-envircaiments; shaUow middle to deep ner i t i c (Late Apt ian-ear ly 

Albian biotopes), i^iper fcathyal (Latest Cenomanian bLotopes). 

HaCTonéPa o z a w a i Cushman 

(PL 6, Figs 11-12) 

Harssonella o z a w a i Cudiman, 1936, p . 43, pL 4, Eigs l O a - b . 

MarssOTiella o z a w a i Cushman. Bamard , 1963, p .41-42 , t ex t - f igs l a - c . 

Remarks: Tlús species i s character ised by i t s la rge , conicál t es t 

(varying from c 330/190;4m to 530/320pm i n maximum Isngth/ t readth rat io); 

i n i t i a l trochoepire with 3 to 5 chambers, l a t e r becoraing táserial; usually 

s t ra ight out l ine, but occasionally sUghtly arcuate (x even arranged i n 

severa l s b ^ p e d stages; waU coarsely agglut inated, with Ut t le calcareous 

ceraent (cf. Bamard , 1963). 

Range: l a t e Aptáan to ear ly Alb ian . 

Occurrence: weUs 7-CP-252-SE, 1 - U S - l - S E , 1 - S E S - l A . 

Palaeo-environments: middle to deep ner i t i : : . 

MarsBonpUa ex g r . trocfaus (d'Orbigny) 

Text i i lacia t rochus d'Orbigny, 1840, p . 45, p L 4, figs 25-26. 

Remarks: Specimens referred to th is spedes-group have a consixterable 

variable morphology. The morphotypes include specimens desccibed as M .̂ 

tur r i s (d'Orbigny) and M . oxycona (Reuss), here considered as in t raspec i f ic 

var iants of r i . trochus, fcOlowing the usage of Ja rv i s e t ^ (1988, p. 21, 

fígs 8, l O e , 11c) and Leary (1988, p . 65-70). 

M^t*»yT»jla t rochus (d'Orbigny) sensu s t r i c to 

(EL 6, Figs 13-15) 

Textular ia t rochus d'Orbigny, 1840, p . 45 , p L 4, f igs 25-26. 

Marsscnplia t rochus (d'Orbigny). Hofker, 1957, p . 81-82, text-fígs 82a.a-e 

(not t e x t - f i g s 82a-g , 83a-i) . 
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Dccothia ocycona (Reus^. Kaminski , Grac3stein, Berggren, Geroch & 

Beckmann, 1988, p. 195, p L 9, fig. 9. 

Remarks: Specimens of Marssonpn^ trochus s.s. are distinguished by 

having a large, r ap id ly f l a r ing , c o n i c a l tes t (varying from c . 430/380/im t o 

520/410/im i n maximum length/ tceadth); w a l l finely agglutinated, with 

OTganic and/ca: ca lcareous cement (cf. Bamard , 1963). The morpiiotypes are 

s imilar to Marsscmella t rochus var . oxycona (Reuss), which has been 

considered as a janior synonym of f i . trochus by s eve ra l previcus authcas 

(e.g., Hofker, 1957, Bamard , opp. c i t . ) . "Riey diEfer, however, i n i n the more 

rapidly f lar ing , c y c u n d r i c a l - s h ^ i e d test , rather than fccoadly f la r ing and 

rounded. 

Range: l a t e Ap t i an to middle A l t i a n , ear ly C c m a d a n to Maastr icht ian. 

Occurrence: l o c a l i t y A - 1 5 , wéHs 1 - S E S - l A , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-environments: middle to deep ne r i t i c (late Aptian-middlé Albian 

biotopes), i^jper to middle ba thya l (early Ccn i adan -Maas t r i ch t i an táotopes). 

MdiaaoiKJla t rochus (d'Orbdgny) v a r . oxycana (Reuss) 

(PL 6, Figs 16-18) 

Gaudryina oxycona Reuss, 1860, p . 229, pL 12, fig. 3. 

MarsscftelLa oxycona (Reuss). C u ^ m a n , 1946, p. 43-44, pQ. 12, f i g . 3a-b friot 

figs 4-5).5 

MarsscneUa oxycona (Reuss). Bandy, 1951, p. 492, piL 72, f i g . 8. 

MarsscneHa oxycona (Reuss). Hofker, 1957, p . 85-87, t e x t - f i g s 87a-c , 88a-d, 

89a-e (not t ex t - f i g s 86, 90 

Dorothia oxycona (Reiiss). T r u j l l o , 1960, p. 309, pd. 44, f i g . 5. 

Dorothia oxycona (Reuss). HanzUkovà, 1972, p. 57, p L 11, fig. 8. 

Dorothia oxycona (Reuss). Krasheninnikov, 1974, p. 643, piL 7, f i g . 2a-b. 

Dorothia cf. oxyc:ona (Reuss). Beckmann, 1978, p. 765, p L 1, figs 14 (not 

fig. 15). 

Remarks: MarssOTella troc:hus var. oxycxjna morphotypes are 

ciiaracAerised by the i r c o n i c a l test , of variabile s i ze , wi th a bccjadly f lar ing 

outline (varying from c . 190A80^m to 530/510/im i n maximum length/breadth 

rat io); early trochospire wi th 4 to 5 chambers per whorL fcdlowed a 

táserial stage wi th cdiambers rapidly increasing i n tceadth; c i rcu la r i n cross 
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sec t ion throughout; walL f i ne ly agglutinated, with <xgamc and/or calcareous 

cement {cf. Bamard, 1963); smooth tes t surface. The mid-Cretaceous 

specimens have, d i a r a c t e r i s t i c a l l y , smaller (about ha l f to ane t h i rd the size) 

and more f ine-grained tests t l ian the la te Cretaceous morphotypes. 

Range: l a t e Apt ian to Alb i an , l a t e Campanian to Maas t r ich t ian . 

Occurrence: weUs 1 - C A - l - S E , 1 - C N - l - S E , 7 -CP-252 -SE , 1 - C P B - l R - S E , 

1 - U S - l - S E , 1 - S E S - l A , l - S E S - 9 . 

Palaeo-envirc»iraents: shaUow middle to deep ner i t i c (late A p t i a n - A l b i a n 

biotc^Jes), i^iper to middle ba thya l (late Campanian-Maastrichtdan biotopes). 

M a r g o n e P a t rochus (d'Orbigny) v a r . tanris (d'Orbigny) 

(PL 6, Figs 19-20) 

Textu la r ia tur r i s d'Orbigny, 1840, p . 46, pL 4, figs 27-28. 

c f . MarssoneHa oxycona (Reuss), C u ^ m a n , 1946, p. 43-44, pL 12, f igs 4-5 

(not fig. 3a-b) 

MarssoneUa tur r i s (d'Orbdgny). Hofker , 1957, p .83, text-figs 84a-e , 85a-e. 

MarssoneUa turr is (d'Ortdgny). Bamard , 1963, p . 42-43, text-figs 2a-h . 

MarssoneUa oxycona (Reuss). Ha ig , 1980, p . 126, p L 8, f i g . 19. 

Remarks: MarssoneUa t rochus var . tu r r i s is distinguished by i t s 

generaUy long and narrow, c o n i c a l t es t (varying from c . 430/310^m to 

630/390pm i n maximum length / teeadth rat io) , with a more s lowly tapering 

elcaigated ^ a p e ; w a l l f ine ly agglutinated, with crganic and/or calcareous 

cement (cf. Bamard , 1963). 

Range: la te Apt ian to Cenomanian, la te Coniacian to ea r ly - l a t e 

Maastricditìan. 

Occurrence: outccops A - 9 , A - 1 5 , wéDs 1 - C A - l - S E , 1 - C N - l - S E , 1 -CPB-

I R - S E , 7 -CP-252-SE , 1 - U S - l - S E , 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-envircsiments: middle ner i t i c to upper ba thya l (late Aptìan-

Cenomanian biotopes), i^iper to middle ba thya l (late Ccniac lan to ea r ly - l a t e 

Maastr icht ian biotopes). 

Subfamily EGGBBELLINAE Cushman, 1937 
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Genus KAKRERIELUV Cushman, 1933 

Type specdes; Gautjryina sifhonpTia Reuss, 1851 

gai-rurirfia ex g r . conversa (Grzybowskd) 

(PL 6, F i g . 21) 

Gaudryina conversa Grzybowski , 1901, p . 235, p L 7, f igs 15-16. 

Gaudryina bentonensis (Carmen). Cushman, 1946, 33, pL 7, f igs 15-16 . 

Gaudryina foeda (Reuss). Tn ip l lo , 1960, p . 307-308, p i . 44, f i g . 7a-b . 

Gaudryina bentOTiensis (Carman). saiter, 1968, p . 48, p L 3, fig, 10. 

Gaudryina t a i l l e u r i CT^Jpan). Hanzllkovà, 1972, p. 52, p L 11, f i g . 6. 

Rlect ina conversa (GrzytaDwski). Hanzllkovà, 1972, p. 59, p L 13, f igs 10, 14-

Rlectdna afE. conversa ( G r z y b a w ^ . K r a ^ e n i n n i k o v , 1974, p. 643, p L 7, f igs 

3-4. 

Karrer ieUa conversa (Grzybowski). Kaminski , Gradstein, Berggren, Geroch & 

Beck'mann, 1988, p. 196, pL 9, figs 17-18. 

PLecfina conversa (Grzybowski). MouEade, Kuhnt & Thurow, 1988, p L 9, f igs 

1-33. 

Remarks: Karrer ieUa ex gr. conversa morphotypes are character ised t y 

having a l a rga elongate tes t fr^arying from c 720/210;im to 1220/240^m i n 

maximura l eng th / t read th rat io); ea r ly mult iser ial , t r o c h o ^ i r a l pc r t i on , 

c y l i n d r i c a l i n shape, fdUowed by a longer b i se r i a l stage of somewhat 

in f l a t ed chambers, s l i ^ t l y twis ted; t es t ovoid to rounded i n cross sec t ion; 

Wall moderately coarsely aggUitinated. 

Ranger l a t e Campanian to Maast r icht ian . 

Occurrence: wéUs 1 - S E S - l A , l - S E S - 9 , l - S E S - 2 4 . 

Pa laeo-envi ra iments : upper to l o w e r bathyaL 

Family TEXTOTARiroAE Ehrenberg, 1838 

Subfamily lE l c rULARIINAE Ehrenberg, 1838 
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Genus TEXTDIAKIA Defeance, 1834 

Type Epecdss: Texi-iiij^rja sagiHniia Defrance i n í3e SLainviDe, 1824 

TextiílaEÍa ex gr. subcomca Franke 

(ÎO. 6, Figs 22-24) 

Textular ia t rochus cïOrhigny var . subconica Franke, 1928, p. 131, p L 12, fíg. 

1. 

TextaJaria subconica (Franke). Cushman, 1946, p. 30, p L 6, figs 21-22. 

c f . Texh i la r i a alexanderi. (LaHcker). Haig, 1980, p . 112, p L 5, f igs 1-4. 

Remarks: Spedmens of Textniarja ex gr. subconica are character ised by 

a t^ser ing bdserial t e s t (varying from c . 270/170;im to 350/310^m i n 

maximum IsngthAareadtli rat io); inf la ted chambers, gradually to rapidly 

increasíng i n s i ze ; ovate to nearly c i rcu lar ouüine i n cross-sect ion i n the 

l a s t Chambers; w a l l very f ine ly agglutinated. Most of ttie ^ lec imens 

recovered örom Sergipe seem to be b i se r i a l throughout. Rare N e i m e n s 

Show a minute, ind i s t inc t , ea r ly coü and are , Öierefore, somewhat simüar 

t o Queensland ^ d m e n s described by Haig (1980, see synonymy üsQ and 

at tr ibuted to Texti.ilaria a lexanderi (Lalicker). Severa l of the Sergipe 

morphotypes have a tìùcker and nearly c i r cu la r outline i n cross-sect ion of 

the las t Chambers Öian have the QueensOand spedmens. According to 

Loeblidí & T ^ p a n (1982, p. 60), "Haig's ^ d m e n s are not c o n s p e d S c wi th 

Q. alexanderi". However, i t i s possible tha t the ear ly co i led stage be 

completely raasked by agglutinated overgrowti i during lat tee Cfitogenetic 

stages» and/or much reduced i n rapLdly growing individuáis. In whatever the 

case, the morphcdogical différences are too e r ra t i c and insuffídent to 

support the proposai of a différent taxon. üntü further évidence i s 

produced, the Sergipe morphotypes are regarded as Textu lar ia , fcdlowing, 

therefore, the usage of Haig (op. d t . ) . 

Range: middle/ la te Albdan to Cenomanian, C o n i a d a n . 

Ocurrence: l o c a l i t i e s A - 1 , A - 3 , A - 9 , A - 1 0 , A - 1 5 , weU l - S E S - 3 . 

Palaeo-environments: middle neritdc to upper bathyaL 
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Ti^tiilaiia ndimta Beth&Iin 

CEO- 6, Figs 25-28) 

Textular ia minuta Ber the l in , 1880, p . 26. 

Textailaria convexa Antonova e t a L , 1964, p . 36-37, p L 4, fíg. 7a-b. 

Textular ia chapmani LalLcker . Magniez-Jannin, 1975, p . 54-56, pL 3, figs 1-

9. 

Textular ia minuta Ber the l in . Critbenden, 1983a, p . 20 -21 , pU 2, figs 9-10. 

Remarks: Textular ia minuta i s distinguished by i t s moderately smaU, 

compressed, tapering b i s e r i a l t e s t (varying ñrom c 260/200/im t o 330/220/4m 

i h maximum length / t read th ra t io) ; süght lobate perighery; waU f ine ly 

agglutinated. I t differs from Texhii;^rLa ex gr. subconica Franke i n i t s 

sraaHer and more compressed test , with fewer charabei^ 

Range: l a t e Aptìan to middle Albdan. 

Occurrence: locaUty A - 1 5 , weUs 7 -CP-252-SE , 1 - O S - l - S E . 

Palaeo-environments: shallow to middle-deep ner i tdc 

FamìLy PSEOpOGADDRTIHIDAE LoetOich & Tappan, 1985 

SubfamìLy PSEOOOGADDRYDDHAE Loebl ich & Tappan, 1985 

Genus CLAVOiaNOroES Cushman, 1936 

Type ^)ecLes: Clavul ina t r i l a t e r a Cushman, 1926 

(sensu Banner & Pesai , 1985, and Loebl ich & T ^ a n , 1988) 

ClavuMnaides e x g r . t r i l a t e r a (Cushman) 

(RL 6, F i g . 29) 

Clavulina t r i l a t e ra Cushman, 1926b, p. 588, p L 17, fig. 2. 

Clavulina t r i l a te ra Cudiman var . aspera Cushman, 1926b, p . 589, piL 17, 

f i g . 3. 
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davuUncddes t r i l a t e ra (Cushman). Cuáiman, 1946, p. 38, p L 9, figs 11 , 13, 

16 (not figs 10, 12?, 14-15). 

Clavul inoides t r i l a t e ra (Cushman) va r . concava (Cu^man). C u ^ m a n , 1946, p . 

38, pL 9, figs 13-19, 21 (not figs 17, 20, 22). 

ClavulinQides a^)era (Cushman). Cushman, 1946, p . 38-39, p L 9, figs 24-30. 

T r i t a x i a a ^ r a (Cuáiman). SUter , 1977b, p L 3, fig. 2 (? not figs 3-4). 

T r i t a x i a t r i l a t e r a (Cushman). Beckmann, 1978, p. 769, pL 1, fig. 17. 

d a v u l i n o i d e s aspera (Cuáiman). Kaminski , Gradstein, Berggren, Geroch & 

Beckmann, 1988, p . 194, pL 8, figs 11-12 . 

davul i r to ides t r i l a t e ra (Cushman). K a m i n ^ d , Gradstein, Berggren, Geroch & 

Beckmann, 1988, p . 195, pU 9, fig. 2. 

Remarks: Specimens of Clavul inoides ex gr. t r i l a te ra are d ia rac te r i sed 

by having a large , elongate tes t (varying from c 1460^m to 2430pm), 

t r iangular i n sectÌOT t h r o u ^ o u t with carínate angles; ear ly t r i s e r i a l stage 

foOowed by a longer uniser ia l p o r t i m with chambers increasing s lowly i n 

s ize ; w a l l finely to moderately agglutinated. 

Range: middle to la te Maas t r id i tLan . 

Occurrence: wéHs 1 - S E S - l A , l - S E S - 9 t a r e occurrence). 

Palaeo-envircximents: upper to middle bathyaL 

Genus PSEUDOCLftVDLINA C u ^ m a n , 1936 

Type specdes: Clavul ina cLavata Cushman, 1926 

Remarks: The genus differs from Clavul inoides Cushman i n possessìng an 

un i se r i a l stage rounded i n cross sec t ion (cf. Loebl ich & Tappan, 1988, p . 

179). 

K e u d o c l a v u l m a arenata (Cushman) 

(RL 6, Figs 30-31) 

Clavul ina arenatia C u ^ m a n , 1933, p . 54, p L 6, fig. 5a-b. . 

feeudoclavulina arenata (Cu^man) . Cushman, 1946, p . 37, pL 9, f i g . 9. 

T r i t a x i a gauldna (Morozova). SUter , 1977b, piL 3, figs 5-6. 
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QavulLnoídes globul ifera (ten Dam & Siga]). Kaminski , Gradstein, 

Berggren, Geroch & Beckmann, 1988, p. 194, pL, 8, figs 14-15. 

Remarks: Spedmens of Pseudoclavulina arenata are d i s t i n g u i ^ e d by 

having a l a rge , elongate, cy l i nd r i ca l t e s t (varying from c . 1250/430jam to 

1730/450^m i n maximum l eng t i i / t ceadth rat io); ear ly t r i s e r i a l pCRidon, 

t r iangular i n croas sect ion, foüowed by a long un ise r ia l stage, d r c u l a r i n 

sect ion, wi th Chambers increasing ve ry s l ight ly i n s ize ; w a l l moderately to 

coarsely agg lu t i i a t ed . 

Range: l a t e Haas t r icht ian . 

Occurrence: weUs 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 

Palaeo-envircximents; upper to middle bathyaL 

Famüy VALVDIAMHIHIDAE Loeh l i rh & Tappan, 1986 

Genus VÄLVÜIAMMINÄ Cushman, 1933 

Type R i e d e s : Valvulina globularis d'Orfcágny, 1826 

VahnJamminai?) ^ A 

(H. 6, Figs 32-33) 

Remarks: Rare ^)eciraens tenta t ive ly assigned to Valvulammina (?) sp. A 

are dist inguished by having a moderately large, concavo -convex 

t rochoepira l t es t (varying from 440/220^m to 450/220/4m i n maximum 

diameter/height rat io); Chambers i n a moderately low trochospire, increasing 

rapidly i n s i ze ; w a l l änely agglutinated, with a rather smooth test surface. 

Range: ea r l i es t Älbian. 

Occurrence: w e l l 1 - U S - l - ^ (rare occurrence) . 

Palaeo-environments: deep ner i t ic . 



Family V A L V U U N I D A E Bertheün, 1880 

Subfamily T R E F & X H J N I N A E Loebl ich & Tappan, 1986 

Genus TREEAXnJNA Cushman, 1911 

Type ^5ecdfis: O a v u l i n a caperata Brady, 1881 

(PL. 6, Figs 34-35) 

Remarks: Rare specimens ten ta t ive ly ceferred to Tri taxil ina(?) 3p. A 

were recovered firom the L^Jpermost Cenomanian. They are character ised by 

having a la rge , elongate tes t (varying from c . 480/230jura to 620/250pm i n 

maximum length/h:eadth), strcHigly distorted by compact ion; high t rochospi ra l 

e a d y c o i l , fciDowed by an uniserial stage, par t iaUy fcroken off; w a l l rather 

coarsely agglutinated. 

Range: l a t e s t Cenomanian. 

Occurrence: l o c a l i t y A - 4 6 . 

Palaeo-envircaiments: äiaUow to middLe neritic. 
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Suborder I N V O L D U N I N A 

Hchenegger & PiUer , 1977 

Remarks: Pcotoculus CoIlDwed by enrcdled tubular second Chamber; waU 

calcareous, perforate, rad ia te , originaUy aragonitdc but coraraonly 

recrystaUised to homogeneous microgranular sCructure (cf. Loebl ich & 

Tappan, 1988, p. 294). 

Fami ly TOVOLOTODDAE B u t s d l l i , 1880 

Subfamüy I N V O U T H N I N Ä E Butschl i , 1880 

Genus T R O C H O U H A Paalzow, 1922 

Type specdes: Ihvolubina con ica ScMumtierger, 1898 

Ttocfaolma ^ A 

(PL 7, Figs 1-2) 

Remarks: A single specimen referred to TrochcJina sp. A was recovered 

from the lowermost Altáan. I t i s characterised by having a high con ica l , 

t rochospi ra l test {c. 380fim i n maximura height), poorly preserved due to 

recrys ta l l i za t ion ; umbüical side contains nodes and pUlars of lamel lar 

s t ructure . 

Range: earl iest Altrian-

Occurrence: weU. 1-üS-l-SE t a r e occurrence). 

Palaeo-environment: o o l i t i c / o n c o l i t i c carbonate äioals (specimen dr i f ted 

by gravi ty down-flow currents to middle-deep neri tk: environments). 

Suborder S P O O I U N I I I A 

Hchenegger & PiUer , 1975 

Remarks: Coüing p l a n i ^ i r a l t o high t r o c h o ^ i r a l , prcilDculiis fcJlowed by 

enrcUed tubular undivided Chamber or wi th few Chambers per whorl ; w a l l 

calcareous, hyaline, op t i c a l l y a single ca l c i t e c ry s t a l or few to a mosaic of 

crystals (cf. Loebl ich & Tappan, 1988, p. 303). 
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Family SPQauJNIDAE Reuss & Fr i t s ch , 1861 

Genus SFEEOUJNA Ehrenbecg, 1843 

Type sped.es: SpiriTlirw v iv ipa ra Ehrenberg, 1843 

?^»w-nKna nrinjina S d i a c k o 

(RL 7, Figs 3-4) 

Spi r i lUna minima Schacko, 1892, p . 159, p L 1, f i g . 4. 

Sp i r i l l i na minima Schacko. Petei , 1962, pp. 105-106, p L 13, fig. 4. 

Spiriüina minima Schacko. Bar tenste in & Kovatcheva, 1982, p . 652, p L 4, 

figs 38-39, p L 5, figs 43-44. 

Remarks: Spi r i l l ina minima i s character ised by having a smal l (c. 200-

320jtfm i n maximum diameter), d i sco ida l , p l a n i ^ i r a l and evolute test; 

prcüoculus foLowed by an undivided tubulär second Chamber, graduaEy 

enlarging; surface with numerous pares randomly distr ibuted. I h i s i s a long 

ranging R i e d e s , 

Range: l a t e Apt ian to middle A l h i a n , Cenomanian to Turonian. 

Occurrence: loca l i t i e s A - 1 , A - 6 , A - 7 , A - 1 2 , A - 1 5 , A - 1 8 , A - 2 2 , A - 3 8 , 

tt^xxanga 2 , weUs 1-ÜS-l-SE, l - S E S - 9 . 

Palaeo-environments: shaHow to middle ner i t i c frrare dr i f ted spedmens 

occur i n Alb ian turtddit ic sedments c f deep ner i t i c -L^per ba thya l sett ings). 

Genus TDRKISPIRIUJNA Cushman, 1927 

Type specdes: Sp i r i l l i na conoidea Paalzow, 1917 

T^irrigpiriltma subconica Tappan 

(PL 7, Figs. 5-8) 

Turr i sp i r i l l ina subconica Tappan, 1943, p . 510, p L 82, figs. 2 -3 . 

T u r r i ^ j i r i l l i n a subconica T ^ p a n . Haig , 1982, p . 40, p L 8, fig. 12. 

Remarks: Spedmens of Turr igp i r i l l ina sutx:onica are distinguished by 

having a smal l (c. 200-300^m i n maximum diameter), low con ica l , concave -

convex test; prdlDculus fcQlowed by a long undivided tubulär second 

Chamber; w a l l f inely perforated. This i s a long ranging spedes . 

Range: l a t e Apt ian to middle Alb i an , Turonian. 
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Ocxnirrence: localities A - 7 , A - 1 2 , A - 2 2 , A - 3 8 , weUs 1-üS-l-SE, 7 - C P -

252-SE. 

Palaeo-enviroiraents : äiallow to middle ne r i t i c (rare dr i f ted spedmens 

occur i n Alb ian turtdditLc Sediments of deep ner i t ic - i :pper ba thya l settings). 

Family PRSEUJSSDAE RhumbOer, 1906 

Subfamily PAIELEJNINAE Rhumküer, 1906 

Genus P A S E U J H A WÜLiamson, 1858 

Type ^)ecies: Pat^nina corrugata WÜUamson, 1858 

PateTHna subcretacea Cushman & Alexander 

(PL 7, Figs 9-12) 

PatelUna subcre tacea Cushman & Alexander, 1930, p.10, p L 3 , f i g . 1. 

PateUina subcre tacea Cushman & Alexander. P e t r i , 1962, p . 109-110, p L 13, 

figs 8-9. 

Patel l ina subcre tacea Cushman & Alexander. SUter , 1968, p . 92-93, p L 13, 

f i g . 14. 

PateSina subcretacea Bartenstein & Kovatcheva , 1982, p . 652, p L 4, f i g . 37. 

Remarks: I h i s ^jecdes i s characterised by i t s smaU (c. 2 1 0 - 2 3 0 ^ i n 

maximum diameter) , low con ica l , plano-convex test; sp i r a l side convex and 

evolute; umhUica l sdde Elattened to s L L ^ t l y concave, involute ; Chambers 

subdivided by numerous r ad i a l septula extending inward from the Chamber 

per i fhery. I he r e i s considerable Variation i n t e s t height. This is a long 

ranging spedes . 

Range: l a t e Ap t i an to middle Alb ian , ear ly-middle Cenomanian, l a tes t 

Turonian. 

Occurrence: l o c a l i t i e s A - 1 , A - 6 , A - 1 5 , A - 1 6 , A - 1 8 , A - 3 8 , Itapcaranga 2, 

weUs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C P B - l R - S E , 1 - U S - l - S E . 

Palaeo-environments: ^ a l l o w to middle ne r i t i c t a r e dr i f ted ^ d m e n s 

occur i n Alb ian turfcdditic Sediments oE deep neritic-i:5)per ba thya l settings). 
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Suborder K U J D I I N A 

Delage & H&rouard, 1896 

Remarks Test o f fine randomly oriented i-i-yq* aig of high magnesium 

calräte, resu ldng i n a müky opaci ty er porceHaneous appearance i n 

re f lec ted Üght (cf. Loeb l i ch & T ^ p a n , 1988, p. 309). 

Superfamüy H m D L A C E A 

Ehrenberg, 1839 

Famüy S H R O L O C D L M I D A E Wiesner, 1920 

Genus SEtROLOCDUNA d'Orbigny, 1826 

Type ^JecLes: Spirolocal ina depressa d'Orbigny, 1826 

^ n r o l o c u l i n a ocetacea Reuss 

(PL 7, Figs 13-16) 

SpirolocuHna c re tacea Reuss, 1854, p. 72, pU 26, fig. 9. 

SpircJoculLna c re tacea Reuss. Cushman & Todd, 1944, p . 3-4, p L 2, f igs 1-4. 

Remarks Spedmens refer red to Spiroloculina c re tacea are character ised 

by a t road ly eHipt ica] , longer than t road , much compressed tes t (c. 400/250 

to 460/290pm i n maximum length /width ratio), poor ly preserved due to 

recrys ta l iza t ion; pe r i fhe ry s l igh t ly rounded; Chambers one-ha l f c o i l i n length 

added i n a Single plane. I hey are morphcQogically s imi lar to spedmens 

at t r ibuted to Ma=ffd1ina planoconvexa Tappan by Eicher & Wars te l l (1970, p. 

283-284, p L 2, fig. 6a-b) . They di f fer , however, i n l a c k i n g the ear ly , 

apparently quiraqueloculine stage, which i s observed t o protrude on cne side 

of most spedmens repor ted by Eicher & WocsteE (op. d t . ) from the 

Greenhorn Formation oE South Dakota. 

Range: ear ly Cenomanian, 

Occurrence: l o c a l i t y A - 3 . 

Palaeo-envircaiments: äiallow to middle n e r i t i c 
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(PL 7, Figs 17-20) 

Remarks: SpircJociitina sp. A morpAiotypes are dist inguished by an 

e B i p d c a L s l i ^ t L y longer than broad, tiûck tes t (c. 430/270/im t o 440/29C^m 

i n maximum length/width ra t io) ; concave i n the ear ly pc r t ion ; periç*iery 

squarely t runcate, üat or sliç^tLy convex, äiarply angled a t the margins; 

Chambers Mie-half ccdl i n l eng th added i n a single plane, increasing 

graduaHy i n lengt i i and tceadth but rapidLy i n thickness; l a s t two Chambers 

are much bcoader than previous caies, wi th thickened keels along the 

margins. The ^>ecimens have morphcdogical aCSnities wi th some l a t e 

Neogene-Quatemary ^ j e d e s o f S p i r d o c u l i n a iUustrated i n Cushman & Todd 

(1944), for instance: S. angulosa Terguem tp- 34-35, p L 5, f i g . 17; Püocene), 

S. dentata Cushman & Todd (p. 71-72 , p L 9, f i g . 34a-b; Hcüocene), and S. 

so ldani i (p. 37, pL 6, figs 5-8; Pliocène). 

Range: Cenomanian t o ear ly Ccmac ian . 

Occurrence: l oca l i t i e s A - 3 , A - 9 , A - 1 0 , A - 4 5 . 

Palaeo-environments: d i a l l o w middle ner i t ic to upper ba thyaL 

Family HAUERINIDAE Schwager, 1876 

Remarks: Occasional hauer in id ^ d m e n s occur i n the mid-Cretaceous 

succession of Sorgipe. These are mostly represented by poor ly jsreserved, 

rec rys ta l i zed tests or i n t e r n a i casts . A s the spécimens are not w e l l enough 

preserved to support a ^ lecdf ic détermination, they are p laced i n open 

nomenclature. 

Subfamily HAOERININAE Schwager, 1876 

Genus QtnNQDELOCQUNA d'Orbigny, 1826 

Type ^)ecies; Serpula seminulum Linné, 1758 
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< îiiiqaeLDCoaiiia (?) ap. A 
(EO. 1, F i g . 21) 

Remarks: Spedmens assigned t o Quinquéloculina (?) sp, h have a 

minute, ovate tes t (c. 160/100/im i n maximum length /width ra t io) ; rounded 

equa to r ia l periphery; quinqueloculine co i l i ng , with 4 Chambers v i s ib le from 

one side and 3 from tha t appCGÍts. 

Range: l a t e Aptdan t o Albian. 

Occurrence: l ocaUty A - 3 3 , weUs 7 - C P - 2 5 2 - S E , 1 - U S - l - S E . 

Palaeo-environments: shallow to middle ne r i t i c frare drif ted ^ )edmens 

occur i n tur tddi t ic depoeits from deep ner i t i c to upper ba thya l set t ings). 

Subfamily I D U D U N E L L I N A E Vélla, 1957 

Genus FSEDDOSIGHaiIJHA Bartenstein, 1965 

Type R i e d e s : Tr i locul ina l eca lvezae Kaaschieter , 1961 

t^eudoagmoflinaíT) ap. A 

(PL 7, Figs 22-23) 

Remarks: Spedmens ten ta t ive ly refer red to PseudosigmoUina (?) sp. A 

have been recovered from tíie A lb i an . They have a moderately l a rge , 

elongate, somewhat compressed, fusifccm tes t (c. 360/160jim i n maximum 

leng th /wid th rat io); quinqueloculine arrangement with Chambers one -ha l f c o i l 

i n l eng th . 

Range: Alb ian . 

Occurrence: l o c a l i t y A - 3 3 , wéE 1 - U S - l - S E . 

Palaeo-environments: áiaUow t o middle ner i t i c orare drif ted spedmens 

occur i n tu rh id i t i c deposits from deep ner i t i c to upper bathyal set t ings). 
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Suborder UVGENINA 

Délage & Hérouard, 1896 

Remarks: WaU of monolameUar, radiate c a l c i t e crystals , wi th c-axes 

perpendicular to the outer surface (cf. LoetQich & Tappan, 1988, p. 386). 

Superfamily ROBOLGIDACEA 

Reiss, 1963 

Family ICHTHYOLARHOAB LoebLldi & Tappan, 1986 

Genus UNGDLONODOSARIA A . SÜvestri, 1903 

Type specLes; Ejngulina nodosaria Reuss, 1863 

ÜngolcnodnBaria nodosaria (Reuss) 

(RL 7, Figs 24-27) 

làngulLna nodosaria Reuss, 1863, p. 59, p L 5, ñgs 12a-b. 

LJnguUna nodosaria Reuss. Hagniez-Jannin, 1975, p. 217-219, t ex t -E ig . 112. 

l inguUna nodosaria Reuss. Sdieit^ierovà, 1976, p. 68, p L 3 6 , f i g . 1. 

LinguHna sp. c f . L . nodosaria Reuss. Haig, 1982, p . 19, piL 3, f i g . 9, 16. 

IJrtguJina nodosaria Reuss. Haig, 1981, p. 346, ptL 2, f i g . 27, 

Ungulonodosaria nodosaria (Reuss). Loebüch & Tappan, 1988, p L 433, figs 

13-16. 

Remarks: Specimens of Lingulonodosaria nodosaria are characterised by 

the i r elongate, uniser ia l , sbraight or sUghÜy arcuate tes t (c. 250-340/im i n 

maximum length); few globular Chambers increasing s lowly i n s ize ; o v a i to 

rounded pe r iphera l margin i n cross sec t ion; s l i t - l i k e t e rmina l aperture; 

smooth tes t surface. 

Range: l a t e Aptìan. 

Occurrence: weUs 7 -CP-252-SE , 1 - C P B - l R - S E . 

Palaeo-environments: shallow ner i t ic , 

Superfamüy NODOSARIACEA 

Ehrenberg, 1338 
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Family NODOSARIIDAE Ehrenberg, 1838 

Subfamily NODOSAIODiAE Ehrenberg, 1838 

Genus D r a m M J N A Risso, 1826 

Type specáes: Nodosaria c u v i e r i d'Orbigny, 1826 

DePt?ìH"^ baripi?>nata Cushman 

(PL 7, F i g . 28) 

Dental ina basiplanata Cushman, 1938a, p . 38, pL 6, f igs 6-8. 

Dentalina basiplanata Cushman. Cushman, 1946, p^ 68, p L 24, f i ^ 1-6. 

Dentalina mirandai P e t r i , 1962, p . 72, pL 8, f i g . 6, 

Dentalina basiplanata Cuáiman. Sl i te r , 1968, p.57, pU 5, figs 8-11. 

Remarks: The ^)ec ies has a la rge , very elongate, s l igh t ly curved and 

taper ing uniser ia l t e s t (c. 1000-1200/im i n maximum length); ear ly Chambers 

strcffigly overlapping; Chambers increasing alowly i n s i z e and becoming more 

inf la ted and somewhat élongated i n the l a t e stage, with more depressed 

sutures; smooth tes t surface. 

Range: la te Campanian. 

Occurrence: weH l - S E S - 9 . 

Palaeo-environments: upper to middle bathyal . 

Dmtalma communis d'Orbigny 

(PL 7, Figs 29-30) 

Nodosaria (Dentalina) communis d'Orbigny, 1326, p . 254. 

Dentalina communis d'Ortágny. Bartenstein, Bettenstaedt & B o l l i , 1966, p, 

153, pU 3, figs 187-194, 208. 

Dentalina c f . deflexa Reuss. Bartenstein, Bettenstaedt & Bolü, 1966, p . 153-

154, pL 3, figs 206-207. 

Lent icu l ina / Denta l ina / d i s t inc ta (Reuss). Magniez-Jannin, 1975, p. 147-148, 

pL 11, f igs 37-39, t e x t - E i g . 75. 

Dentalina d is t incta Reuss. Bertenstein & Kovatcheva, 1982, p . 637, p L 2, 

figs 6-7. 
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E>enta1.ìna sp, c f . D. communis d'Orbigny. Haig, 1982, p . S-6, pL 1, f igs 1 3 -

15. 

Remarks; Specimens referred to Dent-aiìna communis have an eLangate, 

slightìy arcuate, uniserial test , var iable i n length; moderately inf la ted 

Chambers, increasing slowly i n sLze and becoming somewhat élongated i n the 

l a s t Chambers; sutures dis t inct , progressively more depressed; smooth tes t 

surfacfi. This spedes is often recorded as broken firagments (individuai 

Chambers varying from 130p,m to 200pjn i n maximum length). 

Range: l a t e Apt ian to ear l ies t Cenomanian. 

Occurrence; locaUty A - 3 8 , weUs 1 - C N - l - S E , 7 -CP-252-SE , 1 - C R L - l - S E , 

1 - U S - l - S E . 

Palaeo-envircBiments: shallow middle to deep ner i t ic t a r e dr i f ted 

specimens were recovered from tu rb id i t i c Sediments of deep ne r i t i c to 

u j ^ r ba thya l sett ings). 

Doitai l ina e x gc . legumen Reuss 

(RU 7, Figs 31-33) 

Dentalina legumen Reuss, 1851, p . 10, p L 1, f i g . 14. 

Dentalina legumen Reuss. Cushman, 1946, p^ 65, pL 23, f i ^ 1-2. 

Dental ina legumen Reuss. SUter , 1968, p . 58, pL 5, figs 17-18, 24. 

Remarks: Spedmens of Dental ina ex gr. legumen are character ised by 

having a large , elongate, s t ightly arcuate, uniser ia l test (c. 500-520;im i n 

maximum length); early chambecs strongLy overlapping, l a te r stege of 

elongatied, in f la ted ciiambecs, wi th oblique sutures. This is a long ranging 

^ d e s - g r o u p . 

Range: ear l ies t Albian, Turonian to Maastrichtìan. 

Occurrence; weUs 1 - C A - l - S E , , 1 - C R L - l - S E , l - S E S - 3 , l - S E S - 9 . 

Palaeo-environments: middle to deep ner i t ic (earliest Alb ian biotopes); 

deep ne r i t i c to upper bathyal (Turonian-Maastrichtìan biotopes). 
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Dartaliiia cj*rfa*n'ata (Chapman) 
(PL 7, Figs 34-35) 

Nodosaria (Dentalina) r a r i s t r i a t a Chapman, 1893, p. 591, p L 9, f i g . 4. 

Dentalina c f . parca t i i i a ta Loeblich & Tappan. Bartenstein, Bettenstaedt & 

BdUi, 1966, p . 154, pL 3, f i g . 226. 

cf . Nodosaria spectrum Reuss. Bartenstein & B o l l i , 1977, p . 553, p L 2, f i g , 

13. 

Dentalina r a r i s t r i a t a Chapman. Haig, 1982, p . 9, pL. 2, f igs 8-11. 

Remarks: Specimens of Dentalina raristadata are character ised by having 

a slender, elongate, s l ight ly curved un ise r ia l test , with longi tudina l costae; 

globular Chambers, s l ight ly inf la ted, increasing graduaEy i n s ize and length ; 

sutures d is t inc t , depressed. This s p e d e s i s often recorded as broken 

ftagments ( individuai Chambers varying from 110/ira tö 2S0fim i n maximum 

length). 

Range: l a t e Apt ian . 

Occurrence: w e i l 7 -CP-252-SE. 

Palaeo-environments: shaHow to middle ne r i t i c . 

DaitaÜna vistaiTae Pozaryska 
(PL 7, Figs 36-38) 

Dental ina c f . D. consobcina d'Orbigny. Cushman & Hedberg, 1841, p . 

89, p L 21, f igs 30-31 . 

Dentalina c f . D. consobrina d'Orbigny. Cushman, 1946, p. 69, p L 24, f igs 

23-27. 

Dentalina vis tulae Pozaryska, 1957, p . 89, f i g . 18, pL 7, f i g . 10. 

Dentalina vis tulae Pozaryska. Sl i ter , 1968, p . 59, p L 5, f i g , 25. 

Dental ina c f . D. consobrina d'Orbigny. Tinoco, 1978, p. 1036, p L 2, figs 

6-7. 

Remarks: Spedmens referred to Dental ina vistulae are represented by 

large, very elongate fragments, showing Chambers rapidly increasing i n 

length ( individuai chamtiers varying from 200^m to 660^m i n maximum 

length); smooth tes t surface. 

Range: l a t e Cenomanian to Campanian. 

Occurrence: wells 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 9 . 

Palaeo-environments: deep ner i t ic to middle bathyaL 
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Genus NODOSARIA Lamarck, 1812 

Type ^îecâes: Naut i lus r a d i o i l a IJnné, 1758 

N o d c s a d a ex gc. aCDnis Reuss 

(RL 8, F i g . 1) 

Nodosaria a£finìs Reuss, 1945, p . 26, p L 13, f i g . 16. 

Nodosaria paupercula Reuss. Cushman & Hedberg, 1941, p . 89, p L 21, figs 

32-33-

Nodosaria afFinip Reuss. Cushman, 1946, PL70-71 , fiL 25, figs 8-23. 

Nodosaria paupercula Reus& Cushman, 1946, p . 75, p i , 27, figs 10-12, 

DetaHna al ternata acxies). SlLter, 1968, p . 56-57, p L 5, f igs 12-13. 

Nodosaria affinis Reuss. Tinoco, 1978, p . 1035, pL 2, fig. 1. 

Nodosaria pauperculata Reuss. Tinoco, 1978, p. 1036, piL 2, figs 2-4. 

Nodosaria sp. " A " , Tinoco, 1978, p . 1036, p L 2, fig. 5. 

Remarks; Specimens of Nodosaria ex gr. a f f i n i s are recognised by 

having a very elongate, ^ a i g h t to s l ight ly arcuate , uniser ia l test , with 

longi tudinal costae; chambers in f la ted , subglobular, increasing gradually i n 

à z e , wi th dis t inct , depressed sutures. Broken fragments of variable s izes 

are commonly found ( individuai chambers varying from 140^m to 190pm i n 

maximura length). 

Range: la te Santonian to Maastrichtìan. 

Occurrence: localLty A - 1 9 , weUs 1 - C A - l - S E , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-environments: upper to lower bathyal . 

NorlnRaria Hmbata d'Orbigny 

(PL 8, F i g . 2) 

Nodosaria l imbata d'Orbigny, 1840, p . 12, pL 1, f i g . 1. 

Nodosaria Hmbata d'Orbigny. C u ^ m a n , 1946, p. 74, p L 27, figs 1-2. 

Nodosaria l imbata d'Orfcrigny. SHter , 1968, p . 53, pL 4, fig. 15. 

Nodosaria l imbata d'Orbigny. Beckmann, 1978, p . 767, p L 1, fig. 24. 
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Remarks: Ncxjosaria Hmbata morphotypes are character ised by a l a rge , 

elongate, uniser ia l test; few subglobular, inf la ted Chambers, o f neaüy 

uniform s ize ; d is t inc t , depressed sutures; smooth surface. This ^ l e c i e s is 

often recorded as tcoken fragments (individuai Chambers varying from 

100/im t o 180/im i n maximum length) . 

Ra r^e : Turonian to Campanian. 

Occurrence: weD. 1 - C A - l - S E . 

Palaeo-environments: deep ne r i t i c t o Upper bathyal . 

SpHr»sin'a ^ gr. ohBCUTa ReUSS 

(RL 8, Figs 3-4) 

Nodosaria (Nodosaria) obscura Reuss, 1845, p . 26, p L 13, f igs . 7-9 (Sde 

Haig , 1982, p . 13). 

Nodosar ia proboscddea Reuss. Cushman, 1946, p. 72-73, p L 26, p . 12-13. 

Nodosaria fcöghornensis Young. Eicher & Worstel l , 1970, p . 287, pL 3, f igs 

21-22. 

Nodosar ia ba r r i s i Vieaux. Magniez-Jannin, 1975, p . 195-196, p L 12, f igs 38-

42. 

Nodosar ia obscura Reuss, Magniez-Jannin, 1975, p . 192-194, p L 12, f igs 2 2 -

34, t e x t - f i g . 105. 

Nodosar ia g idya Ludbrook. Scheibnerovà, 1976, p.78, pL 34, f i g . 2, t e x t - f i g . 

92. 

Nodosaria obscura Reuss. Haig, 1982, p . 13, p L 2, figs 39-43, 

Remarks: Specimens referred to Nodosaria ex gr. obscura have a short , 

elongate, s traight , uniser ia l test , wi th proe minent longi tud ina l costae, 

commonly widely ^saced; globular Chambers increasing gradually to rap id ly 

i n s i z e . They are similar to Nodosaria ex gr. afHnis Reuss morphotypes, but 

d i f fe r i n the usuaHy smallar, less elongate tes t with few, widely spaced 

costae. This specdes is c^ten recorded as fcroken fragments (individuai 

chamtìers varying from 85/im t o 140;im i n maximum length). 

Range: middle- late Cenomanian t o Turcxüan. 

Occurrence: l o c a l i t y A - 2 , weHs 1 - C A - l - S E . 

Palaeo-envircaiments: deep ner i t i c t:o Upper fcathyaL 
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Genus PSEDDONODOSABIA Boomgaart, 1949 

Type specdes: GlanduÜna discreta Reuss, 1850 

IteudcKiodoRflria ex gr. humiKg (Roemer) 

(RLS, F i g . 5) 

Nodosaria huiriili^ Roemer, 1841, p , 95, p L 15, f i g . 6. 

Pseudoqlandulina manifesta (Reuss). Cushman, 1946, p . 76, p L 27, S g s 20-26. 

Pseudonodosaria manifesta (Reuss). S l i t e r , 1968, p^ 72, pL 8, äg . 18. 

Rectoqlandulina hu mil is (Roemer). Bartenstein & B o E i , 1973, p . 406, p L 6, 

a g s 9-12. 

Pseudonodosaria hu mil is (Roemer). Magniez-Jannin, 1975, p. 198-200, t e x t -

f i g . 106. 

Pseudonodosaria äff. s c o t t i fTappan). Magniez-Jannin, 1975, p . 200-201, 

t e x t - f i g . 107. 

Pseudonodosaria manifesta (Reuss), Tinoco, 1978, p. 1038, p L 2, f i g . 19. 

Pseudonosaria humiliw (Roemer), Haig, 1982, p.15-16, p L 3 , f igs 4-5 . 

Pseudonodosaria manifesta (Reuss), Dailey, 1983, p L 3, f i g . 1. 

Remarks: Pseudonodosaria ex gr. humi'li^ morphotypes are character ised 

by having an elongate, near ly c y l i n d r i c a l and relatìvely bcoad, tapering, 

uniser ia l tes t (c. 540/290^ra i n maximum length/ tceadth ra t io) ; strongLy 

overlapping Chambers i n the ear ly stages, with Qush sutures; Chambers 

increasing gradually i n s i ze and becoming Inflated i n l a t e r stages, with 

dis t inct , depressed sutures; smooth surface. This i s a long ranging specdes-

group. 

Range: l a t e Apt ian to ea r ly Alb ian (rare occurrence) , l a t e Campanian to 

Maasbdchtian. 

Occurrence: weUs 7 - C P - 2 5 2 - S E , 1 - S E S - l A , l - S E S - 9 . 

Palaeo-environments: äiallow middle to deep ne r i t i c (late Ap t i an -ea r ly 

Albian biotopes); Upper ba thya l (late Campanian to Maastrichtìan biotopes). 
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Iteudono«*»gwia obesa (Loeblich & Tappan) 

(EL 8, F i g . 6) 

Rectoqlandii l ina obesa Loebl ich & Tappan, 1955, p. 5, pL 1, S g s 5-6. 

RectoglanduHna pygmaea (Reus) . T ru jHo , 1960, p . 326, pL 47, f i g . l a - b . 

Pseudonodosaria obesa (Loeblich & Tappan). SHter , 1968, p . 72, p L 8, f i g . 

7. 

Remarks: Pseudonodosaria obesa i s character ised by having a l a rge , 

ova te , subglobular, uniser ia l t e s t (c. 580/450;im i n maximum l e n g t h / 

t r e a d t h rat io); pointed ear iy chambers and large l a s t one; chambers s t rongly 

embrancdng; sutures dis t inct , f lush; smooth surface. 

Range: Santonian to Maast r icht ian . 

Occurrence: weDs 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 

Palaeo-environments: i^ìper to middle bathyaL 

Subfamily U N G O L D a H A E LoebLLdi & Tappan, 1961 

Geruis LINGDIJNA d'Orbigny, 1826 

Type ^ Jedes : Lingul ina car inata d'Orbigny 

l i n g u l i n a k*^"n*^ P e t r i 

(PL 8, F i g . 7) 

Lingul ina keHer i Retr i , 1962, p . 82, p L 10, figs 3-4. 

Remarks: t he specimens are character ised by having an elongate, 

s t ra ight , l a te raHy c o m p r e s e d , un i se r i a l t e s t (c. 250-500;im i n maximum 

length) , which is often poorly preserved because of recrystaHisat ion; 

chambers arcuate, s troigLy overlapping ear l ie r ones; smooth tes t surface. 

Range: ear ly Cenomanian. 

Occurrence: l oca l i t y A - 1 t a r e occurrence). 

Palaeo-envircaiments: shallow to middle ne r i t i c . 
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SubEamdly F R O N m c n L A B U N A E Reuss, 1860 

Genus F R O H E O C a i A S K De&ance , 1826 

Type ^)ecies: Renulina cxjmplanata Defrance 

Ptondìcularìa cUgfci Bagg 

(RL 8, Figs 8-9) 

F r o n d i g i l a r i a c l a r k i Bagg, 1898, p. 48, p L 3, f i g . 4. 

F rond ic i i l aoa c l a r k i Bagg. Cudiman, 1946, p. 92, p L 38, f igs 1-5. 

Remarks: Ihe species i s character ised by having a l a rge , elongate test , 

f la t tened and slender, wi th a somewhat lanceola te shape; un ise r ia l 

chambers; sutures dis t inct , strongLy curved; surface smooth. This ^ d e s i s 

often recorded as broken firagments (c. 930^m i n maximum length). 

Range: ea r ly Maastr icht ian. 

Occurrence: weH l - S E S - 9 (rare occurrence) . 

Palaeo-environments: upper to middle ba thyaL 

Ftondiailaria nricrodiaca Reuss 

(PL 8, F i g . 10) 

Fcondicular ia microdisca Reuss, 1860, p . 195, p i . 5, f i g . 4. 

Frondicular ia microdisca Reuss. Cushman, 1946, p.90, piL 30, f i g . 2. 

Remarks: Frcsidicularia microdisca i s character ised by i ts l a rge , 

f la t tened, palmate test , nearly as fcroad as long (c. 3330/2800/im i n 

maximum length/fcreadth ratio); chambers numerous, broad and l o w , 

increasing gradual ly i n s ize ; sutures d is t inc t , s trongly curved; surface 

smooth. 

Range: ea r ly Campanian. 

Occurrence: wéll 1 - A U - l - S E (rare occurrence) . 

Palaeo-environments: deep neri t ic to upper bathyaL 
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Genus THESQX MaofacSyen, 1941 

Type specLes; Rhabdogonmín Uasinuin Ber the l ln , 1879 

TVísriT ex g r . e c a v a t a (Reuss) 

(RL 8, Figs 11-13) 

Rhafadoqonium excavatum Reuss, 1863, p. 91, p L 12, f i g . 8a -c . 

ReusseHa moraisL P e t r i , 1962, p . 103-104, pL 13, f i g . 2 (not fígs 1, 3). 

Iristíx excavaba (Reuss). Magniez-Jannin, 1975, p.224-225, p L 12, figs 7-11. 

'Msüx excavatus (Reuss). Gradstein, 1978, p L 3, f i g . 10. 

'ndbcachia australiana Ludbrcwk. Scheibnerovà, 1978, p i . 1, f i g . 16. 

TTitcachia sp., Scheitnerovà, 1978, pL 1, f i g . 15. 

Remarks; Specimens of Tr i s t ix ex gr. excava ta have an elongate (c. 

300-470^m i n length), uniser ia l , rectüinear tes t which i s t r iangular i n cross 

sec t ion throughout wi th sharp acute angles and concace sides; chambers 

narrow, curved, increasing gradually i n s ize ; sutures d is t inc t , s l ight ly 

depressed; aperture te rmina l , s l ight ly produced; smooth tes t surface. 

Range; middLe to l a t e Alb ian . 

Occurrence: w e l l 1 - U S - l - S E . 

Palaeo-environments; middle ner i t ic to upper bathyaL 

Fami ly VAGINULENIDAE Reuss, 1860 

Subfamily LEirm:DLDaNA£ Chapman, Parr & CbUins, 1934 

Genus IfNlSCDLIHA Lamarck, 1804 

Type specdes: Lent icu l i tes roHii?tta Lamarck, 1804 

Remarks: One of the most t y p i c a l and frequent co i led vaginulinids i n 

the marine realra, specimens belonging to the genus are character ised by 

having a l en t i cu la r , pQanispiral test; generaHy boumbonate; aperture a t 
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perijrfieral angls of l a s t Chamber, radiate. Ttie difficultdes i n specLating 

Cretaceous Lent icu l ina , e^>eciaILy unomamented fcrms, have been discussed 

i n de t a i l by severa l authors (e.g., Bartenstein, Bettenstaedt & B o l l i , 1957, p . 

12-13, 22, and 1966, p . 145-151). Most N e i m e n s recovered from Sergipe 

are, therefore, lumped in to highly variable specdes-groups, which include 

morphotypes similar to the nominated species types. 

Laiticiiliiia e x gc. gatiltina (Bertheün) 

{PL 8, Figs 14-16) 

CristpTlarla gaulüna BertheUn^ 1880, p . 49, p L 3, figs. 15-19 . 

Lent icu l ina gaulüna (Berthelin). T ^ i p a n , 1940, p . 101, pL 15, f i g . l l a - b . 

Lent icu l ina ^ ) subgaultina Bartenstein. Bartenstein, Bet tenstaedt & BoHi , 

1966, p . 147-148, pL 2, S g s 128-129 

Lent icu l ina AentLculina-Ästacolug/ g a u l t i m ßerthelin). M agniez-Jannin, 

1975, p . 102-104, p L 9, f i g . 17. 

Remarks: Specimens assigned to L e n H m i i n a ex gr . gault ina are 

character ised by having a large plani^riral t es t (c. 530-860;im i n maximum 

diameter), tending to become pa r t i a l ly evolute i n the l a s t Chamber, with a 

subacute to t i i in ly keeled perifAiery; 8 to 10 Chambers increasing gradual ly 

i n s ize ; smooth test surface. 

Range: l a t e A^sdan t o Alb ian , Turonian. 

Occurrence: l o c a l i t y A - 1 5 , weDs 1 - C A - l - S E , I - C P B - I R - S E , 7 - C P - 2 5 2 - S E , ' 

1 - U S - l - S E . 

Palaeo-environments: äiallow middLe ner i t i c to upper bathyaL 

L^ìrii^iTìna ex gc. nodosa (Reuss) 

(PL 8, Figs 17-19) 

CristeTiaria nodosa R e u ^ 1863, p . 78, p L 9, f i g . 6. 

Lent icu l ina 5*,) nodosa nodosa (Reuss). Bartenstein, 1974, p . 540-547, p L 1, 

figs 1-17, p L 2, figs 5-6, 9-12, 16-17 . 

Lent icu l ina CL.) nodosa (Reuss). Bartenstein & BoHi, 1977, p . 550, piL 1, f igs 

34-36. 

LentLcuHna (M nodosa nodosa (Reuss). Auber t & Bartenstein, 1976, p L 1, 

figs 1-2, 4 -13 , 17-21, p L 2, f igs 6-8 , 13-15, 20-24, piL 3, figs 6-8, p L 4, 

figs 1, 4-8 . 
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Lent icu l ina ex gc. nodosa (Reuss). Gradstein , 1978, p L 4, f i g . 10. 

Remarks: Specimens referred to Lent icat ina ex gr. nodosa have a 

táumbonate tes t (c. 240-370jum i n maximum diameter), with d i s t i nc t k n o t -

l i k e thickenings of the ledges on the k e e l edge and a near ly c i r c u l a r 

equa tor ia l perijáiery; 8 to 9 chamtjers i n the las t whcrL increasing s lowly 

i n s i ze ; sutures moderately to strcffigly ra ised. 

Range: l a t e Aptian-

Occurrence: wéU. l-üS-1-SE (rare occurrence). 

Palaeo-environments: middle t o deep ner i t i c . 

LgìHnitiiia revoluta (Israelsky) 

(PL 8, Figs 20-22) 

Robulus revcQutus Israelsky, 1955, p. 49, p L 15, figs 3-6. 

Lent i a i l i na revoluta (la^aelsky). SlLter , 1968, p . 67, p L 7, f ig . 11 . 

Remarks: l i i e specimens have a moderately smaH, len t icular , plani^ñral 

tes t (c. 300^m i n maximum diameter) , wi th a keeled periphery; 8 t o 10 

chambers i n the l a s t whorl, increas ing gradually i n s ize; sutures d i s t inc t , 

ñush, s t rongly curved; smooth t e s t surface. 

Range: Turonian to l a t e CcmacLan. 

Occurrence: weHs 1 - C A - l - S E , l - S E S - 3 (rare occurrence). 

Palaeo-environments: upper to middle bathyaL 

Lenticulina ex gr, cotulata (Lamarck) 

(PL 8, Figs 23-25) 

L e n t i a i l i tes cotulata Lamarck, 1804, p . 188. 

Robalina munsteri Roemer, 1839, p. 48, pL 22, f ig . 29. 

Robulus munsteri (Roemer). Cushman, 1946, p. 53, p L 17, fígs. 3-9 . 

Len t i cu l ina gault ina (Berthelin). R e t r i , 1962, p.62, p L 6, figs 1-4, p L 7, f i g . 

1. 

Len t i cu l ina muensteri (Roemer). SUte r , 1968, p . 66, p L 7, figs. 9, 13. 
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Lent ic i i i ina / L e n t i c u l i n a / ro t i i l a ta (Lamarck). Magniez-Jannin, 1975, p. 100, 

pL. 9, f i g . 3a-b . 

Lent icul ina IJj.) muensteri (Roemer). Bartenstein & BoHi , 1977, p . 550, p L 

1, f i g . 33. 

Lent icul ina (Lenticulina) muensteri (Roemer). Bartenstein & Kovatcheva, 

1982, p. 642, pL 3, f igs 4 -5 . 

Remarks: Mcarphotypes referred to Len t i cu l ina ex gr. rotniata are 

character ised by ttieir la rge , tdumbonate tes t wi th a ^ a r p l y keeled to 

acute per iphery (c. 470-510^m i n maximum diameter); 8 to 12 chambers i n 

the l a s t whorL increasing s lowly to gradual ly i n s ize ; d i s t inc t l imbate 

sutures, gentìy curved, flush to s l igh t ly e levated . There i s considerable 

variatÌDn i n the number of chambers, th ickness of the umbonal boss and 

sutures. This i s a long ranging and eurytopic specdes-group. 

Range: l a t e Ap t i an to Maastr icht ian. 

Occurrence: locaHt ies A - 1 , A - 1 0 , A - 1 1 , A - 1 5 , A - 3 2 , A - 3 7 , A - 4 5 , wèlls 

1 - C A - l - S E , 1 - C N - l - S B , 1 - C P B - l R - S E , 1 - U S - l - S E , 1 - S E S - l A , l - S E S - 3 , 1-

SES-9, l - S E S - 2 4 

Palaeo-environments: ner i t i c to ba thya l (peak i n abundance a t deep 

neri t ic to upper ba thya l depths). 

LMitiniitina ex gr. subanqulata (Reuss) 

(PL 8, Figs 26-29) 

Cr i s te l l a r ia subangulata Reuss, 1863, p . 74, p L 7, f i g . 7. 

Lent icul ina subangulata (Reuss). SHter, 1980, p L 10, f igs 17-18. 

Remarks: The spedmens are typòcally represented by having a 

moderately large tes t (c. 300-500^m i n maximum diameter) with an angled 

periphery; 7 to 9 chambers i n the l a s t whor l , increasing gradually i n s i ze . 

Range: l a t e Apt ian to Altdan. 

Occurrence: wélls 1 - C A - l - S E , 1 - C R L - l - S E , 7 -CP-252 -SE , 1 - U S - l - S E . 

Palaeo-environments: ^ a l l o w middle ne r i t i c to upper bathyaL 
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(PL 8, Figs 30-32) 

Remarks: L e n t i o i l i n a A i s characfcerised by having a moderately 

l a rge , la teraHy compressed t e s t (c. 360-430fim i n maximum diameter); 5 to 

8 chambers i n tiie l a s t whor l , increasing rapidly i n s i z e ; sutures d i s t inc t ly 

ra ised, curved, forming tiiickened ridges towards t l ie umbüicus; tiùn dis t inct 

per ipheral keeL The morphotypes are s imilar with those repcr ted as 

Lent icu l ina sp. 1 by Scheibnerovà (1974, pu 711, p L 3, f igs 16-22) from 

the Aptían-Albian o f DSDP Si tes 260 and 263, i n the eastern Indian Océan. 

Range: early A lb i an . 

Occurrence: l o c a l i t y A - 2 7 (rare occurrence), w e l l 1 - U S - l - S E . 

Palaeo-envirOTments: ^ a l l o w to middle ne r i t i c . 

Genus HARGINaEIMOPSIS A . S i v e s t r i , 1904 

Type species: ÇHghpnana i x a d y i Goes, 1394 

MargiiBiHnopsis q i . A 

(PL 8, Figs 33-34) 

Remarks: Specimens of Harginulinopsis sp. A are character ised by 

having a large, elongate tes t (c. 1400/im i n maximum length); equator ia l 

periphery carínate; ea r ly p l a n i ^ n r a l c o i l EoHowed by an un ise r ia l stage with 

chambers c i rcu la r i n cross-sect ion; surface with numerous longi tudinal 

costae. 

Range: l a t e Maas t r ich t ian . 

Occurrence: weH l - S E S - 2 4 . 

Palaeo-environments: middle to lower bathyaL 

Genus SARACENARIA Defrance, 1824 

Type ^ c i e s : Saracenaria i t aHca Defrance, 1824 
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Saracenatia spt c L & irasiDosta Eidienberg 

(EO- 8, Figs 35-36) 

Saracenaria i t a l i c a Defrance var . crassicostata Eichenberg, 1933, p . 17, pL 

5, f i g . 2a-c . 

Lent icul ina/Baracenar ia / crasFiìexasta (Eichenberg) Hagniez-Jannin, 1975, p. 

176-184, pL 13, figs 22-34, t e x t - f i g . 96. 

Remarks: Specimens of Saracenaria sp. cf. S, cra>=8=nnostata are 

character ised by having a large biconvex tes t (e. 420-560^m i n maximum 

length), tr iangular i n cross-sectìon; keeled equatorial periphery; early 

chambers i n a planispiral coü, l a te r f lar ing and tending to become 

rectüinear; apertural face broad; sutures curved, flush to s l igh t ly depressed; 

surface smooth. 

Range: l a t e Albian to ear l ies t Cenomanian. 

Occurrence: weDs 1 - C R L - l - S E , 1 - U S - l - S E . 

Palaeo-environment: deep ner i t i c . 

SubEamÜy P A L M D U N A E Saidova, 1981 

Genus NEOFIABEEJINA Bartenstein, 1948 

Type spedes : Flabel l i na rugosa d'Orbigny 

NeoFlahph'na ex g r . p l u M f e r a (Cushman & Campbell} 

(PL 9, Figs 1-2} 

Flabelina piìulifera Cushman & CampbelU 1935, p. 67, p L 10, f ig .6 . 

FlabelUna numisroaUs Wedekind, 1940; p. 200, p L 9, figs 1-3, p L 11, figs 8-

9. 

HeoElabelina püulifera (Cu^man & Campbell). Sl i ter , 1968, p^ 71, p L 8, figs 

19-20. 

NeoHabelina ex gr. numismalis (Wedekind). Hanzllkovà, 1972, p. 70, p L 17, 

fig. 5. 

Heoflabelina piìulifera (Cushman & Campbell). Hanzllkovà, 1972, p, 71, pL 

17, f i g . 6. 
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Remarks: The species i s distìngui^ed by having a l a rge , Elattened, o v a l 

tes t (neanic stage c. 390/210^m i n maximum length/breadth ra t io ; ephebic 

and geront ic ^)ecimens c . 930/38C^m i n maximum length/ t readth rat io); 

ear ly p la rd^ j i r a l c o i l , l a te r uniserial; tuberculate surface between sutures i n 

ear ly por t ion . 

Range: Santonian t o early Maas t r ich t ian . 

Occurrence: weDs 1 - C f t - l - S E , 1 - S E S - l A . 

Palaeo-envircmments: upper to middle bathyaL 

Hortfiahph'na r e t i c u l a t a (Reuss) 

(PL 9, Figs 3-4) 

Elabelina re t i a Hata Reuss, 1351, p . 30, pL 1, f i g . 22. 

Palmula re tnn i la ta (Reuss). G u z m a n , 1946, p . 84, pL 31, S g s 1-6. 

Neoflabelina r e t i cu l a t a (Reuss). Har t e t 1981, p. 212, p L 7.20, f i g . 3, 

Nenflabelina r e t i cu l a t a (Reuss). Har t e t 1989, p . 354, p L 7.20, f i g . 3. 

Remarks: Spedmens of Neoflabelina re t i cu la ta have a large, f la t tened, 

palmate tes t (c. 660/370 to 1000/800/im i n maximum l e n g t h A r e a d t h ra t io) ; 

surface between sutures strongly ornamented by numerous ridges. I t differs 

from NeoElabeUna semiretdculata ( G u z m a n & Jarvis) i n having a more 

regular, r e t i cu la te t es t surface ornamentation between sutures, throughout 

the test . 

Range: ea r ly Maas t r id i t i an . 

Occurrence: we l l 1 - S E S - l A . 

Palaeo-environments: upper to middle bathyaL 

N e ^ j ' H u H n a aemire t ic i i la ta (Cu;^man & Jarvis) 

(PL 9, F i g . 5) 

Flabelina semire t icula ta Cushman & Ja rv i s , 1928, p . 98, p L 13, f ig . 14. 

Palmula semire t icula ta (Cushman s Jarvis ) . Cushman, 1946, p . 35, p L 31, 

figs 7-8 . 

Neoflabelina praere t icula ta Hil termann, 1952, p . 53, p L 3, f i g . 37. 

Neoflataelina praere t icula ta Hilterraann. Hart e t 1981, p . 212, p L 7.20, 

f i g . 2. 
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NeoQabel i l a ^ a e r e b i c i i l a t a Hil termann. Hart e t 1989, p. 354, p L 7.20, 

f i g . 2. 

Remarks: Specimens o f Neoflabelina semire t icula ta are character ised by 

a large , f la t tened, pálmate tes t (c. 830/56Cl^m i n maximum length/breadth 

ra t io) ; tuberculate surface between sutures i n ear ly pcr t ion , l a t e r strcMigly 

omamented by numerous short ridges. I t differs from Heoflabelina retir-niata 

(Reuss) i n the test surface re t icula t ions between sutures, which are much 

smaller and much more i r regular i n both s ize and shape. 

Range: ea r l i es t Maast r icht ian . 

Occurrence: weH 1 - S E S - l A . 

Palaeo-environments: i^jper to middle bathyal , 

HenflabeTina rugosa (d'Orbigny) 

(PL 9, F i g . 6) 

Flahell ina rugosa d'Orbigny, 1840, p . 23, pL 2, figs 4 - 5 , 7. 

Palmula rugosa (d 'Orbigny. Cushman, 1946, p . 83, p L 31, figs 9-16. 

HeoflabeHina rugosa (d'Orbigny). S l i t e r , 1968, p . 71-72, p L 8, f i g . 21. 

Neoflabelina ex gr . rugosa (d'Otigny). HanzHkova, 1972, p . 71 , p L 17, f i g . 7. 

NecflabeHina c f . p raere t ic i i l a ta Hiltermann. Beckmann, 1978, p . 767, p L 1, 

f i g . 33. 

Remarks: Neflabeina rugosa morphotypes have a large , f la t tened, 

t road ly pálmate test (c. 1000/670/im i n maximum length/ tceadth ratio); 

periphery t runcate; sutures dis t inct , raised; tuberculate surface 

ornamentation between sutures. 

Range: l a t e Campanian. 

Occurrence: w e l l 1 - S E S - l A . 

Palaeo-environments: upper to middle bathyaL 

Subfamily HARGINDLININAE Wedekind, 1937 
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Genus AS]3^COLDS Montfcrt , 1808 

Type ^)ecies; Astacolus crepidulatus Montfoct, 1808. 

A * * ^ * ^ ' i s Sp. c£, A . '»Tt'''i'' (Berthelin) 

(10. 9, Figs 7-8) 

c f . CristfìTìaria sàtula BertheÜn, 1380, p. 54, pL 3, f i g . 3. 

c f . Astacolus scitiiifi (Berthelin), Haig, 1982, p.20, p L 4, f igs 5-7, 

Remarks: Specimens referabüe to Astacolus sp. c f . A . sci t i i la are 

cEstinguiShed by having a smalU elongate, uniserial t e s t (c, 250-280^m i n 

maximum lengti i) ; few t road and low chambers, added on a s l ight ly curved 

axis; ea r ly stage aUghtly curved but not completely enrcQled; sutures 

strongly obligue, curved; i nc ip i en t per iphera l kee l ; surface with few fa in t 

long i tud ina l costae. "The q>ecimens denote a transiticffial t rend between 

Vaginulina ex gr. debi l i s per thel in) and Marginulina ex gr. aequivoca Reuss 

morphotypes. 

Range: l a t e Apt ian to middle Mhdan. 

Occurrence: locálity A - 1 5 , weUs 7 -CP-252-SE , 1 - U S - l - S E . 

Palaeo-envircximents: shallow middle t o deep ner i t i c . 

Af*acnTus sp. A 

(PL 9, F i g . 9) 

Remarks: Spedmens of AstaccQus sp. A have a smalL elongate tes t (c. 

260-270)am i n maximum length), with fccoad and low chambers i n a 

p lan i sp i ra l stage, l a te r uncoDing i n the las t one or tw o cha mbers; 

equator ia l periphery acute; smooth tes t surface. 

Range: l a t e Apt ian. 

Occurrence: wéU 7 -CP-252-SE (rare occurrence). 

Palaeo-envircnments: shallow to middle ner i t ic . 

Genus H A R O N D L I N A d'Orbigny, 1826 

Type spedes : Marginulina rag^anus d'Orbigny, 1826 
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Margimll ina e x gc. aeguivoca Reuss 

{EL 9, Figs 10-11} 

Harginui lna aeguivoca Reuss, 1863, p . 60 -61 , p L 5, f i g . 17. 

MarginuUna aeguivoca Reuss. Gawor-Biedowa, 1972, p. 38-39, p L 3, Ëig. 7. 

Reraarks: Specimens c£ Marginulma ex gr. aeguivoca are tSstinguished 

by t i i e i r l a rge , élongate, un ise r ia l t e s t (c. 320-530pin i n maximum lengUi) , 

s t ra igh t t o sUghtLy arcuate; d iambers in f la ted , o v a l to c i r cu la r i n c ross-

sec t ion ; ea r ly stage s l i ^ t l y curved; few longi tudina l costae. The 

morphotypes are s imilar to specimens described as Len t i cu l ina /M arg inu l ina / 

s t r i a tocos ta t a (Reuss) by Magniez-Jannin (1975, p . 122-123, pL 10, figs 9-

12, t e x t - f i g . 55), but differ i n having fewer and thinner long i tud ina l costae. 

Range: l a t e Apt ian . 

Occurrence: w e l l 7 -CP-252-SE. 

Palaeo-envircKiments: ^ laUow to middle ne r i t i c . 

SubfamHy VAŒNDLININAE Reuss, 1360 

Genus CECHARINA d'Orbdgny, 1839 

Type ^ d e s : Vaginulina (Citharina) str igiTlata Reuss, 1846 

fïHmrina navarToana (Cushman) 

(EL 9, F i g . 12) 

Vaginul ina navarroana Cushman, 1936d, p. 416, p L 1, f i g . 3. 

Vaginul ina navarroana Cushman. C u ^ m a n , 1946, p. 80-81, p L 29, figs 17-22. 

Remarks: The ^ j e d e s i s distinguished by having a l a rge , compressed, 

un i se r i a l t es t (c. 430/im i n maximum length}, subtriangular i n out l ine , 

t roades t a t the aper tura l end; chambers d is t inc t , low and txoad ; sutures 

s t rongly curved; surface with a few contdnuous longi tudina l costae. 

Range: l a t e Santcnian. 

Occurrence: w e E 1 - C A - l - S E (rare occurrence). 

Palaeo-environments: deep ne r i t i c to upper bathyaL 
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Cithad j ia multdcoBtata (Cushman) 

(PL 9, F i g . 13) 

Vaginulina mul t icosta ta C u ^ m a n , 1930, p . 28, pL 4, f i g . 4. 

Vaginulina mul t icos ta ta Cushman. C u ^ m a n , 1946, p . 79, p L 29, figs 9-16. 

Citharina mul t icos ta ta (Cu^man). SUter , 1968, p . 55-56, p L 5, f i g . 6. 

Remarks: Specimens of Citharina multicosta have a large, elongate, 

compressed, un ise r ia l test , s l ight ly arcuate; numerous chambers, l o w , 

elongate, cunred, increasing rapidly i n bceadth; sutures strongly obOique, 

sl ightly depressed; tes t surface cxrnamented with discontinuous longi tud ina l 

CQStiae, f i ne ly developed. Only broken firagments (c. 1360;4m i n maximum 

length) were recovered . 

Range: l a t e Coniac ian-ear iy Santonian. 

Occnjrrenœ: wéH l - S E S - 9 . 

Palaeo-environment: upper bathyaL 

caharina sp. A 

(PL 9, F i g . 14) 

Remarks: Specimens of Ci thar ina sp. A have a large, elongate, 

f lat tened, un i se r i a l tes t (c. 610/im i n maximum length), suh^riangular i n 

outline; surfaœ wi th numerous longi tudinal costae, not œntinucxK. 

Range: ea r l i es t Alfcdan. 

Occurrence: weH l - S E S - 9 (rare cxrcurrence). 

Palaeo-environment: deep ner i t ic . 

Genus PLANULARIA Defranœ, 1826 

Type ^ d e s : Peneroplis auris Defeance, i n de BJainvi l le , 1824 

pianiiijifTa complanata (Reuss) 

(PL 9, Figs 15-18) 

Cr i s t e l l a r i a complanata Reuss, 1845, p. 33, p L 13, f i g . 54a-b. 

Planularia bcadyana (Chapman). Gawor-Biedowa, 1972, p. 40-41, pL 3, f i g . 

11. 
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Len t i c t i l im / H a n u l a r i A / complanata (Reus^. Magniez-Jannin, 1975, p . 151-

158, p L 9, figs 26-38, t e x t - f i g . 83. 

Remarks: Specimens of Planular ia complanata have a moderately large , 

f la t , suboval t es t (c. 380-410^m i n maximum length); ea r ly p lan isp i ra l c o i l 

foUowed by an uncoi led stage; 10 to 11 low chambers i n the l a s t whorl , 

increasing rapidly i n breadth; sutures s l ight ly raised and curved; acute 

equatcr ia l periçhery. 

Range: ear ly Cenomanian. 

Occurrence: l o c a l i t y A - 1 , w e l l 1 - C N - l - S E (rare occurrence). 

Palaeo-environments: deep ner i t i c . 

Genus VAGINDUNA d'Orbigny, 1326 

Type ^)ec ies : NauHinB legumen Linné, 1758 

Vaginiiliiia ex gr. ***hîHs (BertheHn) 

(PL 9, F i g . 19) 

Marginulina debdlis Berthélin, 1880, p . 35, p L 3, f i g . 28. 

Len t icu l lna /Vaginu l ina-Denta i ina / deHIi,'^ Per thel in) f. cos ta ta , Magniez-

Jannin, 1975, p. 159-164, p L 12, figs 44-54, t e x t - f i g . 87. 

Remarks: Vaginul ina ex gr. dehiUs morpAiotypes are character ised by 

having a smaH, t ^ ) e r i n g , elongate, uniser ia l t es t (c. 280-290;im i n maximum 

length), subtriangular i n cross-sect iDn; chambers in f la ted ; ear ly stage 

s l ight ly curved; t es t surface smooth. 

Range: la te Apt i an . 

Occurrence: weH 7-CP-252-SE (rare occurrence). 

Palaeo-envircHiments: ^allow to middle ne r i t i c . 

Vaginulina ex gr. kodbiL Roemer 

(PL 9, Figs 20-21) 

Vaginulina k o c h i l Roemer, 1841, p. 96, p L 15, S g . 10. 

Vaginulina cf . r e c t a tenuis t r ia ta Chapman. Bartenstein, Bettenstaedt & BoUi , 

1966, p . 156, çiL 3, f igs 260-264. 
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Vaginu]ina arguta Reuss. Gawar-Bdedowa, 1972, p . 46-47, p L 4, f i g . 14. 

Ler i t i zu lma/Vaginul ina / k o c h i i (Roemer). Magniez-Jannin, 1975, p . 166-170, 

ptL 14, figs 26-32, t e x t - f i g . 90. 

Remarks: Vaginulina ex gr. k o c h i i morphotypes have a l a rge , elongate, 

flattened, uniser ia l test , t roades t a t the aper tura l end; sutures f l u ^ with 

surface, moderately cAQique, pa ra l l e l ; smooth tes t surface. Tîiis ^>ecies i s 

of ten recorded as t roken fragments (c. 7 6 0 ^ i n maximum length). 

Range: l a t e Apt ian. 

Occurrence: weH 7 -CP-252-SE (rare occurrence). 

Palaeo-envircHiments: ^ l a l l o w t o middle ne r i t i c . 

Vag i ra i lma t r f loba ta (d'Ortàgny) 

(PL 9, F i g . 22) 

Marginulina trilot)ata d'Orbigny, 1840, p. 16, p L 1, figs 16-17. 

Vaginul ina taylorana Cushman. Cushman, 1946, p. 81-82, p L 28, figs 28-29. 

Vaginul ina t r i loba ta (d'Orbigny). HanzUkovâ, 1972, p. 72, p L 17, figs 8-9. 

Remarks: Specimens o f Vaginul ina t r i loba ta are character ised by their 

l a rge , élongate, somewtiat compressed, uniser ia l tes t (c. 148C^m i n maximum 

length); periphery subacube; chambers numerous, dis t inct , t roader than high, 

increasing graduaïLy i n s i ze ; ea r ly stage sUghtly curved; sutures d is t inc t , 

the médium port ion of each th ickened; tes t surface smooth, excep t fer the 

th ickened sutures. 

Range: l a tes t Maastr icht ian. 

Occurrence: wéH 1 - M O - l - S E . 

Palaeo-environ menti upper bathyaL 

Family LAGENZDAE Reuss, 1862 

Genus L A G E N A Walker & Jacob, 1798 

Type ^)ecdes: Serpula (Lagena) su lca ta Walker & Jacob, 

i n Kanmacher, 1798 

- 124 -



Lagena a c u d c o s t a Reuss 

(RL 9, F i g . 23) 

Lagena acutdcosta Reuss, 1362, p. 305, pL 1, f i g . 4. 

Lagena shnat i fera T^)pan, 1940, p . 112, p L 17, f i g . 13 . 

Lagena acu t icos ta Reuss. Cushman, 1946, p . 94, p L 39, figs 14-15. 

Lagena acu t icos ta Reuss. SlLter, 1968, p . 63-64, p L 6, f igs .22-23. 

Lagena s t r i a t i f e r a Tappan. Eicher & Wcrs te lL 1970, p . 235-286, piL 2, f i g . 

10. 

Remarks: The ^ìecies i s dist inguished by having a smaB, glcbular t es t 

(c. 230-270/im i n maximum dlameter) , amamented wi th severa l long i tud ina l 

costae; aperture terminaL at the end of a ^ o r t tubular neck. 

Range: l a t e s t Maastrichtian. 

Occurrence: weOl 1 - S E S - l A . 

Palaeo-envircaiments: upper bathyaL 

L a g M B pa i ir - i f ins ta ta Franke 

(PL 9, Figs 24-25) 

Lagena amphora Reuss var. p a u d c o s t a t a Franke, 1928, p. 87, p L 7, f i g . 38. 

Lagena amphcara Reuss var. p a u d c o s t a t a Franke. Cushman, 1946, p . 94, p L 

40, f igs 4 - 5 . 

Lagena p a u d c o s t a t a Franke. S l i tec , 1968, p. 64, p L 6, figs 16-18. 

Lagena su lca ta (Walker & Jacob). Eicher & WorsteB, 1970, p. 286, p L 2, f igs 

8-9 . 

Remarks: Lagena paudcos ta ta morphotypes ara distinguished by having 

an smal l , elongate, pyrifcrm tes t (e. 180-290fim i n maximum dame te r ) , 

ccnamented with few longi tudinal costae; aperture terminal , a t the end of a 

shor t neck. 

Range: TurOTiian to Campanian. 

Occurrence: wèR 1 - C A - l - S E . 

Palaeo-environments: upper ba thyaL 
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Family POLYMORPHDDDAE d'Orbigny, 1839 

Siabfamily POLYMORPHININAE d'Orbigny, 1839 

Genus EOGOTTOUNA Cushman & Ozawa, 1930 

Type ^ d e s : EoguttuHna angl ica Cushman & Ozawa, 1930 

EogirtiiaMiia anderyi P e t r i 

(PL 9, Figs 26-27) 

Eoguttulma andery i P e t r i , 1962, p. 84-85, p L 10, f i g . 5. 

Remarks: The -^>ecies i s distinguished by having a moderately smal l , 

elongate, fusifocm t e s t (c. 240-440/im i n maximum length), rounded i n c r c s s -

sectiûn; chambers elongate i n a t r i s e r i a l c o i l ; sutures oblique, depressed; 

smooth surface. 

Range: l a t e Ap t i an to middle Albian, ea r ly Cenomanian. 

Occurrence: l o c a l i t i e s A - 1 , A - 1 5 , weU 7 - C P - 2 5 2 - S E . 

Palaeo-environments: d ia l low middle to deep ne r i t i c . 

Genus ŒXJBDUNA d'Orbigny, 1839 

l y p e specLes: Pclymorphina gibba d'Orbigny, 1826. 

Remarks: Specimens of Globulina are distinguished tiy their subglobular 

test with chamlDers strcaigly overlapping; t e rmina l radiate aperture; waH 

finely perforate wi th a smooth surface (cf. Loetûich & Tappan, 1988, p . 

419). 
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globulina lacriina Reuss 

(RL 9, Figs 28-29) 

Pcflymorphina (Globulina) l a c r i m a Reuss, 1845, p . 40, pi. 12, f i g . 6, pL 13, 

f i g . 83. 

Globulina l ac r ima Reuss. Cushman, 1946, p. 96, p L 40, f igs 11-12. 

GLcfculina lacr i ina Reuss. Hofker , 1957, p . 170, f igs 212-213. 

Globulina l ac r ima R e u s . S l i t e r , 1968, p . 77, p L 9, f i g . 17, p L 10, f i g . 1. 

Globulina l ac r ima Reuss. Ha ig , 1982, p . 34-35, p L 7, f igs 3-4. 

Remarits: Globulina l a c r i m a i s characterised by i t s minute, somewhat 

élongate, subglobular t e s t ( c 130-250^m i n maximum length), wi th flush 

sutures; chambers s t rcng ly overlapping, extending near ly to the base, 

becoming sigmoidaL 

Range: l a t e Ap t i an , l a t e s t Cenomanian. 

Occurrence: l o c a l i t y A - 9 , weH 7-CP-252-SE. 

Palaeo-environments: d ia l low middle ner i t ic to upper bathyaL 

f ^ i ' ^ ' K n a pr i sca Reuss 

(PL 9, Figs 30-31) 

PQlymorphina (Globulina) prisc:a Reuss, 1863, p. 79, p L 9, f i g . 8. 

Globulina pr isca Reuss. B«±hélin, 1880, p. 57, p L 4, f igs 20-21 . 

Globulina pr isca Reuss. Bartenstein & BoUi, 1977, p . 555, piL 2, figs 20-22. 

dctouUna pr isca Reuss. H a i g , 1982, pu 35, ptL 7, f i g . 7. 

Remarks: Globulina p r i s c a i s s imilar to G. l ac r ima Reuss, but diffecs i n 

having a more elongate and compressed tes t (c. 150-270^m i n maximum 

lengtih), which causes i t to be more produc:ed a t the base. 

Range: l a t e Ap t i an , l a t e Altdan, la tes t Cenomanian. 

Occurrence: L x i a l i l ^ A - 9 , weHs 1 - C A - l - S E , 7 - C P - 2 5 2 - S E . 

Palaeo-envircMiments: ^ a l l o w middle ner i t i c to upper bathyaL 

Genus GDTTDLIHA d'Orbigny, 1839 

Type ^>ecies: Polymorphina cx)mmunis d'Orbigny, 1826. 
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GuttuQina communis d'Orbigny 

(PL 9, F i g . 32) 

Guth i l ina communis d'Orbigny, 1826, p L 12, figs 1-4. 

Guthi l ina communis d'Orbigny. Hcfker , 1957, p . 164-165, t e x t - f i g s 201-202. 

Remarks: Specimens of Gu th i l i na communis are character ised by having 

a smaU, ovate, s l i ^ Ü y elongate tes t (c. 320/im i n maximum length); inf la ted 

d a v a t e chambers, somewhat s igmoidal , arranged spi ra l ly i n a guinqueloculine 

ser ies , sbrcaigly overlapping previous enes and increasing rap id ly i n s ize ; 

sutures d is t inc t , depressed; aperture terminal , radiate; smooth tes t surface. 

Range: l a t e Maas t r id i t i an . 

Occurrence: wéUs 1 - S E S - l A , l - S E S - 2 4 . 

Palaeo-envircximents: i5>per t o lower bathyaL 

Guttulina sp. A 

(RL 9, Figs 33-34) 

Remarks: The ^ j e d e s i s character ised by having a minute, ovate, 

elongate t e s t (c. 190-240jum i n maximum length); s t rongly overlapping 

chambers, arranged ^áraHy; sutures d is t inc t , süghtly depressed; smooth 

surface. 

Range: l a t e Apt ian. 

Occurrence: wéE 7 - C P - 2 5 2 - S E . 

Palaeo-envircnments: a i a l l ow t o middle ner i t ic . 

Genus PYRÜUNA d'Orbigny, 1839 

Type ^Jedes ; Pdymorph ina gutta d'Orbigny, 1826 

Pyrulìna c^findccddes (Roemer) 

(RL 9, Figs 35-36) 

Pcdymorphina cyUndroides Roemer, 1838, p . 385, pL 3, f i g . 26. 

Pyn iUna cylindrcddes (Roemer). Cudiman, 1946, p. 97, p L 40, f igs 18-19. 

Pyrul ina cylindrcddes (Roemer). Hcfker , 1957, p . 168, f igs 207-209. 

Remarks: Pyrulina cyl indroides i s characterised by i t s smal l , elongate, 

c y h n d r i c a l shaped tes t (c. 240-260/im i n maximum length); iràtial stage 

t r i s e r i a l co i l i ng , l a te r i r r egu la r ly triserial; chambers elongate, somewhat 
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emtaracing; flush sutures, iratLaHy somewhat indis t inc t , la ter d i s t inc t . This i s 

a long-ranging species. 

Range: l a t e Apt ian , la te C o n i a d a n - e a r l y Santonian, l a tes t Maas t r ich t ian . 

Occurrence: wélls l - S E S - 2 4 , 7 - C P - 2 5 2 - S E . 

Palaeo-envircnments: d ia l low t o middle ner i t i c (late Apt ian Motopes) , 

middle t o lower bathyal (Late Conia d a n - e a r l y Santonian to l a t e 

Maast r icht ian bLotopes). 

Subfamüy RAMOEfflINAE Brady, 1884 

Genus R A M O U N A Jcnes, 1875 

Type ^)ecies: Ramulina l aev i s Jones, 1875. 

Remarks: Représentative specimens refecred to this genus are i n 

genera l fcxand as single fragments, and more ra re ly as tubular p r o j e t i o n s of 

t w o oc . more chambers, which makes the precise systematic d i f fe ren t ia t ion 

o f the morphotypes diffìcult and confusing. 

Ramulina acu lea ta (d'Orbigny) 

(RL 10, Figs 1-3) 

Dental ina ac:uleata d'Orbigny, 1840, p . 13, pìL 1, f igs 2 -3 . 

Ramulina aculeata (d'Orbigny). Cushman, 1946, p. 100, pL 43, f igs 11-16 . 

Ramulina aculea ta Wright. Bar tenste in , Bettenstaedt & Batti, 1966, p . 159, 

p L 4, f igs 315-339. 

BuUopora laevis (Solías). Eicher & WorsteU, 1970, p . 289, pL 3, f i g . 15. 

RamuUna acruleata (d'Orbigny). Eicher & WorsteH, 1970, p. 289, p L 3, f i g . 24 

(? no t f i g . 25). 

Ramulina aculeata (d'Orbigny). Magniez-Jannin, 1975, p . 232-234, t e x t - f i g . 

124. 

Remarks: The species i s charac ter i sed by moderately large , single 

ñragments or tubular prqpct ions o f t w o ca: more subglobular, elongated and 

somewhat inf la ted , cdiambers i n d i v i d u a i c:hambers varying from 280^m to 

290ftm i n maximum length), wi th bcoad necks a t both ends; sparse spinose 

cmamenta t ion . Lcng^ranging ramuline morphotypes. 

Range: early Altdan, ear ly Cenomanian, l a t e Ccaniacian to Maas t r ich t ian . 

Occurrence: locaUty A - 3 , wélls 1 - C A - l - S E , 1 - C R L - l - S E , 1 - S E S - l A , 1-

S E S - 9 , 1-ÜS-1-SE. 
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Palaeo-environments: midcJle to c3eep ne r i t i c (early M hi an and 

Cenomanian biotopes), deep ner i t ic to upper ba thya l (Santonian t o 

Maastr icht ian biotopes). 

Ramulina fusifocmis Khan 

(RL 10, F i g . 4) 

Ramulina fiisiformis Khan, 1950, p. 272, pL 2, f igs 1-2. 

Ramulina acu lea ta (d'Ortàgny). Eicher & WcrsteU, 1970, p. 289, pL 3, f i g . 25 

(not f i g . 24). 

Ramulina fi.]siformis Khan. Magniez-Jannin, 1975, p. 230-231, p L 15, f i g . 21, 

t e x t - f i g . 122. 

Remarks: s ingle fragments of l ong , sub-el l ipsoLdal chambers (c. 280-

600pm i n maximum diameter), with broad openings a t both ends; ^sarse 

ganóse cmamenta t ion . The morphotypes d i f fe r from Ramulina aci.i1pata 

(d'Orbdgny) i n having more elongated and less in f la ted fusifcarm chambers. 

Range: l a t e Ap t i an to ear ly Alb ian . 

Occurrence: weHs 7 -CP-252-SE , 1 - U S - l - S E (rare occurrence). 

Palaeo-environments: áiallow middle to deep ner i t i c . 

RawitiTina tetrafaedcaüa Ludbrook 

(EL 10, Figs 5-6) 

Ramulina tefrahedral is Ludbrook, 1966, pu 131, pL 8, f igs 27-28. 

Remarks: Specimens of Ramulina te t rahedrai is are characterised t y 

smalL single fragments of subglobular chambers (c. 260/im i n maximum 

diameter) wi th three long th in neck^ ^ a r s e spinose ornamentatLon. 

Range: l a t e Alb ian . 

Occurrence: w e l l l-üS-1-SE. 

Palaeo-environments: middle to deep n e r i t i c 

Suborder R0BER13NINA LoebUch & T^ïpan, 1984 

Remarks: Tes t plani^îirally to frochœpirally enroUed; waU cak:areous, 

hyaüne, perfora te , optìcally radia l , aragoni t ic (cf. LoeblLch & Tappan, 1988, 

p. 437). 
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Superfanuly CERATOBnUMBIACEA Cushman, 1927 

Family CERATOBUUHIHmAE Cushman, 1927 

Subfamily REINHOLDELIJNAB Seiglie & Bermtïdez, 1965 

Genus PSEUDOLAHARCKINA Hyat lyuk, 1959 

Type specLes: Pulvinul ina rpsanensis Uhl ig , 1383 

feeMdcJamarddna ^ A 

{PL 10, Figs 7-11) 

Remarks; Specimens assigned to Pseudola marckina sp. A are 

character ised by having a large , asymmetricaUy biconvex to plano-convex, 

moderately high trocho^àral tes t (around 400-580fim i n maximum diameter); 

sutures th ickened, e leva ted , curved on the dorsa l s ide , f lush to sl ightly 

depressed on the ven t r a l side; equatorial periçhery car inate to angular; 

surface smooth; aperture a narrow inter io marginal, ex t raumbUica l -umbi l ica l 

s l i t , par t ly covered by an umbUical f lap . 

Range: ear ly Maastr icht ian. 

Occurrence: w e l l 1 - A U - l - S E , 

Palaeo-environments: middle to deep ner i t ic . 

Fami ly EPESTOMINIDAE Wedekind, 1937 

Subfamily EPISTOHIKCNAE Wedekind, 1937 

Genus EPESTOmHA Terquem, 1883 

Type species; Epistomina regularis Terquem, 1882. 

Remarks; A consistent differentiat ion between Epistomina and 

Hoeglundina Brotzen can not be made based j i s t on single ex te rna l featores 

such as test ^ a p e (biconvex to plano-convex) or surface omamentation 

Smooth to s t rongly sculptured) - (e.g., Loebl ich & T ^ p a n , 1988, p. 445-

446), here considered of only i n t e r - or i n t r a ^ e c i f i c s ignif icance. 
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Furthermore, üie generic Class i f ica t ion o f the epistominids based on in t e rna l 

structaire has also been considered as inva l id (e.g. Haig, 1982, p . 44), of no 

taxonomic vaine. EpdstorainLd ^)ecies previoualy assigned to these two 

genera are , henceforth, p laced in to Epistomina, the senior nominated 

genotype. Unfortunately, most o f t i ie ejastominid morphotypes frora Sergipe 

are sbrongLy corroded and/or recrys ta l i sed , w h i d i biased the precise ^ lecdf ic 

a t t r ibu t ion of several ^»eciinens. 

EpJstoniiiia carpCTtEEL (Reüss) 

(PL 10, Figs 12-14) 

Re ta l i a carpenter i Reuss, 1863, p . 94, p L 13, ö g . 6. 

Hoeglundina carpenter i (Reuss). Car ter & Hart , 1977, p . 50-51 , piL 1, figs 

15-17 . 

Hoeglundina carpenter i (Reus) . Hart , 1984, p . 292, pL 2, f igs 13-14, 17-19. 

Remarks; Specimens of Epistomina carpenter i are distinguished by 

having a l a rge , l en t icu la r , faiconvex, t rocho^r i r a l t es t (c. 330-430^m i n 

maximum diameter), wi th a more convex ven t ra l side; c i r c u l a r e ( j i a to r ia l 

per iphery wi th Sharp acute, somewhat crenulated, per ip i ie ra l margin; sutures 

t h i c k , curved, raised; t e s t surface commonly with incdpient spinose 

omamentat ion. I t differs from Epistomina chapmani ten Dam i n i t s generally 

l a rge r test , with a crenulate equator ia l periphery and spinose surface 

orna mentation. 

Range: ear ly to middle Alb lan . 

Occurrence: wells 1 - C P B - l H - S E , 1 - U S - l - S E . 

Palaeo-environments: deep ne r i t i c to upper bathyaL 

QoisfaonLina d i apman i t en Dam 

(PL 10, Figs 15-17) 

Epastomina chapmani ten Dam, 1948, p. 166, pL 1, Eig. 5. 

Epistomina chapmani (ten Dam). Magniez-Jannin, 1975, p . 274, piL 16, figs 

1-2. 

Hoeglundina chapmani (ten Dam). Car ter & Hart, 1977, p . 51, p L 1, f igs 1 8 -

20. 
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Epistomina chapmani ten Dam. Haig , 1982, p.43-44, p L 8 , figs 13-16. 

Hoeglundina chapmani (ten Dam). Har t , 1984, p . 292, p L 2, figs 1-8. 

Remarks; E^pistomina chapmani i s character ised by i t s raoderately large , 

lentdcular t e s t (c, 260-360/im i n maximum diameter), with a more convex 

ven t r a l side; c i rcu la r equator ia l periE^iery with sharp acute per iphera l 

margin; sutures th ick , curved, s l i ^ t l y raised or Qush; smooth surface. 

Range; ea r ly Mtdan . 

Occurrence: locaUty A - 3 2 , weE 1 - U S - l - S E . 

Pälaeo-envircwiments: raiddle ne r i t i c to Upper ba thyaL 

Epistomina spinoHfiera (Reuss) 

(RL 10, Figs 18-20) 

Rota l ia spinulifeca R e u s , 1862, p, 93, f igs 3 -5 . 

Epistomina spinul i fera (Reuss). Magniez-Jannin, 1975, p . 274-275, p L 16, figs 

4-6. 

Epistomina spinul ifera (Reuss). Car ter & Hart , 1977, p . 50, pL 4, fig. 25. 

Epistomina spinul ifera (Reuss). Hart , 1984, p.292, pL 1, figs 10-12. 

Remarks: Specimens of Epistomina ^ i n n i i f e r a ara character ised tsy 

having a moderately large, asymmetr ica l tes t (c. 360/im i n maximum 

diameter) w i th a s l ight ly convex dorsa l side and a more convex ven t ra l 

s ide, of var iable height; d i s t inc t ive coarse surface ornamentatii::»! with 

raised Hmbate sutures an both sldes; c i r cu la r equator ia l periphery with 

Sharp acute margin, commonly with spinöse ornamentetdon. 

Range; middle Albian-

Occurrence; l o c a l i t y A - 1 5 , well 1 - U S - l - S E . 

Palaeo-envircnments; middle ne r i t i c to Upper t a t h y a L 

E^ristpmina s igcacce taoea ten Dam 

(EL 10, Figs 21-23) 

Epistomina supracretecea ten Dam, 1948, p. 163, p L 1, fig. 8. 

Hoeglundina supracretacea (ten Dam). Tn i i i l lD , 1960, p . 338, p L 49, f i g . 3. 

Hoeglundina supracretecea (ten Dam). SUter , 1968, p . 128, pL 24, f ig .9 . 
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Remarks: Specimens o£ Epistajmina supracretacea are distinguished t y 

having a la rge , biconvex, t rochoepiral t es t (c. 400-420jam i n maximum 

diameter); acute equa tor ia l peripÄiery; round and even i n per iphera l outl ine; 

7 to 8 Chambers i n the l a s t whca:!/ increasing graduaHy i n s ize ; sutures 

thick, curved , s l i ^ Ü y raised on the dorsa l side; smooth tes t surface. 

Range: l a t e Campanian. 

Occurrence: w e l l 1 - C A - l - S E , 

Palaeo-envirwiments : deep ner i t ic to uf^ier bathyaL 

Superfamüy CONORBOIDACGA Thalraann, 1952 

Famüy CONORBOmiDAE Thalmann, 1952 

Genus CONORBOIDES Hofker, 1952 

Type specdes: Ccmorbis mi t ra Hofker, 1951. 

Cooacfaaides ex gr , m i n u t i s i i n a (Tappan) 

CRL 10, Figs 24-28) 

Discorbis minutissima Tappan, 1943, p. 511, p L 82, figs 5-6. 

Conorboides minutÌFfìima fTappan). Eicher & WorstelL 1970, p. 295, p L 6, 

figs 9, 11 , p L 7, f i g . 1. 

Conorboides minutissima (Tappan). S l i te r , 1977a, pL 13, figs 7-8. 

Conorboides minutissima fPappan). Haig, 1982, p .43, p L 9, figs 6-9. 

Remarks: Specimens of Conorboides ex gr. minutissima are character ised 

by having a raoderately smaH (c. 250-320^m i n maximum diameter) 

pilano/concavo-convex best, of a low to moderately high t r o c h o ^ i r e ; 

periphery subacute; 4 to 5 chamtjers i n the l a s t whorl , increasing rapidly to 

gradually i n s ize ; sutures strongLy oblique; aperture a low inter iomarginal 

sUt, pa r t i a l ly covered by a bcoad short f lap . This i s a long ranging ^ j e c i e s -

group. 

Range: l a t e Ap t i an to ear ly Carúacdan 

Occurrence: l o c a l i t i e s A - 1 , A - 9 , A - 1 5 , A - 1 6 , A - 2 9 , A - 3 3 , A - 3 8 , A - 4 6 , 

Tabocas 2, wells 1 - C N - l - S E , 7 -CP-252-SE , 1-üS-l-SE, l - S E S - 9 . 

Palaeo-envirci iments: shallow to middle ne r i t i c frare ^aecimens occur i n 

deep ner i t i c to upper ba thya l settings, probabLy dr i f ted by bottom currents). 
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Suborder ROTAUINA 

Delage & H^rouard, 1896 

Remarks: WaH calcareous, of f ine ly perforate hyal ine lamel lar ca lc i t e , 

opticalLy rad ia l or granular (cf. Loebl ich & T ^ a n , 1988, p . 496-497), 

Superfamily BOIIVINAC&A 

Glaessner, 1937 

Family BOUVINIDAE Glaessner, 1937 

Genus BOUVINA d'Orhigny, 1839 

Type ^ d e s : BcOivina pUcata d'Orbigny, 1839 

BoHvina ex gr. afica (Reyment) 

CPU 10, Figs 29-33) 

Afrctoolivina afira Reyment, 1959, p . 21, pL 2, f igs 1-3, p L 3, f igs 1-3, p L 

4, f i g . 1. 

BoUvina a & a (Reymentj. Ogbe, 1980, p. 264, pL 1, f igs 1, 4 -5 . 

BcOivina afra (ReymenQ fayosei Ogbe, 1980, p.266, p L 1, f igs 2-3 , 

BcQivina afra (Reymentj. Fet ters , 1982, p. 59, p L 11, figs 33-34. 

AfirctoolLvina afra Reyment. Reyment, 1983a, p . 54, 56, p L 5 , figs 1-8. 

Remarks: Specimens of Bol iv ina ex gr. afra have an elongate, gradually 

f la r ing , fcdserial t e s t (varying from c 23C^m t o 440/im i n maximum length), 

rounded to ovate i n cross-sec t ion; basa l end apicula te to broadly rounded 

(what seem to represent ecopenhotypLc different ia t ion - see PL , Figs ); 

chambers bcoad and l o w ; w e l l developed, v e r t i c a l l y caiented, numerous, 

imperforate f inge r - l ike p r o c e s e s , tha t extend up from the basal port ions of 

chambers and occur a t f a i r l y regular ly ^ a c e d in tervals ; surface ornamented 

with i r regular ly anastomosing, somehat re t icu la te , longi tudina l costae, 

usually masking the f i n g e r - l i k e processes; loop shaped aperture, a t the base 

of t l ie las t chamber or a r e a l i n positiDn. This specdes-group äiows a wide 

range of ecophenotypLc va r i ab i l i t y (e.g., Reyment, 1982). The morphotypes 

show a charac ter i s t ic increase i n overa l l length and strength of costae 

frora outer ner i t i c down t o ba thya l biotopes. 

Range: l a t e Santonian to Campanian (common occurrence), l a tes t 

Maastrichtian (rare). 
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Occurrence: wélIs 1 - C A - l - S E , 1 - C N - l - S E , 1 - S E S - l A . 

Palaeo-environmenta deep ne r i t i c to upper bathyaL 

Boiivina ex gr. inerasata Reuss 

(RL 11, Figs 1-2) 

BcOivina ingrassata Reuss, 1851, p . 29, pL 5, f i g , 13, 

BcOivina incrassata R e u s . Cuäiman, 1946, p.127, pL 53, f igs 8-11. 

BcOivina incrassata Reuss ferma gigantea Wicher, 1949, p . 85, p L 5, figs 

2 - 3 . 

BcOivina incrassata Reuss. Hofker, 1957, p.228, figs 282-286, 291. 

BcOivina incrassata Reuss. Re t r i , 1962, p^ 95-96, p L 11, f i g . 14. 

BcOivina incrassata Reuss. S l i t e r , 1968, p. 88, p L 12, f i g . 14. 

BcOivina incrassata gigantea Wicher . S l i t e r , 1968, p, 88, p L 12, f i g . l 5 , 

Bcdivina incrassata Reuss. Bertels , 1972, p.339-340, p L 2, f i g . 5. 

BoLLvina incrassata Reuss. Hanzllkovà, 1972, p.80, pL 19, f igs 5-6. 

BoUvlna incrassata Reuss. SUter , 1977a, p L 12, f i g . 7. 

BcOivina incrassata R e u ^ Har t e t a L , 1981, p. 180, p L 7.4, f igs 8-9. 

BcOivina incrassata Reuss. Hart e t 1989, p . 322, p L 7.4, f igs 8-9. 

Remarks: This specdes-group Is characterised by i t s l a rge , elongatie, 

fcdseriaL compressed tes t (c. 680-830/im i n maximum length); subacute to 

acu te periphery; Chambers l o w , broad, increasing gradual ly i n sdze, gentiy 

a rcuate and commonly becoming s l igh t ly inf la ted; sutures d is t inc t , gentìy 

curved , depressed; smooth w a l l surface. 

Range: l a t e Con iadan-San tcn ian to Maastr lcht ian. 

Occurrence: locaUt ies A - 6 , A - 1 9 , weDs 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 9 , 

l - S E S - 2 4 . 

Palaeo-environments: deep ne r i t i c to middle bathyaL 

Bcfliviiia ap. cE. & incraasata Reuss 

(PL 11, Figs 3-4) 

c f . Boi ivina incrassata Reuss, 1851, p . 29, pL 5, fig. 13. 

BcOivina cf . incrassata Reuss. R e t r i , 1962, p .96-97, p L 11, f i g . 15. 

Remarks: Specdmens t en ta t ive ly referred to Boi iv ina sp. cf . 8. 

incrassa ta were recorded i n abundance from äiaHow to middle ner i t ic 
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Motopes o f the up^aermost TurOTiian. They are distinguished by having smaJl, 

e longate , f la t ing biser ia l tests (c. 180-260/iin i n maximum length), 

compressed l a te ra l ly ; periphery acute to carinate; chambers broad and low; 

sutures oblique; smooth wa l l surface. The specimens may ac tua l ly represent 

an ecophencrt^pic varìation of the ScJivina incrñ^'^^ta species-group to 

sballow water conditions. 

Range; l a tes t Turcnian. 

Occurrence: l o c a l i t y A - 6 . 

Palaeo-environments: shallow to middle ner i t ic . 

Gems GABONTTA Dien i , 1974 

Type ^ J e d e s : GaboneTia elongate de Klasz & Mei:pr, i n de Klasz e t 1960 

Remarks: Specimens of Gabonite are d i s t i n g u i ^ e d from other bolivinìds 

and hirri l i jTids by their elongate and b i se r i a l test , d i s t inc t ly twis ted i n 

piane, wi th a character is t ic low hook-shaped aperture (ìnstead of a high 

loop-shaped aperture), extending upward from base of the l a s t chamber, 

then curv ing s i iarply to run nearly par a l l e i to suture. 

Gabonita l e v i s (de Klasz , Marie & RératO 

(PL 11 , Pigs 5-9) 

GaboneUa l e v is de Klasz , Marie & Rérat, 1961, pp. 77-78, f i g . 2. 

GaboneTia l e v is de Klasz , Marie & Rérat. Hamaoui, 1965, p L 1, f igs 7-10. 

Remarks: Specimens of Gabonita le v i s are character ised by their 

moderately smal l , elongate and somewhat compressed test (c. 280-370fim i n 

maximum length); chambers t toad and l o w ; sutures strongly depressed, r e -

ent ran t a t the base and towards the centre; smooth tes t surface, They 

d i f fe r from Gabonita obesa (de Klasz , Marie & Rérat) i n having a generally 

l a rge r and slender test . 

Range: l a tes t Cenoraanian to Tur<xiian. 

Occurrence: loca l i t i e s A - 2 1 , A - 2 2 , A - 4 6 , welL 1 - U S - l - S E . 

Palaeo-environments: shallow middle to deep ner i t i c . 
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Gabonita obesa (de K l a s z , Marie & Rèrat^ 

(RL 11, Figs 10-12) 

GaboneUa obesa de Klasz , Marie & Rérat, 1961, p. 78-79, fig. 2. 

GaboneUa obesa de Klasz , Marie & Rérat. Hamaoui, 1965, p L 1, figs 11-12. 

Remarks: Gabonita obesa is character ised by having a smaU, elongate 

tes t (e. 220-260^m i n maximum length), with somewhat inf la ted chambers, 

increasing rapix3ly i n s i ze , which gives a tcoad width to the las t chambers. 

Range; ea r iy Turcnian. 

Occurrence: l o c a l i t y A - 2 2 , weU 1 - D S - l - S E . 

Palaeo-environments: deep ner i t ic . 

Gabonita sp. c£. G. parva (de K la sz , Marie & Meipr) 

(RL 11, Figs 13-15) 

cf . GaboneUa parva , de Kla sz , Marie & Mei:pr, 1960, p . 175, p L 2, fig. 4. 

Remarks: A single ^ l ec imen refer red to Gabonita sp. c f . G. parva was 

recovered from a lower-middle Turonian sectdon. Ut i s character ised tsy 

having a sma l l (c. 290^ra i n maximum length), elongate, i r regular ly arranged 

and twis t ed , b i se r i a l t es t (piane of triseriaUty twisted); chambers arched, 

increasing gradual ly i n s i ze , lower margins s t rcngly reentrant , denta te-

shaped; ^ )er ture a narrow low arch on. the base of the las t chamber; 

smooth surface. The specimen is sLmilar to the type-^)ec ies of Gabonita 

parva de K l a s z , Marie & Mei:pr (1960, p. 175, p L 2, f i g . 4a-b), first 

recorded i n Turonian-SantcHiian s t ra ta of Gabon and Angola, but differs 

mostly i n having a less elongatie t e s t with fewer chambers and a s l ight ly 

rounded basa i end ra ther than apicula te . However, these are minor 

morphdlDgical differences and the present specimen may actual ly represent 

an intra^jecifìc varìation. 

Range; eady-midd le Turcnian. 

Occurrence: weU 1 - C A - l - S E . 

Palaeo-envircximents: deep n e r i t i c 

Fami ly BOLEVlNOmiDAE LoebUch & Tappan, 1984 
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Genus BOUVIHCŒDES Cudiman, 1927 

Type ^lecdes: BoUvina draco Marsson, 1878 

Botivincrides draco (Marsson) 

(EU 11, F i g . 16) 

BcOivina draco H a r s s o i , 1878, p . 157, p L 3, figs 25 a -d . 

BcOlvinoides draco draco (Marsson). S l i te r , 1968, p.88, p L 1 2 , f i g . l 7 . 

Bolivinoides draco (Marsson). Barr , 1970, p . 646, p L 99, S g s 2 -3 . 

Bcdivinoides draco (Marsson). HanzUkovà, 1972, p. 81-82, pu. 19, figs 10-11. 

Bcdivinoides draco (Marsson). Petters , 1977, p. 1032, p L 1, f i g . 1. 

Bolivinoides draco draco (Marsson). Beckmann, 1978, p . 765, pU 2, figs 12, 

18-19. 

Bolivinoides draco (Marsscxi), Har t et 1981, p . 180, 182, pU 7.4, f i g . 13. 

BcOivinoides draco (Marsscn). Har t et d - , 1981, p . 324, p L 7.4, f i g . 13. 

Remarks; Bol iv inoides draco i s character ised by i t s compressed, üaring 

tes t (c. 430/370pim i n length/breadth ra t io) ; Chambers i n a b iser ia l 

arrangement, increas ing rap id ly i n breadth; présence of weH deäned raised 

median sulcus separated by two para l le l costae; surface ocnamentation of 

sbrongly developed, elongate, Öiick lobes, forming ridges. The specdes i s 

s imilar to BcQivinoides mil iar is Hiltermann & Koch , from which i t differs i n 

having a s l igh t ly t roader test , wiüi a l ower length/breadth ra t io , and by 

the présence o f bet ter defined elongated lobes f c f raing ridges and of a well 

defined median long i tud ina l sulcus. 

Range: e a r l y - l a t e Maast r icht ian , 

Occurrence: weU. 1 - S E S - l A ftrare occurrence). 

Palaeoenvironments; upper to middle bathyal , 

Superfamily EOüVIGERINACEA 

Cushman, 1927 

Fami ly L A C O S m N I D A E Siga l , 1952 

Genus LACOSTEINA Marie, 1945 

Type Specdes: Lacosteina gouskovi Marie, 1945 
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laoosbedna goudcowi Marie 

(FL 11, Figs 17-20) 

Laccste ina gouskovi Mar ie , 1945, p . 296-297, figs 1-6. 

Remarks: Specimens of Lacoste ina gouskovi are character ised by having 

a smaaL elongate t e s t (varying & o m c 160 to 250^m i n maximum length) 

wi th an early p l a n i ^ i i r a l c o i L fol lowed by a high t rochoepira l coü; 3 

inf la ted chambers per whor l i n tiie l a t e r stage; sutures d is t inc t , depressed, 

oblique; aperture loop-shaped, a t inner margin of l a s t chamber; smooth tes t 

surface. 

Range: Campanian. 

Occurrence: l o c a l i t y A - 1 9 , wells 1 - A U - l - S E , 1 - C A - l - S E , l - S E S - 3 . 

Palaeo-environraents: deep ne r i t i c to upper bathyaL 

Superfamüy TDRRILINACEA 

C u ^ m a n , 1927 

Famüy TDRRIUNIDAE C u ^ m a n , 1927 

Genus NGOBOLDCIMA Cushman & Wickenden, 1928 

Type ^¡ecáes: Neobulimina canadensis Cushman & Wickenden, 1928 

Remarks: This genus i s character ised by i t s elongate tes t with an 

i n i t i a l t r i se r i a l c o i l fo l lowed by a b iser ia l stage; aperture loop-shaped 

extending from base of the l a s t chamber. 

HeohuKmina áspera (Cushman & Parker) 

(PL 11 , F i g . 21) 

BuUmina áspera Cudiman & Parker , 1940, p 44, p L 8, figs 13-19. 

BuHmina a^aera Cushman & Parker . Cushman, 1946, p . 121, p L 51, Sgs 7, 

10, 13, 15-16. 
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Praebulimina aqpera {Cushman & Parker) . S l i t e r , 1968, p . 83, p L 11, figs I I 

I S . 

Remarks: NeobulLmina a^)era i s distinguished by i t s sUghtly twis ted and 

gradual ly tapering, elongate tes t {c. 365^m i n maximum length), c i rcu la r i n 

crcES-secti:xi; numerous in f la ted , somewhat elongate, subglotxilar chambers, 

i n a nearly v e r t i c a l arrangement; sutures dis t inct , depressed; smooth 

surface. 

Range: l a t e Con iadan to Haas t r ich t ian . 

Occurrence: weHs 1 - C A - l - S E , 1 - C R L - l - S E , l - S E S - 3 , l - S E S - 9 . 

Palaeo-environments: deep ne r i t i c to middle bathyaL 

Bfeotiit'K'n'ina canadCTsis C u ^ m a n & Wickenden 

(RL 11, F i g . 22) 

Neobulimina canadensis Cudiman & Wickenden, 1928, p . 13, p L 1, figs 1-2. 

Bulimina canadensis (Cu^man & Wickenden). Cudiman, 1946, p . 125, p L 52, 

f i g s 11-12. 

NeobuUmina canadensis C u ^ m a n & Wickenden. S l i t e r , 1968, p . 82-83 , p L 11, 

f igs 10, 14. 

Remarks: This ^)ecies i s character ised by i t s moderately smal l and 

elongate tes t (c. 310jLlra i n maximum length), with in f la ted , sufcglotiular 

chambers; sutures dis t inct , depressed; smooth surface. 

Range: l a t e Santonian to Maas t r ich t ian . 

Occurrence: l oca l i t y A - 1 9 , wel ls 1 - C A - l - S E , 1 - C N - l - S E , l - S E S - 3 , 1-

S E S - 9 , l - S E S - 2 4 . 

Palaeo-environments: middle ne r i t i c to middle bathyaL 

NeobuUmina minima T ^ i p a n 

(PL 11 , F i g . 23) 

Neobulimina minima Tappan, 1940, p . 117, p L 19, figs 5-6. 
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R e m a r k s Specimens of NeobuILmlna minima are distinguished by t i i e i r 

smaB, slightLy tapecing, elongate t e s t (c. 250^m i n maximum length) cárcnjlar 

i n cross sect icxi ; chambers inf la ted , elongate; sutures dist inct , s l ight ly 

depressed t o almost flush; smooth surface. 

Range: Cenomanian to Ccaiiacian. 

Occurrene: l oca l i t i e s A - 9 , Tabocas 2, weBs 1 - C R L - l - S E , l-üS-1-SE. 

Palaeo-envircximents deep ne r i t i c t o upper bathyaL 

Neobuliiiuna subcietaoea C u ^ m a n 

(PL 11, Figs 24-26) 

Neobulimina subcretacea C u ^ m a n , 1936a, p . 46, p L 7, fig. 2a-b. 

Neobulimina minima Tappan. MouUade,1984, p i . 3, f igs 23-24. 

NeobuUmina albertensis (Stelck & WaUJ. Haig , 1982, p . 48-50, pL 9, f igs 1 0 -

14, 16-20 (not f i g . 15). 

R e m a r k s Specimens of Neobulimina subcrebacea have a moderately 

l a rge , tw i s t ed and tapering, elongate tes t (c. 340-420^m i n maximum 

length); ea r ly t r i s e r i a l port ion foUowed ìyy an i r regular , wéll developed, 

b i se r i a l stage; <iiambers inf la ted , gLobular, loosely arranged, increasing 

gradual ly i n s ize ; sutures d is t inc t , depressed; surface smooth. The 

morphotypes di f fer frora Neobulimina minima Tappan i n having a looser 

chamb<er arrangement. 

Range: l a t e Alb ian . 

Occurrence: weUs 1 - C N - l - S E , 1 - C R L - l - S E . 

Palaeo-environments: deep n e r i t i c 

NeohuTimina su t rcgu la r i s de Kla sz , Magne & Rérat 

(RL 11, Figs 27-28) 

Bulimina (NeobuUmina) sutregularis de Klasz , Magne & Rérat, 1963, p. 150, 

pQ- 1, f i g . 9, pa. 2, fig. 13. 

Neobulimina subcegularis de Klasz , Magne & Rérat. Tronchet t i , 1981, p. 33, 

pa. 2, f igs 4 - 7 . 
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Neobulimina subcegularis de Klasz , Magne & Rèrat. Pet ters , 1982, p. 56, p L 

10, figs 28-29. 

Remarks: Neobulimina subcegularis morphotypes are characterised by 

the i r la rge , somewhat i r regular , elongate test; chambers globular, increasing 

gradually i n s i ze ; smooth surface. Ttiey di f fer from Neobulimina aspera 

(Cu^man & Parker) i n having a more i r regular chamber arrangement. 

Range: l a t e Santonian to ear l ies t Maastr icht ian. 

Occurrence: l o c a l i t i e s A - 1 8 , A - 1 9 , weUs 1 - C A - l - S E , l - S E S - 9 . 

Pálaeo-envirOTiments: middle ner i t i c to upper bathyaL 

Genus PRAEBOLIMINA Hofker, 1953 

Type ^Jecies: BulLTiina ovolum Reuss, 1844 

KartxiTìniina ex gc. bantu de Klasz , Magne & Rérat 

(PL 11, Figs 29-30) 

Bulimina (Praebulimina ?) bantu de Klasz , Magne & Rèrat, 1963, p . 145-146, 

p L 1, f i g . 2, p L 2, f i g , 3. 

Praebulimina bantu de Klasz , Magne & Rèrat. Tronche t t i , 1981, p . 34, p L 2, 

f igs 8-9. 

Remarks: Specimens of Praebulimina ex gr. bantu are distinguished tsy 

having a moderately large , ovate, t r i s e r i a l test , about 1.5 to 2 times as 

long as broad (varying from c 360/220)am t o 420/290jura i n maximum 

length/breadth ra t io) , c i rcu la r i n ccoss-sectìon; sutures d is t inc t , depressed; 

surface smooth. The morphotypes show considerable varìation i n . tes t s ize 

and outline but occur together i n a single populatdon. 

Range: l a t e Santonian to l a t e Maastr icht ian. 

Occurrence: l o c a l i t i e s A - 1 8 , A - 1 9 , weUs 1 - C A - l - S E , 1 - C N - l - S E , 1-SES-

3, l - S E S - 9 . 

Palaeo-environments: middle ner i t ic to middle bathyaL 

Rcaphiitimina ex gr. fang de Klasz , Magne & Rérat 

(PL 12, Figs 1-2) 

BuUmina (PraebuUmina ?) fang de Klasz , Magne & Rérat, 1963, p . 147, pL 1, 

f i g . 6, pL 2, f i g . 9. 
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PraebuUmina fang de Kla sz , Magne & Rérat. TrcKichett i , 1981, p . 34, pL 3, 

figs 5-8. 

Praebulimina fang de Kla sz , Magne & Rérat. Petters , 1982, p. 56, pL 6, f i g . 

5. 

Remarlcs: Praebulimina ex gr. fang morphotypes are d ia rac te r i sed by 

the i r moderately smal l , t ^ i e r i n g , elongate, t r i s e r i a l t es t (c. 2 8 0 - 3 1 0 ^ i n 

maximum length), wi th an ^ i o u l a t e basai stage; chambers, subglobular, 

increasing rapixJly i n s i ze ; sutures d is t inc t , sLLghtly depressed; surface 

smooth. 

Range; l a t e CcHiiacian to early Maas t r ich t ian . 

Occurrence: l ocaUty A - 1 9 , wéDs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L - l - S E , 

l - S E S - 3 , l - S E S - 9 . 

Palaeo-environments; middle ne r i t i c to middle bathyaL 

R a r i n i l i i n i n a Idckcqpooenffls (Cole) 

(PL 12, F i g . 3) 

Bulimina kickapooensis Cole , 1938, p . 45, p L 3, f i g . 5. 

Bulimina kickapooensis Cole . Cushman s Hedberg, 1941, p. 94, p L 22, f i g . 

28a-b. 

Bulimina kickapooensis Cole . C u ^ m a n , 1946, p.123, p L 5 1 , figs 11-12,14. 

Praebulimina kickapooensis (Cole). Hofker, 1957, p . 190, f igs 233-234. 

Praebulimina kickapooensis (CcQe). SLLter, 1968, p. 84, p L 11, figs 17-19. 

Remarks: Spedraens o f Praebulimina kickapoensis are character ised by 

their l a rge , elongate, cy l indr ica l -shaped, somewhat tapering tes t (e. 420-

460fim i n maximum length); sUghtly inf la ted , subglobular chambers i n 

t r i s e r i a l arrange ment; sutures d i s t inc t , depressed. I t differs from 

Praebulimina ex gr . prcJixa (Cu^man & Parker) by i t s larger test s i ze , more 

inf la ted chambers and aUghtly tapering chamber arrangement. 

Range: l a t e SantCMiìan to Maastr icht ian. 

Occurrence; wells 1 - C A - l - S E , 1 - C N - l - S E , 1 - S E S - l A , l - S E S - 3 , 1-SES-

9. 

Palaeo-environments: deep ner i t i c to middle bathyaL 
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aaehuTiiirina ex gr. naimina (Tappan) 

(EU 12, Fig 4) 

BuUmina nannina Tappan, 1940, p. 116, p L 19, f i g . 4a-b . 

Remarks: Praebulimina ex gr. nannina morphotypes have a minute, 

graduaUy tapecing, t r i s e r i a l t es t (c. 140-190pm i n maximum length); 

chambers in f la ted , overlapping, regularly arranged, increasing rapidly t o 

graduaUy i n s i ze ; sutures d is t inc t , depressed; smooth surface. 

Range: Cenomanian to Ccraacdan. 

Occrurrence: l o c a l i t i e s A - 3 , A - 6 , A - 9 , A - 4 5 , weUs 1 - C R L - l - S E . 

Palaeo-envircximents: ^ a l l o w middle ne r i t i c to upper bathyal , 

I^aetnilìma ex gr. prcflixa (Cushman & Parker) 

(PU112 , Figs 5-8) 

Bulimina p ro l ixa C u ^ m a n & Parker, 1925, p . 98, p L 15, f i g . 5. 

Bulimina p ro l ixa Cushman & Parker Cudiman, 1946, p. 122, pO. 51, figs 1 9 -

22. 

ReusseTla p ro l i xa (Cushman & Parker) . Hofker, 1957, p . 209, figs 255-256. 

Pyramidina g r o l U a (Cushman & Parker) . S l i t e r , 1968, p . 86, p L 12, figs 7-8 . 

Praebulimina prcflixa (Cushman & Parker). Pet ters , 1982, p. 57, p L 6, f i g . 

1. 

Remarks: Praebulimina ex gr. prol ixa morphotypes are d i s t i n g u i ^ e d by 

the i r elongate, gradual ly tapering, regularly arranged, narrow tes t (varying 

from c. 210-280;im i n maximum length , i n the up)per Coniacdan, to c. 360-

37CI^ra i n l eng th , i n the Santonian to lower Maastrichtian), t r i s e r i a l 

throughout; subtriangular i n crces-sec±ÌDn with rounded angles; numerous 

chambers, d i s t inc t , s l i ^ t l y inf la ted , increasing rather s lowly i n s i ze , 

arranged direc±ly over one another or somewhat twis ted ; d i s t inc t sutures, 

sLLghtly depressed; smcxjth surf ac:e. 

Range: l a t e Coniac ian to ear ly Maastr icht ian. 

Occurrence: l o c a l i t y A - 1 9 , wéDs 1 - C A - l - S E , 1 - C R L - l - S E , l - S E S - 3 , 1-

SES-9 . 

Palaeo-envirc«iments: middle ner i t ic to middle bathyaL 
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(PL 12, F i g . 9) 

Bulimina ceussi ÌIOTTOW, 1934, p. 195, p L 29, f i g . 12. 

Bulimina reussi Morrow. Cushman & HedÌDerg, 1941, p. 95 , p L 22, f i g . 30a-b. 

Bulimina reussi Morrow. Cushman, 1946, p. 120, pL 51, figs 1-5. 

BuUmina ventricosa Bro tzen , 1936, p. 124, fig. 42-43, piL 8, f i g . 1, 

Praebulimina r e u ^ (Morrow). Hofker, 1957, p . 187, f igs 223-224. 

Praebulimina ventr icosa (Brotzen). Hofker, 1957, p . 187, figs 223-224. 

PraebuUmina reussi (Mcgrow). SUter , 1968, p . 85, p L 12, figs 1-2, 

Remarks: Specimens of PraebuUmina rengH are character ised by their 

smal l , ovate i n outUne and more widely f lar ing , t r i s e r i a l t es t (c. 250-260jUm 

i n maximum length), subcdrcular i n sect ion; chambers d is t inc t , in f la ted , 

increasing rapidly i n sLze; sutures sUghtiy depressed t o near ly flush; surface 

smooth. They differ from Praebulimina ex gr. fang de Kla sz , Magne & Rèrat 

morphotypes i n having a less elongate and more bcoadly tapering test. 

Range: early Coniacian to Maastr icht ian. 

Occurrence: wells 1 - C A - l - S E , 1 - C R L - l - S E , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-environments: upper t o lower bathyaL 

Bcaebuliinina stanata (Cushman & Campbell) 

(PL 12, Figs 10-12) 

Bulimina spinata Cushman & CampbeU, 1935, p. 72, p L 11, f i g . 1. 

PraebuUmina c a n a t a (Cushman & Campbell), SUter, 1968, p . 85-86, p L 12, 

f igs 3-4. 

Praebulimina p i n a t a (Cu^man & Campbell). HanzUkovà, 1972, p. 77, p L 18, 

fig. 12. 

Remarks: I t i is ^ )ec ies i s character ised by i t s taper ing, t r i s e r i a l test; 

chambers inf la ted, increasing rapidly i n s ize , l ower margin acute with 

d is t inc t shoulder; i n i t i a l chambers with shcr t spines p r q p c t i n g towards basai 

apex, l a te r chambers smooth. There i s considerable varìation In tes t s i ze (c. 

190-350^m In maximum length) and development of chamber spines. The 
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morphotypes seem to derive from a Praebulimina ex gr. fang de Klasz , 

Magne & Rèrat Stock (ecoE*ienotypic d i f ferent ia t ion ?}, firom which they 

d i f fe r i n having sha± basai ^ i n e s . 

Range: lat:e Campanian t o ear ly Maast r icht ian . 

Occurrence: welL l - S E S - 9 orare occurrence) . 

Palaeo-enviconments: upper t o middle bathyaL 

Genus PSEDDOüVIßERINA Cushman, 1927 

Type ^ lec ies : Uviger ina c r i p t a Marsson, 1878 

feeudougjgerina phmmerae Cushman 

( H . 12 , Figs 13-15) 

Pseudouvigerina pQummerae Cushman, 1927a, p . 115, pL 23, f i g . 8. 

Pseudouvigerina püummerae C u ^ m a n - C u ^ m a n , 1946, p. 116, piL 49, figs 14-

16. 

Pseudouvigerina plummerae Cushman. S l i t e r , 1968, p . 91, pL 13, f i g . l l a - b . 

Pseudouvigerina plummerae Cushman. Daüey, 1983, p L 3, fig. 1. 

Remarks: The ^ l ec i e s i s d i a rac t e r i sed by having a moderatrély large , 

e longate , t r i s e r i a l tes t (c. 300-360/im i n maximum length), triangulär i n 

c ross - sec t ion wi th rounded to subacute ang les chambers moderat:ely 

in f l a t ed , increasing c ^ i d l y i n s i ze ; sutures dis t inct , depressed; surface 

smooth. 

Range: l a t e Santonian to Maast r icht ian . 

Occurrence: wéHs 1 - C A - l - S E , l - S E S - 2 4 . 

Palaeo-envircximents: deep ne r i t i c to middle bathyaL 

Genus PYRAMIDINA ftrotzen, 1948 

Type ^ c d e s : Bulimina ? curvisutura ta Brotzen, 1940 

Pyramidina r u d i t a (Cushman & Parker) 

(PL 12, Figs 16-17) 

Bul imina rud i ta Cushman & Parker , 1936, p . 45. 

Bul imina rudi ta Cushman & Parker . Cushman, 1946, p. 122, p L 51, f ig.24. 
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Pyramidina rud i t a (Cushman & Parker), S l i t e r , 1968, p . 86-87, p L 12, f i g . 

12. 

Pyramidina rud i t a (Cushman & Parker). Tp l sma & Lc*iman, 1983, pL 4, f i g . 

2. 

Remarks; Pyramidina rudita morphotypes are character ised by having a 

l a rge , taper ing, pyramidal-shaped, t r i s e r i a l t es t (e. 360-450/im i n length), 

some q iec imens twis ted m axis; subtriangular i n secticHi, wifch rounded 

angles and flattened to s l i ^ i t l y concave sides; chambers dis t inct , tcoad and 

low; sutures d is t inc t , f l i iFh to s l igh t ly depressed, otQique; aperture nearly 

te rmina l , loop-shaped, a t base of the l a s t chamber; surface smooth. 

Range; l a t e Santonian to Maasb lch t i an . 

Occurrence: wells 1 - C A - l - S E , l - S E S - 2 4 , 

Palaeo-envirOTiments: deep ne r i t i c to upper ba thya l (care specimens 

occur i n middle to lower bathyal environments dr i f ted downalope by bottom 

currents). 

Superfamily BOLDCIHACEA 

Jones, 1875 

Family SIPHOGENERINamiDAE Saidova, 1981 

Subfamily SIPHOGENERINOIDINAE Saidova, 1981 

Genus SIPHOGEHERINaiDES Cushman, 1927 

Typie Specdes; Siphogenerina pJummerae C u ^ m a n , 1926 

S^bogMiRrinmttes b ramle t t e l C u ^ m a n 

(PL 12, Figs 18-20) 

Siphogenerinoides bramlet te l Cushman, 1929, p . 58, piL 9, figs 14-15. 

Siphogenerinoides bramlet te l Cushman. Cushman & Hedberg, 1941, p. 93, pL 

22, f i g . 19. 
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Siphoqenerinoides t r a m l e t t e i Cui^man. Pétri, 1962, p . 101-102, p L 12, fîgs 

8-13. 

Remarks: Siphogenerinoides t r amle t t e i morpliot/pes are character ised iyy 

t he i r large, elongate, slender, sl igti t ly tapering, rec t i l inear t es t (c. 950-

lOlO/im i n maximum length); t i i ser ia l i n ear ly ^ g e , l a t s r uniser ia l ; sutures 

of ttie uniser ia l stage d is t inc t , curved tjackwards along the costae; surface 

wi th usually 7 t o 9 d is t inc t , continuous, regular ly and widely spaced, 

longi tudinal costae; t i ie l a s t one to two chamtjers o f some spécimens stiow 

lûwer margins wi th backwards re-entrants ^ e P L 12, F i g . 18); ^)er ture 

terminal , e U i p t i c a l to reni form, produced on short neck. 

Range: Campanian t o Maastr icht ian. 

Occurrence: l o c a l i t y A - 1 8 , wélls 1 - A U - l - S E , 1 - C A - l - S E , l - S E S - 3 , 1-

SES-9 . 

Palaeo-environments: deep ner i t i c to middle t a t h y a L 

Su t fami ly TDBOLOGERENINAE Saidova, 1981 

Genus ORIBOKASSIENIA Die t r i ch , 1935 

Type Spedes : Orthocerina ewaidi Kars ten , 1856. 

Remarks: Spécimens bélonging to this genus are character ised t y having 

large {atnut 1100-1800^m i n maximum length), elongate, rec t i l inear tests, 

graduaUy enlarging; ea r ly t r i s e r i a l miaroepheric pc r t ioh , taper ing, with a 

rounded base, fcdlowed by shcct fcdserial and l a t e r uniser ia l mega lo^her i c 

stage with the sides nearly para l le l ; lower chamber margins commonly 

crenulate; aperture t e rmina l , e U i p t i c a l to ren i fc rm, with d is t inc t l i p and 

produced on shor t neck; surface smooth or with fine longi tud ina l costae or 

str iae (cf. Loeh i i ch & T^çan , 1988, p. 518-519). 

Ortfaokarstai ia d a r k i (Cushman & CamptaeU) 

(PL 12, Bigs 21-24) 

Siphogenerinoides t i i a rk i Cushman & Campbell , 1936, p . 91. 
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Remarks: Spécimens of Orthokarsfcenia c larkj - ( c . 1370-1750/im i n 

maximum leng th) - are distinguished by having a t es t surface smooth ce 

omamented with numerous, faint , very low and discontinuous long i tud ina l 

costae ^ e P L 12, F i g . 24); sutures d i s t inc t , flush to s l lght ly depressed i n 

the un i se r i a l stage, ^ a i g h t to nearly hor izon taL 

Range: l a t e SantCHiian to Maast r icht ian (the greatest aburwiance i n the 

l a t e Campanian). 

Occurrence: weDs 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 

Palaeo-envircaiments: deep ne r i t i c to middle bathyaL 

Ortfaokaisfaenia c lavata (Chenouard, de Klasz & Mei^r) 

(PL 12, Figs 25-28) 

Siphogenerinoides c l ava ta Chenouard, de Klasz & Heijer, 1960, p . 71-72 , 74, 

p L 1, f igs 1-11. 

S i ^ o q e n e r i n o i d e s c l ava ta Chenouard, de Klasz & Mei:pr. Tronchet±i, 1981, p . 

37, piL 4, f igs 5-9. 

Siphogenerinoix3es c lava ta Chenouard, de Klasz & Mei:pr. Tronchettd, 1981, p . 

37, p L 4, f igs 5-9. 

Orthokarstenia c lava ta (Chenouard, de Klasz s Merpr). Petters, 1982, p . 66, 

piL 10, f i g . 25. 

Remarks; Spécimens of Orthokarstenia c lava ta - (c. 1130-1200fim i n 

maximum length) - are character ised by having lower chamber margins 

crenula ted , wi th numerous, rather h igh, regular ly ^ a c e d , backwards r e 

entrants ^ e P L 12, F i g . 26); t es t surface of microspheric stage crnamented 

w i th few longi tud ina l costae, some continuous over the sutures; ea r l i e r 

chambers obscured by ornamentation. 

Range: l a t e Santonian to Camp)araan (although the spedes has been 

descr ibed feom the upp)er Campanian-Maastr icht ian of Gabon and CcHigo, no 

^aedmens were recovered from s t ra ta younger than the Campanian i n 

Sergip)e). 

Occurrence: weUs 1 - C A - l - S E , 1 - C N - l - S E , 1 - S E S - l A 

Palaeo-envirOTiments: deep ne r i t i c to middle bathyaL 
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Ortfaokacsbana ewalcB. (Karsten) 

(EL 12, Figs 29-30) 

Orthocerina e w a l d i Karsten, 1856, pu 114, p l . 6, fig. 3. 

Siphogenerinoides ew^lrti (Karsten). Cushman, 1946, p . 118-119, piL 50, figs 

9-11. 

Orthokarstenia e w a l d i (Karsten). Petters, 1982, p.66, p L l O , fig. 24. 

Remarks: Ortharstenia e w a M i morphotypies are d i a rac t e r i sed by having 

Icwer chamber margins crenulated, with h igh, regular ly and widely ^>aced, 

badtwards re-ent rants , more numercxis i n t i ie l a s t chamber. Only rare 

fragmented spécimens were recovered (varying from c . 550jum to 600^ra i n 

maximum length), aU represented by in te rna i cas ts where only the l a t e r 

uniser ia l stage was preserved. 

Range: l a t e Campanian. 

Occurrence: weH 1-C&-1-SE (rare occurrence). 

Palaeo-environments: upper bathyaL 

Family BOLDONELLIDAE Hofker, 1951 

Genus BOLDCNELLA C u ^ m a n , 1911 

Type spedes : Bulimina elegantissima d'Orbigny, 1839 

ftitinwnpTia ex gT. o d o n e i B i s Cushman & Hedberg 

(EL 13, Figs 1-3) 

BulimineHa colonensis Cushman & Hedberg, 1930, pu 65 , pL 9, figs 6-7. 

Buliminella colonensis Cushman & Hedberg. C u ^ m a n , 1946, p. 120, piL 50, 

figs 23-24. 

Remarks: Bul iminel la ex gr . colonensis raorphotypes are characterised by 

having a somewhat elongate, high t rochosp i ra l t es t (about 250-370^m i n 

maximum length); numerous bcoad, low chambers, graduaUy increasing i n 
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EÌze; sutures d i s t inc t , slightLy depressed. "Rie ^jecimens differ fcom 

Buliminella pseudoelegantissiin a Berte ls i n having a generaUy la rger tes t 

with more inf la ted chamtters, i-e. , a lower length/breadth ra t io . 

Range: la te ConiacLan-SantcKiian to Maastr icht iao. 

Occurrence: l o c a l i i y A - 1 9 , wells 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L - l - S E , 

1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 

Palaeo-environinents: deep neritác to middle ba thyal . 

RiiTiniinpina hrevJapJEa de Klasz , Magné & Rèrat 

(PL 13, Figs 4-5) 

BulimineHa t rev isp i ra de K la sz , Magné & Rérat, 1963, p . 152, p L 1, f i g . 11. 

BulimineUa fccevi^ira de K l a s z , Magné & Rérat. T r m c h e t t i , 1981, p L 1, f i g . 

6. 

Hemarks: Spécimens of BulimineUa fccevi^ira are distinguished by ttieir 

srnalL globular, very low t r o c h c ^ i r a l t es t (alxiut 190-280^m i n maximum 

length) of few whorls, nearly as t r oad as long; somewhat inOafced low 

chambers, increasing rap id ly i n s i^e, around 4 to 6 i n the l a s t whcHÜ; 

sutures dis t inct , sUght ly curved and depressed; loop-shaped aperture i n the 

depressed face of the l a s t chamber. 

Range: l a t e Coniacáan to Maastr icht ian. 

Occurrence: wells 1 - C A - l - S E , 1 - C R L - l - S E , 1 - S E S - l A , l - S E S - 3 . 

Palaeo-environments: deep ner i t i c to middle fcaathyáL 

rbiTíifrint̂ Tlf̂  pqp̂ H^̂ OP>T*'ganH*ggi ma BertelS 

(PL 13, F i g . 6) 

BulimineUa pseudoelegantissima Bertels , 1972, p . 333, p L 1, figs 1-3. 

Remarks: The ^)ecies i s characterised by having a smal l , élongate and 

slender, high t rochoqpira l tes t (c. 2 9 0 ^ i n maximum length); numerous 

chambers, graduaUy increasing i n height. 

Range: la te Campanian. 

Occurrence: wéU 1 - C A - l - S E Orare occurrence). 

Palaeo-environments: deep ner i t i c to upper bathyaL 
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ButifflinFina quadcDobata de Kla sz , Magnè & Rèrat 

(PL 13, Figs 7-8) 

BulimineUa quadrilDbata de K l a s z , Magné & Rérat, 1963, p. 150, 152, p L 1, 

f i g . 10, pu 2, figs 14-15. 

BulimineUa quadcilobata de K l a s z , Magné & Rérat. TrcHichetti , 1981, p . 32 -

33, piU 1, f igs 7-17. 

Remarks: BulLmineTIa quadr i lobata i s distinguished by i t s inf la ted, 

subglûbular to globular t es t (c. 310/230^m i n maximum l eng t t i / fcreadth), 

near ly as hcoad as long; chambers élongate, somewhat in f la ted , rather 

increasing gradually i n s i ze , around 4 i n the las t whorl ; sutures dis t inct , 

s l igh t ly d e p r e s e d . The morphotypes are somewhat s imi lar to BulimiripTia 

bcevispira de Klasz , Magné & Rèrat, but diEfer i n having more élongate and 

in f l a t ed chambers i n the l a s t whor l and a somewhat higher t r o c h o ^ i r e -

Range: l a t e Santonian to Maastr icht ian. 

Occurrence: weBs 1 - C A - l - S E , 1 - C N - l - S E , l - S E S - 2 4 . 

Palaeo-environments: upper to lower bathyaL 

RiiK nrÎTirfl a p p . A 

(PL 13, Figs 9-10) 

Remarks: Spécimens o f BulimineUa sp. A are distinguished by having a 

smaU, slender, eOongate, h igh t r o c h o ^ i r a l tes t (c. 200-210jUm i n maximum 

length); sutures indis t inct , Qush. 

Range: Turonian. 

Occurrence: l oca l i t i e s A - 2 2 , A - 2 9 , weU 1 - U S - l - S E . 

Palaeo-environments: deep ne r i t i c to upper bathyaU 

Genus Q U A D R A T O B O L I M I N S ^ A de Klasz , 1953 

Type spedes: QuadratobuUmineUa pyramidaUs de K l a s z , 1953 

(PL 13, Figs 11-13) 

Remarks: Spécimens of QuadratobuUminpTi a sp. A are character ised by 

having a smal l , high t r o c h o ^ i r a l test , nearly as broad as long (varying from 
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c 200/180^m to 250/200^m i n maximum lengthA^eacäth ratio), subquadrate 

i n c ross-sec t ion; 4 inf la ted chambers per whorl ; sutures depressed; surface 

smooth. 

Range: ear i ies t Cenomanian. 

Occurrence: weD. 1 - C N - l - S E . 

Palaeo-envircximents: deep n e r i t i c . 

Family REDSSELUDAE Cushman, 1933 

Genus REDSSEÜA GaUowa, 1933 

Type species: Verneni l ina spinulosa Reuss 

RaEBRTla ex gr. szayiocfaae [Grzybowski) 

(PL 13 , Figs 14-16) 

VemeuÎlina szayiochae Grzybowski , 1896, p . 287, pL 9, f i g . 19. 

Reussella szaj iochae ca l i f a :mca Cushman & GoudkcfE. Noth , 1951, p. 65, p L 

7, f i g . 6. 

Renssella szaj iochae sO. (Grzybowski). de Klasz & Knipscheer, 1954, p . 600-

604, 606, tab. p . 605, figs 1-7, p L 45, f igs 1-13. 

RaiHsel la szaj iochae (Grzybowski). Hofker , 1957, p . 214, t e x t - f i g . 262a-g. 

Pyramidina szayiochae ( G r z y b o w ^ . S l i t e r , 1968, p . 87, pL 12, f i g . l 3 . 

ReussRlla szsrpochae (Grzybowsky). Hanzllkovà, 1972, p. 85-86, p L 20, figs 

9-11 

Reufsel la szayiochae (Grzybow^y) . Beckmann, 1978, p. 768, p L 2, f igs 1 6 -

17. 

Renssella szapochae (Grzybowsky). Daüey, 1983, p L 2, f i g . 14. 

Remarks: Spécimens of R e n g a n a ex gr. szayiochae are dist inguished 

the i r la rge , élongate, f lar ing, t r i s e r i a l t es t (c. 750-1130^m i n maximum 

length); t r iangular to sub-tr iangular i n cross-sect ion; numerous chambers, 

subtr iangular , wi th carínate angles; sutures dis t inct , depressed, curved and 

obligue; smooth surface; s lLt - l ike aperture a t the base of the l a s t chamber. 

Klasz & Knipscheer (1954) discussed the phylogenetic development of 
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ReusseTla szayicx:haer which shows a graduai enlargeraent of tests and more 

advanced w a l l omamenta t ion, fcom the Santonian to Danian t imes, i n the 

Tethyan hioprovince. The mocphotypes recovered from the Santonian-lower 

Campanian of Sergipe are coeva l wi th the ear ly forms described as 

ReiisF^eTIa szapochae praecurscr de Klasz & Knipscheer (op. c i t . , p. 603-604, 

606, tab. p . 605, f i g . l a - c ) . They diEfer, however, i n having larger tests 

with weE developed chamber arrangement and waU cmamenta t ion . 

Range: Santonian to e a d y Campanian. 

Occurrence: weHs 1 - C A - l - S E , l - S E S - 3 . 

Palaeo-environments: upper to mijadle bathyaL 

Superfamily FDRSENKCONACEA 

Loeti l ich & Tappan, 1961 

FamiLy F D R f ^ K O I H I D A E Loet lLch & Tappan, 1961 

Genus CASSTOELLA Hofker, 1951 

Type ^jecdes: Virgul ina tegula ta Reuss, 1846 

Canr i rWIa ez g r . viscâdus (Khan) 

(PL 13, Figs 17-19) 

Virgul ina v lsc ldus Khan, 1950, p . 273-274, p L 2, figs 3-5. 

CassideUa v i sc ida (Khan). Magniez-Jannin, 1975, p . 272, p L 15, figs 12-13. 

CaFKidella viscddus (Khan). Haig , 1982, p . 62, p L 12, figs 26-28. 

Remarks: Spécimens of Cassidella ex gr. viscidus have a smalL slender, 

élongate, sUghtiy twis ted h iser ia l t es t (c. 220-290^m i n maximum length), 

ovoid i n cross-sec t ion; ea r ly chambers l o w , closely packed and stcongly 

twisted, somewhat tending to a t r i s e r i a l arrangement; aperture a high 

in ter iomargina l a rch . 

Range: middle Alb ian to ear ly Turonian. 

Occurrence: l o c a E t y A - 9 , wells 1 - C N - l - S E , 1 - U S - l - S E . 

Palaeo-environments: deep ner i t i c to upper bathyaL 
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Genus CORYPBOSTOHA LoetOich & Tappan 

Type Epecdes: BcOivina pilaituin Carsey, 1926 

Cccypfaœtoma sp. A 

(PU 13, F i g . 20) 

Remarks: SpecLmens c f C o c y ^ c s t o m a sp. A are distinguished by ttieir 

smaU, élongate, fLaring, compressed, b i se r i a l t e s t (c. 250jum i n maxirtiuin 

length); ear ly chambers tcoad and l o w , la te r higher, élongate and wi th a 

tendency to become umser ia l ; surface smooth; in ter iomargina l loop-shaped 

aperti ire, extending from the base of the l a s t chamber. 

Range: early Cenomanian. 

Occurrence: l o c a l i t y A - 1 (rare occurrence). 

Palaeo-environments: shallow to middle ner i t ic . 

CccyphoGtoma sp. B 

(PL. 13, Figs 21-22) 

Remarks: Coryphostoma sp. B morphotypes are character ised tjy having 

a smàU, élongate, narrow, b i se r i a l t es t (c. 190-210/im i n maximum length), 

rounded to o v a l i n c ross-sec t ion; smmoth tes t surface. 

Range: ear ly Turonian. 

Ocurrence: l o c a l i t y A - 2 2 , w e l l 1 - D S - l - S E . 

Palaeo-envirOTiments; deep ner i t ic . 

Family CAOCASINIDAE Bykova, 1959 

Subfamily CAOCASnONAE Bykova, 1959 

Genus CADCASINA Khal i lov , 1951 
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Type spedes : Caucasina o l igocenica Khal i lov 

Caucaana SÇL A 

(PL 13, Figs 23-24) 

Remarks: A single ^)ecimen assigned to Caucasdna sp. A was recovered 

& o m the lower Turonian. I t i s character ised by having a smal l , élongate 

tes t (c. 240^m i n maximum length); ear ly chambers i n a low t rochospi ra l 

cedi, fctilowed by a high coued stage oE 3 inf la ted chambers per whorl , i n a 

somewhat twis ted t r i s e r i a l c o i l ; sutures d is t inc t , depressed; surface smooth. 

Range: ear ly Turcanian. 

Occurrence: wéE l-üS-1-SE. 

Palaeo-environment: deep ne r i t i c . 

Superfamily PÏ£0R0SIOMELLACEA 

Reuss, 1860 

Family Pf£DROSTOHEEII0AE Reuss, 1860 

SubfamUy FLEaROSTOMBEIONAE Reuss, 1860 

Genus EEZJPSOGLANDOUNA Si lves t r i , 1900 

Type ^îecies: pm-ipsoglandulina l aev iga ta S i l v e s t r i 

EDgeo^andulina velascoensis Cushman 

(PL 13, F i g . 25) 

FOli^ffioglandulina velascoensis Cushman, 1926b, p.590, pL 16, fig. 7. 

Ell ipsoglandulina velascoensis Cushman. Cushman, 1946, p. 137, pL 56, f i g . 

37. 
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EHipsopolymorphina velascxiensis {Cushman). HanzUkovâ, 1972, p. 118, p L 34, 

figs 8-9. 

Remarks: Spécimens of EILipsoglandulina velascoensis have a l a rge , 

élongate, in f l a t ed fusifcrm, uniser ia l tes t {c. 630/440^m i n maximum 

length/fcceadth ratio), c i rcular i n cross-sect ion; chambers strongly 

overlaEçàng and increasing very rap id ly i n s i z e , l as t one comprising about 

t iuree-fcrths the tes t length; sutures near ly sbraight and hor izonta l , sQightly 

depreised; surface smooth; aperture te rmina l , an élongate, narrow curved 

s l i t . 

Range: Campanian. 

Occurrence: wells 1 - S E S - l A , l - S E S - 3 . 

Palaeo-envircnments: upper to middle bathyaL 

Genus BAHDYELLA LoehUch & T ^ p a n , 1962 

Type spedes: Pleurostompna greatvalleyensis T r u j l l u , 1960 

BandyeHa c l a v a t a {Cu^man) 

(PL 13, Figs 26-28) 

PleurostomeHa c lavata Cushman, 1926b, pu 590, çiL 16, fig. 5. 

Pleurostomi^lla c lava ta Cushman. Cushman, 1946, p. 132-133, pL 54, f i g . 25. 

Remarks: Spedmens of BandyeTla c l ava ta are characterised by having 

an élongate, fusifcrm tes t (about 350-620/im i n maximum length), nearly 

c i r cu la r i n c ross -sec tkm; early t r i s e r i a l por t ion fcOlowed by a tdser ia l stage 

wi th élongate, cunéate chambees; aperture a crescenüc al i t extending 

downwards. 

Range: l a t e Maastrichtian. 

Occzurrence: weU l - S E S - 3 (rare occurrence) . 

Palaeo-environment: middle bathyaL 
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BandyePa ex gr. greatvaPeyagis (TrujilLo) 

(PL 13, Figs 29-30) 

PleurostomeUa greatval leyensis TrujUo, 1960, p. 345, p L 50, figs 5-6. 

Bandyella greatval leyensis fItiiJIlD). S l i te r , 1968, p. I l l , p L 19, fig. 11. 

Remarks: BandyeTIa ex gr. greatval leyensis morphotypes are 

distinguished by having a ^ o r t , elongate, in f la ted fusifcrm tes t (around 

240-250^m^ i n maximum length), nearly c i rcu la r i n cxoss-sectiDn; chambers 

inf la ted and elongate i n t i ie b i se r i a l stage; sutures d is t inc t , depressed i n 

the la ter stage; surface smooth. The ^>ecimens fcom Sergipe are mostly 

s imilar to the illustarated paral^pe CTrujllo, 1960, p L 50, f i g . 6), œnsidered 

by TrujUo (op. d t . ) t o represent an ear ly ontogenetic stage. 

Range: l a t e Santcwiian to Maastr icht ian. 

Occurrence: w e l l l - S E S - 3 (rare occ:urrence). 

Palaeo-environments: middle bathyaL 

Superfamily S U L O S T O H E U A C E A Finlay , 1947 

Family S m o S T O H E E U D A E Finlay, 1947 

Genus NODOGENERINA Cushman, 1927 

Type ^ jec ies : Hodogenerina bcadyi Cushman, 1927 

Nodoqenerina E { I L cf. N. àlexandai (Cushman) 

(PL 13, Figs 31-32) 

cf . SUipsonodosaria a lexander i Cushman, 1936b, p. 52, p L 9, figs 6-9. 
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cf . TiHIipsonodcsaria a lexander i Cushman. Cu^raan , 1946, p . 135, p L 56, f igs 

12-13 (not figs 14-15). 

Remarks: Spécimens referable to Nodogenerina sp. c f . N . a lexander i are 

distinguished t y having a narrow, élongate, s traight , umser i a l t es t ( c 

380^m i n maximum lenth) ; diambers campanulate i n ferra, increasing 

gradually i n s ize and aliçiiay overlappdng; row of sraall spines a t the edge 

of the chamber shaüder, near the base of the chambera; aperture t e rmina l 

and ovate. The morphotypes are s imilar to ^lecimens described as Bi fa r ina 

cale ara ta (Berthelin) by Magniez-Jannin (1975, p. 247, pL 20, fígs 22-24) 

ñrom the AlhLan of Aube, NE France, bu t differ i n having a smooth rounded 

prolocus, more overlapping chambers and l e s constr ic ted sutures. 

Range: Turcnian. 

Occurrence; wéE 1 - C A - l - S E . 

Palaeo-envirairaents: deep ner i t i c to upper bathyaL 

Hodogenetina stepbgBoni 

(PL 13, F i g . 33) 

Kllipsonodosaria stephensoni C u ^ m a n , 1936b, p. 52, p L 9, f igs 10-15. 

Ellipsonodosaria steghensoni C u ^ m a n . Cuáiman, 1946, p. 134, p L 56, f i ^ 

2-7. 

DentaUna stephensoni (Cudiman). S l i t e r , 1968, p. 59, p L 5, figs 22-23. 

Remarks: Spécimens of Nodogenerina stephensoni are character ised t y 

having an élongate, un ise r ia l t e ^ s l ight ly arcuate; globular to élongate 

chamtiers, increasing gradual ly i n s ize , with r ing of ^ i n e s a t the base of 

each chamber; sutures d i s t inc t , depressed. This spedes i s often recorded as 

hcoken fragments i n d i v i d u a l chambers c 130^m i n maximum length). 

Range: Maastrichtdan. 

Occurrence: wells 1 - S E S - l A , l - S E S - 9 . 

Palaeo-environments: upper bathyaL 
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Si^>erfamiLy DOSCORBACBA 

Ehrenberg, 1838 

FamiLy BAGGINIDAE Cushman, 1927 

Subfamily BAGGININAE Cushman, 1927 

Genus VALVDUNEBZA Cushman, 1926 

Type species: ValvuLineria ca l i facn lca C u ^ m a n , 1926 

Vatgatineria amaraH Pétri 

(PL 14, Figs 1-5) 

Valvul iner ia amaral i Pétri, 1962, p. 112, p L 14, f i g . 4a-c . 

Remarks: Va lvu l ine r i a amaral i has a biconvex, raoderately high 

t rochcsp i ra l t es t (about 350-370^m i n maximum diameter), o f about two and a 

half whorls, c i r c u l a r i n outline; equator ia l periçhery t road ly rounded; dorsa l 

sLde moderately convex; 7 chambers i n the l a s t whorL increasing gradually i n 

s ize; umhil icus somewhat large and deep; aperture an in ter iomarginal , 

umhili c a l - e x t r a u mbdlical a rch , with imperfccate aper tura l f laps p rqpc t ing over 

the umbil icus , but do not completély cover i t ; surface smooth, coarsely 

perfcrate CHI both sides. 

Range: l a t e ConiacLan-Santonian to Campanian. 

Occurrence: l oca l i t i e s A - 1 8 , A - 1 9 , wel ls 1 - C A - l - S E , 1 - C N - l - S E , l - S E S - 3 , 

l - S E S - 9 . 

Palaeo-environments: middle-deep ner i t i c to upper-middle bathyaL 

Valyulinma ^ A 

(PL 14, Figs 6-7) 

Remarks: Valvul iner ia sp. A morphotypes are distinguished by the i r 

moderately smal l (around 300-310jum i n maximum diameter), concavo-convex, 

low t rochcsp i r a l test , c i rcu lar i n out l ine; equa tor ia l per i jhery narrowly 



rounded; 6 chambers i n the l a s t whorl , increasing gradual ly i n s ize ; umbilicus 

moderately wide and shal low; aper tura l flaps p r q p c t i n g in to umbuicus from 

each chamber; surface smooth, f ine ly perfcrate i n bath sides. The spécimens 

dif fer from Valvul iner ia sp. B i n having a more asymmetr ical , concavo-^convex 

test , c i rcu la r outiine and a more open umbuicus with ^>ertural flaps 

frqpcting from each chamber. Tiiey bath may actual ly represent ecophenotypic 

var ia t ions of a single spedes . 

Range: la tes t Cenomanian to Turonian. 

Occurrence: l o c a l i t y i e s A - 2 , A - 9 , wéU 1 - C A - l - S E . 

Palaeo-environments: middle-deep ner i t i c to upper bathyaL 

Vailvul ineria ^ B 

(EL 14, Figs 8-12) 

Remarks: Spedmens an Va lvu l ine r ia sp. B have a smal l (about 270-290um 

i n maximum diameter), compressed, s l igh t ly biconvex, low t r o c h o ^ i r a l test , 

subdrcu la r i n outline and becoming lobate i n the l a s t two to three chambers; 

equa tor ia l periphery narrowly rounded; 5 to 7 chambers i n the las t whorL 

increasing gradually i n s i ze ; umbUicus somewhat wide and deep; ^ ) e r t u r a l 

f laps p rqpc t ing over the umtdlicus; surface smooth, coarsely perfórate i n both 

sides. I h e morphotypes are somewhat s imi lar to spedmens of 

LingulogavelinéDa n e w t o i i Eicher & Worstéll (1970, p . 294, p L 5, f igs 2-4), 

repccted from the upper Ceno manían-middle Turonian of the western in ter ior 

c f the United States,- but differ i n having a more compressed, low 

frochospiral test, subd rcu l a r outüine and a perfórate dorsa l s ide. 

Range: la tes t Turonian to ear ly C c n i a d a n . 

Occurrence: l o c a l i t i e s A - 6 , A - 1 0 , A - 1 1 , Tabocas 2, Mata 10. 

Palaeo-environments: shallow to middle ner i t ic . 

FamiLy EPOHmiDAE Hofker, 1951 

Subfamily EPONmDJAE Hofker, 1951 

Genus EPONIDES de Mcmtfcrt, 1808 

Type spedes : Naut i lus répandus F i c h t a l & MoU, 1798 
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^wnîdes aracayiasiB Pétri 

(PL 14, Figs 13-16) 

Eponides aracarpensis Pétri, 1962, p. 115, p L 15, figs 1-3. 

Remarks: Specdmens c f Eponides araca;pensis are charac±erised by having 

a smal l (c. 230-26C^m i n maximum diameter), biconvex, low t r o c h o ^ i r a l test , 

of about t i i ree whorls, c i rcu la r i n outl ine; equator ia l periç*iery subangular; 7 

to 9 chambers i n t i ie l a s t whcarl, increasing s lowly i n s i ze ; sutures s l igh t iy 

curved on the dorsa l side, nearly r ad i a l on the ven t r a l side; surface smooth, 

f inely perforatie; aperture a t road low int:eriomarginal a rch extending from 

the umbil icus to the periphery. 

Range: l a t e C o n i a d a n to Maastr icht ian. 

Occurrence: l o c a l i t y A - 1 8 , weUs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L - l - S E , 1-

SES- IA , l - S E S - 9 , l - S E S - 2 4 . 

Pa laeo-envi ra iments : middle-deep ne r i t i c to upper-middle bathyaL 

FamiLy ROSALDODAE Reiss, 1963 

Genus GAVELff lOPSE Hofker, 1951 

Type ^ïecies: Discorbina praeger i Heron-Al len & Sarland 

Gavfelinqpeis(7) sp. A 

(PL 14, Figs 17-19) 

Remarks: Spedmens of GavelinopsisÇ?) sp. A are distinguished by having a 

minute (c. 110-150^m i n maximum diametier), p i ano / concavo-convex, high 

t rochoepiral test , d r c u l a r i n outline; equa tc r l a l periphery subangular; surface 

smooth. 

Range: l a tes t Cenomanian to ear l ies t Turonian. 

Occurrence: l o c a l i t i e s A - 9 , A - 2 2 , weU 1 - U S - l - S E . 

Palaeo-environments: middle ner i t ic to upper bathyéiL 
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GaTClinopas(?) sp. B 

(PL 14, Figs 20-25) 

Remarks: GaveIinopsis(?) sp. B morphotypes have a smaU (about 220-280^m 

i n maximum diameter), plano-convex, high t r o c h o ^ i r a l test, of about t w o and 

a ha l f whorls , c i rcu lar i n outUne; equa tor ia l periphery narrowly rounded; 

do r sa l s ide moderately to highly convex; 8 chambers i n the l a s t whcarL 

increas ing gradually i n s ize; umbdlicus smal l and open; ^)er ture 

in te r iomarg ina l , extending from the umbdlicus nearly to the periphery; surface 

smooth, f ine ly perfórate on both sides. The spécimens are t en ta t ive ly pilaced 

i n Gavelinopsds Hofker on the basis of the i r s imilar tes t morphcilogy t o the 

génotype, bu t differ i n having a f i ne ly perfcxate dorsa l side. 

Range: l a t e Cc»iiacian. 

Occurrence: w e i l 1 - C R L - l - S E . 

Palaeo-environments: deep ne r i t i c to upper bathyaL 

Superfamily PLANORBOIJNACEA 

Schwager, 1877 

Family PLANOLOnDAE BermiSdez, 1952 

Genus FLANDLINA d'Orbigny, 1826 

Type ^ lec ies : Planulina ariminensis d'Orbigny, 1826 

Blanulina ta^ocensis (Carsey) 

(PL 14, F i g . 26) 

Anomalina taylorensis Carsey, 1926, p . 47, p L 6, f i g . l a - b . 

Rlanulina taylorensis (Carsey). C u ^ m a n , 1946, p . 158, p L 64, figs 14-15. 

Remarks: Spedmens. of Planulina taylorensis are characterised by their 

l a r g e , near ly pilanispiral, c o m p r e s e d t e s t (c. 1000-1500/im i n maximum 

diameter) , wi th an acute and s l igh t ly keeled equator ia l periphery; 10 to 13 

chambers i n the las t whorl, gradual ly increasing i n s ize; sutures d is t inc t , 

s t rongly curved on both sides; waU smooth, f inely perfórate. 
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Range: Campanian. 

Occurrence: weU l - S E S - 9 frare occurrence) . 

Palaeo-environments: upper to middle bathyaL 

Hanulma sp. A 

(PL 14, Figs 27-30) 

Remarks: The spedes has a minute, compressed, d iscoidaL very low 

t r o c h o ^ i r a l tes t (c. 150-190fim i n maximum diameter); 8 to 9 broad, low and 

curved chambers i n the l a s t whc r l , increasing gradually i n s ize ; aperture a 

l ow in ter iomargina l equator ia l a r ch . 

Range: l a tes t Turonian. 

Occurrence: l o c a l i t y A - 8 . 

Palaeo-envircHiments: shallow t o middle ne r i t i c . 

Family CTB[CIDiPAE C u ^ m a n , 1927 

SubfamUy d m c m i N A E Cushman, 1927 

Genus CTBK3DES de Mmitfcct , 1808 

Type ^ d e s : Citaiddes çefulgens de Montfort, 1808 

Cibàcàdes ex gr. beaumcntianus (d'Orbigny) 

(PL 14, Figs 31-33; PL. 15, Figs 1-3) 

Truncat i i l ina beaumontiana d'Orbigny, 1840, p . 35, pL 3, f igs 17-19 . 

Cifclddes beaumontianus (d'Orbigny). Cuáiman, 1946, p. 160, p L 65, p L 12. 

Cifciddes beaumontianus (d'Orbigny). Har t e t 1981, p . 182, p L 7.5, figs 9-

10. 

C ib ic ides beaumontianus (d'Orbigny). Har t e t 1989, p . 326, p L 7.5, figs 9-

10. 

Remarks: CibLddes ex gr. beaumontianus morphotypes have a large , 

püano/concavo-convex t rochcsp i r a l t e s t (varying from about 320pn to 590;im 

i n maximum diameter), wi th a f la t tened to sUghtly concave dorsa l side and 

s t rongly convex ven t ra l side; subdrcu la r i n outline and becoming l o t a t e i n 

the l a t t e r chambers; equa tor ia l peri£*iery carínate; 7 to 8 somewhat inf la ted 

chambers i n the las t whorl , increasing rapidly i n s ize ; sutures d is t inc t , fUish 
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to depressed; surface smooth, coarsely perfórate on Üie dorsal side and more 

finely on the v e n t r a l side; aperture a low in ter iomargina l equator ia l arch. 

Range: l a t e Coniacian-Santonian to ea r ly Maast r ichtLaa 

Occurrence; weH l - S E S - 9 . 

Palaeo-environments: upper bathyaL 

(PL 15, Figs 4-7) 

Remarks: Citaicides sp. A morphotypes are character ised by having a 

large, ve ry compressed, concavo-convex, low t r o c h o ^ i r a l test (c. 420-550^m 

i n maximum diameter); equator ia l pec i f i ie ry acute; 9 chambers i n t i ie l a s t 

whorL s lowly increasing i n s ize; apert i i re a low inter iomarginal equa tor ia l 

arch; sutures d is t inc t , s t r o i g l y curved; surface smooth, finely perfórate. 

Range; ear ly to middLe-late Cenomanian. 

Occurrence; weLs 1 - C A - l - S E , 1 - C N - l - S E . 

Palaeo-environment: deep n e r i t i c 

(PL 15, Figs 8-10) 

cf . C ib ic ides sp., Cudiman & Hedberg, 1941, p. 100, p L 23, fig. 22a-c . 

Remarks: Spécimens of Cibic ides sp. B are distinguished by their la rge , 

somewhat corapreœed, plano/concavo-convex t rochospi ra l tiest (around 770-

820pm i n maximum diameter), wi th a moderately convex vent ra l side; 

equa tor ia l periphery carínate; 5 to 6 chambers i n the las t whorl , increasing 

rather rap id ly i n sLze; surface smooth, coarsely perfórate on the dorsa l side 

and more f ine ly on the vent ra l s ide. They differ from morphotypes of 

Citricides ex gr, beaumontianus {d'Ortágny) i n having a more compressed test , 

with a moderately convex vent ra l side and a less lobate sufcdrcular ou t l ine . 

Range: Campanian to Maastr icht ian. 

Occurrence; wéUs 1 - S E S - l A , 1 - C N - l - S E . 

Palaeo-environments: deep ner i t i c to upper bathyaL 
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Family CYMBALOPORIDAE Cushman, 1927 

SubEandly CYHBALOPORINAE Cushman, 1927 

Genus &RCHAECYCLDS A . S i l ve s t r i , 1908 

Type ^)ecies: Planorbulina cenomaniana Sequenza, 1882 

flrdiaecychjBf?) ^ A 

(HL 15, F i g . 11) 

Remarks: A single ^secimen t en ta t ive ly refer red to ArchaecyclusC?) sp. A 

was recovered from the lower Cenomanian. I t i s characterised by having a 

large (about 600/im i n maximum diameter) , somewhat f la t tened, d i sco ida l tes t ; 

l a te r stage wi th numerous inf la ted chambers arranged i n annular ser ies i n a 

single hcñzontal layer ; numerous apertures présent as smal l c i r cu la r pores; 

surface smooth, f ine ly perfórate. 

Range: ea r ly Cenomanian. 

Occurrence: l o c a l i t y A - 1 . 

Palaeo-environments: shallow to middle ne r i t i c . 

Family EPISIOHAKIIDAE Hcfker , 1954 

Subfamüy NDTTALLimNAE Saidova, 1981 

Genus NOTTALLINELLA BelEord, 1959 

Type ^ c i e s : Nut ta l l ina corcxiula Belford, 1958 

NuttaTtiiTpnn f lQcealis (White) 

(EL15 , Figs 12-14) 

Gyrcdxüna floreaüs White, 1928b, p . 293, p L 40, f i g . 3. 

PulvinuUnel la? floreaüs (White). Cushman, 1946, p.144-145, pL 59, f igs 11-12. 

Gyrcddina floreaüs White. TruJIlo, 1960, p . 331, p L 48, f i g . l a - c . 

Hut taUine l la floreaüs (White). HanzHková, 1972, p. 88, p L 21, fígs 4 - 5 . 

Nuttallineüa floreaüs (White). S l i t e r , 1977b, pO. 6, figs 2 -3 . 

NuttaHineüa floreaüs (White). Nycng & Olsson, 1984, píL 7, figs 10 -11 . 
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Remarks: Spedmens of NuttaTiinpTia floreali!^ have a large (c. 98C^um i n 

maximum diameter) , plano/concavo-convex, trocho^àral test , wi th high convex 

vent ra l side and f la t tened to s l ighay concave dorsa l side; equator ia l per iphery 

carinate, wi th fccoad pcareles keel ; 7 chambers i n the l a s t whorl , increasing 

gradually i n s i ze ; sutures dis t inct , f l u ^ , r a d i a l i n the v e n t r a l side; aperture 

in ter iomarginal , an élongate a l i t on tìie umbUical s ide. 

Range: l a t e COTiiadan-Santcxiian to Maastoichtian. 

Occurrence: wélls 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-environments: upper to lower bathyaL 

HufrtaTtinpîla t exana (Cushman) 

(PL 15, Figs 15-19) 

Pulvinul inel la texana Cushman, 1938a, p . 49, p L 8, f i g . 8. 

PulvinulineHa texana Cushman. C u ^ m a n , 1946, p . 143-144, p L 59, figs 3-9 . 

HuttaUineUa texana (Cushman). Hanzlikovà, 1972, p . 88, p L 21, figs 2 - 3 . 

Remarks: Spedmens of NuttaPineUa texana are character ised by their 

asymmetricaUy biconvex, low t rochospira l t es t (varying from c. 260jttm to 

SlOfim i n maximum diametier), with the ven t r a l side more convex than the 

dorsa l one; equa tor ia l per i fhery car inate; 8 chambers i n the l a s t whorL 

increasing ra ther gradually i n size; sutures d is t inc t , r ad i a l to s l igh t ly curved 

on the v e n t r a l s ide and strongly obUque on the dorsa l v i ew; surface smooth. 

Range: l a t e San to i i an to Maastr icht ian. 

Occurrence: weHs 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 3 , l - S E S - 2 4 . 

Palaeo-environments: upper to lower bathyaL 

Superfamily NONEOHACEA 

Schul tze , 1854 

Family NOIDDNIDAE Schul tze , 1854 

Subfamily NOIQDNINAE Schul tze , 1854 

Genus NONTONEIJLA C u ^ m a n , 1926 

Type ^ j e d e s : Nçyiionella miocenica Cushman 
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Homqpélla austìnana C u ^ m a n 

(PL 15, Figs 20-21) 

HonJOTiella austdnana C u ^ m a n , 1933b, p. 57, p L 7, f i g . 2a -c . 

Non ime l l a ausünana Cudiman, Cushman, 1946, p. lÛO, p L 43, figs 18-20. 

Nonionella leonardosi Pétri, 1962, p . 87, pL 10, f i g . l O a - c (not f i g . l l a - c , 

probably N . c ie taœa Cushman, 1931). 

NoniMiel la austinana Cushman. Hanzllkovà, 1972, 124, çL 36, fig, 3a-b. 

Remarks: Ncmone l l a austinana mocphotypes have a sraaU, somewhat 

compressed, low t rochosp i ra l t es t (c. 260;im i n maximum diameter); equator ia l 

periphery rounded; do r sa l side par r ia l ly evolute around an umbonal toss; 

umtdl ical side involute ; 6 s l ight ly inf la ted chambers, broad and l o w , i n the 

las t whorL increas ing rapidLy i n s i ze ; l a s t chamber asymraetricalLy protruded 

towards the v e n t r a l side; sutures dist inct , curved, depressed; surface smooth; 

^ïerture a smaU in te r iomarg ina l and nearly equator ia l a rch . 

Range: l a t e Campanian to Maastrichtian. 

Occurrence: l o c a l i t y ft.-19, weHs 1 - C A - l - S E , l - S E S - 3 . 

Palaeo-envirOTiments: upper to middle bathyaL 

Honjonella ^ c£. N. aisünana Cushman 

(PL 15, Figs 22-24) 

c f . Ncmionella austinana Cushman, 1933b, p. 57, p L 7, f i g . 2a-c . 

Remarks: Spedmens referred to NonicffieHa sp. c f . N . austinana_ are 

dis tdngui^ed by having a minute (c. 180-200fim i n maximum diameter), 

compressed, low t r o c h o ^ i r a l test; equatorial periphery narrowly roanded; 6 to 

7 chambees i n the l a s t whorl , increasing rap id ly i n si^e; sutures s l ight ly 

curved and depressed. I h e ^>edmens are rare and very recrysta l ised, which 

hinders a precise taxonomic évaluation of the ^ j e d e s . 

Range: ea r ly to e a r l y - l a t e Turcïiian. 

Occurrence: l o c a l i t i e s A - 7 , A - 2 9 . 

Palaeo-environments: middle to deep n e r i t i c 
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Subfamily PDUJEHUNAE Schwager, 1877 

Genus POUETOA Parker & Jones, 1862 

Type ^>ecdes: Nonionina bi i in jdes d'Orbigny, 1846 

P i i l t o n a c re tacea C u ^ m a n 

(PL 15, Figs 25-26) 

Pul lenia c re tacea C u ^ m a n , 1936e, p . 75, p L 13, f i g . 8a-b . 

u 
c re tacea Cushman. Cushman & Hedberg, 1941, p. 98, p L 23, 

o. 
Pullenia c re tacea Cushman. Cushman, 1946, p L 60, f i g . 9a-b . 

Pi.illpnia n-ptacea C u ^ m a n . SUter, 1968, p . 115, piL .21, f i g . 2a-b. 

Pullpnifl c re tacea Cushman. Hanzllkovà, 1972, p.125, f iL36, f ig .5a-b . 
P i l l i Ani a cre tacea C u ^ m a n . OlsFon, 1977, p L 2, f i g . C . 
P u n i r v i a cre tacea Cushman. S l i t e r , 1977, p L 8, figs 6 -7 . 

Remarks: PuSenia cre tacea morphotypes are character ised by having a 

glcAxjlar, s l igh t ly compressed, involute , p l a n i ^ i r a l t es t (c. 350;um i n maximum 

diameter), c i r c u l a r i n outline; equator ia l per iphery t r o a d l y rounded; 4 to 5 

raoderately i nQa ted chambers i n the las t whorl ; sutures rad iaL flush to 

s l igh t ly depressed; surface smooth; aperture a low, wide in ter iomarginal 

c rescent ic s l i t . 

Range: l a t e Campanian to Maastr icht ian. 

Occurrence: weHs 1 - S E S - l A , l - S E S - 2 4 . 

Palaeo-envircximents: LÇper to middle bathyaL 

PuDenia jarvisL Cushman 

(PL 15, Figs 27-28) 

PuUenia :^rvisL Cushman, 1936c, p . 77, çL 13, f i g . 6a-b . 

Pullenia :prviSL Cushman. Cushman, 1946, p . 147, pL 60, f i g . 15. 

Pullenia : p r v i s i Cushman- Sl i te r , 1968, p. 115-116, piL 21, fig. 3a-b. 

Remarks: Spedmens of Pul lenia :p rv i s i have a l a rge , subglobular, lobate , 

involute , p a a n i ^ i r a l tes t (c. 470jum i n maximum diameter), d r c u l a r i n outl ine; 

equator ia l per iphery t road ly rounded; 5 somewhat inf la ted i n "the las t whorl . 
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increasing rapidly i n s i ze ; satures d is t inc t , depressed; surface smooth. They 

dif fer from Pullenia c re tacea Cushman i n having a r e l a t i ve ly largec s ize , 

depressed sutures and a lobate equator ia l periphery. 

Range: l a t e Santonian to ea r ly Campanian. 

Occurrence: weU l - S E S - 3 . 

Palaeo-envircmments: middle to lower bathyaL 

Superfamily C H I L O S T Q H E U A C E A 

Brady, 1881 

Fami ly CHILOSIOHEUJDAE Qcaày, 1881 

Subfamily CHILOSTOHEEJJNAE Brady, 1881 

Genus ALLOHORPHINA Reuss, 1849 

Type ^jecdes: AHomorEhina trigona Reuss, 1850 

flilomcrphiiia ex gr. cretacea Reuss 
(PL 15, Figs 29-32) 

AUomorphina cre tacea Reuss, 1851, p . 42, p L 5, f i g . 6. 

AUomorphina velascoensis Cushman. C u ^ m a n & Hedberg, 1941, p . 98, pU 23, 

f i g . 15. 

AUomorphina c re tacea Reuss. S l i t e r , 1968, p.113, p L 20, fig. 4a -c . 

AUomorphina c re tacea Reuss. Hanzllkovà, 1972, p. 123, p L 35, f i g . 19a-b. 

Remarks: AUomorphina ex gr. cretacea morphotypes have a large , 

involute , frocho^iral t es t (c. 570-620/im i n maximum length), subtriangular i n 

outline and c i rcu la r i n cross sect ion; periphery t road ly rounded; 3 sfrongly 

enveloping chambers i n the l a s t whorl , increasing rap id ly i n s ize; sutures 

slightLy depressed; surface smooth; aperture an élongate a l i t , wi th a p rqpc t ing 

bordering r im. 

Range: la te Coniacian-Santonian to Maatrichfcian. 

Occurrence: weUs 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 

Palaeo-envircxi menta; upper to middle bathyaL 

- 171 -



Family QDADRDfORPHINIDAE Saidova, 1981 

Genus QOADRIMORPHINA Fir i lay, 1939 

Type species : Va lvu l ina aHomorphinoides Reuss, 1860 

QiuiHriTnoi'fililla ex g r . aiIlom<xpiiir"iffc^ (Reuss) 

(RL 15, Figs 33-35) 

Valvul ina aHomorphinoides Reuss, 1860, 223, p L 11, Eig. 6a -c . 

Valvul iner ia aHomorphinoides (Reuss). Cushman & Hedberg, 1941, p. 96-97, pU 

23, f i g . 9a-c . 

Valvul iner ia allomorphinoides (Reuss). C u ^ m a n , 1946, p.138, p L 57, figs 5-7. 

QuadrimorgAiina allomorg^ìinoides (Reuss). TrujLUo, 1960, p . 330-331, p L 47, f i g . 

15a-c . 

Quadrimorphina aHomorphinoides (Reuss). Sl i ter , 1968, p . 114, p L 20, f i g . 7a-c . 

Quadrimorgdùna aHomorphinoides (Reuss). Hanzllkovà, 1972, p. 123, p L 35, fig. 

16a-b. 

Valvul iner ia a l lo morphinoides (Reuss). Beckmann, 1978, p.769, p L 2, figs 25-27. 

Quadrimorphina aHomorphinoiJes (Reuss). DaHey, 1983, p L 4, f ig .9 . 

Remarks: Spedmens of Quadrimorphina ex gr. àllomorphinoiies are 

distinguished by having a large , tàconvex, low t r o c h o ^ i r a l t es t (e. 370-

500^m i n maximum length) , o v a i i n outline; equator ia l per iphery rounded; 3 to 

6 s l i ^ t l y elongate chambers i n the l a s t whorl ; sutures s l ight ly depressed; 

surface smooth; aperture an in te r iomargina l -umbi l ica l low arch, covered by a 

large apertural flap. 

Range: l a t e Coniac ian to Maastrichtìan. 

Occurrence: weHs 1 - C A - l - S E , 1 - C R L - l - S E , 1 - S E S - l A , l - ^ S - 3 , l - S E S - 9 . 

Palaeo-envirCTiments: deep ner i t ic to middle bathyaL 

FamiLy ANOMAIJNnDAE Cushman, 1927 

Subfamily ANOHALINIHAB Cushman, 1927 
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Genus AHOHALDiGXDBS Brotzen, 1942 

Type species: Anomatiiioijjes plummerae Bcotzen , 1942 

AnomaBnaides sp. A 

(PL 16, Figs 1-2) 

Remarks: Anomalinoi<3es sp. \ morphotypes are character ised by having a 

moderately large, somewhat compressed, nearly symmetr ica l ly biconvex, low 

t rochospi ra l tes t (c. 360-520/im i n maximum length), loba te i n outl ine; dorsa l 

side pa r t i a l ly evolute; equa to r ia l per i jhery ra r rowly rounded; 5 to 6 somewhat 

inf la ted chambers i n tJie l a s t whorl , increasing rap id ly i n s ize ; sutures 

dis t inct , s u b t l y depressed, r a d i a l on the umbi l ica l s ide, curved to ohHque on 

the dorsa l side; surface smooth. The specimens recovered are a l l recrys ta l ised, 

which makes difEicul t a precise taxonomic assessment of the ^secies. 

Range: early Cenomanian. 

Occurrence: l o c a l i i y A - 1 . 

Palaeo-envirOTiments: f a l l o w to middle n e r i t i c 

subfamily GYRCSmNOmiNAE Saiäova, 1981 

Genus GYROIDINA d'Orhigny, 1826 

Type specdes: Gyroidina orbicularis d'Orbigny, 1826 

Gycotdina NTfwJH White 

(PL 16, Figs 3-7) 

Gyrcddina beisseli White, 1928b, p. 291, pL 39, f i g . 7. 

Gyrcddina beisseU White. Beckmann, 1978, p. 3, f igs 29-30. 

Gyroidinoides beissel i (White). Daüey, 1983, pL 6, figs 5-6, 9. 

Remarks: Specimens of Gyroidina beisspli are charac ter i sed by having a 

plano-convex, low t r o c h o ^ i r a l tes t (varying from c 230/im to 360/im i n 

maximum diameter); do r sa l side flattened i n the l a s t w h o r l wi th a very low 

cen t ra l cone; sutures d i s t inc t , flush to s l ight ly depressed, somewhat curved on 

the ven t r a l side and s t rongly curved backwards on the dorsa l side; aperture a 

low inter iomarginal s l i t , extending nearly to the per iphery and about ha l f way 

to the umbüicu^ surface smooth. 
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Range: la te Coniacdan to Méiastrichtian. 

Occurrence: wel l s 1 - S E S - l A , l - S E S - 9 , l - S E S - 3 . 

Palaeo-environments: upper to middle bathyal-

G y r o i a n a megastoma (Grzybowski) 

(PL 16, Figs 3-9) 

PulvinnTina megastoma Grzybowski , 1396, p. 302, piL 11, Êig. 9. 

Gyroidina megastoma (Grzybowski). Hanzlikovà, 1972, p . 126, pL 37, f i g . l a - c 

Remarks: Spedmens of Gyroidina megastoma have a moderately large , 

pûano-eonvex, low t rochoepi ra l tes t (c. 3 9 0 ^ i n maximum diameter); dorsa l 

side somewhat concave i n the l a s t w h c t l with s l igh t ly convex cen t r a l cone; 

v e n t r a l side strcxigly convex; equator ia l periphery narrowly rounded; sutures 

dis t inc t , sUghtly depressed, oblique i n the dorsa l side; surface smooth. 

Range: l a t e Maastr icht ian-

Occurrence: weU 1 - S E S - l A (careoccurrence). 

Palaeo-environments: upper to middle bathyaL 

Gyraidipa sp, A 

(RL 16, Figs 10-11) 

Remarks: Morphotypes referred to Gyroidina sp. A tiave a moderately 

l a rge , pilano-convex, low trochœpiral test (varying from c 440/290^m to 

520/400nm i n maximum diameter/bceadth ratio), d r c u l a r i n outline; dorsa l side 

f la t tened to somewhat concave i n the las t whor l with s l igh t convex cen t r a l 

cone; ven t ra l side strcmgly convex; equator ia l per iphery sharply rounded; 6 to 

7 chambers i n the l a s t whorl , increasing gradually i n s ize ; sutures indis t inct 

frinder the S.E.M.), fljigh; smooth surface. The ^ c i m e n s are somewhat similar 

to Gyroidina bandyi cr tu j l lo , p . 332-333, pO. 48, f igs 7a-c) , but differ i n their 

more asymmetrical , pûano-convex t:est morphology. 

Range: l a t e Coniadan-Santionian to Campianian. 

Occurrence: wel ls 1 - S E S - l A , l - S E S - 9 t a r e occurrence) . 

Palaeo-environments: upper to middle bathyaL 

Genus GYROmiNaiDES Brotzen, 1942 

Type spedes : Rotalinjg nitjda Reuss, 1344 
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Gyraidi i ia ides ex g r . g lo tesa (Hagenow) 

{PL. 16, Figs 12-13) 

Nonionina globosa Hagenow, 1842, p. 574 (Öde Cushman, 1946, p. 140). 

Gyroidina globosa (Hagenow). C u ^ i n a n , 1946, p. 140, p L 58, f ig .7a-c (not Êigs 

6, 8) 

Gyroidinoides globosa (Hagenow). HoEker, 1957, p.395, t e x t - f i g . 441. 

Valvul iner ia cxespinae Ludbrook. Haig, 1982, p . 57, piL 11, figs 18-20, p L 12, 

f i g . 23 

Gyrcòdinoides globosus (Hagenow). Dajley, 1983, p L 7, f igs 7 -8 . 

Remarks: Gyroidinoides ex gr. globosa morphotypes are distinguished by 

having a globular, t r o c h o ^ i r a l t es t (varying ñrom c 240/200jum to 380/300fim 

i n maximum dlameter / tceadth rat io); dorsa l side moderately convex, rounded; 

equator ia l periphery t r o a d l y rounded, with not c l ea r ly delineated pe r i fhe ra l 

Shoulder; aperture a low in te r iomarg ina l s l i t extending from the periphery to 

the umhilicus; surface smooth. This i s a long ranging ^ ^ d e s - g r o u p . 

Range: la te Ap t i an to Alb i an , l a t e Coniacian to Maastr icht ian. 

Occurrence: weHs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L - l - S E , 1 - U S - l - S E , 1-

S E S - I A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-environments: deep ne r i t i c to upper ba thya l (late Apt i an -Alh ian 

bLotopes), upper to middle ba thya l (late Con iadan-Maas t r i ch t i an biotopes). 

GyrcddinoádeB Ine t te r le i O^apE^an) 

(EL 16, Figs 19-23) 

Gyroidina l o e t t e r l e i Tappan, 1940, p. 120-121, p L 10, f i g . l O a - c . 

Remarks: Gyroidinoides l o e t t e r l a . morphotypes are distinguished by their 

small , subglDbular, somewhat lobate , low t rochosp i ra l tes t (varying from c . 

220/170^m to 230/180^m i n maximum dìameter/treadth rat io) , subdrcu la r i n 

outline; equatcarial per iphery broadly rounded; do r sa l side raoderately convex; 

ven t ra l side somewhat depressed around the umbolical f lap; 5 to 6 chambers 

i n the l a s t whor l , increasing gradually i n s i ze , l a s t chamber in f la ted with 

umbi l ica l flap cover ing the aperture and umbuicus; sutures d is t inc t , s l ight iy 

depressed; surface smooth. The spedmens d i f fe r from Gyoidinoides ex gr . 

ni t ida (Reuss) by having a d i s t inc t ly inf la ted l a s t chamber, depressed vent ra l 

side and larger umtdl ica l f l ap . 
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Range: Campanian to Maastr icht ian. 

Occurrence: weDs 1 - S E S - l A , l - S E S - 3 . 

Palaeo-environments: upper to middle bathyaL 

Gyrcädiiicndes ex gr . n i t i d a (Reuss) 

(PL 16, Figs 24-27) 

Rotalina mtix3a Reuss, 1845, p. 35, pL 8, f i g . 52, p L 12, f igs 8, 20. 

Gyroidina globosa (Hagenow). Cushman & Hedberg, 1941, p. 97, p L 23, f i g . 

1 4 a - c 

Gyroidina globosa (Hagenow). C u ^ m a n , 1946, p.140, p L 58, f i g . 8a -c (not figs 

6-7). 

Gyroidinoides n i t ida (Reuss), Hofker, 1957, p . 393-395, tex t -Eigs 437-440. 

Gyroidinoides p r i m i t i v a Hofker, 1957, p . 393, t e x t - f i g . 436. 

Gyroidina n i t ida (Reuss). TruyHo, 1960, p. 331-332, p L 48, f i g . 2a-c . 

Gyroidinoides ni t idus (Reuss), S l i t e r , 1968, p . 121, p L 22, f ig .7a -c . 

Gyroidinoides ni t idus (Reuss). Hanzllkovà, 1972, p. 129, p L 37, fig. 99a-c. 

Valvul iner ia angulata Magniez-Jannin, 1975, p, 243-245, p L 16, f igs 23-28. 

Valvul iner ia /GyrcddinoideV praestans Magniez-Jannin, 1975, p. 244-246, p L 16, 

figs 32-44. 

Valvul iner ia parva Khan f. d i l a ta ta MagniezKlannin, 1975, p. 241, pL 16, f igs 

14-17. 

Gyroidinoides ni t idus (Reuœ). SUter , 1977b, piL 12, figs 7 -8 . 

Gyroidinoides ni t idus (Reuss). Daüey, 1983, piL 7, f igs 10-12. 

Remarks: There i s considérable morphologlcal var ia t ion i n tìiis long 

ranging ^ d e s - g r o u p . Ihe raorphotypes are d i s t i n g u i ^ e d by having a 

subglobular, low t r o c h o ^ i r a l t es t (varying from c. 240/190^m t o 360/260^m In 

maximum diameter / tceadth rat io) , c i rcu lar i n o i t l l n e ; dorsa l side f lat tened to 

süghüy concave i n the l a s t whor l wibh some spedmens showing a c e n t r a l 

cone of var iable height; ven t ra l side strongly convex; equator ia l perip*iery 

rounded forming a d i s t i nc t narrowly rounded Shoulder wi th t i ie dorsal side; 6 

to 7 Chambers i n the l a s t whorl , increasing graduaHy i n s i ze , somewhat 

inQated on the v e n t r a l side; umbdlicus open, narrow; sutures d is t inc t , s l igh t iy 

curved and depressed on dorsal side, nearly r a d i a i and sUghtiy depressed on 

ven t ra l side; surface smooth. The ^ d m e n s differ from Gyroidinoides ex gr . 

globosa morphotypes i n their f la t tened to s l igh t iy convex dorsa l side and 
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dis t inc t perijíieral shcxibdet. TSiere are, however, s eve ra l t ransi t iDnal ^ lecimens 

(e.g., PL 16, Figs 14-16) and the morphotypes may actuaUy represent 

i n t r a ^ ) e d f i c pclymorphism of a common ances t ra l taxon. 

Range: l a t e Apt ian to ear ly Cenomanian, l a t e Coniac ian to Maastr icht ian. 

Occurrence: weDs 1 - C A - l - S E , 1 - C N - l - S B , 1 - C R L - l - S E , 1 -U5-1-SE, 1-SES-

l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-envircaiments: deep ner i t ic to Upper ba thya l (late Aptían-earLy 

Cenomanian biotopes), uf^Jer to middle ba thya l (late Coniac ian-Maas t r ich t ian 

hLotopes. 

Gycoädincrides nonjonoides (Bandy) 

(PL 16, Figs 28-33) 

Valvul iner ia c f . V . umbi l ica ta (d'Orbigny). Cushman, 1946, p. 139, pQ. 57, 

fig. 9a-c (not f igs 10-12). 

Valvul iner ia nonicmoides Bandy, 1951, p. 504, p L 74, fig. 5. 

Gyroidina noniCTioides (Bandy). SUter, 1968, p . 117-118, p L 21, fig. 6 a - c 

Gyroidinoides sp. indet . , Beckmann, 1978, p. 767, pL 4, f igs 30-32. 

Remarks: Spécimens of Gyrcddinoijjes nonioncAdes are c i iaracter ised by 

the i r nearly biconvex, low t r o c h o ^ i r a l test (varying from c . 220^m to 400^m 

i n maximum diameter) , wi th f lat tened dorsal side; equa to r ia l periphery t road ly 

rounded; 7 to 9 Chambers i n the l a s t whorL increasing graduaUy i n s ize and 

becoming d i s t i n c t l y in f la ted i n the l a s t csies; sutures d is t inc t , depressed, 

r a d i a l and s l i ^ t l y depressed; aperture an extraumbüical-umbilical 

inter iomarginal sUt ; surface smooth. 

Range: l a t e Campanian to ear ly Maastr ichtian-

Occurrence: weUs 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , 1 - C R L - l - S E . 

Palaeo-environments; Upper to middle bathyaL 

Gyroifflnoàdes quadrata (Cushman & Church) 

(PL 17, Figs 1-5) 

GyroifMna quadrata Cushman & Church, 1929, p.516, p L 4 1 , figs 7-9 . 

Gyrcddinoides quadratus (Cushman & Church). SUter , 1968, p . 121, pL 22, f i g . 

8a-c . 

Gyroidinoides quadratus (Cushman & Church). SUter , 1977b, p L 11, figs 4 -5 , 7. 

Gyroidina (^adra ta Cushman & Church. Beckmann, 1978, p.767, p L 4 , fig. 6. 

Gyroidinoides quadratus (Cushman & Church). Daüey, 1983, pL 3, figs 2-4. 
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Remarks Spedmens of Gyr'des quadcata are character ised by having a 

concavo-convex, t rocho^r i r a l tes t (varying from c. 300/im to 420^m i n 

maximum diameter) , d r c u l a r i n outline; equa tor ia l periphery subacute; ven f r a l 

side sfrongly convex; dorsal side concare i n the l a s t whorl , with the f i r s t 

whcarls fcrming a c e n t r a l cone; 5 to 6 chambers i n the l a s t whorl , increasing 

gradually i n s i ze , somewhat inf la ted on the venf ra l side; sutures d i s t inc t , 

rad ia l , flu^ t o s l igh t ly dep resed ; surface smooth. 

Range: l a t e Ccxùadan to Maasb ich t i an . 

Occurrence: weHs 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Pa laeo-envi ronments upper to middle- lower bathyaL 

Family GLOBOROTALEnDAE Loeb l i ch & Tappan, 1984 

Genus GLOBOROTALQES Brotzen, 1942 

Type spedes : Globorotal ia mult isepta Brotzen, 1936 

GlobarotalibeB eJkCTas Kent 

(PL 17, Figs 6-10) 

Globorotal i tes elkensis Kent, 1967, p . 1451, p L 184, figs 5-6. 

Remarks GlobJorot-qlitf^ elkensis morphotypes are d i s t i n g u i ^ e d by having 

a moderately smal l , plano-convex, low frocho^iral tes t (c. 250-330^m i n 

maximum diameter) , subdrcu la r i n outl ine; dorsa l side f la t tened to s l igh t ly 

concave; v e n f r a l . side moderately convex; 8 chambers i n the las t whorl , 

increasing gradual ly i n s ize , the l a s t anes somewhat inf la ted; umbilicus broad 

and shallow; sutures dis t inct , sUghtly curved and depressed on the umbi l i ca l 

side, curved and fkish to s l ight iy d e p r e s e d on the dorsa l side; surface 

smooth, more coarsely perfocate on the venf ra l s ide, dorsa l side wi th only 

few sca t te red pores. 

Range: l a t e Ccxùadan. 

Occurrence: wéU 1 - C R L - l - S E . 

Palaeo-envirOTîments deep neri t ic to uppec bathyaL 
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GtoborotcQites ex gr. Tiwr*x>Hntafia (d'Orblgn^ 

(PL 17, Figs 11-17) 

Rot-qiirw michelinLana d 'Ortigny, 1840, p. 31, p L 3, figs 1-3. 

Globorotialia michelimana (d'OrbLgny). Cuáiman, 1946, p. 152, pL 63, figs 2-3. 

Globorotalites michoiíníana (d'Orbigny). ten Dam & Magné, 1948, p. 223-224, 

f i g . 8a-c . 

G loborotali tes sp, 3, t en Dam & Magné, 1948, p . 226-227. 

Globorotalites michelinianus (d'Orhign^. Hofker, 1957, p . 405-408, text- f igs 

460-466. 

Globorotalites michelinianus (d'Orbigny). SUter, 1968, p.119, pL 22, f i g . l a - c . 

Globorot^^i^tes michpiínianus (d'Orbigny). Hanzllkovà, 1972, p . 128, piL 37, figs 

7-8. 

Globorotalites mich^iiniana {d'Orbigny). Hart e t a L , 1981, p. 200, piL 7.14, figs 

1-2. 

Globorotalites micheliniana (d'Orbàgn^. Hart ^ a L , 1989, p. 342, piL 7.14, figs 

1-2. 

Remarks: Globorotal i tes ex gr. roicheUniana morpAiotypes are characterised 

by having a pJano-convex, low trochoepiral test , c i rcular i n outline and 

variable i n s ize (varying feom c . 240/140/4m to 500/270pm i n maximum 

diameterAreadth rat io); f lattened dorsal side and strcxigly convex vent ra l 

side; equatorial p e r ^ e r y acute, carínate; 6 to 7 chambers i n t l ie l a s t whorL 

increasing gradually in s ize ; low and s l i t l ike in ter iomarginal ^>erture, at base 

c f the last diamber, about midway between the umtdlicus and p)erip*iery; 

surface smooth. This is a long ranging ^>ecies-group. 

Range: ear ly to middle Altaian, l a t e ConiacLan to MaastrLchtdan. 

Occurence: wells 1 - C A - l - S E , 1 - C R L - l - S E , 1 - U S - l - ^ , 1 - S E S - l A , l - a i S -

3, l - S E S - 9 . 

Palaeo-environments: deep ner i t ic to upp)er bathyal (early-middle Altaian), 

upper to middle bathyal (late Coniacian-Maastr icht ian hdotcces). 

GkAxxotai l i tEs mwTtP*PT*a (Brotzen) 

(PL 17, Figs 18-23) 

GLoborotaUa multisepta Brotzen, 1936, p. 161, pL 11, f igs 6-7, tex t - f igs 59-

61. 

- 179 -



GQoborcri-qiitqs mult isepta {Brotzen). ten Dam & Hagné, 1948, p . 224-225, fígs 

1-3. 

Globorotal i tes mulüseptus (Brotzen). Hofker, 1957, p . 408-410, t ex t - f igs 467-

469. 

GloborotalLtes multiseptus (Brotzen), HanzUková, 1972, p. 128, p L 37, f igs 4 -5 . 

Remarks; Spécimens oE GloborotalLtes mnHHsepta are character ised by 

having a moderately smaU, plano-convex, tow trocho^ñral tes t (c, 2 2 0 - 3 3 0 ^ 

i n maximum diameter) , c i rcu la r i n outhne; do r sa l side f lat tened on the l a s t 

whorl wi t i i s l igh t ly convex cen t r a l cone; v e n t r a l side moderately convex; 

equatcr ia l per iphery subacute to carinate; 3 t o 9 chambers i n the l a s t whorl , 

increasing s lowly i n sLze; umbUicus narrow; sutures somewhat indis t inc t on the 

ven t ra l s ide, obUque to curved and slLghtLy depressed on the dorsal side; 

surface smooth. Ttie ^¡ecimens are somewhat simüar t o Globorotal i tes 

umbülicata (Loetterle) - (cf. ten Dam & Magné, 1948, p. 225-226, fígs 6-7), 

but differ i n having a narrow umbüicus and s l igh t ly convex dorsa l side, rather 

than concave. 

Range; l a t e Coniac ian . 

Occurrence; weU l - C R L - l - S E (rare occurrence) . 

Palaeo-environments: upper bathyaL 

GJotoacotailitEs sp. c f . G. müBJgepta (Brotzen) 

(PL 17, Figs 24-26) 

c f . Globorotal ia muUisepta Brotzen , 1936, p. 161, p L 11, f igs 6-7, text-fígs 

59-61. 

Remarks; Spécimens assigned to Glnhlorota l i tes sp. cf . G. multisepta have 

a large, pQano-convex, low t rochospi ra l t es t (c, 37Û-520/im i n maximum 

diameter), subci rcular i n outl ine; dorsa l side sUghtly convex; equa tcc ia l 

periphery carínate; 9 chambers i n the l a s t whorl , increasing graduaHy i n s i ze ; 

umbüicus narrow and deep; sutures d is t inc t , r a d i a l to curved i n the ven t r a l 

sLde, s t rongly curved on Ü\e dorsal side; surface smooth. The morphotypes 

differ from Glofaorot.a1ites multisepta (Brotzen) i n their larger tes t s ize , more 

convex v e n t r a l s ide , car inate equator ia l periphery and more curved sutures on 

the dorsal s ide. 
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Range: la te Ap t i an to mií3dLe A l t i a n . 

Occurrence: w e l l 1 - U S - l - S E (tare occurrence). 

Palaeo-environments: deep ner i t i c to upper ba thyal . 

Globcrotalifces apinea (Cushman) 

(RL 17, Figs 27-31) 

Truncatiiiína ^?inea Cushman, 1926a, p . 22, pU 2, f i g . l O a - c . 

Epcxiides? ^ a n e a (Cushman), Cushman, 1946, p. 142, p L 57, fig, 16 

Globorotal i tes ^ i n e u s (Cuáiman), SUter, 1968, p . 119-120, pd. 22, fig. 4a-c . 

GLoborotaUtes spineus (Cushman). SUter, 1977b, p L 11, fig. 8. 

GloborotaUtes spineus (Cushman). Beckmann, 1978, p . 766, p L 4, figs 21, 27. 

Remarks: Specimens o f Globlorotal i tes spinea have a mocierately smal l , 

püano-convex, low t rochosp i ra l t es t (c. 240-340^m i n máximum diameter); 

equator ia l per i fhery acute, with short ^ i n e s a t each suture; dorsa l side fíat 

to somewhat concave , some ^ á m e n s with s l igh t ly convex c e n t r a l cone; 

ven t r a l side moderately to sbrongly convex; about 6 chambers i n the l a s t 

whorl , increasing graduaUy i n s ize ; sutures d is t inc t , f lush to álighUy depressed 

on the ven t ra l side; surface smooth, fínely perfórate. 

Range: l a t e Coniac ian t o ear ly Santonian. 

Occurrence: weOls 1 - C R L - l - S E , l - S E S - 3 , l - S E S - 9 . 

Palaeo-environments: upper to middle bathyaL 

Globorotalites suboonica (Morrow) 

(EL 17, Figs 32-36) 

Globorotal ia subconica Morrow, 1934, p. 200, p L 30, figs 10-11. 

Globorotal ia subconica Mcrrow. Cushman, 1946, p. 153, p L 63, f i g . 4a-c . 

GloborotaUtes subconica (Morrow). ten Dam & Magné, 1948, p. 225, figs 4 -5 . 

Globorotal i tes subconicus (Morrow). Hofker, 1957, p . 404-405, t ex t - f igs 456-

459. 

Remarks: Globlorota l i tes subconica morí^iotypes have a smaU, p lano-

convex, subconicaL low t r o c h o ^ i r a l tes t (c. 230-240^m i n máximum diameter), 

c i rcu la r i n out l ine ; dorsa l side s l ight ly convex or f la t tened; equator ia l 

periphery subacute; umbüicus moderately narrow and deep; 6 chambers i n the 

l a s t whorl , increasing- graduaUy i n s ize; sutures d is t inc t , ñush to sUghtly 

depressed, curved; surface smooth. 
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Range: Campanìan. 

Occurrence: wéHs 1 - C A - l - S E , l - S E S - 3 . 

Paiaeo-environments: ugpec to middle bathyaU 

Fami ly OSANGDLARUDAE Loetflich & Tappan, 1964 

Genus OSANGDLARIA Bro tzen , 1940 

Type ^ c i e s ; Osangi Ilaria lens Brotzen , 1940. 

Qsanqularia cordier iana (d'Orbigny) 

(PL 18, Figs 1-3) 

Rotalina cordier iana d'Orhigny, 1840, p. 33, p L 3, figs 9-11 . 

Osangularia cordier iana (d'Orbigny)- Hofker, 1957, p . 389, t ex t - f ig - 433a-g. 

Osangularia cordier iana (d'Orbigny). SUter , 1968, p . 118-119, pL 21, fig. 9a -c . 

Osangi Ilaria cordier iana (d'Orbigny). Hanzllková, 1972, p. 127, pL 36, fig. 1 2 a -

c . 

Osangi Ilaria cord ier iana (d'Orbigny). S l i te r , 1977b, p L 9, figs 1-3,6. 

Osangularia cordier iana (d'Orbigny). Hart e t 1981, p . 212, p L 7.20, figs 4 -

6. 

Osangularia cordier iana (d'Orbigny). DaÜey, 1983, p L 6, figs 4,7-8. 

Osangularia cord ier iana (d'Orbigny). Hart e t 1989, p . 354, p L 7.20, figs 4 -

6. 

Remarks: Spedmens of Osangularia cordier iana bave a smal l , somewhat 

len t icu la r , asymmetricalLy biconvex, t rochosp i ra l tes t (c. 230-250jum i n 

maximum diameter) , wi th a more convex v e n t r a l side; equator ia l perif*iery 

carínate; chambers increasing gradually i n s i ze ; sutures dis t inct , depressed; 

surface smooth; aperture a narrow s l i t in te r io marginai and a t an acute angle 

t o Üie base o f the l a s t chamber. The morpáiotypes differ from Osangi i l a r i a 

whi te i (Brotzen) i n having an asymmetrical ly biconvex tes t and somewhat 

sigmoid periphery (cf. Hart e t 1989, p . 354). 

Range: l a t e C o n i a d a n to Maastrichtian-

Occurrence: wéU 1 - C R L - l - S E , 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Paiaeo-environments: upper to middle bathyaL 
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Osangiilaria nagarroana (Cu^man) 
(EL 18, Figs 4-6) 

PulvinulinaÜa navarroana Cushman, 1938b, p. 66, p L 11, fig. 5. 

Pulvinulinel la navarroana Cushman. Cushman, 1946, p . 144, pL 60, fig. l a - c . 

Qsangularia navarroana (Cushman). Har t e t a L , 1981, p. 212, pL 7.20, figs 7 -

8. 

Osanqularia navarfoana (Cudiman). Hart e t 1989, p . 354, p L 7.20, figs 7 -

8. 

Remarks: The ^ c i e s has a la rge , biconvex, t rochoepiral t es t (c. 530-

570;im i n máximum diameter); equa tor ia l periphery carínate; 8 to 10 chambers 

i n the l a s t whrarl, increasing s lowly i n s ize ; sutures d is t inc t , nearly r ad i a l on 

the ven t ra l side and strongly oblique on tiie do r sa l v iew; s^jerture a narrow 

inter iomarginal s l i t extending up the face of the l a s t chamber on the ven t r a l 

side; surface smooth. I t differs &"om Osangniaria velascoensis (Cushman) i n 

having a larger t es t s i ze and smooth dorsal s ide , with flush sutures. 

Range: la te ConiacLan to ear ly Carapanian, 

Occurrence: wells 1 - C A - l - S E , 1 - C R L - l - S E , 1 - S E S - l A , l - S E S - 3 . 

Palaeo-environments: upper to middle bathyaL 

OsangulHria acAiIogibacfal (Reuss) 

(PL 18, Figs 7-11) 

Rota l ia schloenbachi Reuss, 1863, p . 84, pL 10, f i g . 5. 

Epcxiides utaturensis Sas t r i & Sastry, 1966, p . 292, p L 19, fig. 6a -c . 

Osangularia ca l i fo rn l ca Dal ley, 1970, p . 108-109, pQ- 13, figs 3-4. 

Osangularia utaturensis (Sastri & Sastry). Scheibnerová, 1974a, p . 714, pL 4, 

figs 27-28, p L 5, f igs 1-9, p L 11, f igs 4 -5 . 

Osangularia utaturensis (Sastri & Sastry). Gradstein, 1978, p . 676, pL 7, figs 

5-12. 

Osangularia schloenbachi (Reuss). Cri t tenden, 1983b, p . 42-43, p L figs 5.1-14, 

6.1-14, 7.1-10. 
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Remarks Osangularia sctJoenbachi morphotypes are character ised by 

having a moderately l a rge , compressed, b iconvex, low t r o c h o ^ d r a l tes t (c. 

36£>-400jum i n maximum diameter), c i rcu lar i n outl ine; equa tor ia l pecijíiery 

acute; 10 to 12 chambers i n the l a s t whorl , increasing s lowly i n s i ze ; sutures 

dis t inct , curved and ra ised; surface smooth, f ine ly perforate . The ear ly record 

of Osangiliaría s d i l o e n b a c h i i n the lower Altaian s t ra ta of Sergipe reca l l s 

previous repcr t s o f c o e v a l occurrences i n the Noröi A t l a n t i c and western 

Tethyan realms. For instance: qjecimens reported by Gradstain (1978) from 

the upper Apt ian-upper Altaian sediments of the Blake Nose, western North 

At l an t i c ; ^ d m e n s of Osangularia aff. t r o t z em. (Gandolfi) (morphotypes 

iden t i ca l wi th Osangularia schloenbachi; c f . Gradstein, op. c i t . , p . 676) 

described by MouHade (1966, p. 77-79) from the u f ^ r m o s t Apt ian-middle 

Altaian i n the "Fosse vocontienne" of southeast France; and ^ d m e n s reported 

by Cri t tenden (1983b) from the southern North Sea Basin. 

Range: ea r ly t o middle- la te Altaian. 

Occurrence: weHs 1 - S E S - l A , l - S E S - 3 (rare occurrence) . 

Palaeo-environment:: deep neritdc to upper bathyaL 

Osangulaiia velascoensis (Cushman) 

(PL 18, Figs 12-16) 

Truncatulina velascoensis Cushman, 1925, p. 20, p L 3, f i g . 2. 

Pulvinul inel la velascoensis (Cushman). Cushman, 1946, p . 145, p L 60, f i g . 3a-c . 

Osangularia velascoensis (Cuäiman). HanzUková, 1972, p . 127, pL 37, fL 6a -c . 

Remarks Specimens of Osangii iana v^^la^^coensis have a moderately large , 

l en t icu la r , near ly symmebdcaL biconvex, frocho^iral t e s t (c. 360-370^m i n 

maximum diametier), c i r cu la r i n outline; equator ia l per iphery car inate , with a 

very th in broad kee l ; 10 chambers i n the l a s t whorl , increasing s lowly i n s i ze ; 

sutures d is t inc t , ra ised and oblique on the dorsa l s ide, f lush to sUghtly 

depressed and somewhat curved on the venf ra l side; surface smooth, with 

raised and th ickened sutures cxi the dorsal v iew; ^ l e r t u r e an elongate narrow 

süt, a t an acute angle to the tjase of the l a s t chamtier face . 

Range: l a t e Santonian to MaastrichtLan. 

Occurrence: wel ls l - S E S - 3 , l - S E S - 9 

Palaeo-environments: upper t o middle t a t h y a L 
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Family GAVELINELUDAE HoEker, 1956 

Subfamily GAVELIHEUaNAE Hofker, 1956 

Remarks: Mcst o f the Cretaceous ^ e l f and upper to middle slope 

sedimenta from Sergipe conta in rare to abundant occurrences of ^lecimens 

of aeveral t axa o f gavel ineUids. Severa l c losed re la ted specimens show 

features of the genera Gavel ine l la , IJngulogavelineHa and Orithost-ATia ^ n s u 

Malapris, 1965; Malapcis-Bizouard, 1967; Michael , 1966; Eicher & WorsbsIU 

1970; and ScheitMierová, 1971b, 1974). 

Genus GAVEONEÜA Brotzen, 1942 

Type SpecLes: Discorbina pertusa Maisson, 1878. 

Remarks: Spedmens of Gavel inel la have a highly var iable morphcilDgy. 

•Uie morphotypes are character ised by having a biconvex to p lano/concavo-

convex, t r ocho^ r i r a l test; dorsa l side evolute , v e n t r a l side involute ; 

umbüicus par t iaUy closed by subtriangular Qaps p r q p c t i n g from umbüical 

margins of e a d i chamber, most ^)ecimens wibh a sma l l umbüical boss; 

dorsa l boss of var iable height may be present; aperture a low 

inter iomarginal a l i t extending from near periphery to the umbüicus. The 

most diagnostic charac te r i s t ics of the Gavel inpUa, which readüy 

d i s t i ngu i^es them brom the Lingulogavpiir^TJA forms, is an evolute dorsal 

sií3e, rather than p a r t i a l l y evcQute cr involute , and a d is t inc t umbüicate 

ven t r a l side with no umbüical boss. 

Gay**K"«*'na barre miaña Bet tenstaedt-Gav. S a n d d m 

MouUade plexus, emended 

(RL 18, Figs 17-20) 

GavRlinella barre miaña Bettenstaedt, 1952, p . 275-276, p L 2, figs 26-29. 

Gavelinel la barre miaña Bettenstaedt . MouUade, 1960, p . 137, p L 2, figs 6-8 

Gavel inel la Elandrini MouUade, 1960, p . 137-138, pL 2, figs 10-14. 
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Gavelínpna barre miaña Betbenstaedt. Plandrin, MouHade & Porthaiüt, 1961, p . 

220-221, p L 3, f igs 14-16. 

GavelineHa S a n d r i n i MouBade. Flandrin , MouUade & Porthaul t , 1961, p . 221, 

pL 3, figs 11-13. 

GavelineBa barre miaña Betbenstaedt. Malapr is -Bizouard, 1974, p . 13-19, p L 

1, f igs 6-10 

GavelineHa brielensis Malapr is-Bizouard, 1974, p . 19-21 , p L 1, figs 1 1 -

16. 

GaveHneHa barre miaña Bettenstaedt. Bartenstein & BcÜU, 1977, p. 558, pL 2, 

f i g . 38, pL 3, f igs 1-3. 

GaveÜneUa barre miaña Bettenstaedt. Gradstein, 1978, p, 674, p L 6, figs 14-

17. 

Gavelinel la barre miaña Bettenstaedt. Bartenstein & Kodatcheva, 1982, p . 

649, pL 4, figs 18-19. 

Remarks: i W s gavel ine l l id plexus i s dis t r ibuted wcrldwiae from the 

middle Barremian to Alh ian i n the cenf ra l Nor th A t l a n t i c - w e s t e m Tethyan 

and Bcareal realms (e.g., Bartenstein & Kodatcheva, 1982; Flandrin e t 

1961). The morphotypes are moderately small , f la t tened, nearly biconvex to 

s l ight ly p iano/concavo-convex, nearly planispáraVlow frochospdral tes t (c. 

330-370um i n maximum diameter), subdrcu la r i n out l ine; equator ia l 

periphery acute; 9 t o 12 chambers i n the l a s t whor l , increasing s lowly i n 

s ize ; sutures d is t inc t , s l igh t ly depressed, sfrongLy curved backwards; venf ra l 

side more invcQute. The morphol^pe Gavel inel la f l and r in i was distinguished 

from Gavelinel la barremiana by MouDade (1960, p . 137-138) i n having a 

more compressed, nearly biconvex test , rather than plano-convex. 

Gavel inel la brielensis was proposed by Halapr is -Bizouard (1974, p . 19-21) as 

an intermediate fcarm between Gavel inel la barre miana and Gavel inel la 

intermedia per tehel in) , but also f a l l s within the morphblxsgical var iab i l i ty of 

the pQexus. The morphotypes may ac tua l ly represent ontogenetic or 

ecc^eno typdc pcOymorphs of a single taxon. 

Range: l a t e Ap t i an to ear ly Albdan. 

Occurrence: w e l l l-üS-1-SE (rare occurence). 

Palaeo-environments: deep ner i t i c to upper bathyaL 
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Ganreüinella e x g r . beocacìifiQcmis (White) 

(PL 18, Figs 21-26) 

Rota l ia beccarüfixiiiis White, 1928b, p. 287, p L 39, figs 2a-c , 3a-4c (var.). 

Anomalina beccarüfccmis (White). Cushman & Renz, 1946, p. 48, p L 8, figs 

21-22. 

GaveÜneJla beccanifcarmis (White), von Hülebcandt, 1962, p . 101, p L 8, f i g . 

2a-c . 

AnomaJina wh i t e i Mar t in , 1964, p . 106, p L 16, figs 4a -c . 

Gavelinel la wh i t e i (Martin). S l i t e r , 1968, p . 126, p L 24, f i g . 1. 

Gavelinel la beccarüfocmis (White). Daüey, 1983, p . 766, p L 9, figs 4, 9. 

Gavelinel la whibei (Martin). HanzUkovà, 1972, p. 133, p L 38, f i g . 5a-c , p L 

39, f i g . 9 a - c 

Gavelinella wh i t e i (Martin). S l i t e r , 1977, p L 13, f igs 2 -5 . 

GàìreUneHa beccar i i formis (White). Beclimann, 1978, p . 766, pL 5, fígs 1-2, 3 

(conical varLety). 

Gavelinel la sp. äff. G. da in i (Scrjfema). Beckmann, 1978, p. 766, p L 5, 

figs 9-11 . 

Gavelinel la beccarüfcrmis (ííhite). Tp l sma s Lohman, 1983, p. 12, p L 6, fígs 

l a - 3 b . 

Remarks: This ^>ecÍes-group i s characterised by having a neady 

biconvex, i n S a t e d , l ow t rochoepira l test, moderately variable i n size ( c 

25O-400|im i n maximum diameter) with somewhat Sa t t ened s i d e ^ evolute 

f la t tened dorsal side; v e n t r a l side involute , s l igh t ly more convex, 

umbil icate; equator ia l per iphery fcroadly rounded; 9 to 11 Chambers i n the 

l a s t whorl; sutures d i s t inc t , curved on dorsa l s ide, ind is t inc t , r a d i a l on 

ven t r a l side; wäll ra ther coarsely perforated; surface smooth to granular, 

umbüical area with sma l l pustules arranged i n depressed threadl ike l ines 

radiat ing from umtdlicus; aperture a low in ter iomargina l s l i t extending from 

peri{*iery to umbüicus. 

Range: labe Coniacdan to Haast r icht ian . 

Occurrence: l o c a l l t y Ä-18, wèïls 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 , 1-SES-

24. 

Palaeo-environments: upper to lower bathyaL 

- 187 -



Gag^TiwoTiJ* bertfaelini ( K e l l e r ) - G O T . {dummerae CTappan)-

G a y . reiBSL (Khan) pi«»n»^ emended 

(PL 18, Figs 27-32; PL 19, Figs 1-4) 

This gavel ineUid morphogroup seems to have had an extansive g loba l 

distribution i n t i ie mid-Cretaceous succession. The foUowing i s an attempt 

t o give a comprehensive account of the repor ted occurrences and 

synonymies: 

non Anomalina compOanata Ber thel in (non Reuss), 1880, p . 66-67, p L 4, f igs 

12-13 (MOTtdey, France; A l t i an ) . 

Anomalina be r t i i e l in i Ke l l e r , 1935, p^ 552-553, p L 2, figs 25-27 (Dnppr-

Donez Basin, USSR). 

Anomalina plummerae T ^ ^ a n , 1940, p . 124, pL 18, f igs 15-16. 

Anomalina berthélinl Kéllet- ten Dam, 1950, p. 56, pL 4, f igs 9a -c (eastem 

Nethedands; Albian) , 

Anomalina comptanata Reuss var. reussi Khan, 1950, p . 277, p L 2, figs 1 7 -

18 (Gault C lay F o r m a t i a i , soutìieast England; upper Albian). 

Planulina dalcotensis Fox , 1954, p . 119-129, p L 26, figs 19-21 (Greenhom 

Formatkm, South Dakota and Wyoming; upper Cenomanian -middle Turonian). 

GaveUnopsis infiracretacea HoEker, 1957, p . 320-321, figs 369a-e 

(Netìierlantfe, middle Albian) . 

Anomalina compQanata Reuss. Tn i j l lD , 1960, p . 334-335, p L 49, f i g . l a -

c (California; middle Turcnian). 

Anomalina gro tzene l la ) belorussica Akimez, 1961, p . 160-161, p L .16, f igs 

l a ,b ,w (Byelorussia, U.S.S .R. ; A lb i an , Cenomanian). 

GaveUncipsis be r the l in i (Keller). Bach, 1965, p . 25-26, p L 6, figs 3a-d 

(Kleinen FaHstein, eas t Germany; middle Alb ian- lower Cenomanian). 

Anomalina complanata Ber thel in . Malapris, 1965, p L l , figs l a - d (Paris 

Basin, Courcel les , Aube, France; Albian). 

Gavelinel la (BertheUna) intermedia per the l in) . Malapris, 1965, pL 1, f i g . 

5; p L 2, figs l a - c , 6 a - c (Paris Basin, Courcelles, Aube, France; Albian). 

Gavelinella tourainensis Butt , 1966, p . 176, p L 4, figs 1-3 (Touraine, Cen t ra l 

France; Turcxiian). 

Gavelinopsis ber theUni (Keller). Michael , 1966, p . 437-438, p L 50, figs 18-19 

(northwest Germany; l o w e r Albian-Cenomanian). 
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Gavelinella intermedia (Berthelin). Michael , 1966, p L 50, f igs 12-13 

(northwest Germany; lower Albian-Cenomanian). 

Gavelinella ber the l in i (KeOler). Fuchs, 1967, p . 336, p L 18, figs 8a-c 

(Netherlandss middle Alhian) . 

Gavelinella plummerae fTappan). E i i i i e r & Worstell , 1970, p . 293, p L 6, figs 

4-5 (Greenhtm F o r m a t i m , Colorado and western KanScis? upper Cenomanian-

middle Turcxiian). 

Gavelinella (Berthelina) betoniRF^ca (Akmiez). Gawor-Biedowa, 1972, p. 116-

118, pa. 16, figs 5-6, t e x t - f i g . 10 (Pòland; upper Albian to lower Turcidan). 

Gavelinella (Berthelina) ex gr. berthelini (Keller). Malumian & Masiuk, 1976, 

p. 200-201, piL 5, figs 3-5 ("Arroyo Alfa* and 'Cabeza de LeÄn' Fcarmaticms, 

Tierra d e l Fuego, Argentina; Albian to tower Turcnìan). 

Gavelinella plummerae (Fappan), Olssoi , 1977, pL 3, figs I - K (western 

Central Ntxth At l an t i c ; Turcnian). 

AnomaUncddes ber the l in i (Keller). Haig, 1982, p.65, p L 13, figs 6-8 (northem 

Carptentaria Basin, Queensland, Australia; upper Albian). 

Gavelinella intermedia (Berthehi^ var. à umbo. Juignet, Damotte, Fauconnier, 

Kennedy, Magniez-Jannin, Mcndard in i & Odin, 1983, pL 4, figs 18-20 

(Ccffmes and Balton, NE France; upper Albian). 

Gavelinella sp. aff. pJummerae Tappan. Juignet e t 1983, pL 4, figs 2 3 -

26 (Courgenard, NW France; middle Cenomanian). 

Gavelinella reussi (Khan). Hart & Swiec ick i , 1987, f i g . 8.9 (Gault Clay 

Formation, southeast England; upper Albian). 

Gavelinella tourainensis But t . Hart & Swiec ick i , 1987, fig. 8.9 (chalk facies 

of southeast England; Turonian-CcraacLan). 

Gavelinella ber thel in i (Keller). Jarvis et 1988a, figs l l . k - L 

Gavelinella ber thel in i (KéUer). Hart & Swiec i ck i , 1988, f i g . 2 (Gault Clay 

Focmatdon and chalk facies of southeast England; Albian). 

Remarks: 

The synonymy l i s t exempUfies the morphcQogical variatálity c£ this 

Gavelinella pQexus. The morphotypes are character ised by having a low 

clsymmetrically biconvex to pQano-convex t rochospira l test , of variatile size 

(varying from c, lOOfm to 3 7 0 ^ i n maximum diameter), c i rcular i n outHne; 

dorsal side convex with dis t inct cent ra i fcxiss, of variatile height; ecyiatcrial 

periphery subacute; about 7 t o 10 Chambers i n the l a s t whcr l , increasing 
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s lowly i n äze ; v e n t r a l side moderately convex t o near ly f lat tened, with 

cen t r a l amhüical th ickening i n the fcxm o f a sma l l boss or hook; narrow 

and short, per iumbUica l lamel lar flaps; sutures d is t inc t , r ad i a l to s l ight ly 

curved on the v e n t r a l s ide , sLLghtly arcuate i n the dorsa l side; ^>erture a 

low in ter iomarginal a rch extending from the perijrfiery onto the ven t ra l 

side, under the lameUar flaps. 

These gavel ine l l id morphotypes (Low asymmetr ical ly biconvex to nearly 

plano-ccmvex tes ts depic t ing a cen t r a l rounded dcKsal b o ^ of variable 

height^ are the most common benthOTiic foraminifera to be found associated 

with Cenomanian-Turonian low-oxygen ner i t ic environments (see Chapter 5, 

sect ion 5.5.2). In sectirms deposited under dysaerobic / (^as i -anaerobic bottom 

conditions, the assemblages are dominated (about 30-40 % of the t o t a l 

fcraminiferal assemlage) by ^)ecimens of minute tes t s i ze (c. 100-200um i n 

maximum diameter), wi th lower dorsa l height. 

Range: l a t e Altdan t o Turonian. 

Occurrence: l o c a l i t i e s A - 1 , A - 2 , A - 8 , A - 9 , A - 1 5 , A - 4 6 , Pa t i 1, 

Kapcaranga 2, wel ls 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L - l - S E , l-üS-1-SE, 1-SES-

3. 

Palaeo-environments: shallow middle neritdc to upper bathyaL 

GavaHnp-na dementiana (d'Orbigny) 

(PL 19, F i ^ 5-7) 

Rosalina clementiana d'Orbigny, 1840, p. 37, pL 3, f igs 23-25. 

Gavelinel la dement iana (d'Orfcagny). Hofker, 1957, p . 294-295, t ex t - f igs 350, 

352. 

Gavelinella clementiana dement iana (d'Orbigny). Edwards, 1981, p . 394-395, 

pL 58, figs 3-5 . 

Remarks: Spedmens of Gavelinpng dement iana are distinguished by 

the i r small , concavo-convex , t r o c h o ^ i r a l t es t (c. 220^m i n maximum 

diameter), c i rcu la r i n out l ine; equator ia l penpher/ t roadLy rounded; about 8 

chamtiers i n the l a s t whorL increasing gradually i n s i ze ; dorsa l side evolute, 

concave; ven t r a l side involute; umbüicus covered by imperforate poet ici ; 

sutures dis t inct , r a d i a l to s l ight ly curved; surface f ine ly perforate on the 

dorsa l side and coarsely perforate ventral ly . 
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Range: la te Maastc ic i i t ian . 

Occurrence: w e l l 1 - S E S - l A t a r e occurrence). 

Palaeo-environmenfcs: upper to middle bathyal . 

GaveMneTTa c c r r e c t a (Carsey) 

(EL 19, Figs a-14) 

Ddscorbis correcta Carsey, 1926, p. 45, pL 3, f i g . 5. 

Elanulina cocrecta (Carsej^. C u ^ m a n & Hedberg, 1941, p . 99-100, pL 23, 

f i g . l O a - c 

Elanulina correcta (Carsey). C u ^ m a n , 1946, p. 158, p L 6 5 , f i g . l a - c , 

Gavpiinpiia sandjji^ei p ro tzen) . SLLter, 1968, p . 124, p L 23, fig. 8a-c 

(not f i g . 7a-c), 

Remarks: Specimens o f Gavel inpi ia cor rec ta are character ised t y having 

a moderately sma l l (c. 250-29p^m i n maximum diameter), compressed, 

concavo-convex, low • t rochosp i ra l test , subdrcula r i n outl ine and lobate i n 

the l a s t chambers; equa to r ia l periphery narrowly rounded to subacute, 

perforate; dorsal side s l igh t ly convex, with a d i s t inc t sma l l boss, sometimes 

obscured by th ickened sutures (EL 19, Figs 8-9); 7 t o 9 chambers i n the 

l a s t whorL increasing gradual ly i n s ize , the l a t e r ones somewhat inf la ted; 

umbilicus narrow and shal low, partdaHy closed by per iumbi l ica l flaps 

prqpctdng from each chamber; sutures dis t inct , curved , raised or flush i n 

the ear ly stage on the dorsa l side, la ter depressed; aperture a low 

inter iomarginal a rch extending from periphery to umbil icus; surface smooth, 

finely perf cra te . The specimens somewhat resemble low t rochospi ra l 

morp3hotyp)es of- the Gavel ine l la bertheUni (Keller)-Gav. pQummerae fTappan)-

Gav. renssi (Khan) pilexus, but d i f fer i n having a more asymmetricaL 

compressed, cx>ncavo-convex test, subcircular out l ine , with cdiambers 

increasing more rapndly i n s i z e , lower dorsal boss and an umtalicus par t ia l ly 

to completely c losed by pe r iumbi l i ca l imperfcrate Gaps, with no c lea r ly 

defined umtal ical boss. 

Range: l a t e Coniacdan-Santonian to Campanian. 

Occnorrence: wel ls 1 - C A - l - S E , 1 - C R L - l - S E . 

Palaeo-environments: deep neritdc to upper bathyaL 
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Gagetìnéila l omp iapa (d'Orbìgny) 

CEO- 19, Figs 15-19} 

RfTficdina lomeiana d'Ortdgny, 1840, p . 36, pL 3, f igs 20-22. 

Cibijcii3es mendesL P e t r i , 1962, p . 131-132, p L 21, fig. 2a -c -paratype 

(nc3t figs 1, 3). 

GavelineDa tomeiana (d'Orbigny) var . A . Edwards, 1981, p . 397, pL 56, f i g . 

6-

Remarks; Gavel i j ie l la l o m e i a n a i s characterised by having a sraall, l o w , 

concavo-convex, trocho^àral tes t {c. 280-300^m i n maximum diameter), 

nearly c i rcu lar i n outìine; equatocial periphery subacute; ven t r a l side 

concave; about 10 chambers i n the l a s t whorl , incceasing s lowly i n s ize ; 

l a s t chamfcier moderately in f la ted ; sutuces distìnct, depressed, sbrongly 

curved; surface smoth, f ine ly perfcarate. 

Range: Campanian. 

Occurrence: l o c a U t y A - 1 8 , wéll 1 - C N - l - S E . 

Palaeo-environments; middle-deep neri t ic to upper bathyaL 

GaB*»T<';«**Tia ex gc. maF**^'if=^ià8 (Marie) 

(PL 19, Figs 20-27) 

Anomalina monterelensis Marie , 1941, pu243, pL37 , f i g . 342a-c . 

Gavelinella monterelensis (Marie). Dailey, 1983, p. 766, p L 8, f igs 9, 13. 

GavelineHa monterelensis (Marie). Hanzllkovà, 1972, p . 131, p L 39, f i g . 3 a -

c . 

Gavelinel la monterelensis (Marie). Edwartfe, 1981, p . 397, p L 58, figs 15-17. 

Gavelinel la monterelensis (Marie). Har t e t a L , 1981, p . 196, p L 7.12, figs 1-

3. 

Gavelinella monterelensis (Marie). Har t et a i , 1989, p . 338, p L 7.12, figs 1-

3. 

Remarks: GavelinpUa ex gr . monterelensis morphotypes are distinguished 

try their nearly hiconvex, moderately low t r o c h o ^ i r a l test , c i rcu la r i n 

outiline and variable i n s i ze (varying from c . 3 0 0 ^ to 490|tim i n maximura 

diameter); equator ia l per iphery acute; dorsal side more s t rongly convex. 
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with d is t inc t boss oE variable s ize and height; ventoal side involute , with 

s inal l umbDical boss; 10 to 11 Chambers i n tiie l a s t whor l , increasing s lowly 

i n s ize ; sutures distìnct, curved, s l ight ly raised on the ear ly stage of the 

l a s t whcr l , l a te r fkish to somewhat depressed; aperture a low equator ial , 

in ter iomarginal süt, a t base of f i n a l Chamber, extending to umbüicus; 

surface smooth, önely perforate . 

Range: la te Campanian to Maastrichtian. 

Occurrence: l o c a U t y A - 1 8 , weDs l - C A - l - S E , 1 - S E S - l A , l - S E S - 3 . 

Palaeo-environments: deep ner i t ic to i^iper-raiddLe bathyaL 

GaweÜiiella nacatocfaaBis (Cushman) 

(PL 19, Figs 28-31) 

Planülina nacatochensis Cuäiman, 1938, p. 50, p L 8, f i g . 9. 

Rlanulina nacatochensis C u ^ m a n . Cushman, 1946, pu 158, pL 65, f i g . 2a-c , 

Gavel inel la t a l a r l a (Nauss). Kent, 1967, p,1453-1454, p L 184, f i g . l O a - c . 

GavelineTia nacatochensis (Cuáiman). saiter, 1968, p . 124, p L 23, figs 4 -5 . 

Gavelinel la nacatochensis (Cushman). Daüey, 1983, p . 766, pL 10, figs 4,7-8. 

Gavel inel la nacatochensis (Cushman). Sl i ter , 1977b, p L 12, f i g . 6. 

Remarks: Spedmens of Gavelinel la nacatochensis have a smal l , 

compressed, t i c o n v e x , low t r o c h o ^ i r a l tes t (c. 200-240^m i n maximum 

diameter), subcdrciliar i n outline; equa tc i i a l pe r i j i i e ry narrowly rcwnded; 

ven t ra l side nearly involu te ; 7 to 9 Chambers i n the l a s t whorl , increasing 

gradually i n s ize ; umhüicus smaU, diallow; sutures distìnct, s l ight ly raised 

i n ear ly stage of l a s t whorl , l a te r depressed, curved on both sides; aperture 

a low in te r iomarg ina l a rch extending from the per lphera l margin to the 

umbolicus; surface smooth, f ine ly perforate. 

Range: Campanian to Maastr icht ian. 

Occurrence: l o c a l i t i e s A - 1 8 , A - 1 9 , wells l - C A - l - S E , 1 - C N - l - S E , 1-SES-

l A , l - S E S - 9 , l - S E S - 3 , l - S E S - 2 4 . 

Palaeo-environments: deep ner i t i c to middle bathyaL 
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GawppTinrfla sandidggL (Brotzen) 

(PL 19, Figs 32-36) 

Ciblc ides sandidgei Bro tzen , 1936, p. 191, pL 14, figs 2-4 . 

Gavel inel la sandidgei (Brotzen). Hofker, 1957, p . 315-316, t e x t - f i g . 358. 

Gavel inel la sandidgei p ro t zen ) . S l i te r , 1968, p . 124, p L 23, f i g . 7a-c (not 

flg. 8a-c) . 

Gavel inel la sandidgei (Brotzen). Hanzllkovä, 1972, p . 132, p L 39, f i g . 4a-c . 

Remarks: Gavel inel la sandidgei morphotypes are d i s t i n g u i ^ e d by t i ie i r 

sma l l , somewhat compressed, pflano-convex, low t r o c h o ^ i r a l t es t (c. 220-

25(^m i n maximura diameter) , nearly c i rcu lar i n outl ine; equa to r ia l periphery 

subacute; dorsa l side convex, with smal l cen t r a l boss; v e n t r a l side f l a t , 

invcQute, with umtaOical tx^ss; 8 chambers i n the l a s t whor l , increasing 

ra ther gradually i n s i z e ; sutures dis t inct , curved, f lush to s l ight ly 

depressed; ^ l e r tu re a low in ter iomarginal arch extending from periphery to 

umbilicus; imperforate, subtriangular flaps p rqpc t ing from each chamber; 

surface smooth, ven t ra l side f ine ly perforate, dorsa l side wi th only few 

scat tered pores. The ^pedraens are somewhat s imi lar to Gavelinel la 

cocrec ta (Carsey), but d i f fe r i n their less compressed, d i s t inc t plano-convex 

tests , smaller i n s i ze , wi th a scat tered perforate dorsa l s ide. 

Range: l a t e Ccniacdan to Campanian. 

Occurrence: l o c a l i t i e s A - 1 8 , A - 1 9 , wells l - C A - l - S E , 1 - C N - l - S E , 1 - C R L -

1-SE, l - S E S - 3 , l - S E S - 9 . 

Palaeo-environments: middle ner i t ic to upper bathyaL 

Gaw'KwoTia ajJBasDOOBtata (Cushman) 

(PL 20, Figs 1-4) 

ElanuUna spissocostata Cushman, 1938, p. 69, pL 12, f i g . 4. 

Rlanulina s p i s o c o s t a t a C u ^ r a a n . Cuäiman & Hedberg, 1941, pL 99, p L 23, 

f i g . 24. 

Planülina ^ i s s o c o s t a t a Cushman. Cushman, 1946, p . 157-158, p L 64, f i g . 

13a-c . 

Gavel inel la spiffiocostata (Cushman). Olsson & Nyong, 1984, pL 3, figs 11-13. 
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Remarks Specdmens o£ Gavel inel la spissocostata are character ised by 

t he i r raoderately l a rge , compressed, p lano-convex, nearly p lan i^r i ra l / low 

t r o c h o ^ i r a l t e s t (c. 470-530^m i n maximum diameter), d r c u l a r to 

subarcu la r i n outl ine; equatcadal periphery car inate ; dorsa l side alightLy 

convex, somewhat evolute , with sma l l rounded hioss i n the centre; ven t r a l 

side flattened, invo lu te , wiöi umtdl ical boss, hook-shaped; 12 to 14 

Chambers i n the l a s t whor l , increasing gradually i n s i ze ; sutures d is t inc t , 

curved, sbrcxigly raised and thickened on both sides; surface f inely 

perforate, smooth, excep t fac tiie äückened sutures. 

Range: Santcaiian t o Maastr icht ian. 

Occurrence: weHs 1 - S E S - l A , l - S E S - 9 , l - S E S - 2 4 . 

Palaeo-environments: upper to middle bathyaL 

GEro«»Kw«>na tfedmannl (Brotzen). 

(PL 20, Figs 5-10) 

Cibdcides thabnanni Bro tzen , 1936, p . 190-191, pL 4, f i g . 7 a - c 

Gavelinella c lementiana (d'Orbigny) var . thalmanni p ro tzen) . Hofker, 1957, p . 

295-297, t e x t - f i g . 351. 

Gavelinel la thalmanni p ro tzen) . Edwards, 1981, p . 404, p L 58, figs 7-11-

Remarks Spedmens o f GaveÜnpTia thalmmanni are distinguished by their 

smal l , pQano-convex to somewhat biconvex, low t r o c h o ^ i r a l t es t (c. 200-

230;im i n maximum diameter), subdrcu la r i n out l ine; equator ia l periphery 

ro inded , imperfcarate along tiie ear ly Chambers o f the l a s t whcarl; about 7 

Chambers i n the l a s t whor l , increasing gradual ly i n sLze; sutures somewhat 

indis t inct , sUghÜy raised to depressed i n the l a t e r Chambers; surface finely 

perforate. 

Range: late Cca i iadan . 

Occurrence: weH 1 - C R L - l - S E t a r e occurrence). 

Palaeo-environments: deep ner i t i c to uppet bathyaL 

Gav**KT^Tia ex gr . veüasooensis (Cu^marO 

(PL 20, Figs 11-16) 

Anomalina velascoensis Cushman, 1925, p. 21, p L 3, fig. 3. 

Anomalina rubdginosa Cushman, 1926b, p. 607, p L 21, f i g . 6a-c . 

Anomalina rubdginosa Cushman. Cushman, 1946, p . 156, p L 64, figs 4-6. 
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ftnomalinoides pinquis Pennings). Graham S Church, 1963, p . 65, p L 8, 

fig. 2. 

GaveHnella rubigincsa {Cushman). HanzUkovA, 1972, p. 132, pd. 38, figs 

7 -8 . 

Gave l ine l l a velascoensis (Cu^man) . S l i t e r , 1977b, pU 13, fig. 1. 

Anomalinoides pinguis Pennings). Olsscxi, 1977, p i . 4, figs F - G . 

Gavplinfil la c f . yplascoensis {Cuäiman). Beckmann, 1978, p. 766, pL 5, figs 

19 -22 . 

Remarks: Gavelinella ex gr. velascoensis morjÄiotypes are character ised 

by the i r la rge , nearly biconvex to pQano-convex, c lose ly co i l ed , low 

trocho^äral tes t {c. 350-380)um i n maximura diameter -neardc/ear ly ephebic 

stage; c 500-560^m -ge rcn t i c stage), c i rcu la r to su te i rcu la r i n out l ine; 

equa to r ia l periphery broadly rounded; dorsa l side pa r t i a l ly evolute , nearly 

f l a t t ened , with i r regular ly th ickened sutures and hook-shaped boss; v e n t r a l 

side convex, involute; about 7 to 8 somewhat inf la ted chambers i n the l a s t 

whor l , increasing gradually i n s i ze ; sutures rather ind i s t inc t , s l igh t ly 

depressed i n the las t few chambera; surface coarsely perforatie i n 

neahic /ear ly ephebic forms, pores rather scat tered and obscured by w a l l 

t h icken ing on gerontdc specimens. 

Range: Santonian to Maas t r ich t ian . 

Occurrence: wells 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 

Palaeo-environments: upper to middle bathyaL 

<^yeliJieTla sp. A 

(RL 20, Figs 17-25) 

Remarks: Gavelinel la sp. A raorphotyp)es are character ised by having a 

smal l , püano/concavo-convex, low t r o c h o ^ i r a l tes t (c. 200-300/lm i n 

maximum diameter), subdrcu la r i n outl ine and moderately lobate i n the l a s t 

Chambers; equatorial periphery narrowly rounded, imperforate; dorsa l side 

convex, with smal l c e n t r a l boss; v e n t r a l side f l a t to s l igh t ly concave, 

involu te ; 7 to 8 chambers i n the l a s t whcrL increasing ra ther rap id ly i n 

s i z e , sLightly inf la ted i n the l a s t ones; sutures dist inct , curved , flush to 

s l igh t ly depressed; aperture a low in ter iomarginal arch extending from 

per iphery to umbüicus; imperfcra te , subtriangular flaps p r q p c t i n g from each 
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cäiamber, par t ia l ly c los ing the umbUicus; a i r face smooth, ven t r a l side 

coarsely perforate, do r sa l side wi th o i l y few scat tered pores. They di f fer 

from Gavelinella sandidgei (Brotzen) by having a pdano/concavo-convex test , 

subcdrcular and moderately lobate i n outl ine, narrowly rounded periphery, 

rather than subacute, and 3ess d is t inc t dorsa l boss. The ^ lec imens somewhat 

resembOe plano/concavo-convex gaveÜneBids described as 

Lingulogavelinella (?) c ih ic ido ides by Malapris (1965, p . 144, 146, p L 4, f igs 

9-11), from the lower -midd le Alhdan of Aube, France . However, the 

taxcnomic aff ini ty between these morphotypes can only be assessed after 

fiirther examination c f holotypes and topcrtype materiaL 

Range: Cenomanian to ear ly Coniacian (the greatest abundance i n the 

ear ly Ccmadan) . 

Occurrence: locaüties A - 1 , A - 9 , A - 1 0 , A - 1 1 , Mata 10, Tabocas 2 

Palaeo-environments: äiaDow to middle n e r i t i c 

Genus UNGÖLOGAVEUNEÜA Malapris, 1965 

Type Species: Linguloqavpiinp-na albLensis Malapris , 1965 

Remarlts: LingulogavelineHa morphotypes are charac ter i sed by a l o w , 

almost Qa t , t rochoepi ra l t e ^ v e n t r a l sLde concave, Elat or s l igh t ly convex, 

with a cdosed umbdlicus and charac te r i s t ic tongue- l ike extensions of the 

Chamber walls fc rming a s ta l la te umtdl ical p a t t e m . Aperture an 

in ter iomarginal equa to r ia l a rch , extending from the per iphery to the 

umbdlicus (cf. Loebl ich & Tappan, 1988, p . 641). 

IjngulogagiaTinoTia cäcyl Malapds-Bizouard 

(PL 20, Figs 26-31) 

lingulogaveÜneTIa d r y i cdryi Malapr is-Bizouard, 1967, p . 137-138, p L 1, figs 

16-19, pO. 2, ägs 16-20 . 

LingulogavelineHa äff, d r y i d r y i Malapris-Bizouard. Maync, 1973, p . 1099, 

pL 4, f igs 6-11. 

Lingulogavelinel la d r y i Malapr is -Bizouard . Gradstein, 1978, p L 5, f igs 9, 1 3 -

17. 
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Remarks; Abundant specimens o f minute gavelineHids {c. 130-160jum i n 

maximum diameter) occur i n the iowermost marine sect ion {upper Ap t i an to 

ear ly AlhJan) of Sergipe. They are character ised by their very smal l s ize , 

compressed, nearly biconvex, low t rochospi ra l test , c i rcu la r to subci rcular 

i n cxitÜJie; equa tor ia l periphery narrowly rounded; 6 to 8 chambers i n the 

l a s t whor l , increasing gradually i n s i ze ; ven t r a l side wi th weD. developed 

imperfcra te aper tura l flaps, each pa r t i a l ly orer lapping and conceal ing the 

previous c»ie. 

Range: l a t e Apt ian to ea r ly Albdan. 

Occurrence; locaUty A - 3 8 , wells 7 -CP-252 -SE , 1-ÜS-1-SE. 

Palaeo-environments; f a l l o w to middle ner i t i c t a r e ^ d m e n s occur i n 

deep ner i t ic- i^ jper bathyal environments dr i f ted by bottom currents). 

IdngiJogayelineTlaC?) ^ cE. I» . tfaaibiuiiuüCormis (Plotnikova) 

(PL 21, Figs 1-7) 

c f . Anomalina (Pseudovalvulineria) tfaalmannifcrmis P lo tn ikova , 1962, p. 53, 

p L H , f i g . 2. 

LingulogaveUnellaC?) sp, aff. L . thalmannifocmis. Malapris, 1965, p . 142, 143, 

p L 3, figs 7-13. 

Remarks: Lingulogavel inel la (?) sp, c f . L . thalmannifcrmis morphotypes 

are character ised by having a minute, concavo-convex, low t rochosp i ra l t es t 

(c. 200-330^m i n maximum diameter) , subcircular i n outl ine and lobate i n 

the l a s t 2 or 3 chambers; eguatcmal periphery m r r o w l y rounded; dorsa l side 

s l igh t ly convex and e v d u t e ; 6 to 7 chambers i n the l a s t whorl , increasing 

ra ther rapidly i n s ize; the l a s t cha mber so me w hat in f la ted and the 

penultLmat3 cne is pa r t i a l ly overlapped; umbilicus completiely masked by 

pe r iumbi l i ca l f laps; sutures d is t inc t , depressed, sLightl curved; surface 

smooth, f ine ly perforate- The specimens resemble forms of Va lvu l ine r i a i n 

chamber arrangement and w a l l s t ructure (cf. Malapris, 1965, p . 144). 

Range: Cenomanian t o ear ly Turonian. 

Occurrence: loca l i t i e s A - 1 , A - 2 , A - 9 , A - 2 2 , A - 3 5 , w e l l 1 - U S - l - S E . 

Palaeo-environments: middle ne r i t i c to upper bathyaL 
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(PL 21r Figs 8-13) 

Gavel inel la tcarmarpensis Bro tzen , 1942, p. 52, p L 1, f i g . 6. 

Gavel ine l la tcarmarpensis Bro tzen . Malapris, 1965, p . 148, pL 3, f igs 1-4. 

Gavel inel la tcarmarpensis Bro tzen . Car ter & Hart , 1977, p.48, p L 1, f igs 3 1 -

32. 

Remarks: Specdmens of Lingulogavel inel la tcarmarpensis are character ised 

by tdieir minute, compressed, bicxsnvex, low t r ( x ; h c ^ i r a l t e s t (c. 160-210fim 

i n maximum diameter), near ly cdrcular i n outline; equator ia l periphery 

narrowly rounded; dorsa l side evolute; ven t r a l side invo lu te , with a s l igh t ly 

opened umbüicu^ 6 to 7 Chambers i n the l a s t whcarl, increasing gradually i n 

s i ze ; eaci i Chamber pcqpcts a more or less large imperfocate f lap towards 

the umbüicus, partialLy cover ing i t ; ^ l e r tu re a low in ter iomarginal 

equa tor ia l arch extending cn to the v e n t r a l side; surface smooth, f ine ly 

perforate . Ohe morphotypes somewhat resemble LingulogavelinpHa (?) sp. c:f. 

L . thalmannifocmis (Plothikova), with which Lingulogavel inel la tormarpensis i s 

l i n k e d by intermediate fcci i is (cf. Malapris, 1965, p , 146). i h e y d i f fer , 

however, i n having a more l a t e r a l l y compresed , biconvex test, nearly 

cdrcular i n outl ine, distincrt imperfcrate periumbüiczal f laps and s l igh t iy 

c ^ n e d umhüicus. The ^)ecdes i s pdaced i n LingulogaveHa Malapris on the 

basis of i t s aper tural characAeris t ics , which are apparenüy more c lose ly 

re la ted to Lingulogavel inel la morphotypes than to Gave l ine l la . 

Range: Cenomanian to ea r ly Coniacdan. 

Occurrence: locali tdes A - 1 , A - 6 , A - 1 0 , Cruzes 15, w e l l 1 - U S - l - S E . 

Palaeo-envircximents: middle to deep n e r i t i c 

Genus ORETSOSIELLA E k h e r & Worstel l , 1970 

Type species: OrithcstpHg v i r i n i a Eicher & Worste l l , 1970 

(= Cibicddina ha l fe ld i Pe t r i , 1962) 
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CtiawBbel la ex g r . h a l f e l d i (Petri) 

(PL 21, Figs 14-19) 

Cihir i r t ina b^ l fo ia i pe t r i , 1962, p . 132-134, p L 20, figs 4-5 , p L 21, figs 4 -6 . 

Or i thcs tePa v i r i o l a Eicher & WorteH, 1970, p. 295, p L 6, figs 6-8, 10. 

Remarks: Specdmens of OrithosteHa ex gr. ha l fe ld i are distinguished by 

having a smalL plano-convex, t rochoepi ra l t es t ( c 1 7 0 - 2 5 0 ^ i n maximum 

diameter), cdrcular to subcircular i n out l ine; equator ia l periphery subacute; 

dorsa l side strcxigLy cxinvex to subcon ica l ( c 80-lOO^m i n he ighy , nearly 

involu te , the l a s t whcarl entdrely Covers tiie precedihg ones, some specdjnens 

with a s m a l l c:entral boss; ven t ra l side f la t tened, invcdute, commonly wi th a 

t tdckened umtdl ica l boss; 7 to 8 Chambers i n the l a s t whorl , increasing 

s lowly t o gradually i n s ize ; sutures d is t inc t , c:urved, flush to sQightly 

depressed; aperture an in ter iomarginal equatxndal arch extending onto the 

fiat ventreQ. side arcxind the aper tu ra l Qaps, with the open su tura l apertures 

of pcevicxis ciiambers fcarming a s te l l a te perdumbdlical pa t t em; surface 

smooth, f i ne ly perfcrate . The l a t e Coniacdan-Maastr icht ian specdmens o f 

Sergipe are c lose ly süiular to Ori thosteHa v i r i o l a , described by Eicher & 

Wors te l l (1970, p, 294, pL 6, f igs 6 -8 , 10) from the Upper Cenomanian-

middle Turonian of the Greenhorn Fermat ion, wes tem inter ior oE the Uni ted 

States^ Ori thos te l la ex gr. ha l fe ld i d i f fe r mostly i n having smaller tests 

wi th somewhat leas steeper sides. However, t r ans idona l morphotyp)es are 

recorded, which suggest more l i k e l y an intra^>ecdfic celationship). Therefcre , 

on th is basis and untdl further evidence i s prcx3uced, Orithostei ig v i r i o l a i s 

pQacred as a j i n i o r synonym of the OrithcstpTia half??ldi ^ jedes -group . 

Range: la te Coniacdan to Campanian. 

Occurrence: l o c a l i t / A - 1 8 , weHs l - C A - l - S E , l - S E S - 3 . 

Pälaeo-envircnments: deep ne r i t i c t:o upper-middle bathyaL 

Genus STENSDOEINA Brotzen, 1936 

Type spedes: Rota l ia exsculpjta Reuss, 1S60 
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St&âixàna sp, A 
(PL 21, Figs 20-25) 

Remarks: Spedmens of Sterinn^iria sp. A are character ised by having a 

moderately large , p lano-convex, low t r o c h o ^ i r a l tes t (c. 390^m i n maximum 

diameter), subcircular i n out l ine ; equatcadal peofhery tcoad ly to narrowly 

rounded; about 7 to 8 Chambers i n the l a s t whcffl, increasing gradual ly i n 

sLze; dorsa l side f l a t and evolu te , with l imbate sutures tha t are s t iong ly 

ra ised i n somewhat i r regular r idges; v e n t r a l side involute , strongLy convex, 

with more nearly r ad i a l sutures; ^Jerture a low in te r iomarg ina l opening 

between the umbdlicus and per iphery. The morphotypes are probably re la ted 

t o the Stensioeina exsculpta (Reuss) ^Jecdes-group. 

Range: l a t e Santcaiian. 

Occurrence: w e l l l - S E S - 3 (rare occurrence) . 

Palaeo-envircnments: middle ba thyaL 

Family KARREKHDAE Saidova, 1981 

Gemis KASSERIA Rzehak, 1891 

Type ^ )edes : K a r r e r i a fa l lax Rzehak, 1891 

Kanetia sp^ A 

(E3. 21 , Figs 26-29) 

Remarks: A single spedmen assigned to Karrer ia sp. A was recovered 

from the upper Campanian. I t i s character ised by having a very la rge , 

eOongatie tes t (c. 870;im i n maximum length; c 450/im i n maximum width); 

ea r ly port ion with ^ o r t t r o c h o ^ j i r a l c o u of cne whorl , fcdlowed by a 

rectílinear uniser ia l stage, with tcoad and low Chambers; aperture te rmina l , 

e l l i p H c a l , bordered by a s l igh t l i p and produced on short r ^ c k ; sutures 

distinc±, sLLghÜy depressed; surface f ine ly perfcrate, omamentied with 

numerous fine longi tudina l Str iae (PL 21 , F i g . 29). 

Range: l a t e Campanian. 

Occurrence: weE l - S E S - 9 (rare occurence). 

Palaeo-envircaiments: i^jper to middle bathyaL 
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Suborder GLOHEGERDIINA. 

Délage & Hétouard, 1896 

;ueiM;<i.'ii 

Superfanuly HETEROHELICACEA 

Cushraan, 1927 

Family G U E M B E E J T R U D A E 

Montanaro GaUi t eUi , 1957 

G e m s G D G H B G L E T R I A Cushman, 1933 

Type q)ecdjes; GuembeUtria c re tacea Cushman, 1933 

GuemhRÌitria cenomana (Keller] 

(H- 22, Figs 1-3) 

Guembelina cenomana Ke l l e r , 1935, p . 547-548, pL 2, f igs 13, 14. 

GuembeUtria b a r r i s i Tappan, 1940, p. 115, p L 19, figs 2a-b. 

GuembeUtria h a r r i s i T^)pan. Pessagno, 1967, p . 258, pL.48, figs 12-13. 

GuembeUtria cenomana (Keller). Hastars, 1977, p. 481-482, pL 27, figs 1, 3. 

Remarks: GuembeUtria cenomana differs firom GuembeUtria c re t acea 

Cudiraan by having less inOated charabers and a l o w , s l ight ly arched 

aperture, with a t es t often tending t o appear somewhat less alongate than 

tha t of GuembeUtria cre tacea . A H ^ e c i m e n s are very smaU (around 150-

210jtim i n maximum length). 

Range: l a t e s t Altàan to Tu ro i i an . 

Occurrence: locaUt ies A - 2 , A - 9 , A - 1 7 , A - 2 1 , weUs 1 - U S - l - S E , 1-SES-

24. 

GuemhpKH-ìji c r e t acea Cushman 

(RL 22, Figs 4-5) 

GuembeUtria c re tacea Cushman, 1933a, p . 37-38, p L 4 , figs 12a-b. 

GuembeUtria c re tacea Cushman. LoebLLch & Tappan, 1964, p. C652, fig-523: 

l a - b . 

GuembeUtria c re t acea Cushman. Pessagno, 1967, p. 258, p L 87, figs 1-3. 
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GuembeUtria cretacea Cushman. Smith & I^ssagno, 1973, p.15, p L l , f igs 1-

8. 

Remarks: This specLes is distinguished by ìts smaU, elongate, t r i s e r i a l 

t e s t (e. 210-220^m i n maximum length), wi th sfAiaerical chambers, depressed 

sutures and highly arched ^Jerture. 

Range: l a t e Maastr icht ian. 

Occurrence: weUs 1 - S E S - l A , l - S E S - 9 , l - S E S - 2 4 . 

Family HEIEROHELCinDAB Cushman, 1927 

Suhfamily HEISROHELUCINAE Cushman, 1927 

Genus HEIEROHELDE Ehrenberg, 1343 

Type spedes : Tex t i l a r ia americana Ehrenberg, 1843 

Hefaerobp'H'' amer icana (Ehrenberg) 

(PL 22, F i g . 6) 

T e x t i l a r i a americana Ehrentierg, 1343, p. 366, 398, 428. 

Heterohel ix americana (Ehrenberg). Bergstresser & Frer ichs , 1982, p. 355-

356, p L 1, f igs 1-2. 

Remarks: Spedraens of Heterohel ix americana are character ised by 

having a sma l l (c. 300^m i n maximum length), corapressed, biserìal test ; 

chambers increasing gradualy i n s i ze , wi th the l a s t OTie to two p a i i s o f 

chambers subtriangular i n outl ine, pointed upward a t outer margin; 

numerous fine discontdnuous costae. 

Range: l a t e Campanian. 

Occurrence: wéE 1 - C A - l - S E . 

HetFTohelix ex g r . q lobulcsa (Ehrenberg) 

(PL 22, Figs 7-8) 

Tex tu la r i a glDlxilosa Ehrenberg, 1840 (1338), p . 135, p L 4, figs 2 beta, 4 

be ta , 5 be ta , 7 beta , 8 beta. 

Guembelina globulosa (Ehrenberg). Egger, 1899, p . 32, f i g . 43. 

Heteroheluc globutosa (Ehrenberg). GaUi teHi , 1957, p . 137, pL 31, figs 12-15. 
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Heteroheluc gLobiilpsa (Ehrenberg). Pessagno, 1967, p . 260, p L 87, f igs 5-9, 

11-13. 

Remarks: TWs ^ c a e s group (c. 270-300^m i n maximum length) i s 

character ised by i t s inOated, rapidly expanding chambers, and presence o f 

numercus f a i n t discontìnucws steiae. 

Range: Cenomanian to Maastricàitian. 

Occ:urrence: local ib ies A - 1 7 , A - 1 8 , A - 2 1 , A - 4 5 , Cruzes 15, Tabocas 2, 

weUs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L - l - S E , 1 - U S - l - S E , 1 - S E S - l A , l - S E S - 3 , 

l - S E S - 9 , l - S E S - 2 4 . 

Heterctiftlix rncyemam. (Cu^man) 

(PL 22, Figs 9-11) 

Guembelina more mani C u ^ m a n , 1938, p . 10, piL 2, figs 1-3. 

Hete rc^e l ix more mani (Cushman). Pessagno, 1967, p . 260-261, p L 48, f igs 

10-11; p L 89, f igs 1-2. 

Remarks: A H the specimens o f Heterohel ix more mani bave a smooth, 

fìnely perforate tes t (c. 230-330/im i n maximum length) with no s t r iae . 

Range: l a t e s t Albian to middle-late Turonian. 

Occaorrence: Local i t ies A - 2 , Cruzes 15, weUs 1 - C A - l - ^ , 1 - C R L - l - S E , 1-

U S - l - S E , l - S E S - 2 4 . 

HefaerohpKy p i ana t a (Cushman) 

(PL 22, Figs 12-13) 

Guembelina pJanata Cushman, 1938, p . 12, f i g . 13, 14. 

Het rchel ix planata (Cushman). Pessagno, 1967, p . 261, piL 86, figs 3, 4; piL 

89, f igs 6, 7, 

Remarks: HetoheUx pJanata (Cushman) - (c. 19C^m i n maximum 

diameter) resembles Heterohelix pu lchra p ro tzen) , from which i t differs i n 

having tear -drop shaped e jhebic chambers (not reniform), and from 

Heterohel ix s t r i a t a (Ehrenberg) by i t s tes t -surface ei ther smooth ex cxsvered 

by fine s t r i ae . 

Range: Campanian to Maastr icht ian. 

Occurrence: wells 1 - C N - l - S E , 1 - S E S - l A , l - S E S - 2 4 . 
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HetCToheKx pulcfara (Brotzen) 

(H . 22, F igs 14-15) 

Guembelina pulchra Brotzen , 1935, p . 121, p i . 9, f igs 3a-b. 

HeterohéUx pulchra (Brotzen). GaUi teUi , 1957, p . 137, p L 31, f ig.20. 

Heterohelix pulchra (Brotzen). Pessagno, 1952, p . 358, pL 1, f i g . 3. 

HeterohéUx pulchra (Brotzen). Pesagno, 1967, p . 262, p i . 87, f ig .4 . 

Reraarlcs: I h e spedes (c. 200-300fim i n maximum length) i s 

d i a rac t e r i sed by ttie broadened and reniform nature of i t s l a s t two or 

three chambers i n side v iew; test-surface ei ther smooth or covered by fine 

str iae on a l i but the the l a s t o i e to t w o chambers. 

Range: SantOTiian to Maastr icht ian. 

Occurrence; weUs 1 - C A - l - S E , 1 - C R L - l - S E , 1 - S E S - l A , l - S E S - 2 4 . 

Heternhelix r e i r r i (Cushman) 

(PL 22, Figs 15-18) 

Guembelina reussL C u ^ m a n , 1938, pi. 11 , piL 2, f igs 6-9. 

Guembelina reussL C u ^ m a n . Cushman, 1946, p. 104, pL 44, figs 18-19. 

Heterohelix reussi (Cu^man). Pessagno, 1967, p . 263, p L 85, figs 1-9; piL 

86, f igs 1-2. 

Remarks: Heterohelix reussi (Cu^man) shows weU-developed fine 

disc»nt±Tucxis ccjstae on a U chambers o f i t s t e s t (c. 300-480^m i n maximum 

length), less inf la ted ciiambers, and large depressed tr iangolar areas 

between the l a s t severa l chambers, which are distìnc^ly se t apart. 

Range: Turcxiian tjo ear ly Camp)anian. 

Occurrence: l£x;alities A - 2 , A - 1 1 , A - 2 1 , A - 2 2 , Tabocas 2, wells 1 - C A - l -

SE, 1 - C R L - l - S E , l - S E S - 2 4 . 

Hefaerch^Hy s t r i a t a (Ehrenberg) 

(PL 22, F i g . 19) 

Textular ia s t r i a t a Ehrenberg, 1840, p . 135, p L 4, f igs 1 alpha, 1 alpha 

prime, 2 alpha, 3 alp^a, not 9 alpha. 

Guembelina s t r i a t a (Ehrenberg). Egger, 1899, p . 33, pL 14, figs. 37-39. 

Guembelina s t r i a t a (Ehrenberg). Cushman, 1946, pp. 104-105, piL 45, figs 4 -

5. 
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Pseudoguembelina s t r i a t a (Ehrenberg). Bronnimann & Brown, 1953, p. 154, 

t e x t - f i g . 6 (p. 151). 

Heterohelix s t r i a t a (Ehrenberg). Pessagno, 1962, p . 358, p L 1, f ig .5 . 

HetercAiéUx s t r i a t a (Ehrenberg). Pessagno, 1967, p . 264, p L 78, figs 4,5; p L 

88, f igs 3-7; p L 98, f i g . 16. 

Heterohelix s t r i a t a phrenberg). Smith & Pessagno, 1973, p . 19, p L 3 , f i g . 8; 

p L 4, S g s 1-4. 

Remarks: Heterohel ix s t r ia ta (Ehrenberg) - (c. 290/xm i n maximum 

length) d i f fers from Heterohelix ex gr . gtotjulosa (Ehrenberg), which i s 

s imilar i n terms of chamber shape and arrangement, inhaving wel l -developed 

costae i n the ephebdc stage. Some ear ly cxitogenetic forms of Heterohel ix 

s t r i a t a bave r ea l ly j i s t striae and, thus, may be . ^ f f i r t i i t to be 

distìnguished from Heterohelix ex gr. globulosa morphotypes. 

Range: Santonian to Maastr icht ian. 

Occurrence: l o c a l i t y A - 1 8 , weUs 1 - C A - l - S E , 1 - C R L - l - S E , 1 - S E S - l A , 1-

SES-9 , l - S E S - 2 4 . 

Genus ETANOGLOBOLINA C u ^ m a n , 1927 

Type Guembelina acervulinoides Egger, 1902 

Plnnnglnbulina variare (Rzehak) 

(PL 22, Figs 20-21) 

Pseudotextular ia varians Rzehak, 1895, p, 217, p L 7, f igs 2, 3. 

Guembelina acervul inoides Egger, 1899, p . 35, p L 14, figs 20-22. 

Guembelina fructicosa Egger, 1899, p . 35, pL 14, figs 8, 9, 24. 

Pseudotextular ia varians (Rzehak) va r . mendezensis White, 1929, p . 41, p L 4 , 

figs 16a,bi. 

Pseudotextularia varians Rzehak. Cushman, 1946, p. 110, p L 47, f i ^ 4, 6, 7, 

9. 

Racemiguembelina fcucticosa (Egger). GaHi teUi , 1957, p . 142, p L 32, figs 

14-15. 

Racemiguembelina f ruct icosa (Egger). Loebl ich & Tappan, 1964, p . C656, fig. 

525: 8a-b . 
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Racemiguembelina Siictìcosa (Egger). Pessagno, 1967, p, 270, pL90 , f igs 14, 

15. 

Rtanoglobulina var ians (Rzehak). Masters, 1977, p . 361-363, p L 4, figs 1-2. 

Remarks: Planoglobulina varians i s character ised by having a l a rge , 

thick c o n i c a l t e s t (c. 600-630^m i n maximura length) wi th coarse and 

widely ^>aoed cos tae . 

Range: l a t e Campanian to Maastr icht ian. 

Occurrence: weUs 1 - H O - l - S E , l - S E S - 2 4 . 

Genus PSEODOTBXnJLARIA Rzehak, 1891 

Type spedes : CuneolLna elegans Rzehak, 1891 

Paeadotextiilaria browni Masters 

(PL 22, Figs 22-23) 

Pseudotextularia browni Masters, 1976, p . 321, p L 1, figs 10-12. 

Pseudotextularia browni Masters, 1977, p . 380-381, piL5, figs 3-4. 

Remarks: Pseudotextularia browni i s character ised by possessing an 

inf la ted , fcdserial t e s t (c. 280-380/im i n maximum length), wi th chambers 

which rapidaly increase i n width and t h i cknes^ thìckness exceeding the 

other diraensions. 

Range: Maastr icht ian-

Occurrence: weUs 1 - A U - l - S E , 1 - S E S - l A . 

feeudotextularia carseyae (Pluramer) 

(PL 22, Figs 24-25) 

Vent i labcel la carseyae Rlummer, 1931, p, 178-179, p L 9, figs 7-9. 

VentOabcelLa carseyae Plummer. Cushman, 1946, p.112, p L 48, figs 1-4. 

Pseudotextularia elegans (Rzdiak). Pessagno, 1967, p . 268-269, pL 75, figs 

12-17. 

Pseudotextularia egger i Rzehak. SUter , 1968, p . 98, p L 14, f i g . 15. 

Pseudotextularia carseyae (Plummer). Masters, 1977, p . 381-383, p L 6, figs 

1-2. 
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Remarks: Pseudotexh il ar i a carseyae - (c. 450^m i n maximum length) -

i s character ised fcy having chambers increas ing rap id ly i n width and 

thickness; loba te periphery i n chambers of the ephetdc stage. 

Range: Maast r icht ian . 

Occurrence: wel ls 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 

feeudofaextularia elegans (Rzehak) 

(RL 22, Figs 26-28) 

Cuneolina elegans Rzehak, 1891, p. 2. 

Pseudotextularia vai-ianc! Rzehak, 1895, p. 217, pU 7, figs l a - b . 

Guembelina elegans (Rzehak). White, 1929, p . 34-35 , p L 4, fig. 8. 

Pseudotextularia elegans (Rzehak). GaUi teUi , 1957, p . 138, pO. 33, figs 6 a - c . 

Pseudotextularia élongata SeigUe, 1959, p. 58-59, p L l , fi^ 2a-b, 4a^D; p L 

2, f igs l a - b , 2a-b , 4a-b, 6a-b; pL 3, figs l a - b ; text-Eig.4. 

Pseudotextularia elegans (Rzehak). Pessagno, 1962, p. 356, p L 1, figs 7, 9. 

Pseudotextular ia elegans (Rzehak). Loebl ich & Tappan, 1964, p.C656, f i g . 

525: 7a -c . 

Pseudotextularia elegans (Rzehak). Pessagno, 1967, p. 268, p L 75, figs 1 2 -

17; p L 85, figs 10-11; pL 88, figs 14-16; p L 8 9 , f igs 10-11; p L 97, fig. 18; 

p L 98, figs 19-20 . 

Pseudotextularia elegans (Rzehak). Smith & Pessagno, 1973, p. 30-32, piL 9, 

figs 5-15; p L 10, f igs 2-6. 

Pseudotextularia elegans (Rzdiak). Masters, 1977, p . 383-386, p L 6 , figs 3-4 

Remarks: Specimens of Pseudotext'iiaH;^ elegans (Rzehak) - (c. 390-

450^m i n maximum length) - are character ised by possessing chambers tha t 

rapidly increase i n width and thickness, and which sometimes may be as 

long as they are wide; lobate periphery i n l a t e r stages of tes t growth; and 

by having moderate to coarse costae. 

Range: l a t e Campanian to Maast r icht ian . 

Occurrence: l o c a l i t y A - 1 9 , weUs 1 - S E S - l A , l - S E S - 9 , l - S E S - 2 4 . 

Genus V E i m L A B R E L L A Cushman, 1928 

Type ^ìecdes: VentJlabrel la egger i Cushman 
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VCTtnatréDa austmana Cushman. 

{EL 22, F i g . 29} 

VentilabceTla aust±Tana Cushman, 1938, p. 26, pL 4, f i g . 19. 

Vent i l a ixe l ta austdnana Cushman. Cushman, 1946, p . I l i , p L 47, f i g . 16, 

Ventf la ixel la austinana Cushman. Masters, 1977, p . 389-390, p L 6, fig. 5. 

Remarks: VenHlahreHa austinana i s character ised by i t s moderately 

large , fan-shaped t e s t (c. 380/360^m i n maximum length/tareadth ratio), wi th 

an i r a t i a l b i s e r i a l stage, l a te r developing supplementary chambers i n the 

piane of symmetry; chambers graduaDy increasing i n s ize ; numerous fine 

ccstae. 

Range: ea r ly Santonian. 

Occurrence: weH 1 - C R L - l - S E (rare occurrence) . 

SubfamHy PSEUDOGnEHBELIHINAE A l i y u H a , 1977 

Genus FSEDDOGDEMBEUliA arcainimann & Brown,1953 

Type ^ jecies : Guembelina exco la ta Cushman, 1926 

feeudoguembéHna cos ta t a (Carsey) 

(PL 22, F i g . 30) 

Texti.i1aria cos ta ta Carsey, 1926, p. 26, p L 1, fig. 4, 

Guembelina cosbulata Cushman. Cushman, 1938, p. 16-17, pL 3, figs 7-9 . 

Guembelina cos tu la ta Cushman. C u ^ m a n , 1946, p. 108, p L 46, figs 11-12 . 

Pseudoquembelina costula ta (Cushman). Bronnimann & Brown, 1953, p . 153-

154, t e x t - f i g . 5. 

Pseudoquembelina cos tu la ta (Cu^man), Pessagno, 1962, p. 537, p L l , f i g . 6. 

Pseudoguembelina costula ta (Cu^man). Pessagno, 1967, p. 266, pL79 , fig. 1; 

pL 88, figs 8-9; p L 90, f i g . 3, 

Pseudoguemtaelìna cost""i^ta (Cushman). Smith & Pessagno, 1973, p. 24-25, 

pL 6, figs 1-5. 

Pseudoguembelina cos ta ta (Carsey). Masters, 1977, p . 369-370, pL 4, fig, 6. 
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Remarks: Pseudoquembelina costata i s charac todsed by i t s smaE, 

tdserial t as t (c. 300-310jUm i n maximum lengüi), possessing numerous fine 

costae. I t diEfers from Pseudoguembelina exco la t a (Cu^man) i n having a 

smallar test , narrower outl ine i n side view and finer costae. 

Range: Santcmian to Maastadchtian. 

Occurrence: wel ls 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 3 , l - S E S - 2 4 . 

teeudoguembeÜna excolata (Cushman) 

(RL 22, Figs 31-32) 

Guembelina exco la ta Cushman, 1926a, p . 20, pL 2, fig. 9. 

Guembelina exco la ta Cushman. Voorwijc, 1937, p . 194, p tL l , figs 7-ß. 

Guembelina exco la ta C u ^ m a n . Cushman, 1946, p.108-109, p L 46, figs 16a-b. 

Pseudoguembelina exco la ta (Cushman). Bronnimann & Brown, 1953, p. 153, 

tex t - f igs 1-4. 

Pseudoguembelina exco la ta (Cushman). Pessagno, 1967, p.266-267, p L 68, 

figs 4-5; p L 90, fig. 5. 

PseudoguembeHna exco la ta (Cushman). Smith & Pessagno, 1973, p .25-26, pL 

6, figs 6-10. 

Pseudoguembelina exco la ta (Cushman). Masters, 1977, p . 371-373, p L 4, figs 

7, 8. 

Remarks: Pseudoguembelina exccQata i s distinguished firom 

Pseudogue mbelina cos ta ta (Carsey) by i t s la rger , b i s e r i a l t es t (c. 310-540/im 

i n maximum length), with less numerous and coarser costae. 

Range: Santonian to Maastrichtían. 

Occurrence: weHs l - S E S - l A , l - S E S - 3 , l - S E S - 2 4 . 

feeudoguembálina palpara Bronnimann & Brown 

(PL 23, Figs 1-2) 

Pseudoguembelina palpebra Bronnimann & Brown, 1953, p. 155, tex t - f igs 9 -

10. 

Pseudogue mbelina palpebra Bronnimann s Brown. Caron, 1985, p. 65, figs 

24.18-19. 
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Remarks: Spedmens of Pseudoguembelina palpebra are character ised by 

having a l a rge , t coad , elongate tes t (c. 300-480;im i n maximum length), 

with numerous Sne steiae/coastae. I t differs Crom Pseudogue mbelina 

excolata (Cushman) i n i t s hroader outline i n side view and finer and more 

numerous sb l ae / coas t ae . 

Range: Haastr icht iaru 

Occurrence: w e l l 1 - S E S - l A . 

SuperfamUy F L A N O H A U N A C E A BbUi , 

LoebÜch & Tappan, 1957 

Fami ly GLOBBSESmEIJXmSDRE Lcngor ia , 1974 

Subfamily GLOBESBRINEEIXnniNAE Longoria , 1974 

Genus GLOHIGBRINELLOIDES Cushman & ten Dam, 1948 

Type spedes : Globigerinelloides algeriana 

Cushman & ten Dam, 1948. 

Glnhjqm'nénoides abberanta (Netskaya) 

(EL 23, Figs 3-6) 

GLobdgerinella abberanta Netskaya, 1948, p . 220, p L 2, f igs 3a, b, 

BLgLobdgerinella maLdspina LalLcker, 1948, p.62A, p L 9 2 , figs l a - 3 c . 

Elanomalina mauryae Re t r i , 1962, p . 116-119, p L 16, f igs. l a , b. 

dobiger ineHoiaes muldspina (LaUcker). Pessagno, 1967, p . 276-277, p L 70, 

figs. 1-2, pL 82, f igs . 10-11 , pL 91, figs. 1-2. 

GiDbdgerinelloides m u l d ^ i n a (Laiicker). Berteis , 1970, p . 34-35, p L 3, f igs 

l a - 2 b , t ex t - f ig s . 8-10. 

GkAagerlnellDides abfeeranta (Netskaya). Masters, 1977, p . 401-403, p L 8, 

figs. 3-5 , pL 9, figs 1-2. 

Remarks: Globigerinel loides abberanta i s character ised by i t s partdally 

evolute pQanispiral tes t (c. 230-300/im i n maximum diameter), wi th 

equatorial per iphery sLLghtly lobate; 6 to 7 subspherical , inflated, Chambers 
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i n tìie l a s t whorL graduaRy increasing i n s i ze ; l a s t t w o Chambers tending to 

inccease i n thickness . 

Range: l a t e Santcmian to ear ly Maasbdchtian. 

Occurrence: l o c a l i t i e s A - 1 9 , wells 1 - C A - l - S E , l - S E S - 9 . 

CìniTJrpriTipTifTrìftoq apdense Longor ia 

(EL 23, Figs 7-9) 

Globigerinelloiiges ^ t i e n s e Longoria , 1974, p . 79-80, p L 4, f igs 9-10, p L 8, 

figs 4-6 , 17-18. 

Remarks: Globigerinel loides apdense is character ised by i t s minute 

püani^äral tes t (c. 180-220^m i n maximum diameter); loba te periphery; 6 to 

7 ^ ^ e r i c a l t o pe t a l l o id Chambers i n the l a s t whorl , graduaHy increasing i n 

s ize ; umbilicus wide. I t differs from Globigerinel loides ferreolensis 

(MouHade) i n having fewer Chambers i n tìie l a s t w h o r l and a more lobate 

per ifhery. 

Range: l a t e Aptdan. 

Occurrence: w e H 1 - C A - l - S E . 

fflnhiqprinpTlniflpR barri p o l l i , LoebOich & Tappar^ 

(EL 23, Figs 10-14) 

Bdglobigerinella b a r r i BcGli, Loebl ich & Tappan, 1957, p .25 , pL 1, figs 13-18. 

Globigerinelloides b a r r i p o l l i , Loebl ich & Tappan). Longor ia , 1974, p. 80-82, 

piL 4, figs 1-3, 8, 14; p L 5, figs 9-16; p L 27, f i g . 19. 

Globigerinelloides b a r r i pciUi , L o e b l i d i & Tappan). L e c k i e , 1984, p.593, pQ. 2, 

figs 1-4. 

Remarks: Glob iger iml lDides ba r r i i s character ised by i t s smal l , 

pilanispiral t e s t (c. 240-320;im i n maximum diameter); d r c u l a r per ipheral 

outline; 6 t o 10 ovate to nearly spher ica l Chambers i n the l a s t whorl; 

smaller and l ow but hcoad l a s t single d iamber or tdserial, with paired 

contiguous suppäementary cxies added i n the geront ic stage and positioned 

lateralLy to the pOane of coüing, a t each side o f the periphery. 

Range: labe Apt i an . 

Occurrence: weHs 1 - C A - l - S E , 1 - C N - l - S E , 1 - U S - l - S E . 
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Gk^BgerineDodcles boibonensis [Maxow) 
(PL 23, Figs 15-20) 

non Ano malina eaglefccdensis Moreman, 1927, p . 99, p L 16, f i g . 9 (Sde 

Carter & Hart , 1977). 

Anomalina bentonensis Morrow, 1934, p. 201, p L 30, S g . 4. 

Planomalina c a s e y i Bcdli, LoetíHch & Tappan, 1957, p.24, p L 1, figs 4 -5 . 

non Globigerinelkddes eaglefordensis (Mcsreman). Loefcüich & Tappan, 1961, p . 

268-269, p L 2, f igs 3-7 . 

Globigerinelloides bentmensis (Morrow). Eicher & Worstel l , 1970, p . 297, p L 

8, Sgs 17, 19; p L 9, f i g . 3. 

Globigerinelloides bentonensis (Mccrow). L e c k i e , 1984, p . 593, pU 10, figs 5 -

11. 

GLobáqerinelloides bentmensis (Morrow). Car te r & Har t , 1977, p,27-28, p L 1, 

fig. 11, p L 2, f igs 19, 20. 

Remarks: Globigerinel loides bentonensis is distinguished by i t s large 

planispi ra l t es t (c. 300-510/im i n máximum diameter); equator ia l periphery 

sUghtiy loba te , a x i a l periphery rounded; 6 t o 7 in f l a t ed Chambers, graduaHy 

to rapidly increas ing i n s ize ; ^jerture a l o w , in ter iomarginal , umbUica l -

equatorial a rch wi th bordedng imperfccate l i p ; narrow to moderately wide 

shallow umbüicus; sutures dep resed , r a d i a l i n the l a s t one to t w o 

Chambers. I h e spedmens IHustrated by BctUi, Loebl ich & TaEi>an (1957) and 

described as Planomalina casey i are identdcal to Globigerinelloides 

bentmensis (Morrow). I t i s a common compoien t of- the Cenomanian 

planktonic assemtüages firom the Sergipe Bas in and i s par t i cu la r ly abundant 

i n the labest Cenomanian [Globiger inel lddes bentonensis-HedbergeHa Q i . ) 

aprica Zone - Chaptjer 4, sect ion 4.2.1.(1)]. 

Range: middle Alblan to Cenomanian. 

Occurrence: l o c a l i t i e s A - 1 , A - 9 , wells 1 - C A - l - S E , 1-ÜS-l-SE, l - S E S - 2 4 . 

GlotagepnelLoddes o^mani fTappan) 
(PL 23, Figs 21-24) 

Globigerinel la cushmani Tappan, 1943, p . 513, pQ. 33, f igs 5a, b . 

Globigerinelloides c u ^ m a n l (Tappan). Masters, 1977, p . 10, f l g . 4; píL 11, 

figs 1, 2. 
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Remarks: GlobigerinellaLdes cushmani is character ised by having a smal l , 

p lanj^r i ra l t es t (c. 260-320^m i n maximum diameter; c i rcu la r equator ia l 

periphery moderately loba te , rounded a x i a l periphery; 7 in f la ted chambers i n 

the l a s t whorl , gradual ly increasing i n , s i z e ; l a s t chambers rapidly increase 

i n t h i c k n e s ; l ow inter iomarginal , umhdlical-extraumbil ical to extraumholical 

aperture with a narrow imperforate Up; umbilicus f a l l o w and narrow. I t 

differs from from Globigerinel loides bentonensis (Monrow) i n having a more 

lobate equator ia l p rof i le and a c i r cu la r equator ia l periphery. 

GkAaqerineUoides c u ^ m a n i is s imilar to GlobdgerineUoides b a r r i (Bolli, 

Loebl ich S Tappan) from which i t differs by having fewer chambers, a 

l a t e r a l l y broader (thicker) tes t and a single-chambered l a s t stage. 

Range: ea r ly to middle Altdan. 

Occurrence: l o c a l i t y A - 2 7 and wells 1 - C A - l - S E , 1-ÜS-1-SE. 

fTini-iHy»ririi>nnirfcag escheo. (Kaufmann) 

(RL 23, Figs 25-28) 

Nonionlna escher i Kaufmann, 1365, p . 198. 

GkArigecineUoldes escher i (Kaufmann). Marianos & Zingula, 1966, p . 334-335, 

pa. 37, figs. 3a, b . 

Globigerinelloides asperus (Ehrenberg). Pessagno, 1967, p . 274-275, piL 60, 

figs 4-5 . 

Globigerinelloides prairiph-iiiAnsis Pessagno, 1967, p .277-278, pL 60, figs 2-3 , 

pO. 83, fig. 1, piL 90, f igs 1-2, 4. 

GkfcJgerineUoides volutus (White). Pessagno, 1967, p . 278-279, piL 62, figs 

10-11. 

GLobdgerinelloides e scher i (Kaufmann). Masters, 1977, p. 409-412, pü. 11, figs 

4 -5 . 

Remarks: This s p e d e s i s distinguished by i t s sma l l p l a n i ^ i r a l tes t (c. 

22(}-230^ra i n maximum diameter); d r c u l a r equa to r ia l periphery very lobate; 

5 to 6 subqherLcaL in f la ted , chambers i n the l a s t whorL rapidly increasing 

i n s ize; umtdlicus narrow and shallow; pustulose surface. I t differs from 

Globigerinelloides abberanta (Netskaya) by i t s smaller s ize , being more 

loose ly coi led and having fewer number of chambers i n the l a s t whorL 

Range: Sani:onian to Maastr icht ian. 

Occurrence: l o c a l i t i e s A - 1 8 , A - 1 9 , wells 1 - C A - l - S S , 1 - C N - l - S E , l - C R L -

1-SE, 1 - S E S - l A , l - S E S - 3 , l - S E S - 9 . 



GlohigerinéDaides fiemeoïenas (MouHade) 

CRL 23, Figs 29-30) 

BJbdcjjiella fecreolensds MouUade, 1961, p . 214, p L 1, figs 1-5. 

G1obigerinelIgix3es ferreolensis (MouHade). L o i g o r i a , 1974, p .84-85, p l . 5, f igs 

7, 8; pL 8, f igs 1-3, 8-15; p L 14, figs 7-8; pU 27, f igs 3, 5, 12. 

dob iqer ine l lo ides ferceolensis (MouHade). L e c k i e , 1984, p . 593, p L 2, figs 9 -

12. 

Remarks: Tîiis spedes is distinguished by i t s sma l l pilanispiral t es t (c-

250-330^m i n maximum diameter), with an e H i p t i c a l e q u a t t r i a l periphery; 7 

t o 9 subqAie r i ca l chambecs i n the l a s t whorl , increasing s lowly i n s i ze ; 

relativély wii3e and shallow umbilicus. E ; differs from GtonhigerinRlloides 

aptiense Longor ia i n having more diambers i n the l a s t whorL and from 

Globdgerinell nides b a r r i (BoHi, LoebUch & T^çan) i n being éHiptical i n 

outUne ra ther than c i r c u l a r and having a thinner tes t . 

Range: l a t e A p t i a n . 

Occurrence: wéLls 1 - U S - l - S E , l - S E S - 9 , l - S E S - 3 . 

caobàgerinellaides mf*f^^^mcia±B Longoria 

(EL 24, Figs 1-4) 

Globigerinelloides macrocameratus Lcngoria , 1974, p . 85-86, p L 5, figs 1-6. 

Remarks: Spedmens of Globjgerippllnides macrocamerata are 

character ised by having a moderately smaH (c. 300-330^m i n maximum 

diameter) p d a n i ^ i r a l test ; sLightly lobate equa tor ia l periphery; 7 ^ e r i c a l 

chambers i n the l a s t whorl , increasing gradual ly i n s i ze , with a large l a s t 

chamber; sutures depressed and radiaL I t differs firom Globigerinellnides 

ferceolensis (MouHade) by i t s raore in f la ted l a s t chambers, more lobate 

equatcaàal per iphery and large las t chamber. 

Range: l a t e ApJtdan. 

Occurrence: wéH 1 - U S - l - S E . 

(EL 24, Figs 5-15) 

Elanomalina marldalensis B o l l i , 1959, p . 261, p L 20, figs 4 -6 . 

GlohdgerineHa duboisL Cheval ier , 1961, p . 33, pO, 1, figs 14, 15-18. 
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GlobLgerinplIa gottüsi Cheval ie r , 1961, p . 33-34, p L l , f igs 9-11, 13. 

Globigerlnelloides dubois i (Chevalier). Longoria, 1974, p . 83-84. 

GlobigerineHoides maridAi<ansis (BdUi). Lcngcr ia , 1974, p . 86-88, pL 9, figs 

4 -7 , 10-13, pU 27, fig. 18. 

BlowJeUa duboisL (Chevalier). Banner & Desai, 1988, p . 172, pL 8, fígs 10-

12. 

EOowielLa gotüsi (Chevalier) . Banrer & Desai, 1988, p . 172, p L 8, figs 13-15. 

Blowiel la maridalensis p o l l i ) . Banner & Desai, 1988, p . 172-173, pL 9, figs 

1-3. 

Remarks: Spécimens of GlobiqerinellDides ex gr . maridaitansis are 

distínguished by their sma l l (c. 220-250^m i n maximum diameter), nearly 

involute to semi-evolu te test , l a t e ra l ly compressed to in f la ted ; equatorial 

peripíiery lobate ; 4 bo 5 ovoid to petaHoid, subspher ical chambers i n the 

l a s t whorl, increas ing rap id ly i n s ize ; l a s t chamber comprising one-tiürd to 

o n e ^ i a l f of the test; waH f inely perfcrated. The synonymy l i s t exempüfies 

the va r i ab i l i i y o f morphotypes here considered to belong to th is species 

group. 

Range; l a t e A p t i a n . 

Occurrence: weUs 1 - C A - l - S E , l - S E S - 3 . 

CaofcdgeEÍ"**'nrriA»g texomaensis MichaeL 

(RL 24, Figs 16-20) 

GLobJgerineUoides texomaensis Michael , 1972, p . 209, pL 6, figs 9 -11 . 

GlobigerineUoides texomaensis MichaeL Carón, 1978, p . 658, p L 2, figs 7-8. 

Remarks: dob ige r ine l l o ide s texomaensis i s dist inguished by i t s smal l 

p lanispi ra l t es t (c. 2 9 0 - 3 0 0 ^ i n maximum diameter) , wi th a very large 

and tcoad l a s t chamber, compressed la te ra l ly ; 5 to 6 subspherical chambers 

i n the las t whor l , gradual ly increasing i n s ize ; lobate equatoñal periphery; 

narrow umtálicus. I t d i f fe rs Erom dob iger ine l lo ides cushmani i n having a 

sLighÜy larger t e s t wi th fewer chambers, a l a rge and fcroad l a s t chamber 

and a more lobate equa to r ia l periphery. 

Range: l a t e A lb i an . 

Occurrence: weDs 1 - C A - l - S E , 1 - C R L - l - S E , 1 - U S - l - S E . 
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GtobàgerineTlaides ifltcaim'r^-a (Subbotìna) 

(PL 24, Figs 21-22) 

GLobigerinella ulbramicxa Subbotdna, 1949, p . 33, p L 2, f i ^ 17,18. 

GlobigerinellDides ulbramicra (Suttootina). Mastecs, 1977, p.413-416, pL 12, 

f igs 3-5. 

Remarks: Globigeaiieltoitjes u toamicra i s charac te r ized by i t s smalL (c. 

290;ini i n maximum diameter), compressed, loose ly co i led j i lanispira l test ; 7 

t o 8 s u b ^ h e r f i c a l chambers i n the l a s t whocl, gradually increasing i n s i ze ; 

umbdlicus wide and ^ a H o w . I t diEEers from GloblgerineTloides escher i 

(Kaufmann) i n being more loosely coi led and having more chambers i n the 

l a s t whorL 

Range: l a t e Santonian to Maastr icht ian. 

Occurrence: l o c a l i t y A - 1 8 , wéUs 1 - S E S - l A , l - S E S - 3 . 

Family FLANOHALnODAE 

Bon i , LoebUch & Tappan, 1957 

Genus PLANOHALINA 

LoebUch & Tappan, 1946 

Type specdes: PlanomaUna apsidostroba LoebUch & Tappan 

ElanomaUna sp. c£. P . pcaebuxtr»-fi Wonders 

(PL 24, Figs 23-28) 

c£. PlanomaUna praebuxtorEi Wonders, 1975, p . 90-91 , p L 1, figs l a - c , 2a -c , 

t ex t -E ig . 4: 2a-b . 

c f . PlanomaUna ^ a e b u x t o r f i Wcaiders. Robaszy r sk i & Caron, 1979, p. 50, pL 

1, f i g . l a - c . 

c f . PlanomaUna praebuxtor f i Woiders. Wcnders, 1980, pL 1, p.123, f ig . l a - c . 

c f . PlanomaUna praebuxtc r f i Wcnders. L e c k i e , 1984, p . 598, p L 10, figs 1-2. 
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Remarles: Severa l specimens tentatávely referatíle to Plano malina Ep. c f . 

P . praebuxtorf i were recovered ñrora the lowermcet Cenomanian sectdon 

(Rotalipora hcotzeni Zone; wéU 1 - C N - l - S E , core 5: 537.00m), and seem t o 

be t ransi t ional forms between Globágerinelloides bentonensis (Mcrrow) arw3 

Plano malina praebuxtorfL Ihey are distinguished by having a p lanispi ra l 

test , bJumbilicate, and symmetr ical ; 6 to 8 (generaHy 7) globular to 

crescent-sh^íed chambers i n the l a s t whorl , increasing gradually i n s ize ; 

the l a s t one or two chambers l a t e ra l ly compressed. The ^jeciraens firom 

Sergipe differ ñrom the t y p i c a l PlanomaUna praebuxtcarfi ^ c i e s ^ n s u 

Wonders, 1975, p . 90 -91 , pL 1, f igs 1-2) i n having an overaU smooth tes t 

surface and cxily the l a s t 1 or 2 chambers l a t e r a l l y compressed. 

Range: l a t e s t Alb ian to ea r l i es t Cenomanian. 

Occurrence: wéOs 1 - C N - l - S E (core 5; 537.80m), 1 - C R L - l - S E (core 1: 

1182.50ra, rare occurrence) . 

Superfamily ROnAUFORACBA 

Sigal , 1958 

Family GLGBDUGERIMTDAE 

LoetOich & Tappan, 1984 

Remarks: Specimens of the genera Conoglobigerina Morozova (Middle to 

Upper JurassLc) and Globuligerina Bignot have tieen repcr ted elsewhere from 

Jurassic to lower-upper Apt ian s t rafa (cf. Masters, 1977; Caron, 1985; 

SUter , 1989). The occurrence of "globuligerinid' ' morphotypes i n the upper 

Apt ian- lowermost A l b i a n of Sergipe may suggest, therefore, either a 

probable higher ^ounger) l a s t appearance datum (in the l a t e Aptáan/earliest 

Albian) a t l o w - l a t i t u d e s ex, most l i k e l y , new t axa placed wi thin the 

phylogenetic l ineage of Conoglobuligerina - GJobuligerina - HedbergeUa 

(Favusella) (e.g., Gr ige l i s & Gorbatchik, 1980, p . 189). 

Genus CONO(aX)ESSERINA Mocozova, 1961 

Type spediss: Globdgerina (C onoglobágerina) dagestanica Hcrozova , 

i n Mocozova & Moskalenko, 1961 
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Conoglotágerinaí?) sp. A 

(PL 24, Figs 29-33) 

Remarks: Specimens oE Ccnoglobigerìna (?) sp, A are d i s t i n g u i ^ e d by 

having a minute t rochoid test , with a moderately high trochospire (varying 

ñrora c 110A30/ im t o 180/180^m i n maximum diameter/height rat io); 3 

rapidly enlarging globular chambers i n the l a s t whorl ; umtálicus smal l ; 

periphery rounded; t es t surface with imperforate smal l rounded or elongated 

tubercles, some forming elongated quadrangles (= rií3ges); ^)er ture a l ow 

umbi l ica l a rch , bordered fcy a narrow l i p . The morphotypes are somewhat 

s imilar i n chamber arrangement to Jurassic topotypes of Coioglob iger lna 

bathcniana (Pazdrowa), refigured by Masters (1977, piL22, f igs 1-3), and 

Conoglobigerina dagestanica Morozova, i l lus t ra ted by Grigel is & Gorbatchik 

(1980, p L 1, f igs 1-2). I t differs from Globuligerina sp. c f . G. hoter iva i n 

having a more regular t rochoid tes t with a higher trochcepire (diameter/ 

height r a t i o < 1). 

Range: l a t e Ap t i an to ear l ies t Alb ian (?). 

Occurrence: Rare ^«ciraens were recovered from w e l l 1 -CA-SE (upper 

Aptian: 1 0 9 5 - l l l O m , 1125-1140m, 1245-1260m; lowermost Altaian: 1035-

1050m). The s t r ay occurrence i n the lowermost Albian may ac tua l ly 

represent r ewcrk ing firom the upper Apt ian , although the few ^ c i m e n s 

recovered are a l l weD. preserved. 

Genus GLOBOUGERINA Grigyal i s 

Type ^)ecdes: Globigerina oxfcrdiana Grigyal is , 1958 

Globul iger ina sp. cE. G . hofaerimca (Subdxitdna] 

(PL 24, Figs 34-35) 

c f . Globagerina ho te r iva Subbotána, 1953, p . 50, pL 1, f i g . l a - c 

c f . Globuligerina haute r iv ica (Sufcfeotina). Gregel is & Gorbatchik, 1980, p L 1, 

fig. 7 a-b . 

c f . Globuligerina ho te r iv ica (Subbotina). Caron, 1985, p . 57, figs 25.1-3. 
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Remarks A single ^ecdmen tentatìvély re fe r red t o Globuligerina sp. c f . 

G. hoter ivica was recovered from an uppermosfc sec t ion oE tìie Oiterinhos 

Member, Muribeca Fcarmation (weE 1 - C P B - l R - S E , core 7: 370.90m). The 

^)ecimen i s charac te r i sed t y having a minute tes t with a moderately smal l 

trochospire (c. 217/154^ra i n maximum diameter/height rat io); 4 subglobular 

chambers i n tìie l a s t whorl ; ve ry recrystal ised tes t . 

Range: ear ly(?) - la te Apt ian-

Occurrence: welL 1 - C P B - l R - ^ (rare occurrence) . 

Family BEDBBRGELUDAE 

Loebücii & T^jpan, 1961 

Subfamüy HEDBERGELUNAE 

Loebl ich & Tappan, 1961 

Genus HEDBERGEUA 

Bronnimann & Brown, 1958; 

emended, L o i g o r i a , 1974; re-emended 

Type ^ ) e c i e s Anomalina lorneiana d'Orbigny var . t rochoidea 

Gandoia , 1942 

Remarks 

The emended definitiCHi of the genus HedbergeUa as given by Longoria 

(1974, p. 51-53) i s re-emended i n here to inc lude fcarms whixái have been 

previousLy grouped under the generic ñame Favusel la by H i c h a e l (1972, p . 

53), pcoposed as a subgenus of HedbergpUa t y Koutsoukos e t ^ (1989), and 

Whiteinella by Pessagno (1967, p. 298). The various putüshed favuseHLd taxa 

have been shown to be ecophenotypic expressions o f a HedbergpUa stock 

sui ted to shal low, warm, hypersaüne, carbonate-saturated environments (see 

Chapter 6 and Koutsoukos e t op. d t . ) , and therefore lack the 

taxcHiomic s tatus of a sepárate genus. T y p i c a l favuseHLd morjíiotypes have 

the tes t surface covered by a var iable scu lp tu ra l ornamentatÍDn, 

progressively evolv ing from fine rounded t u b e r d e s and weH-defined rounded 

or elongated t u b e r d e s ^ m e forming élongated quadrangles = ridges), to a 

retáculate systera o f fine to coarse ridges forming i r regular poLygonal ceHs 

^oneycomb pat tem) i n the adult stage. On the other hand, the 

morphological charac te r i s t i c s - used by severa l authors (e.g., Pessagno, op. 
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d t . , p. 298; Robaszynski & Caron, 1979; LoehUch & Tappan, 1988) - t o 

different ia te the genus Whit^inp-iia fcom HedbergpUa (rauch larger p o r t i d 

with in f ra lamina l a c c e s o c y apertures, la rger umbüicus, and the more 

umbüical positiran o f tiie prLmary ^Jerture) , and the presence of seve ra l 

i n t e r sped f i c variaticHis ( p r i ^ h L y r e f l ec t ing pelagic ecophenotypic 

d i f fe ren t ia t im) between the two groups^ does not have enough taxonomic 

s tah i l i ty to Support the proposal of a d i f fe ren t genus. As a lready noted by 

RcAsaszyiEki & Carcn (1979, v . l , p . 155) T h e presence of t rans i t ional f c rms 

prevents a f i rm Separation of the" two genera' . Therefore, untü further 

evidence i s produced, i t i s recommended tha t the generic designations of 

FavuseHa and WhiteineHa be kept a t the subgeneric l e v e l , within the genus 

Hedbergella. 

Subgenus HEDBERGOiLA 

Type Speeles; Anomalina lomeiana d'Ortdgny var . trochoidea 

G a n d o M , 1942 

Remarks: 'nie defirdtion of the subgenus fol lows herein the o r ig ina l 

descripton o f Hedberg^Tir^ given by Bronnimann & Brown, 1958, p. 16. 

HedbécgeDa (HedbergePa) ex g r . dehäoensis (Carsey) 

(EL 25, Figs 1-7) 

Globigerina cretácea d'Ortdgny var. delr ioensis Carsey, 1926, p.43, no 

figures. 

Glohigerina portsdownensis Wi l l i ams-Mi tche l l , 1948, p . 96-97, p L 8, f igs 4 a -

c . 

Praeglobotruncana (Hedbergella) delrioensis (Carsey). Banner & Slow, 1959, 

p.8. 

Hedberqella portsdownensis ( W i l l i a m s - M i t c h e l l . LoebÜch & Tappan, 1961, p. 

277, pL 5, f igs 3a -c . 

Hedbergella delrioensis (Carsey). Renz, Luterbachec & Schneider, 1963, p . 

1083, p L 9, ägs 5a-c . 

Hedbergella delrioensis (Carsey). Pessagno, 1967, p. 282-283, pU 48, f igs 

1-2, 3-5. 

HedbergeHa U b y c a Barr , 1972, p. 14, p L 10, ägs l O a - c . 

Hedbergella costón a t a Sa in t -Marc , 1973, p. 11-12, pL 1, figs 1-2, p L 2, 

figs 1-3. 
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Hedbergpn?^ cos tp l l^ ta Sa in t -Marc . Carón, 1978, p . 658, pL 4, f igs 1-3, 8-9. 

Hedberqella delr ioensis (Carsey). Robaszynski s C a r o i , 1979, v . 1, p^ 123, 

128, pL 22, f igs 1-2, p L 23, f igs 1-3. 

Hedberqella U b y c a 3ar r . L e c k i e , 1984, p . 598, p L 11, f igs 5-9. 

Remarks: Mocphotypes of Üiis ^ d , e s group are character ised by a 

moderately sma l l best {c. 200-330|im i n maximum diameter) co i led i n a ve ry 

l o w , almost f l a t , t rocho^r i re ; 4 to 6 (generally 5) in f la ted , ^ h e r i c a l to 

ovoid ciiambers i n the l a s t whorl , increasing gradual ly or rap id ly i n s i ze ; 

the las t chamÍDer may extend over the umtdlicus i n tíie geront ic stage; 

lobate equa tor ia l periphery; umbdlicus deep and smal l ; primary aperture a 

large in ter iomarginal a rch , extraumbdlical-umtdlical i n positiDn. 

Hedbergella (H.) ex gr. delrioensis i s a moderately variable specúiss. 

Variatárxi i s represented by t i ie degree of chamber enlargement as added to 

the whorl, development of an aper tura l Up , and surface texture , which can 

probably be explained as ecophenotypdc d i f ferent ia t ion . The l a t e s t Apt ian to 

middle-late Altaian specimens tend to be smoother, smaller {<300um i n 

maximum diameter), and with a less pronounced aper tura l l i p , while the 

l a t e s t Altaian-Turonian specimens tend to be s l igh t ly larger , some with a 

more fxistulose/tiigose (pustules and/or costellae) surface ornamentation. The 

pustulose/tugose morphotypes, described as HedbergpHa l i b y c a Barr or 

Hedbergella cos t e l l a t a S a i n t - M a r c , and Hedbergeiig portsdownensis (WiHiams-

Mitche iy , & o m l a t e s t Altaian-Cenomanían sediments (PL 25, Figs 5-7), appear 

to represent ecophenotypic adaptatírxis o f a Hedbergella (H.) ex gr. 

délrioensis s tock to warm, epipelagic envircsiments (<100m water depth), 

such as marginal ep icont inenta l seas or carbonate platforms (cf. L e c k i e , 

1987; Koutsoukos e t a L , 1989; Chapter 6). 

Earl iest Cenomanian Hedbergella (H.) ex gr. delrioensis morphotypes, 

recovered from deep ner i t ic- i^ jper bathyal biotX)pes with dysaerotác bottom 

conditifflis (wel l l-üS-1-SE: 366-381m), ^ o w s imi la r i ty wi th forms of 

TLdnella grijnula Luterbacher i n chamber arrangement (generally Ecrmed by 

5 to 6 chambers i n the l a s t whorl , gradual ly increasing i n s ize , with a 

smooth tes t surface). The hedbergellid ^ c i m e n s differ from T i d n e l l a 

primula i n having a fewer number of chamt)ers i n the l a s t whorl fthe 

ticinellLds usually ha\re from 7 to 8 chambers), a narrow umbilicus and 

comjuete l a c k of umbi l i ca l suppQementary apertures (although this is a 

morphological feature rare ly observed i n the t i c ine l l ids of 3ergip>e). 
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Ranger late Aptìan to Santonian. 

Occurrence: tocalities h-1, h-2, A - 3 , A - 9 , A - 1 5 , A - 1 6 , A - 2 1 , A - 2 9 , A -

35, A - 4 5 , Cruzes 15 , wélls 1 - C A - l - S E , 1 - C N - l - S E , 1 - C P B - l R - S E , 1 - C R L - l -

SE, 1-ÜS-1-SE, l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 

Hedbergella gedbe^iéDaì flandrini Pcarthault 

(PL 25, Figs &-9) 

HedbergeUa f l and r in i Prarthaultv 1970, p. 64-65 , p L 10, figs 1-3. 

Hedbergella f l and r in i Pcr thaul t . Rc toszynsk i & Caron, 1979, p. 129, 134, p L 

24, figs 1-2, p L 25, f igs 1-3. 

HedbecgeHa f l andr in i Pcrtìiault. Caron, 1985, p. 57, f igs 25.12-14. 

Remarks: Ttie species i s characterised by having a smaD, compressed 

tes t (e 220^m i n maximum diameter), wi th a very lobate equator ia l 

per i j i iery; 4 to 5 globular t o spatulate chambers i n the las t whorL 

incxeasing rap id ly i n s i ze and height; umtdlicus wide and shal low. I t d i f fers 

from Hedbergella (H.) ex gr. simplex by having a more compressed tes t and 

spatulate chambers i n the l a s t whorL rather than globular to subclavate. 

Rcuige: l a t e ConiacLan to ear ly Santonian, 

Occurrence: wèll 1 - C R L - l - S E (rare occurrence). 

HedboiqéDa OBedbergéllcO gccbacfaikae Lcngor ia 

(RL 25, Figs 10-13) 

Hedbergella gorbachikae Longoria , 1974, p. 56, 58, p L 1 5 , figs 1-16. 

Hedbergella gorbachikae Longoria . Leckie , 1984, p . 598, pL 4, figs 9-11, 

Blefuscuiana gorbachikae (Lcxigoria). Banner & Desai, 1988, p . 160, 162, p L 

5, figs 8-12. 

Remarks: Hedbergella (H.) gorbachikae i s character ised by i t s sraall 

plano-convex tes t (c. 260-340/im i n maximum diameter), with the umbUica l 

side convex; genecal ly with 5 inflabed chambers i n the l a s t whorl ; l a s t 

chamber extending over the umhüicus, completely oc partLaHy covering i t . 

Range: l a t e Ap t i an to Alb ian . 

Occurrence: l o c a l i t i e s A - 1 5 , A - 1 6 , weUs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L -

l - S E , 1 - U S - l - S E , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 . 
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HedbergePa (HedbergeDa) tr>ITNA»ipnsis Olsson 

ffO. 25, Figs 14-15) 

Hedbergella hcümdelensis Olsson, 1964, p . 160, p L 1, fig. 2a-c-

Hedbergella hcdjndelensis Olsstsi. Robaszynski e t a L , 1984, p. 261, pL 43, 

fig. l a - C . 

Remarks: Hedbergella (H.) hctlmdelensis i s distinguished by having a 

smaU tes t (c. 310^m i n maximum diameter) wi th a very low trcxrho^àre; 5 

globular to t r apezo ida l chambers i n the l a s t whor l , rapidly increasing i n 

s ize ; lobate equa to r ia l per i fhery; umbdlicus sma l l and shallow; smooth 

surface. 

Range: l a t e Campanian to ear ly Haast r icht ian . 

Occurrence: wéUs 1 - S E S - l A , l - S E S - 9 . 

Hedbergella (HedbecgéPa) in&acretctcea (daessner) 

CEL 25, Figs 16-19) 

dob ige r ina in f rac re tacea daessner , 1937, p . 28, t e x t - f i g . 1. 

Hedbergella inñracretacea (daessner). Renz, Luterbacher S Schneider, 1963, 

p . 1083. 

Hedbergella in f rac re tacea (daessner). daessner (emend.), 1966, p . 179, p L 

1, figs 1-3. 

Hedbergella in f rac re tacea (daessner). Longoria , 1974, p . 59-60, p L 13, fig. 

9. 

Hedbergella in f rac re tacea (daessner). Magniez-Jannin, 1975, p . 250-256, p L 

17, figs 23-26, 34-35 {?), 36, 37 (?), 39, 41-44. 

Remarks: Spedmens of HedbergpTi?^ (H.) infiracretacea are characterised 

by having a minute tes t (varying from around 160-180fim i n maximum 

diameter, i n the upper Apt ian , to c 2 3 0 ^ i n the Albian), with a 

moderately l ow t r o c h o ^ i r e ; lobate and subcircular equa tor ia l periphery; 5 

to 6 ovoid chambers i n the l a s t whorl, increas ing s lowly i n s ize; l a s t 

chamber general ly smaller than the penultimate cne, i n umbi l i ca l v iew; 

umbdlicus narrow and deep. The species i s somewhat simuar i n chamber 

arrangement to Hedbergella (H.) ex gr. delr ioensis (Carsey), from which i t 

differs by having a general ly smallar ovoid l a s t chamber, arranged along 

the coüing plane, chambers increasing sLLghtly s lower i n s ize , and a nearly 
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c i rcu la r equa to r ia l perifAiery. I t differs from Hedbergella (H.) ex gr . 

plani^àra fCaK^an) by having a less f la t ter t rochoepire and fewer chambers 

i n the l a s t whorL The morphcdogical variahüity of Hedbergella (H.) 

inñracretacea seems to f a l l actualLy wi th in the range of i n t e r ^ c i f i c 

variat ions between pt^julations of Hedbergella (H.) ex gr. delrioensis and 

HedbergeUa (H.) ex gr . gOanispira (e.g., Harr is , 1982, v o L 1, p . 130-142). 

Range: l a t e Ap t i an to Alb ian . 

Occurrence: wèDs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C P B - l R , l-üS-1-SE, 1-SES-

3. 

Hedbergella (Hedbergella labocaensis Lcngor ia 

(PL 25, Figs 20-21) 

Hedbergella latajcaensis Lcngor ia , 1974, p . 60-61 , pL 16, figs 7-9, 22-24. 

Tiil l iputianella l o n g o r i i Banner & Daraini Desai , 1988, p . 166, 188, p L 4, figs 

11-12. 

Remarks: Specijnens of Hedbergella (H.) labocaensis are distinguished by 

having a minute t e s t (c. 2 0 0 ^ i n maximum diameter) , with a moderately 

Ipw t rocho^)i re ; loba te equator ia l periphery; 5 .to 6 peta l lo id chambers i n 

the last whorL increasing rap id ly i n height; l a s t and penultimatimate 

chambers often extending over the umbdlicus, which is narrow and deep. I t 

differs from Hedbergel la gì.) semielongata Lcngor i a i n having less elongate 

chambers i n the l a s t whor l and a smaller umbdlicus. 

Range: l a t e Apt i an . 

Occurrence: w e i l 1 - C A - l - S E . 

Hedberqella (Hedbergella) maslakovae Longoria 

(PL 25, Figs 22-23) 

Hedbergella maslakovae Lcaigoria, 1974, p . 61, 63, p L 20, figs 1-3, 14-16, 

piL 24, figs 11-14. 

Hedbergella maslakovae Longoria. Caron,1978, pw658, p L 2 , figs 1-2. 

IiilliputdaneHa maslakovae (Loigoria). Banner & Damini Desai, 1988, p. 169, 

pO. 8, figs 6 -7 . 

Remarks: The ^ d e s is character ised by i t s smaH tes t (e. 220^m i n 

maximura diameter), wi th c i rcu la r equator ia l p)erip*iery, strongly lobatre; very 

low t r o c h o ^ i r e , wi th a f i a t dorsa l side; 5 to 6 inf la ted , ovate to s e m i -

élcngate chambers i n the l a s t whorl, increas ing s lowly i n height; wide 
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umhDiaas. I t d i f fers from HedbergeUa (H.) ex gr. plani^òra fTaEpan) by 

having oval-shaped to semi-elongate chambers i n the l a s t whorl ; and & o m 

Hedberqella (H.) semielongata Longoria and Hedbergella (H.) s i ini l iq Longoria 

t y the in f la ted , less elongate and less d a v a t e chambers i n the las t whorl . 

Range: l a t e Ap t i an . 

Occurrence: weH 1 - C N - l - S E . 

Heaiecqella (Hedbergella) ex gr. p L u ù t ^ a (Tappan) 

(PL 25, Figs 24-30} 

SLobigerina gJanispira T ^ p a n , 1940, p. 122, p L 19, fig. 12. 

Hedbergella p l anUp i r a (T^ipan). Loebtich & T^ jpan , 1961, p . 276-277, p . 

276, pL 5, figs 4 - 1 1 . 

Praeglobotruncana gJani^àra p '^ 'pan) ' Re t r i , 1962, p , 121-122, pL 16, f igs 

7-8. 

Hedbergella p lanisp i ra fTappan). Pessagno, 1967, p.283-284, p L 51, fig. 1; p L 

53, figs 1-4. 

Hedbergella p l a n i ^ i r a CTappan). Magniez-Jannin, 1975, p. 254-256, p L 18, 

figs 1-12. 

Hedbergella p lanispira (Tappan). Sl i ter , 1977a, p L 3, figs 4 -7 . 

Hedbergella p l a n i ^ i r a fr^)pan). Robaszynski & Caron, 1979, v . l , p . 139, 

144, piL 27, figs 1-3, p L 28, figs 1-4. 

Remarks: Hedbergel la (H.) ex gr. pilanispira i s character ised by i t s smaH 

s ize (c. 240-320^m i n maximum diameter), very low t rocho^ i i r e , nearly f i a t 

test; 6 to 8 chambers i n the l a s t whorl increasing gradually i n s ize . The 

morphotypes are somewhat s imilar to l a t e Apt ian spedmens of Hedbergella 

(H.) inf racre tacea (Oaessner), fro m w hich they dlffer by being more 

l a t e ra l ly compressed, with a f lat tened s p i r a i s ide, having more chambers i n 

the l a s t whor l and a largar umbdlicus. 

Range: l a t e s t Ap t i an to Turcffiian. 

Occurrence: locaUtdes A - 1 , A - 3 , A - 9 , A - 1 5 , A - 2 7 , weUs 1 - C A - l - S E , 1-

C N - l - S E , 1 - C R L - l - S E , 1 - U S - l - S E , l - S E S - 3 , l - S E S - 2 4 . 

Hedberg&na (HedbergéDa) gemielongata Longoria 

(PL 26, Figs 1-3) 

Hedbergella semielongata Lcngor ia , 1974, p . 66, 68, p L 20, fi^ 12-13, p L 

21, figs 1-3, 4 -5 . 
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Remarks: Hedbergella (H.) semielongata i s character ised by i t s minute 

tes t (e. 19C^m i n maximum diameter), wi th a substellate equa tor ia l 

peri{*ery; 5 to 6 in f la ted , ovate to semi-elongate chambers i n the l a s t 

whorl, increas ing graduaUy i n s ize ; umbàlLcus narrow. The sgeàes i s 

somewhat s imi lar t o Hedbergella (H.) sim'iii'^ Longoria , from which i t diÉfers 

by having a narrower umbdlicus and in f la ted , ovate to semi-elongate 

chambers, i n the l a s t whcarL 

Range: l a t e Apt i an . 

Occurrence: weDs 1 - C A - l - S E , 1 - C N - l - S E . 

HedbergeUa (Hedbery'na) siqail i Moullade 

CPL 26, Figs 4-5) 

Hedbergella (Hedbergella) s igaH MouUade, 1966, p . 87, pU 7, figs 20-25. 

Hedbergella s i g a l i Moullade. Sl i ter , 1977a, p . 542, p L 4, figs 6-8, 

Hedbergella s igaU Moullade, Caron, 1985, p . 59, figs 25.21-22. 

Remarks: TITÌS ^ d e s is recognised by ifcs minute s ize (e. 180um i n 

maximum diameter) , low frochoepire, with 4 o v a l - ^ a p e d chambers i n the 

l a s t whorl , increas ing rapidly i n s ize; subquadrate tes t i n p ian v iew, wi th a 

Earonounced lobate equator ia l per i jhery . 

Range: l a t e Ap t i an . 

Occurrence: wells 1 - C A - l - S E , l - S E S - 3 , l - S E S - 9 . 

HedbergeUa pedberg&Da) aitrilìs Lcxigoria 

(PL 26, Figs 6-8) 

Hedbergella s imil ts Lcngor ia , 1974, p . 68-69, p L 16, figs 10-21; pL 18, figs 

12-13; p L 23, figs 14-16. 

Hedbergella labocaensis Longcr ia . Carrai, 1978, p . 658, pd. 2, figs 3-4. 

UìlJputianeTla s imi l i s (Longoria). Banner & Damini Desai , 1988, p . 169, p L 8, 

figs 8, 9. 

Remarks: Spedmens of HedbergpTìa (H.) sim-'ii'^ are character ised by 

their sfrCTigLy lobate minute test (c. 170-220|am i n maximum diameter); 

e lmga te equa to r ia l pe r^he ry ; 5 to 6 ovate to elongate chambers i n the 
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l a s t whod , increas ing gradually i n s ize; low trochospire; and a shallow wide 

umtalicus. This species i s sLmilar to HedbergAiia. (H.) labocaensis and 

Hedbergella (H.) maslakovae, a l i erectsd sLmultaneously by L o i g o r i a (1974), 

but dtffier i n being more loosely coìled, with a shallow wide umbdlicus, and 

a nearly f la t tened t r o c h o ^ i r e . I t diEfers from other low-t rochospi re 

Hedbergella by having ovate to elongate chambers and a pe r i fhe ra l margin 

elcngate and strOTigly lobate . 

Range: l a t e Ap t i an . 

Occurrence: wéEs 1 - C A - l - S E , 1 - C N - l - S E , 1 - U S - l - S E . The sporadic 

record o f Hedbergel la gl.) 5imi1i?=i morphotypes i n lower and middle Alb ian 

turhdditic sediments (Angico Member) of tìie weH 1 - U S - l - S E represent 

rewcsrking from upper Apt ian s t ra ta (e.g., i n DSDP Site 545, l e c k i e , op. d t . , 

p . 600). 

HedbergeDa gedbergéPa) ex gr. sim^ter (Mcrrow), 

emended, Rcrtiaszynski & Caron , 1979, 

(RU 26, Figs 9-11) 

HastigerineHa simplex Morrow, 1934, p. 198-199, p L 30, fig. 6. 

Clavihedbergella simplex (Mcrrow). LoebLich & T ^ i p a n , 1961, p. 279-280, p L 

3, figs 12a-14b. 

Hedbergella amahil is Loebl ich & Tappan, 1961, p . 274, pL 3, f igs . 1-10. 

Clavihedbergella simplex (Mcrrow). Pessagno, 1967, p. 285-286, pL 52, f igs 

1-2. 

Hedbergella amahil is Loebl ich & Tappan. Pedagne , 1967, p . 281-282, pL 52, 

figs 6-8. 

Hedbergella amahil is LoeblLch & T ^ p a n . Car te r & Hart , 1977, p . 29, 31, p L 

3, figs 22-23, 

Clavihedbergella simplex (Mcrrow). Masters, 1977, p . 443-445, pL19 , figs 1-

3. 

Hedbergella simpJex (Mcrrow). Robaszynski & Caron, 1979, v. 1, p . 145, 150, 

pL 29, figs 1-3, p L 30, figs 1-2. 

Remarks: Hedbergella (Hedb.) ex gr, simplex i s character ised by having 

a moderately sma l l t es t (varying from c . 190-260j«m i n maximum diameter, 

for the middle A lb i an - lower Cenomanian, to c . 290-330um, for tìie middle 
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Cenomanian-lDwer COTiacáan), with a l ow trochospire and strongly lobate 

equator ia l periphery; 4 to 5 chambers i n the l a s t whor l with the las t 2 t:o 

3 ones r ad ia l ly elongated i n the piane oE co i l ing ; umbilicus wide and 

shallow. I t i s distinguished ñrom other species of Hedbergella by the more 

(davate charac te r oE i t s chambers and the lower sp i r a i height, as seen i n 

per iphera l vLew. 

Range: middle Albian to ear ly Coniacian. 

Occurrence: l o c a l i t i e s A - 2 , A - 9 , A - 1 1 , A - 2 9 , A - 3 5 , weUs 1 - C A - l - S E , 1-

C R L - l - S E , 1-ÜS-1-SE. 

HedbergeDa (HedbergeDa) subccetaoea (Tappan) 

(PL 26, Figs 12-18) 

HastigerineHa subcretacea T ^ p a n , 1943, p. 513-514, p L 83, figs 4a-c . 

Hedberqella amahili.g Loehìlirfi & T ^ p a n , 1961, p.274, p L 3, figs 8a-c ,10a-b . 

Clavihedbergel la subcretacea CTappan). Masters, 1977, p . 445-446, pL 19, 

figs 4 -6 . 

Clavihedbergel la subcretacea CTappan). L e c k i e , 1984, p.600, pL 8, figs 9-10. 

Remarks: Hedbergella (H.) subcretacea i s character ised by i t s smal l t e s t 

(c. 230-300^m i n maximum diameter), with s trongly lobate equa tor ia l 

peripùery; 6 to 7.5 globose to elongate chambers, gradually increasing i n 

s ize ; umbdlicus wide and shallow. I t diEfers from HedbergeUa (H.) simii-ig 

Longoria and Hedbergella (H.) ex gr. simpdex (Mcrrow) by t i ie larger number 

of chambers i n the l a s t whorL 

Range: Alb ian . 

Occurrence: weUs 1 - C A - l - S E , 1 - U S - l - S E . 

HedbergeDa (HedbergeDa troooidea (GandolEi) 

(RL 26, Figs 19-24) 

Anomalina l o m e i a n a (d'Ortdgny) var. trcx:oidea Gandolf i , 1942, p . 99, p L 2, 

figs l a - c ; pO. 4, figs 2 -3 ; pL 13, f igs 2a-b, 5a-b . 

Hedbergella tcocoixJea (Gandolfi). Longoria , 1974, p . 69, p L 17, figs 1-16; p L 

18, figs 3-5 . 

Hedbergella t rocoidea (Gandolfi), Masters, 1977, p . 475-477, pd. 25, figs 1-3. 
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Remarks: HedbergeUa (H.) t rocoii jea i s character ised by a moderately 

smaU t e s t (c. 350-360^m i n maximum diameter), wi th a low to s l ight ly high 

trochospire; equa to r ia l periphery moderately lobate, a x i a l periphery rounded; 

6 to 7 in f l a t ed and emtaracing chambers i n the final whorl , gradual ly 

increasing i n s ize ; l a s t chamber d i s t inc t ly large and in f la ted , extending over 

the umbil icus; low ext raura td l ica l -umbi l ica l aper tura l a rch bordered by a 

narrow l i p ; umhdlicus rar row and deep. HedbergpTiaa pi.) t rocoidea diEfers 

from HedbergeUa (H.) ex gr, delrioensis (Carsey) i n having more chambers 

i n tine l a s t whor l and a d is t inc t la rge , in f la ted l a s t chamber, extending over 

the umbòlicu^ and feom Hedbergella (H.) ex gr. planispira fTappan) i n 

possessing a s l igh t ly higher trochoepire and fewer chambers i n the l a s t 

whccL I t i s also distinguished from the ear ly fccms of T i H n p l i a ex gr . 

rober t i (Gandolfi) i n having embracing in f la ted chambers, with a d i s t inc t ly 

large l a s t chamber, a generally larger t e s t with a lower trochospire, and i n 

lack ing the supfdementary ^ le r tu res tha t exis t i n some indivixJuals of the 

la t te r . 

Range: l a t e Apt ian to middle Alb ian . 

Occurrence: l o c a l i t i e s A - 1 5 , weHs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C P B - l R - S E , 

1 - U S - l - S E , l - S E S - 3 . 

Subgenus F A V U S L L A (Michael), 1972; 

emended, Koutsoukos, Leary & Har t (1989) 

Type specdes: Globigerina washitensis Carsey, 1926 

Remarks: The deflnitdon of the subgenus fol lows herein the o r i g ina l 

descriptdcn o f Favus^n^ given by Michael , 1972, p . 212-213. 

HcdbergePa (FavuaeHa) wadribensis (Carsey), 1926, emended 

(PL 26, Figs 25-32, and Chapter 6 : 

P L 6.1, Figs 1-15, P L 6.2, Figs 1-14) 

Globdgerina washitensis Carsey, 1926, p . 44, pL 7, f i g . 10; p L 3, fig. 2 

HedbergeUa hilbermanni LoebHch & Tappan, 1961, p . 275-276, p L 4 , figs 1 2 -

13 

Hedbergella washitensis (Carsey). Loeh l i ch & Tappan, 1961, p . 278, p L 4, 

figs 9-11. 

Globigerina washitensis Carsey. Pe t r i , 1962, pp. 119-120, pL 16, figs 5-6. 
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Hedbergella washitensis (Carsey). Pessagno, 1967, p. 284-285, pL 49, f i g . 

1. 

HedbergeUa aff . almadenensis (Cudiman & Todd). Prestat , 1970, p . 3 1 5 -

317, pL 1, f igs 17-19 . 

Favusella n i t ida Michae l , 1972, p . 214, p . 3, figs 10-12. 

FavuseDa carbiculata Michael , 1972, p . 214, p L 4, figs 1-3. 

Favusella pessagnoi Michael , 1972, p . 214-215, p L 4, figs 4 -6 . 

Favusella quadrata Michae l , 1972, p . 215, p L 4, figs 7-9 . 

Favusella s c i t u l a Michae l , 1972, p . 215, p L 4, figs 10-12. 

Favusella washitensis (CarsejO. Michael , 1972, p . 215-216, pL 5, figs 1-3. 

Favusella wenoensis Michael , 1972, p . 216, p L 5, figs 4-9 ; pL 7, figs.4-5. 

HedbergeUa excelsa Lcngor ia , 1974, p. 55-56, p i . 18, figs 6-8 , 9-11, 14-15. 

Favusella confiisa Longor ia & Camper, 1977, p . 204, 207, piL3, figs 4 -6 , 

10-12; p L 4, figs 25-27. 

Favusella hedbergeUaefcrmis txxigoria & Camper, 1977, p. 207, pL 4, figs 

13, 7-9. 

Favusella papagayosensis Lcxigoria & Camper, 1977, p . 207, p L 4, figs 16-21 ; 

pL 5, figs 16 -21 . 

Favusella ptLanata Longor ia & Camper, 1977, p. 207-208. 

Favusella voloshinae Longoria & Camper, 1977, p. 208, pQ- 3, figs 1-3, 1 6 -

18. 

Favusella washitensis (Carsey), Lcngor ia & Camper, 1977, p. 208, piL 3, figs 

13-15; pO. 4, figs 4 - 6 , 10-12; p L 5, figs 22-24. 

Globdgecina washit.ensiq Carsey, Masters, 1977, p . 477-479, pL 25, fig. 4; 

piL 26, figs 1-3. 

Hedbergella h o t e r i v i c a (Subbotina), Butt , 1978, p, 258-259, piL 3, figs 1-6; 

pL 4, figs 1-6. 

Favusella sp. Roealer, Lutze & Pflaumann, 1978, pL 2, figs. 1-2. 

Favusella s t i f t i a Roesler , Lu tze & Pfiaumann, 1978, p . 276, p L 1, figs 1-5. 

Favusella sp, (Antcnova). Gr igel i s & Gcrbatchik, 1980, p. 188. 

Favusella tardità (Antonova), Grigel is & Gorbatchik, 1980, p. 188, pL 2, fig. 

4. 

Ascol ieSa scot iensis Banner & Damini Pesa i , 1988, p . 150-151, pìL 2, figs 3 -

4, 

Hedbergella (Favusella) ex gr . washitensis (Carsey). Koutsoukos, Leary & 

Hart, 1989, p . 335, pO. 1, figs 1-15, pL 2, figs 1-14. 
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Descriptdon : 

Test a low to r e l a t ive ly high trocho^nral c o i U äquatorial periphery 

loba te , pe r iphera l edge rounded. Chambers ^áierical t o subspherical; 1.5 to 

3,5 whorls each wi th 3 to 6 Chambers, usuaHy 4 to 5 i n l a s t whorl. Las t 

Chamber i n mature individuáis i s usually smaller (emtryoi ic ) , bare or wi th 

smooth crnamentatìon, extending over the urabdlicus and partíaEy covering 

i t (H . 6.1, Figs 10-15). Primary aperture usually arcuatie, low t o moderate, 

in ter iomarginal , umls i l ica l to umbi l i ca l -ex t raumhi l i ca l i n positiDn, bordered 

by Wide or narrow U p . Umbdlicus ^ a H o w , c£ var iable width. Sutures r a d i a l 

t o alightly curved, depressed. Test surface covered by variable sculp tura l 

omamentat ion, progressively developing from fine rounded tube rdes {PL 6.2, 

Figs 7-8) and we l l -deSned rounded or elongated tubercles ^ m e forming 

e lmga ted quadrangles = ridges; P L 6.2, Figs 9-10), t o re t icu la te system o f 

f ine to coarse r idges forming i r regular polygonal ce l l s flioneycomb pattern) 

i n ephebic (aduUj stage {PL 6.2, Figs 11-14; P L 26, Figs 25-32). Numerous 

minute pores l oca t ed nearly exclusively wi th ln polygonal ce l l s and between 

tuberdes ; pores sca t te red on edges of ce l l - r i dges and tuberdes . Size 

{maximum diameter) 100-250/im i n the neamc stage (1 to 2 whorls), 250-

350um i n eErfietdc fc tms (2.5 to 3 whorls) and 350-500um i n gerontic 

^ jedmens (3 to 3.5 whorls). 

Remarks : S t r ik ing morphcüogical differences can be observed between 

^ d m e n s a t t r ibuted t o Favusella and HedbergeUa (e.g., d i s t inc t ly t rochoid 

s h ^ , Chamber character is t ics , th icker and d i s t inc t iy ornaraented wal l , pore 

distributdixi pa t te rn , and umbi l i ca l posi t ion of the aperture of the 

favusell ids - c f . W.V. Süter, U.S,G,S, , wr i t t en coramuracatíon, June 1988), 

which have been used to su^x^rt the generic designation of Favusella (e.g., 

Grigel is & Gorbatchic , 1980; LoetÜch & Taíí)an, 1988), However, aH the 

evidence considered here in ^ e Chapter 6) demonstrates tha t the various 

published "favusel l id" taxa are ecoEhenotypic expressions of a common 

Hedbergella s tock adapted to shallow, warm, hypersal ine, carbonat^-

saturated environments, üntÜ further evidence i s produced, it i s 

recommended t o keep the FavuseTiq designation at subgeneric l e v e L 

Iherefore , HedbergeUa (Favusella) washitensis i s regarded as a spedes 

comprising s eve ra l morphotypes of common or ig in . The d i f ferent morphotypes 

represent d i f ferent pdymorph ic stages i n the l i f e c y d e and ecophenotypes 

of a Single hedbergel l id taxon. 
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Range : l a t e Apt ian to eanLy Cenomanian. 

Occurrence : locàlities A - 1 , A - 1 5 , A - 2 7 , A - 3 2 , A - 3 7 , A - 3 8 , weLls 1 - C A -

1-SE, 1 - C N - l - S E , 1 - C P B - l R - ^ , 7 -CP-252-SE , 1 - U S - l - S E , l - S E S - 9 

Subgenus WEEEEDIELLA Pessagno, 1967, emmended 

Type specdes: WhiteineHa archaeocretacea Pessagno, 1967 

Remarks: The d e f i n i t i c i of tìie subgenus fcdlows herein the o r ig ina i 

description of WhitaineHa given t y Pessagno, 1967, p . 298. Hedbergella 

(WhibeineHa) i s morgJiologically (dose to Hedbergella (HedbergeTia), fcom 

which i t dìffecs by possessing a s l ight ly extended umtdl ica l -ext raumhUical 

primary ^>erture, a larger umbiUcus, and general ly much larger p o r t i c i 

(apertural flaps). Seve ra l t rans i t iona l fcarms do exis t . 

The "whi te ine l l id" morphotypes are i n d i i d e d i n the group of "grosses 

globigérines" or "grandes globigérines" ^ n s u S iga l , 1955), i . e . , hedbergeHids 

o f generally large t e s t size (> 300/im i n maximum diameter), that are 

abundant i n uppermost Cenomanian and lowermost Turonian s t ra ta . 

Hedbergel la (WhiteineHa) a p d c a (LoebUch & Tappan) 

(PL 27, Figs 1-6)' 

Tic ine l la apr ica Loeb l i ch & Tappan, 1961, p. 292, p L 4, figs 14-16. 

WhiteineHa aprix:a (Loeblich & Tappan). E i d i e r & WorsteD, 1970, p, 314, p L 

11, f i g . 7a-c ; p L 12, fig. l a - c 

WhiteineHa ap r i ca (Loebl id i & Tappan). RcA)aszynski & Caron, 1979, v . 1, p . 

157, 160, piL 32, f igs 1-2. 

WhiteineHa ap r i ca (Loeblich & Tappan). Be l l l e r , 1985, p. 17, p L 5, figs 1-3. 

Remarks: Hedbergella (Whxt.) apr ica i s character ised by i t s low 

t r o c h o ^ i r a l t es t (e. 300-310/im i n maximum diameter), wi th the s p i r a i 

height varying from nearly H a t to moderately convex; cmly very s l ight ly 

asyrametrical i n p)eripheral v iew; 6 globose chambers, s lowly increasdng i n 

s i ze ; test surface covered with regularly dis t r ibuted pustules; umtàlicus 

shàllow and ra ther wide. 

Range: l a t e s t Cenomanian to ea r ly - la te Turonian. 

Occurrence: locàlities A - 2 , A - 9 , A - 2 9 , A - 3 5 , A - 4 5 , weH 1 - C A - l - S E . 
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HedbecgePa (WhriteinellcO atcfaaeoCTetacea (Pe^agno) 

(PL 21, Figs 7-12) 

Whiteine]]a archaeocretacea Pessagno, 1967, p. 298-299, p L 51, figs 2-4; p L 

54, figs 19-25; p L 100, fig. 8. 

WhiteineHa archaeocretacea Pessagno. Robaszynski & Caron, 1979, v . 1, p . 

161, 167-168, p L 33, figs 1-3, p L 34, figs 1-2. 

WhiteineHa archaeocretacea Pessagno. Wonders, 1980, p.129, p L 3 , figs l a - c . 

Remarks; Hedl^ergeHa (W.) archaeocretacea i s distinguished fcy i t s lobate 

t e s t (c. 470-580jUm i n maximum diameter)af l ow trocho^àre; 5 to 5.5 

globular to oval-shaped chambers i n the l a s t whor l , increasing rap id ly i n 

s i ze , and somewhat elongated i n the di rect ion of co i l ing ; pàmary aperture 

ex t raumbHica l -umbi l ica l to near ly umbUical i n posit iDn; umboUcus ^ laHow 

and wide; tes t surface coarsely rugose; chambers rather la te raHy 

compressed and o v a i i n per iphera l outline v i ew . differs from HedbergpHa 

(W.) aprica (Loeblich & Tappan) i n having i t s l a t e r chambers elongated and 

somewhat compressed, a wider umbDicus, and generaHy less chambers per 

whorl , increasing more rap id ly i n s ize . 

Range; ear l ies t Turonian. 

Occurrence; l ocaUt i e s A - 2 , A - 3 5 , weHs 1 - C A - l - S E , 1 - O S - l - S E . 

HedbergeJla (Whiteduélla) haiHf^ (Douglas & Rankin) 

(PL 27, Figs 13-19) 

WhiteineHa ba l t i c a Douglas & Rankin, 1969, p. 198, t ex t - f igs 9a-c . 

Rugoglobigerina? alpina Porthaul t , 1969, pL 2, figs 2a-c . 

WhiteineHa ba l t i ca Douglas & Rankin . Carcn , 1978, piL 4, figs. 4 -5 . 

WhiteineHa ba l t i ca Dcxjglas & Rankin. Rdaaszynski & Caron, 1979, v . 1, p . 

169, 174, p L 35, figs 1-5, piL 36, figs 1-2. 

WhiteineHa ba l t i c a Douglas & Rankin. Carcn , 1985, p». 79, figs 37.1-3. 

Remarks: Hedbergella (W.) ba l t i c a specLmens are character ised by a test 

o f low t r o c h o ^ i r e , almost bdlateraHy symmetr ica l (c. 340-380^m i n 

maximum diameter); 3.5 to 5 globose chambers, increasing rapidly i n s ize ; 

spinose tes t surface; umblHcus narrow; chambers cdrcular i n per ipheral 

outline v iew. 

Range: raiddle-late Cenomanian to ea r ly - l a t e Turonian. 
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I t i s important t o note tha t the range of Hedbergeii^i (W.) ba l t i ca i n 

Sergipe i s w e l l outside tha t recorded by Douglas & Rankin (1969 -

BcarnhdLin, Denmark) for the spedes i n the Bcareal Realm (late T u r m i a n to 

ear ly Santonian), and actualLy matches that of Pcr thaul t (1969 - ^ Franca) 

and RcA)aszynski & Caron (1979) recorded i n tìie Tethyan Realm (middle-late 

Cenomanian to middle Turonian). 

Occurrence: locàlities A - 2 , A - 9 , A - 2 1 , A - 2 2 , A - 3 5 , A - 4 5 , wéE. 1 - C A -

l - S E . 

Hedbergella (Whiteinella) t«itt»»ieiEÌs Loebl ich & Tappan 

(PL 27, Figs 20-22) 

Hedbergella brittcaiensis Loeb l i ch & Tappan, 1961, p . 274-275, pL 4, figs 

l a - C 

Hedbergella bcittonensis LoetOich & T^)pan. Pessagno, 1967, p . 282, pL 

52, figs 9-12. 

WhiteineHa bcittonensis (Loeblich & Tappan). Robaszynski & Caron, 1979, v . 

1, p . 175, 180, p L 37, f igs 1-2, pL 38, figs 1-2. 

Remarks: Hedbergel la (W.) hri t tcnensis ^ o w s a moderately high 

asymmetrical t r o c h o ^ i r e (e. 300/200^m to 330/190jam i n maximum 

diameter/height ra t io) ; 5.5 tjo 6 globular chambers, increasing s lowly i n s ize ; 

l a s t chamber commonly extending over the umbOicus, which often gives an 

impression of h i g h - t r o c h o ^ i r e to tìie tes t l a t e r a l p rof i le ; umbUicus narrow. 

I t differs from Hedbergella (W.) apr ica (LoeblLch & T ^ ^ a n ) i n having a 

higher dorsal side and a narrow umbdlicus. 

The taxonomic v a l i d i t y of HedbergeUa (W.) b r i t tmens i s is uncertain, 

seeing that i t may acbaally t u m to be an ecophenotypic variat iDn of 

Hedbergella (W.) paradubia S iga l ^ee below) and, consequently, a j traor 

synonyra. However, tbe pauc i ty of ^ à m e n s recovered from Sergipe made 

d i f f i cu l t a bet ter assessment of the prcdalem. In the meantdne, both 

morphotypes are treabed i n th is study as separate spedes . 

Range: middle- late Cenomanian to middle-late Turonian. 

Occurrence: locàlities A - 2 , A - 9 , A - 3 5 , weHs 1 - C A - l - S E , 1 - U S - l - S E . 
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Hedbergella (WhJtEaneDa) pJ^^y^ ì̂Hia S i g a l 

{EL 27, Figs 23-26) 

Hedbergella paradubia S i g a l , 1952, p . 28, t e x t - f i g . 28. 

Hedbergella Ixi tbjnensis Loebl ich & Tarpan, 1961, p L 4 f igs 3-4. 

Whiteinella paradubia (Sigal). R c f c a s z y n ^ & Caron , 1979, v . 1, p . 181, 184, 

p L 39, figs 1-2. 

Reraairks: Ttàs ^ t ec i e s i s characterised by i t s h igh trochospire ( e 

250/170;im to 310/210^m i n maximum d i a m e t e r / h e i ^ t ra t io) ; lobate , almost 

d r c u l a r , equator ia l per iphery; 5 to 6 inOated chambers, gradualLy increasing 

i n s i ze , with a rugcjse surface; and narrow umtàlicus. I t differs from 

Hedbergella (W.) bcit tonensis (Loeblich & Tappan) by having a sfrongly 

asyrametricaL ^ i r o - c c m v e x test , wi th a higher frcx:ho^ire. 

Range: Turcnian to ea r ly Con iadan . 

Occurrence: locàlities A - 2 , A - 1 0 , A - 3 5 . 

SutfamiLy ROTONDININAE 

BéUier & Sala> 1977 

Genus PRAEGLOBOTRUNCANA Bermòdez, 1952 

Type ^Jecies : Globorc]taii;ì delrioensis Plummer, 1931 

KaeqlobotnmiBna deilrioenHB (Plummer) 

(PL 27, Figs 27-34) 

GaoborotaUa delr ioensis Plummer, 1931, p . 199, pL 13, f igs 2a-c . 

Pcaeglobotruncana delr ioensis (Hummer). Bermudez, 1952, p . 52, p L 7, f i g . 

1. 

Praeqlobotruncana delr ioensis (Plummer). Klaus, 1960, p . 300-301, t e x t - f i g . 

l a . 

P r a e ^ b o t r u n c a n a delr ioensis (Plummer). Loebl ich & Tappan, 1961, p, 280-

284, Ed. 6, figs 9-12. 

Praeglotxjtruncana delr ioensis (Plummer). Pessagno, 1967, p . 286-287, pL 52, 

figs 3-5; pL 100, f i g . 7. 

Praeglobotruncana delr ioensis (Plummer). Carter S Hart , 1977, p . 38-39, p L 

4, figs 22-24. 
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Praeglobotruncana delr ioensis (Plummer). SUter, 1977a, p . 542, p L 8, figs 

1-3, 6. 

Praeglobotruncana delr ioensis (Plummer). Leck ie , 1984, p . 600, p L 12, S g s 

1-8. 

Praeglobotruncana delr ioensis (Plummer). Rcòaszynski s Caron, 1979, v . 2, p . 

29, 32, p L 43, f igs 1-2, 

Praeglobotruncana delrixjensis (Plummer). Caron, 1985, p. 65, figs 30.1-2. 

Remarks: Spedmens of Praeglobotruncana delr ioensis are identìfied by 

the coarsely p i n o s e ear ly periphery and compressed tes t (c. 280-350/im i n 

maximum diameter); 4 t o 6 subglobular chambers i n the l a s t whor l • [the 

ult imate one has a globular ai^ìect sLmilar do Hedberqpn^ (H.) ex gr. 

delrioensis (Carsey)]; and prominent inter iomarginai , extraumbdlical-umbil ical 

arch with a narrow bordering l i p . The specìes differs &om 

Praeqlobotruncana sp, cf- P . sbephani (Gandolfi) by having a more 

compressed tes t and an acute pustulose equator ia l per iphery. A phylogenetìc 

l ineage from Praeglobotruncana delrioensis to Praeglobotruncana stephani 

was proposed by Klaus {I960, p . 285-308), based on biometrie and 

statìsticaL analysis of Praeglobotruncana pc^julations. 

Range: l a tes t A l b i a n to ear ly-middle Cenomanian. 

Occurrence: weUs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L - l - S E , 

a a e g l c b o t o m c a n a ^ c£. P. sbephani (Gandolfi) 

(PL 28, Figs 1-4) 

c f . Globotruncana s tephani Gandolf i , 1942, p. 130, p i . 3, f i g . 4a-c , 

c f . Praeglobotruncana stephani {GandolS). Robaszynski & C a r o i , 1979, p . 47, 

Ed- 48, figs 1-3. 

cf , Praeglobotruncana s tephani (Gandolfi). Béllier, 1985, p ,15-16, p L 2, figs 

14-16. 

cf . Praeglobotruncana sbephani (Gandolfi). Caron, 1985, p. 65, figs 30.3-4, 

Remarks: SpecLmens referred to Praeglobotruncana sp. cf . P. stephani 

are characterised by having a moderately l a rge , low trochoepiral , nearly 

symmetr ical biconvex tes t (e. 330-340;im i n maximum diameter); rounded to 

subacute equator ia l p)er^hery; 6 globular to trajìezaidal chambers i n the 
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l a s t whorl , i n ven t r a l v i e w , increasing rather r ap id ly i n s ize ; petaloid 

chamber outline i n dorsa l v iew; umbi l ica l sutures r a d i a l and depressed; 

sutures raised, oblique, curved fcsrwards on tìie dorsa l side; lobate 

equa tc r i a l per i jhery . The sca r c i t y and bad jareservation of the specLmens 

{commonly very recrystalised) hinders their precise taxonomic at±ribution. 

Range: ear l iest Turonian. 

Occurrence: l o c a l i t y A - 2 Orare occurrence). 

Faraüy ROTAOPORIDAE Sigal , 1958 

Subfamily TICINELIJNAE Longoria, 1974 

Genus BDICINEÜA Siga l , 1956, 

Type Spedes : Anomalina breggiensis Gandolf i , 1942. 

Remarks: B i b i d n e l l a i s here regarded, sensu Hasters {1977, p. 517-518) 

and Loeblich & Tappan (1988, p . 466), as a genus comprising flat 

t rochosp i ra l -Edan i^ i ra l fcdumbilicate forms with the presence of both 

"ventral" accessory apertures and r e l i c t "dorsal" aperturas, d i f ferent ia ted 

& o m Tic ine l la spedmens which possess only accessory apertures on the 

v e n t r a l side. 

RìHrineDa t r e g g j g E i s (Gandolfi) 

(EU 28, Figs 5-15) 

Anomalina breggiensis Gandolf i , 1942, p . 102-103, p L 3 , f ig .6 ; p i , 5, f i g . 3; 

pO. 9, f i g . 1; piL 13, figs 7-8; t ex t - f igs 34 (1-4). 

BLtJdneHa breggiensis (Gandolfi). S iga l , 1956, p . 35-36, t ax t - f i q s l a - c . 

B j d d n e H a breggiensis (Gandolfi). Caron & Lutert iacher, 1969, p . 25, pL 7, 

fLg.4. 

T i d n e l l a breggiensis (Gandolfi). Lcngor ia , 1974, p . 95-96, pü. 25, figs 7, 14 -

16. 

TLdne l l a breggiensis (Gandolfi). Lcngor ia & Camper, 1977, p . 211-212, piL 5, 

f igs 10-12, pL 6, f igs 7-12, 16-21 . 

B i d d n e l l a breggiensis (Gandolfi). Masters, 1977, p.519, 521, piL 35, figs 1-3. 
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Bitjcdnplla c L breggiensis (Ganc3olfi). Caron, 1978, p. 660, p L 3, figs 5-7. 

RitifTinpTia breggiensis (GandolEiJ, Wonders, 1980, p . 106, pL 1, f i g . 4a-c . 

BitirnnelLa breggiensis (Gandolfi). Leck ie , 1984, p . 600, p L 8, figs 1-2. 

BibkàneHa breggiensis (Gandolfi). Caron, 1985, p. 43, f igs 36.16-17. 

Remarks: B i t i c i n e l l a breggiensis i s characterised by i t s moderately large 

s ize (c. 300-340/im i n maximum diameter), arranged i n a low t rochospi ra l 

cedi becoming p lan i sp i ra l i n the l a s t whcr l ; bdumbdlicate; 6 to 7 i n S a t e d 

chambers i n tìie l a s t whor l (1-3 less tìian tìie topolypes , which have 8 to 

9), increasing gradual ly , but i r regular ly , i n s i ze ; subcircular equator ia l 

periphery, s l ight ly lobate ; rounded a x i a l periphery; pr imary aperture a low 

arch, inter iomarginaL asymmetdc, and bordered by long ap>ertural l i p 

fcxrtici) which extends in to each umbdlicus; inf ra laminal accessory apertures 

often observed along the margin, between the poetici, i n cwie side; r e l i c t 

apertures frequently visit i le on the sjàral side. 

Range: middle to l a t e A l b i a n . 

Occurrence: località A - 1 5 , weUs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L - l - S E , 

1 - U S - l - S E , l - S E S - 3 , l - S E S - 2 4 . 

Genus TICINELLA Re iche l , 1950, emended, Longor ia , 1974 

Type ^JecLes: Anomalina rot)erti Gandolf i , 1942 

Remarks: Few T i c i n e l l a ^ « d m e n s found i n the Albian of Sergipe d i ^day 

the character is t ic in t raumbdl ical suppdementary ^sertures, a morholDgical 

feature which has been regarded as an ecophenotypic character (cf. Pr ice , 

1976). Wen-pceserved l a t e Alb ian spedmens assigned to this genus have 

long ap>ertural f laps , which extend in to the umbdlicus to fcrm a depressed 

umbdlical cover pilate (e.g., PL 28, Figs 22-23; PL 29, figs 8-10). The 

emended d e f i n i t i c i g iven by Lcngor ia (1974, p . 93-94, and p. 52-53, 

remarks on Hedbergella) aHows more var ia t ion o f the morphological features 

a t the generic l e v e l and i s , therefore, fol lowed here in . 
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Tiff7^'n<i bgpouagsis S iga l 

( H . 28, Figs 16-25) 

Tic ine l la cdjertL (Gandolfi) va r . bgpouaensis Sigal , 1966a, p . 207, p L 5, f igs 

5-9. 

T ic ine l la bg^ouaensis S igaL M g i l i ade , 1966, p.103, p L 9 , f igs 4 - 5 . 

T ic ine l la bgpouaensis S igaL Lcxigoria, 1974, p . 94-95, not p L 18, figs 1-2; 

p L 19, figs 9-13 (not 14-16); p L 21, figs 12-13 (not 9 -11 , 14-16). 

T ic ine l la bepouaensis S igaL Lcngor ia & Camper, 1977, p . 211, p L 2, f igs 

16-18. 

T ic ine l l a bejaouaensis S igaL Caron , 1978, p. 659, p L 2, f igs 9-10. 

T ic ine l la be^ouaensis S igaL Carcsn, 1985, p.76, figs 36 .1-3 . 

Remarks: S iga l (1966) different ia ted tìie va r i e ty T i d n e l l a r o b e r t i 

be^ouaensis from Ticdnella rcA>erti s.s. (Gandolfi) on the basis of more 

chambers i n tìie l a s t whcarl (averaging 9) and a more open umbdlicus. On the 

other hand, Longoria (1974, p. 95) noted tha t TTHnpn;^ be^ouaensis differs 

from TLcinpIi?^ robe r t i i n "having smaller umbdlicus', whicdi i s i n ^ jparent 

contradict iDn with SigaTs c r i g i n a l diagnosis. However, the ^ d m e n s o f 

Ticdnella be;^ouaensis from L a Drome, southeast France, iUustrated i n 

Longoria (op. d t . , see above), ^ o w a moderately wide and shallow 

umbdlicus, f lat tened ^ i r a l s ide, 8 to 9 s u b t r ^ z o i d a l t o globular chambers 

i n the l a s t whorl , tdghtly arranged to somewhat loba te , and cdrcular 

equator ia l periphery. The f igured spedmens of T i d n e l l a r o b e r t i (Lcngoria, 

op). d t . , pQ- 12, figs 1-11) have generally a larger sdze, var iable umbdlical 

width, higher trochcepire, around 7 to 8 globular chambers, more loose ly 

arranged, and moderatly loba te d r c u l a r equqtor ia l per iphery. T i d n e l l a 

bepouaensis spedmens (e. 210-320jum i n maximum diameter) recovered fiom 

the Sergip)e sections are morphcdogically cdose to the ones firom L a Drome 

and, therefore, ^ o w the same charactecist ics. Although the taxonomic 

status of this spedes has been challenged (e.g., Masters, 1977, p . 530; 

Leckie , 1984, p . 600-601), i t s distinguishing features seem t o be re l iable 

enough to re ta in i t as va l id - Furthermore, T i c bg^ouaensis is a 

blostrat igraphicaEy usefu l s p e d e s i n Sergipe and elsewhere (Chapter 4). 

Range: la te Apt ian to middle Alhdan. 

Occurrence: locàlities A - 1 5 , A - 2 7 , weLs 1 - C A - l - S E , 1 - C N - l - S E , 1 - U S -

1-SE, l - S E S - 3 , l - S E S - 9 
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T l o n e l l a madecaaBiana S i g a l 

(PL 28, Figs 26-32) 

Tidiìella madecassLana S igaL 1966a, p . 197-198, p L 3, f igs 7a-10b. 

TLdnRTIa madecassiana S igaL Caron, 1978, p . 660, p L 3, f igs 4 -5 . 

TLdne l l a madeca^iana SigaL Leckie , 1984, p. 600, p L 6, f igs 7-12. 

T i d n e l l a madecassiana S igaL Carcn , 1985, p . 76, f igs . 36 .4-5 . 

Remarks: This ^jecdes i s characterised by i t s moderately large s i ze (c. 

310-340/im i n maximum diameter) and very low trochoepire; generally 6 to 7 

globular chamtiers i n the l a s t whcarl, increasing rap id ly i n s ize; and a 

narrower umbilicus. I t shows a trend towards pseudoplanispiral co i l ing (Le., 

somewhat concave s p i r a i side), which makes the v e n t r a l view resembles 

Glohigerinelloides bentcanen^?^ (Moccow), i n per iphera l outl ine and chamber 

arrangement ( d . L e c k i e , 1981). 

Range: middle to l a t e Alb ian 

Occurrence: l oca l t t y A - 1 5 , weHs 1 - C A - l - S E , 1 - C N - l - S E , 1 - U S - l - S E , 

l - S E S - 3 , l - S E S - 2 4 . 

tHfimana pcaeticiiiMeàs S i g a l 

(PL 28, Figs 33-34) 

T i d n e l l a p rae t idnens i s S iga l , 1966a, p . 195-196, p L 2, f igs 3-8; piL 3, f igs. 

1-6. 

T i d n e l l a praetkdjìensis S igaL Masters, 1977,. p . 523-525, p L 35, f i g . 4, p L 

36, f igs 1-2. 

T i d n e n a prae t idnens i s S igaL Caron, 1978, p . 660, ptL 7, f igs 1-2. 

T i d n e l l a prae t idnens is S igaL Leckie , 1984, p . 600, piL 13, f igs. 9-10. 

T i d n e l l a paraetidnengis S igaL Caron, 1985, p . 78, figs. 36.8-9. 

Remarks: T i d n e l l a prae t idnens is i s character ised by a low t rochoqr i ra l 

t es t (c. 240-320^m i n maximum diameter) wi th a f lat tened, nearly 

symmetricaL perip*ieral prof i le ; 8 to 9 globular chambers i n the l a s t whorl , 

sQowly increasing i n s ize ; lobate, d r c u l a r equa to r ia l periphery; wide and 

deep umbOicus. Carcn (1978, p . 660) describes spedmens of T i d n e l l a 
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prae t idnens i s S iga l cecovered fcom the Angola Basin, southeastem At lan t i c 

Ocean, tha t "have 1 ce 2 chambers less than t l ie holotype" and that "the 

pr imary aperture i s c l ea r ly v i s ib le , umbdlical to extraumbdlical i n posi t ion, 

UmbUica l sutura i supplementary apertures are inCrequent and not easHy 

vis i t i le ." I t differs from Tirnr>p"na bg^ouaensis S iga l i n the f la t tened, 

sutrounded perijrfieral out l ine . 

Range: middle to l a t e A lb i an . 

Occurrence: weDs 1 - C N - l - S E , 1 - U S - l - S E , l - S E S - 2 4 . 

T^finePa ex gr. piruil^* Luterbacher 

[RL 29, Figs 1-5, 6-7 (cf.)] 

T ic ine l l a palmula Luterbacher , i n Renz e t ^ , 1 9 6 3 , p.1083-1086, t e x t - f i g . 4. 

T ic ine l l a r a y n a u d var. aper ta S i g a l , 1966a, p . 206, p L 6 , figs 11-13. 

T ic ine l l a pr imula Luterbacher. S iga l , 1966a, p . 198-199, p L 3, figs 11-14; 

p L 4, f igs 1-9. 

T i c ine l l a r a y n a u d var . aper ta S igaL Caron, 1971, p. 155, t e x t - fig. 20. 

H d n e l l a pamula Luterbacher. Lcngor ia , 1974, p L 25, f igs 1-6; p L 26, figs 

12-14. 

T i d n e l l a aperta SigaL Lcngor ia & Camper, 1977, p. 211, p L 1, figs 10-12, 

p L 5, figs 7-9. 

T ic ine l l a caronae Longoria & Camper, 1977, p. 212, pL 1, figs 1-3, 13-15. 

T i d n e l l a primula Luterbacher. Lcngor ia & Camper, 1977, p. 215, piL 1, figs 

7-9 , 16-18. 

T ic ine l l a pr imula Luterbacher. Masters, 1977, p . 525-526, p L 36, figs 3, 4, 

p L 37, figs 1, 3. 

T i d n e l l a primula Luterbacher. Caron , 1978, p. 659, p L 3 , figs 1-3; pL 9, figs 

3-4 . 

T i d n e l l a primula Luterbacher. Be l l i e r , 1985, p . 10, pL 1, figs 4 -6 . 

T i d n e l l a primula Luterbadier - Caron , 1985, p. 79, figs 36 .6-7 . 

Remarks: The ^ l e d m e n s of T i d n e l l a ex gr. p r imula fiom Sergipe 

general ly have a moderately large tes t (c. 290-370/jm i n maximum 

diameter), co i led i n a ve ry low t rochospira l , almost f i a t to somewhat 

concave (pgeudoplani^nraL co i l ) ; usually 7 t o 8 globular to subtrapezcddal 
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chambers i n the l a s t whor l , increasing gradualLy i n s i ze ; smooth surface; 

and an umtrilical to ext raurnhl l ica l aperture which is highest towards the 

periphery. Ticinp'n.'^ ex gr, pr imula differs from TidripTiq madecassiana S iga l 

by i t s more numerous chambers, looser coi l ing and wider umbilicus. I t i s 

distinguished fcom T i c i n e l l a t ie^ouaensis S iga l i n having fewer chamt>ers, an 

eHip t i ca l and lobate , ra ther than cdrcular, equa tor ia l per i fhery and a 

pseudoplani^àral coÌL "Riey apparentdy lack the supplementary (suturai) 

apertures of Luterbacher 's spedes , and i n th is r e ^ i e c t reserable fccms 

described by Hermes (1969, p . 40, piL 1, figs 13-18) as "(?) T i d n e l l a sp. cf . 

T. pdmula" , by Carcffi (1971, p . 146, f igs. 2a-c) as " (?)Tidnel la pr imula" , 

and by Playford e t ^ (1975, p. 343, f i g . 2, nos 10-12) as "Hedbergella sp. 

A " . Also , Price (1976, p , 640, piL 2, f i g , 6) records that a l i ^ c i m e n s of 

T i d n e l l a primula from northwest Germany have d t h e r obscured or very 

smaH accessory ^>ertures and re la tes the l a t t e r as being probably the 

resul t a f lower temperatures. Spedmens described as T i c ine l l a raynaudi var . 

^ )e r ta t y S iga l (1966a, see above) appear to represent d t h e r an* 

i n t r a ^ c i f i c (ecophencriypic) var ia t ion or the l a t e ^hehdc /ge ron t i c stage of 

T i d n e l l a ex gr, pr imula (see P L 29, F i ^ 3-5). They di£fer by having an 

often larger tes t (e. 350-370^m i n maximura diameter) wi th a more elongate 

d r c u l a r per ipheral margin, 7 to 8 ovate to subtrapezcddal chambers i n the 

l a s t whocl, and n a r r o w a : umbilicus. A few ^Jedmens referable to T i d n e B a 

ap. cf . T. pomula (see P L 29, Figs 6-7)were observed i n the i ^pe r A p t i a n -

lower Albdan sect ions of the basin. They generally d i ^ d a y only 6 chambers 

i n the l a s t whcarl and a more closed urabdlicus than the typdcal middle- late 

Albian ^ d m e n s . These ea r ly fcarms morpholDgically reserable spedmens 

described as Hlefuscuiana qjeetonensis t y Banner & Damini Desai (1988, p. 

164, piL 7, figs 3-4) from the upper ftptian of Speeton C l i f f , Nccth 

Yorkshire , England. These ^ d e s may prove, with further research, to be 

regarded as synonymous, but "this sutjpct is here l e f t open for further 

re view. 

Range: middle t o l a t e Albdan. 

Occurrence: l o c a l i t y A - 1 5 , A - 2 7 , weUs 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L -
l - S E , 1 - U S - l - S E , l - S E S - 9 , l - S E S - 2 4 . 
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iScinella ragnaudi SigaL 

(PL 29, Figs 8-14) 

Ticdnella raynaudi var. raynaudi S iga l , 1966a, p . 201-202, p L 5, fig. 10; p L 

6, figs 1-5. 

Ticdnella raynaudi var . d ig i t a l i s S iga l , 1966a, p.202, E ÌL 6 , figs 6 -8 . 

T ic ine l l a raynaudi var . d ig i t a l i s SigaL Caron, 1971, p . 155, t e x t - f i g . 21 a -c , 

T ic ine l l a raynaudi SigaL Lcngor i a .& Camper, 1977, p . 215, p L 5, figs 4 -6 . 

T ic ine l l a raynaudi SigaL Caron , 1978, p . 660, pL 9, figs 8-9. 

TLcinella raynaudi SigaL L e c k i e , 1984, p . 600, p L 7, figs 1-4; p L 8 , figs 3-4. 

TLcineUa raynaudi SigaL Caron, 1985, p . 79, figs 36.10-12. 

Remarks: TkdnelLa raynaudi i s ciiarac±erised by i t s moderately large 

t e s t (c. 270-380/im i n maximum diameter) with a lobate equator ia l 

perijAiery; l ow tcochospire; 6 to 7 chambers i n the l a s t whorL gradually 

increasing i n s ize , with a tendency for the l a s t 2-4 chambers to become 

radLally elongate; l a s t chamber o f i ^ n with long portdd, extiending in to the 

umhi1ic:u^ wide and shallow umtàlicus. I t i s sLmilar to TJane l l a ex gr. 

pr imula Luterbacher trora which i t differs i n the s l ight ly higher trochc3spire, 

more lobate equator ia l per iphery and i n posses ing more elongate l a s t 

chambers. Lates t Albian morphotypes of T ic ine l l a raynaudi have very rugose 

ant3/or pustulose tes t surface carnamentation (Hedbergfllrì "à cc^steUae" 

assemblage of Caron, 1978). 

Range: middle to l a t e s t A lb i an . 

Occurrence: lcx:al i ty A - 1 5 , weDs 1 - C A - l - ^ , 1 - C N - l - S E , 1 - U S - l - S E . 

TJn'n^Tla robertL (Gandolfi) 

(PL 29, Figs 15-27) 

Anomalina robe r t i Gandolf i , 1942, p . 100-101, t e x t - f i g . 22; p L 2, fig. 2; p L 

4, figs 5-7; p L 13, figs 3, 6. 

T i d n e U a robertL (Gandolfi). S igaL 1952, f i g . 19. 

T ic ine l l a r o b e r t i (Gandolfi). S iga l , 1966a, p . 203, p L 5, figs l a - 4 b ; pL 6, 

f igs 10 a-b, 12 a-b. 

TLdne l l a r o b e r t i (Gandolfi). Lcxigoria, 1974, p . 98, 100, p L 12, figs 1-11). 

T i d n e l l a rober t i . SigaL Lcngor ia & Camper, 1977, p . 215, p L 1, figs 22-24 

(not 19-21), p L 2, figs 19-21 (not 1-3). 

TLdne l l a roberti. (Gandolfi) Masters, 1977, p . 527-530, p L 36, figs 5-6, pL 

37, fig. 2. 
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TicmeHa robe r t i (Gandolfi). Caron, 1978, p. 660, p L 6, f igs 1-4. 

T i d n e U a robe r t i {Gandolfi). BeUier , 1985, p . 10, pL 1, f igs 1-3. 

TJcineUa robe r t i (Gandolfi), Caron, 1985, p, 79, figs 36.13-15. 

Remarlis: T ic ine l la r o b e r t i i s characterised by i t s s m a l l to moderately 

la rge tes t (c. 2 3 0 - 3 3 0 ^ i n maximum diameter), wi th the l a s t whor l co i l ed 

i n a lower plane than the penuUdme whorl; around 6 t o 7 globular chambers 

(1-3 less than the topotypes, which usually have 8 t o 9), loose ly arranged, 

i n the l a s t whorl , increas ing gradually i n s ize ; low to moderately high 

t rocho^r i re ; variable umbi l i ca l width, and a sUght ly lobate c i rcu la r 

equatdal periçhery ^ee discussion under remarks o f TiHnpTia be^ouaensis 

Sigal) , Middle- la te Alhian specimens have generally, a l a rge r t es t (c. 280-

330^m i n maximum diameter) and an i r regula r ly roughened surface 

omamentaticHi o f the f i r s t 2 or 3 chambers of the l a s t whorL I t differs 

from TJçJnRlla ex gr. pr imula Luterbacher by i t s more embrancdng chambers, 

a per iphera l outline t h a t i s c i rcu la r rather than e l l i p t i c a l , and higher 

trocho^àre; and from l a t e Apt ian-middle Alüan ^>ecimens of Hedbergella 

t rocoidea (Gandolfi) i n having a sLlghtiy higher t r o c h o ^ i r e , a generally 

smaller t e s t and a roughened surface on the f i r s t chambers of the l a s t 

w h c L A s already noted by^ Caron (1978, p. 660), spedraens of TLcin^Ha 

ro t ie r t i from the South A t l a n t i c are a typ ica l , a lways having one less 

chamber per wheel than the topotypes, and possessing a lower t rochcepi ra l 

ccàl ^obabiLy representing younger cytogenet ic stages and/or ecophenotypdc 

adaptations to a water-mass with warm temperataore, hypecsalinity and 

oxygen depleted bottom conditdims - see Chapters 6 and 8, sect ion 8-2.4). 

Range: l a t e Apt ian t o Albdan. 

Occurrence: l o c a l i t i e s A - 1 5 , A - 2 7 , wells 1 - C A - l - S E , 1 - C N - l - S E , 1 - C R L -

1-SE, l-üS-1-SE, l - S E S - 3 , l - S E S - 2 4 . 

Subfamily ROTALIPORINAE Sigal , 1958 

Genus ROTAUPORA Brotzen, 1942 

Type Spedes : Rotal ipora turonica Brotzen , 1942. 

Remarks: Rotal ipcca are single keeled pdanktonic foraminifera with a 

pr imary extraumbdlical-umbüical aperture, almost reaching the periphery, 

and umbi l i ca l or su tura l supplementary apertures. 
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Rotaüpoca appwmióca (Renz) 

CPU 29, Figs 28-30) 

GJobotruncana appenninica Renz , 1936, p. 14, f i g . 2, 

Rotal ipcca appenninica appenninica (Renz). Luberbacher & Pcemoli S 0 v a , 

1962, p . 266-268, p L 19, f igs 1, 2; p L 20, f igs 1-4; p L 21, figs 1-4. 

RctàliEwca ^ p e n n i n i c a (Renz). Masters, 1977, p . 497, p L 30, figs 1-3. 

Rota l ipora appenninica (Renz). Robaszynski & Carcn , 1979, v . 1, p . 59, 64; 

pU 4, f igs 1-3; p i . 5, figs 1-3. 

Rotal ipcya appenninica (Renz). L e c k i e , 1984, p . 601, pL 14, f igs 4-12 (not 

1-3). 

ThalmannineUa appenninica (Renz). BeHier, 1985, p . 12, p L 1, figs 14-17. 

Rotal ipora appenninica fRenz). Caron, 1985, p. 67, f igs 31.1-4. 

Reinarks: Rotal ipcya appenninica i s character ised by a symmetricalLy 

biconvex tes t (c. 550pjn i n maximum diameter) with 5 to 6 chambers i n the 

l a s t whorl , t r iangular to t rapezcddal i n shape on the ven t r a l side; sutures 

raised on the dorsa l s ide, those of tìie l a s t whorl p i n i n g the preceding 

whOTl a t r igh t angles, chambers peta lo id i n shape; no true per iumbDical 

flange; narrow umbtlicus. I t differs from Rotal ipora qandol f i i Lu te rbad ie r & 

PremoH Si lva i n being general ly f la t te r , i n l ack ing a true periumbilLcal 

flange and i n having ^ i r a l sutures p i n i n g the preceding whor l a t r i gh t 

angles. 

Range: early Cenomanian. 

Occurrence: loca l i t i e s A - 1 , A - 3 , w e E 1 - C N - l - S E . 

RotaJipaca t ro t zañ (Sigal) 

(PL 29, Figs 31-34) 

Thalmanninella fccotzeni Siga! , 1948, p . 102, p L 1, f i g . 5, p L 2, figs 6-7. 

Rotal ipoca facotzeni (Sigal). RdDaszynski & Caron, 1979, v. 1, p. 65, 68, p L 6 , 

f igs 1-2. 

Thalmanninella brotzenj S igaL Be l l i e r , 1985, p . 13, piL 11, figs 1-4. 

Rotal ipora bcotzeni (Sigal). Caron, 1985, p. 67, figs 31.5-7. 
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Remarks: Rot-alipcga fccotzeni i s character ised by a biconvex, slightLy 

asymmetr ical test (c. 340^m i n majdJnura diameter); 6 t rapezcddal chambers 

i n ven t ra l view, increasing graduaHy i n s ize ; raised u m b i l i c a l sutures and 

periumhLlical Elanges cn most o f the chambers; chambers peta lo id i n shape 

i n dorsal v iew. I t differs from Rotal ipora appenninica (Renz) i n having a 

less tobate outìine and pe r iumhi l i ca l Qanges. ^ 

Range: ear l iest Cenomanian. 

Occurrence: wéU 1 - C N - l - S E O^are occurrence). 

Ro ta l ipora q r ee r t i op iMBis (Morrow) 

(PL 30, Figs 1-3) 

Globorotal ia greenhcenensis Morrow, 1934, p. 199, p L 31, f i g . 1. 

Rotal ipora greenhornensis (Monrow). Loebl ich & T^jpan, 1961, p . 299-301, p L 

7, figs 5-10. 

Rotal ipora qceenhornensis (Morrow), Mastars, 1977, p, 508-511, p L 31, f igs 

5-6. 

RotaUpora greenhornensis (Morrow). Robaszynski & C a r o i , 1979, v . 1, p . 85,, 

90, p L 12, figs 1-2; p L 13, figs l a - 2 c . 

Rotal ipora greenhornensis (Morrow), L e c k i e , 1984, p . 601, pL 15, figs 1-4; 

p3. 16, figs 7-12. 

Rotal ipora greenhornensis (Mixrow). C a r m , 1985, p. 69, figs 32.1-2, 

Remarks: A a n g l e ^>ecimen of RotaUpora greenhornensis, ve ry 

recrysta l ised, was recovered from the uppermost Cenomanian, I t i s 

character ised fcy having a smaH, unequally biconvex tes t (c, 295/^m i n 

maximum diameter), the umbi l i ca l side being more convex; 5 trapezcddal 

chambers i n dorsal v i ew, wi th s t rongly oblique sutures. 

Range: la tes t Cenomanian, 

Occurrence: l o c a l i t y A - 9 . 
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Supecfarnüy GLOBOTRUNCANACEA 

Bcotzen, 1942 

Fami ly 6L0B0TR0NCANIDAE 

arotzen, 1942 

Sut fami ly GLOBOTRONCANINAE 

a:c±zen, 1942 

Remarka Although distìnctìve generic features are on many occasions 

difCicult to disünguish cxi recrys ta l i sed or par t iaEy dissolved tests (common 

features i n the fo ramin i fe ra l assemblages recovered from the Turcnian- lower 

ConLadan carbonate sect ions of Sergipe; Cotinguiba Formation), most o f the 

mid-Cretaceous keeled p lanktonic specLmens have been given a speci f ic 

taxonomic identiöciation. 

Genus CONTöSOTRÜNCANA 

Kcrchagin , 1982 

(sensu Loeb l i ch & Tappan, 1988, p, 468} 

Type ^)ec ies : Pulvinulina arca Cushman 

v a r . contaisa Cushman, 1926 

Remarks: Specdes assigned to Öiis genus have an in ter iomargina l and 

umtdl ical primary aperture, p t x t i c i extending in to the umbiücus and 

covering the successive apertures, sp i ra i side v i r tuaUy always high or very 

high, and periphery wi th two very c lose ly spaced keels . The generic name 

Contusotruncana has p d o r i t y over Rosi ta , pcoposed by RdDaszynski e t aL 

(1984, p . 244; type spedes : Globotruncana fccnicata Plummer, 1931), which 

i s , therefore, considered i n v a l i d (err. emend.). 

Contusotruncana contusa (Cu^man} 

(PL 30, Figs 4-9) 

Pulvinulina arca Cushman var . contusa Cushman, 1926a, p . 23, nomen nudum 

(no type figure given). 
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GJobotruncana a r c a (Cushman) var . contusa Cushman. Cushman, 1946, p. 150, 

p L 62, flg. 6a -c (holotype). 

Globotruncana contusa Pessagno, 1967, p. 330-333, p L 77, figs 7-9 (not figs 

1-6), p L 96, figs 15-16 (not figs 11, 13-14). 

Globotruncana contusa (Cu^man) . Smith & Pessagno, 1973, p. 45-46, p L 21, 

figs 1-5. 

Globotruncana contusa (Cudiman). Masters, 1977, p . 545-549, p L 4 0 , figs 1-4. 

Globotruncana contusa (Cu^man) . Wenders, 1980, p . 107, p i . 8, fig. 2a-c . 

Rosi ta contusa (Cushman). Robaszynsld e t 1984, p^ 246, 248, p i . 35, figs 

5-6, 9, p L 36, figs 1-2, p L 37, figs 1-3. 

Globotruncana contusa (Cushman). BeUier, 1985, p . 29-30, pO. 6, figs 12-14. 

Ros i ta contusa (Cushman). Carcxi, 1985, p . 67, figs 28.1-2 . 

Remarks: Contusotruncana contusa i s character ised by i t s l a rge - s i zed 

and highly trochc^epiral t es t (c. 450/28[^m to 530/310^m i n maximum 

diameter/height ra t io) , wi th concave umbilic:al side; t w o cdosely spacsd 

keels; 5 to 7 subtrapezoidal chambers i n ven t r a l v i ew, wi th fiat, smooth to 

pustulose surfaces; chambers globular to s t rongly elongated i n dorsa l v iew, 

with undulatdng surfacÄS; umbüicus wide and deep. 

Range: l a t e Maast r icht ian . 

Occurrence: weUs l - S E S - 3 , l - S E S - 2 4 . 

Contusotruncana ex g r . E c m i c a t a (Plummer) 

(PL 30, Figs 10-17) 

Globotruncana fc jmicata Plummer, 1931, p. 130, p i . 13, fig. 4a-c . 

Globotruncana Eomica t a Plummer. Pessano, 1967, p. 338-341, piL 63, figs 1-

9, pfl. 80, figs 7-9 , piL 96, figs 3-4. 

Globotruncana Ecarnicata Plummer. Masters, 1977, p .564-566, p L 44, Eigs 4-6. 

Rosi ta Ecarnicata (Plummer). Robaszynski e t 1984, p . 250, 301, p L 38, 

figs 1-5. 

Globotruncana Eomica t a Plummer. Bel l ie r , 1985, p . 27-28, pü. 6, Eigs 1-3. 

Remarks: Spedmens oE Contusotruncana ex gr. fo rn ica ta ^)ecimens have 

a large tes t with a low to moderately high t r o c h o ^ i r e (c. 410/210^m to 

470/250^m i n maximum diameter/height ratio); two keels on a H Chambers; 

k e e i band widening towards the anterior par t oE each Chamber, forraing a 

pa t te rn of embracing V-shape^ 4 to 5 kidney-shaped chambers i n vent ra l 
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view, increasing rapidly i n s ize , with smootìi and undulating SLirfat:es; 

crescKntic-shaped i n dorsa l view, strongly elongated i n the d i r e c t i m of 

coHing, with smooth and undulating surface^ càrc^ular to sufcpclygonal 

equatorial periphery, s l ight ly lobate; moderately wide umhilicus^ 

Range: Santcxuan to ear ly Maastrichtian. 

Occurrence: weUs 1 - A U - l - S E , 1 - C A - l - S E , 1 - C R L - l - S E , 1 - ^ - l A , 1-

SE&-3, l - S E S - 9 , l - S E S - 2 4 . 

C o i i t i B o t n i n c a n a i"*"''n*Oxiiifa (Gandcilfi} 

(EU 30, Figs 18-20) 

Globotcuncana (Globotruncana) contusa (Cu^man) suhep. patoTiifccnùs, 

Gandolfi, 1955, p . 54-55, p L 4, f i g . 2a-c:. 

Globotrunczana contusa (Cushman). Pessagno, 1967, p . 330-333, pL 75, figs 

18-20, pL 77, f igs 4 -6 , pll. 78, figs 6-11, p L 92, figs 10-12, pL 96, figs 11, 

13-14. 

Globotruncana pateHifocmis Gandolfi . Smith & P e ^ g n o , 1973, p. 50-51, pU 

21, figs 6-8. 

Rosita pateJifcjrmis (Gandolfi). Rchaszynsid e t 1984, p^ 252, p L 35, fig. 

8, pL 39, figs 1-3. 

Remarks: Specimens of Contusobruncana pateBiformis effe characterised 

fcy having a large tes t with moderately to f a i r l y h i ^ trochoqàre (c. 

360/220^m to 460/250;im i n maximum d i a m e ^ / h e i ^ t ratio), with umbil ical 

side f i a t to concave; two closely spac^j keels; 4 to 5 elongated trapezcddal 

chambers i n ven t r a l v iew; globular to elongated, crescent ic chambers i n 

dc r sa l view, with smooth and undulating surfaces; wide and deep umbdlicus. 

Contusotruncana patteìiformis is morEhoìiDgically transitìcnal between 

Contusctruncana contusa (Cu^man) and Ccntusotruncana ex gr. fornicata 

(Elummer), probably representing a fhylogenetdc lineage sequence cjf 

fcjcmcata-patteliformis-cxintusci, o f progressive increase i n test s ize and 

trcxihoGplre h e i g h t The apedes differs firom C . (xmbusa i n tiaving a lower 

trochospire, fewer mimber o f w h c c H and i n a generally smaDer s ize; and 

&om C . ex gr. forn ica ta i n having a h i ^ e r s p i r a i side, with a f i a t to 

concave umbUical side. 

Range: Maastr icht ian. 

Occurrence: weUs l - S E S - 3 , l - S E S - 2 4 . 
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Genus WCASOHEÍAA Forüíaiílt, 1970, 

(sensu Robaszynski & Careo, 1979, v. 2, p. 51-55) 

T^pe spedes : Gtobotruncana indjca Jacx)b & Sastry, 1950 

Remarks; Dicar inel la ^)ecLmens are characterised by the presence oE an 

imperforate per iphera l tiand separating two d is t inc t keels; radia l and 

depressed sutures cai the umbi l ica l . s ide; and a primary ^ le r tu re 

extraumtELlical-umbilical- B : dlEEers from Rraeglobotruncana BermiSdez i n 

having p o r t i c i and two weD. developed keels separated by an imperforate 

per ipheral band, and from HargiiKrtruncana Hofker i n possessing depressed 

and r a d i a l sutures cn the umbdlical side. 

n icarmena asymetr ica (Sigal) 

(PL 30, Figs 27-31) 

Globotruncana asymetrica Sigal , 1952, p . 35, f i g . 35. 

Globotxuncana {Glotxjtruncana) ventricosa White s u b ^ . carinaba Dalháez, 

1955, p . 168-169, f i g 8a-c . 

Marginotruncana concavata (grotzen). Pessagno, 1967, p . 304-305, piL 58, 

figs 3-6 , pO. 95 , figs 6-7. 

Dicarinel la asymetr ica {Sigal). Robaszynski & Caron, 1979, v . 2, p . 61 , 66, 

pL 51, f igs 1-2, p L 52, figs 52, pQ. 55, f i g . 2. • 

Harginotruncana car inata (DalhLez). Wonders, 1980, pt 122-123, piU6, f i g . l a -

c. 

Dicarinel la asymetr ica {Sigal). BeLier , 1985, p . 22-23, pfl. 3, figs 16-18. 

Dicarinella asymetadca {Siga^. Carcn, 1985, p . 43 , figs 17.3-4. 

Remarks; Dicarin^n^^ asymetrica i s characterised by having a large ( c 

300-580^m i n maximum diameter), asymmetrical , low trochospiral , pflano-

convex to concavo-convex test; two closely ^ o e d keels; 5 to 6 inf la ted 

chambers i n v e n t r a l v iew, gradually increasing i n s ize , with a rugose 

surface; pe ta lo id chamber outline a t the sp i ra l side; pustules forming a w e l l 

develop)ed per iumbi l ica l ridge; lobate equator ia l pjeriphery; radia l , depressed 

umbdlical su ture^ umbilicus wide and moderately deep. I t i s d i s t ingu i^ed 

from Dicar inel la concavata (Brotzen) i n the presence of the per iumbil ical 

ridge. 

Range: l a t e Santrmian. 

Occurrence: weDs l - S E S - 3 , l - S E S - 2 4 . 
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TvírCT-moXta c o n c a g a t a Ocotzen) 

(ÍO, 30, Figs 21-26) 

RotaTia concavata Brotzen , 1934, pu 66, pL 3, f i g . b. 

Harginofcruncana concavata (Brotzen). Pessagno, 1967, p . 304-305, pU 58, 

figs 1-2, 7-9 (not f igs 3-6 and pL 95, figs 6-7), pL 99, figs 1, 3. 

DicarinelLa concavata (Brotzen). Robaszynski & Ca rcn , 1979, v . 2, p . 71, 7 7 -

78, pL 54, f igs l ( ? ) - 2 , p L 55, f i g . 1. 

Marqinotruncana concavata protzen). Wenders, 1980, p . 123, pL 5, figs 2 a -

c 

DicarineHa concavata protzen) . BeHier, 1985, p . 21-22 , p L 3, figs 13-15. 

Dicarinella concavata P rö tze l ) . Carcxi, 1985, p . 45, f igs 17.7-8. 

Remarks: Specimens of DicarineTia concavata are distinguished by 

having a large (c. 3 8 0 - 4 4 { ^ i n maximum diameter), asymmetrical, low 

t r o c h o ^ i r a l , füanch-convex to concavo-convex test; two close keels; 5 to 6 

inflated chambers i n vent ra l view, covered by pustules? petaloid chamber 

ouüiite i n dorsa l v iew; lobate equatorial periphery; umbi l ica l sutures r ad i a l 

and depressed; umbÜicus wide and moderately deep. Tt differs from 

DicarineUa asymetr ica (Sigal) i n lacking the pe r iumbi l i ca l r idge. 

Range: l a t e ConiacLan to ear ly- la te S a n t c i i a n . 

Occurrence: wells 1 - C R L - l - S E , l - S E S - 9 , l - S E S - 2 4 -

DJcaiinena p d m i t i y a (Dalbiez) 

(PL 31, Figs 1-3) 

dobotruncana (Globotruncana) ventricosa White subep. pri j idt iva Dálbáez, 

1955, p, 168, t e x t - f i g . 6. 

DicnrinpHa p r imi t iva (Daltdez). Rdaaszynski & Ca rcn , 1979, v . 2, p . 96, pL 

60. 

DicarinelLa p r imi t iva (Dalhdez). Beüier, 1985, p . 21 , p L 3, Sgs 10-12. 

DicarinRlla p r imi t iva palhLez) . Caron, 1985, p . 45, f igs 18.6-8. 

Remarks: DicarineTla pr imit iva ^ o w s a large (c. 6 5 ( ^ i n maximum 

diameter), l o w frochospiraL asym metrically biconvex, s l ight ly umfcdlico-

convex test; two d o s e keels; 4 slightly inf la ted chambers; surface covered 

by pustules concenfrated around the umbilicus; umbi l i ca l sutures radia l and 

depressed; lobate equator ia l periphery. I t differs from Dic;^i-in<aTia asymetrica 

(Sigál) and Dicar ine l la concavata protzen) i n possessing a compressed tes t 
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with a slighüy elevated dorsa l side and less i nOa ted Chambers on the 

ven t ra l s ide . 

Range: l a t e s t Turonian to earLy Coniac ian . 

Occurrence: l o c a l i t i e s A - 8 , A - 1 0 . 

Genus GAHSSERIHA Caron , 

Gonzales Dcnoso, Robaszynsld & Wenders, 1984 

(PL 31, Figs 4-6) 

Globotruncana g a n s e r i B o n i , 1951, p . 196-197, p L 35, figs 1-3. 

caobotruncana g a n s e r i BoDi- Pessagno, 1967, p. 341-343, p L 75, f i g . 1, p L 

92, figs 13-15 (not 16-18), p L 95, figs 1-4. 

Globotruncana aeqgypt iaca BoPL Smith & Pessagno, 1973, p. 48-49, p L 20, 

5-12 (not 1-4). 

Globotruncana qansser i BcOlL Masters, 1977, p . 566-569, fiL 45, figs 1-3. 

Globotruncana gansfieri BcOlL Wenders, 1980, p. 114, p L 7, f i g . l a - c . 

Gansserina gansseri (BetUi). Robaszynski e t 1984, p . 294, 296, p L 51, 

fi^ 1-7, 10 -11 , p L 52, figs 1-5, p L 53, figs 1-5. 

GL:^3otruncana gansser i (Bcilli). Bender, 1985, p , 33-34 , pO. 5, figs 17-19. 

Gansserina ganssed (BciEIi). Carcn , 1985, p . 45 , 47, figs 30.11-13. 

Remarks: Spedmens of Gansserina ganssRri, are charac tedsed by the i r " 

large , s t rcngly asymmeti ica l / plano-convex t e s t ( c 490-500^m i n maximum 

diaraeter), vrith a f i a t to slightLy concave do r sa l side and a h i ^ y convex 

ven t r a l side; single per iphera l kee l ; 5 to 6 in f l a t ed t r apezo ida l chambars, 

on ven t ra l v i ew, increasing gradually i n s i ze ; pustulosa tes t surface tending 

to be smooth on the l a s t 1 to 2 Chambers; pe ta lo id to crescentác Chamber 

á i ^ ) e on the do r sa l side; equatorial padp i i e ry d r c u l a r to subcñrcular and 

a l i ^ t l y lobate ; umbÜicus o f variable wid th , 

Range: ea r ly to l a t e Maastr icht ian. 

Occurrence: wel ls 1 - S E S - l A , l - a S - 9 ; l - S E S - 2 4 . 
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Genus GLOBOTRUNCANA CuäimaHr 1927 

Type Speeles: Pulvinul ina arca C u ^ m a n r 1926. 

Remarks: Taxa belonging to th is genus have an umbDical prünary 

aperture, and an u m b i l i c a l System composed of tegíTla bocdering the 

successive aperturesr cover ing a l a rge pa r t cC the umbilicus and having 

both proximal and d i s t a l ^jortaires. 

Gtobolninoana dtiqyptiaca Nakkady 

(EL 31, Figs 7-11) 

Globotruncana aegypdaca Nakkady, 1950, p. 690, pä. 80, f i g . 20. 

G l o b o t r u n c a a aegypt iaca Nakkady var . duwi Nakkady, 1950, p^ 690, p L 90, 

f i ^ 17-19. 

Globotruncana gagnefadni Tflev, 1951, p . 50-56, text-fígs 14-17, p L 3, f igs 

2 -5 . 

Gkfcotruncana aegypt iaca Nakkady. Pessagno, 1967, p. 319-321, piL79, ögs 

2-4, p L 83, figs 8-10, p L 94, fig. 6, p L 95, figs 8, 9. 

Gk^yitruncana d u w i Nakkady. Pessagno, 1967, p . 333-334, piL 83 , fij^ 5-6, 

7, piL 95, figs 12-14. 

Globotruncana aegypt iaca Nakkady. Smith & P e s a g n o , 1973, p . 42-43, p L 

17, figs 1-7. 

GLcfcotruncana d u w i Nakkady. Smith & Pesagno , 1973, pt 46-47, piL17, f igs 

8-10, 11-13. 

Globotruncana aegypt iaca Nakkady. Masters, 1977, p . 535-536, piL 37, f i g . 4. 

Globotruncana d u w i Ncütkady. Masters, 1977, p , 555-559, pO. 43, fij^ 1-5. 

Globotruncana aegypt iaca Nakkady. Robaszynski e t 1984, p . 178, 180, 

p L 2, figs 1-6, pL 3, figs 1-4. 

Glcfcotruncana gagnehnni TOev. BeDier , 1985, p . 33 , piL5, f i ^ 14-16. 

Glrfcotruncana aegypt iaca Nakkady, Caron, 1985, p . 50, figs 19.1-3. 

Remarks: SpecLmens of Globotruncana aegypt iaca áiow a la rge ( c 340-

43C|um i n máximum dlameter) loba te tes t i n cxitüine, w i i h a f l a t to s l ight ly 

convex ^ l i r a l side and a convex umbi l ica l side; 3 to 5 subtrapezcddal 

Chambers, increasing rapddly i n s i ze , with pustulose • surfaces becoming 

smooth towards the l a s t or pe iu l t ima te Chambers; umb i l i ca l sutures rad ia l , 
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s t r a i ^ t to sUghtLy curved; sp i r a i side witdi globular Chambers, Üien petalcdd 

and finalLy elongated, crescent ic i n äiape, w i th inf la ted and postutose 

surfaces; two keels c n a l l c i i ambas , equaEy developed, pa ra l l e l , o f var iable 

width; wide umbiUcus» 

Range: Maas t r ich t ian . 

Occurrence: wel l s 1 - S E S - l A , l - S E S - 3 , 1-1^-9, l - S E S - 2 4 . 

^^^****ninrflna arca (Cuäiman) 

{EL 31, F i ^ 12-14) 

Pulvinulina a rca Cuäiman, 1926a, p . 23, p L 3, fig. l a - c 

Globotruncana a r c a (Cu^man) . Plummer, 1931, p . 195-198, p L 13 , f i g . 8, 

Gk^xitruncana a r c a (Cu^man) . Pessagno, 1967, pt 321-323, p L 79, figs 5-8 , 

p L 90, figs 5-8 , p L 96, figs 7, 8, 17. 

G l f ^ t r u n c a n a a r c a (Cu*man) . Smith & Pessagno, 1973, p. 43-44, p L 18, 

figs 1-3, 5-6. 

Globotruncana a r c a (Cu^man) . Masters, 1977, p .536-540, pL 38, fi^ 1-2, 4. 

Globotruncana a r c a (Cu^man) . Robaszynski e t ^ 1984, p . 182, 184, p L 1, 

f igs 2-3 , p L 4, figs 1-3. 

Gkfcotruncana a r c a (Cushman). B e H i ^ , 1985, p . 30 -31 , p L 8, figs 1-3. 

GlcAxitruncana a r c a (Cu^man) . Carcn , 1985, p . 50, f igs 19.4-8. 

Remarks: Ttie specdes i s distdngxn^ed by having a large t e s t ( c 46p^m 

i n maximum diameber) nearly symmetr ica l t es t i n profüe, with a moderately 

h i ^ trochospire; out l ine lobate t o subcircular; 5 t o 6 Chambers i n the l a s t 

whad , increasing s l o w l y to moderately i n s ize ; Chambers elongate, somewhat 

rectangular, i n u m h i l i c a l v i ew, generaüy wi th a f i a t t o concave, smooth to 

finely postulose surface; ^ r i r a l side with curved sutures, ^sining the ^òra l 

sutures a t acute angles, t u t a t almost right angles i n the end of the l a s t 

whcr l ; two kee l s an a H chambets, egaaHy developed and pa ra l l e l . 

Range: Campanian t o ear ly Maastc id i t ian . 

Occurrence: wéDs l - A U - l - S E , l - ^ S - 9 . 

Gk j to l rmicana HìTinìAoi VogLer 

(EL 31, Figs 15-17) 

Globotruncana Hnne i (d'Ortrigny) s u b ^ b i T l f ? i ^ ^ Vog le r , 1941, p . 287, pL 23, 

figs 32-39. 
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GOobotruncana buHaides biiTlaides Vogler . GandcOfi, 1955, p . 32, p L 1, S g . 

9 a - c 

Globotruncana buBoides Vogle r . Pessagno, 1967, p . 324-326, pfl. 64, S g s 1 5 -

17, p L 67, figs 1-3, pL 73, figs 9-10, p L 75, figs 4 - 8 , p L 97, figs 14-15. 

Globotruncana bulkddes Vogle r . Robaszynski e t 1984, p . 186, 300, p L 6 , 

figs 1-4. 

Globotruncana bul loides Vogle r . Carón, 1985, p , 50, figs 21.1-2 . 

Remarks: Spedmens o£ Globotruncana b i T i n j r ^ show a large tes t (c. 

330-540/ira i n máximum diameter), with a low t rocho^r i re and typdcal 

symmetr ical b iconvex profíle feoraetimes s l igh t ly asymmetrLcal wi th sp i r a l 

side meare convex); 6 t o 7 Chambers i n the l a s t w h c r l , incresing s lowly i n 

s ize ; t r apezo ida l Chamber á i ^ » e , with an in f l a t ed and s l i ^ t i y pustulose 

surface, i n v e n t r a l vdew; umbáücal sutures curved t o s t ra ight , depressed; 

íáiambers peta lo id , s e m i - d r c u l a r to arescent-diaped i n the ^lirál s ide, wüh 

an inf la ted surface bearing postules typ ica l ly concent ra ted i n the middle, 

sutures curved, ra i sed ; loba te outüne; tiwo keels en a H Chambers, eguáHy 

deveOí^ied and p a r a l l e l , bending to be narrower on the l a s t Chambers. 

Range: l a t e Campanian to ear ly Maastr icht ian. 

Occurrence: wélls 1-Aü-l-SE, 1 - S E S - l A , l - S S - 9 , l - S E S - 2 4 . 

Globotruncana IfameJana (d'OrUgny) 

(RU 31, Figs 18-26) 

ResaÜna l inneiana d'Ortrigny, 1839, p. 101, pL 5, figs 10-12 . 

Pulvulina t r i c a r i na t a Quareau, 1893, p. 89, p L 5, f i g . 3a -c . 

Globotruncana l a p p a r e n t i Bro tzen , 1936, p . 175-176, p L 2, fig. n . 

Globotruncana lagparentL Broten . Pessagno, 1967, p . 344-346, p L 71, f igs 

6-13, p L 97, fig. 8 (not fig. 9). 

Globotruncana Unneiana (d'Octdgny). Pessagno, 1967, p . 346-349, pL. 72, figs 

1-4, 7-9, pU 97, figs 11-13. 

GLcrfjotruncana Unneiana (d'Ortágn^. Rdaaszynski e t 1984, p . 200, 202, 

p L 13, figs 1-4, p L 14, figs 1-5. 

Globotruncana l inneiana (d'OrbLgniO- Carón, 1985, p .50, figs 20.5-6. 
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Remaiics: Globotruncana l inneiana is d i a r a c t s d s e d by a large tes t ( c 

360-490i(ím i n máximum diametar) with a ve ry low trochcepire; pcofüe 

süic^tly asymmetr ical ; two wide p e d j h a r a l keels , equalLy developed and 

paraTlel; 5 t o 6 subtrapezoidal chambers i n v e n t r a l v i ew, incceasing v a r i a t l y 

i n s lze (generalLy álowly); s l i ^ t l y convex, i n the u m h i l i c a l si3e; chambers 

petaloid t o crescent-shaped i n d o r s i v i e w , with a f l a t and s o m e t i m ^ 

convex surface; ^ñral sutures generaEy curved , sometiraes sbraight, ra ised 

and beaded; wide umbÜLcua. Ihe ^ )ec ies i s tomeomorphic wi th 

Marginotruncana pseudoUnneiana Pesagno , firom whidí i t differs i n having 

an umbi l i ca l p d m a r y ^¡erture rather than one tha t i s extraumbdlical-

umbüical i n p o s i t k n (cf. Robaszynski & Ca rcn , 1979, v . 2, p . 128); 

GkAot runcana biTloídes Vogleri . has d i s t i nc t ly in f la ted chambers on both 

umbi l i ca l and ^ m r a l sides; Globotruncana a r c a (Cu^man) has an 

asymmetdca l biconvex prafüe. 

Range: l a t e Campanian to ear ly Maast r icht ian . 

Occurrence: wélls 1 - C N - l - S E , l - S E S - 9 . 

caobotruncana nrítmi^itn E I Naggar 

CEU 31, Figs 27-29) 

Gkfcotruncana cdentaüs E l Naggar, 1966, p . 125, piL 12, fíg. 4a -d . 

Globotruncana stephensoni Pessagno, 1967, p . 354-357, p L 69, figs 1-7, pU 

96, figs 5-6. 

Glrfcotruncana s teghenscni Pessagno. Smith & F e s a g n o , 1973, p. 51-52, pU 

18, figs 7-10. 

Globotruncana or ien ta l i s E l N a ^ a r . Robaszynski e t d - , 1984, p . 206, 208, 

p L 16, figs figs 1-3, pU 17, figs 1-4.. 

Remarks: Spedmens c f Globotruncana c r l en tq l i s are characterised by 

having a l a rge t e s t ( c 440/im i n máximum diameter) wi th moderately h i ^ 

trochoqáre, a near ly symmetr ica l bdccmvex p ro f i l e , more convex en the 

^ r i r a l side; t w o cüose ly -^ced pa raUe l keels , bu t u m b i l i c a l k e e l absent on 

l a s t 1-2 chambers; 5 trapezcddal to kidney-shaped chambers i n ven t r a l 

v i ew, increasing gradually i n s ize ; chambers crescent-shaped i n dcasal v iew; 

subcircular equa t c r l a l periphery. I t diffeES firom Globotruncana a rca 

Cudiman i n i±s narrow k e e l and paresence of c r l y ene k e e l on the l a s t 

chambees. There are less chambers i n the l a s t vhací and more rapad 

inerease i n chamber s i ze . I h e spedmens have a more rapdd increase i n 
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d i a m b o : s ize ^ i d less càiambers i n the l a s t whod. tìian the hypoiypes 

(Rctoaszynski e t 1984, see above). They ^)pear t o IDG intermediabe 

mOTEhotypes between Globotruncana orientaUfl and GloJjotruncanita 

esnehensis (Nakkad;^. 

Range: l a t e Campanian. 

Occurrence: wélls 1 - S E S - l A , l - S E S - 3 (care occurrence) . 

flliliKitiuiMdiid roaeLLa (Carse^ 

(RU 31, Figs 30-34) 

Globigerina roset ta Carsey, 1926, pL 44, p L 5, figs 3a-b . 

Globotruncana rose t ta (Carse^ . Pessagno, 1967, p . 352-354, p L 70, f igs 9-

12, p i - 73, S g s 5-8, pL 98, f i g . 14, p L 97, figs 19 -23 . 

Globotruncana rose t ta (Carse^ . Rcfaaszynstó. e t 1984, p . 210, 301, p L 

18, figs 1-5. 

Remarks: Globotruncana rose t ta * o w s a moderately large t ^ ( c 340-

450;im i n maximum diameter) wi th an asymmetr ica l t o n e a r ^ symmetr ica l 

p rof i l e , wi th the ^ r i r a l side moderately convex; t:wo narrow pa raBe l keéls, 

umhi l ica l keeL absent on cxie oc mrare l a s t chambers; 4 to 5.5 t r apezo ida l to 

kidney-dic?)ed chambers i n v e n t r a l v i ew, increasing rap id ly i n s i ze , wi th a 

f i a t to convex surface; ores£»nt-di^)ed to peta lo id ciiambers, with a fiat 

surfac:e, cn the s p i r a i side; equa tor ia l per i fhery moderately lobate . I t 

differs from Globotruncana aegyptìaca Nakkady i n being more convex 

umbnica l ly and non^rugcjse, i n both sides; and, by possessdng a somewhat 

smaHer umbÜicus. Intermediate forms be twea i Globotruit tana rose t ta and 

Gldjotruncana marie! Banner & Hlow, wi th a more convex dcasal s ide, were 

also recorded (PL 31, Figs 32-34). 

Range: la te Maast r icht ian . 

Ocxairrence: wélls 1 - S E S - l A , l - S E S - 9 . 

Glnix>tn II nMfla a)bcdrc"™**'^6er Gandolfi. 

(PL 32, Figs 1-3) 

Globotruncana (Rugcxjlobigerina) circrumnodifer subnrczumnodifer Gandolf i , 

1955, p . 44, p L 2, fig. 8a -c . 

Globotruncana subcdrcumnodifer GandcOfL Pessagno, 1967, p . 369-370, p L 62, 

figs 14-16. 
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ArcAia&oqlobiqerina bJLowi Pessagno. Robaszynski e t 1984, 276, p L 47, 

f ig .2a -c , EÍL48, f i g . 3 . 

Rugotcuncana subcdrcumnodíEer (GandolS). Caron , 1985, p . 76, f igs 34.11-12. 

Remarks: GQobotruncana subdrcumnodifer specLmens are dis tdngui^ed by 

having a moderately large ( c 310-410/im i n máximum diameyter) l ow 

trochoqrfra l test , w i th a nearly fíat ^áral side; t w o narrow p e r i p h ^ a l 

keels on a l l chamberí 4 to 5 suhsghaerical t o slightLy elongate chambers i n 

ven t ra l v i ew, rapídly incceasing i n s i ze ; umhi l i ca l sutures rad ia l and 

depressed; ts&t surface perfórate, pustulose car wi th fine costeDae; lobate 

equatocial pedphery ; umbÜicus wide and shaHow. Vi differs from 

Globotruncana aegyptjaca Nakkady i n having a more rugóse t e s t surface and 

globular c h a m b a s i n the umbüical side, wi th a rounded periphery. 

Range: Maastrichtdan. 

Occurrence: wélls 1 - C A - l - S E , 1 - S E S - l A , l - S E S - 9 , l - S E S - 2 4 . 

G t a t P t r u i x a n a ventriooBa White 

(PL 32, Pigs 4-9) 

Globotruncana canaUcula ta (Reus) var . vent r icosa White, 1928b, p . 284, pL 

38, fíg. 5 a - c 

Globotruncana ven t r i cosa White. Pessagno, 1967, p. 362-364, píL75, fifj^ 2 1 -

26, pL 79, f igs 9-14, pL 95, fígs 10-11, pO- 99, f i g . 2. 

Globotruncana vent r icosa White. Mastecs, 1977, p. 614-615, pL 55, f i ^ 1-3. 

Glcbotruncana vent r icosa White. Robaszynski e t 1984, p. 214, 216, pQ-

20, Sgs 1-3, p L 21, f i ^ 1-4. 

Gkhot runcana vent r icosa White. Carón, 1985, p. 50, f igs 20.7-9 . 

Remarks: Spedmens of Globotruncana vent r icosa have a l a rge , t y p i c a l l y 

asymmetr ical , b iconvex tes t ( c 440-550/im i n máximum diameter), wi th a 

ve ry low t rocho^ j i re ; s p i r a l side fíat, umbüicaL side convex; tvo wide, 

paraHfil, keéls, wéH developed on aB. chambeca S to 6 trapezcódal chambers 

i n ven t ra l v i e w , w i i h a f l a t to convex surface; crescent-shaped chambers i n 

dorsa l v i e w , wi th a generaHy f l a t surface. The ^ ) e d e s differs from 

Globotruncana l inneiana (d'Orbágny) i n having an asymmetr ica l taoonvex 
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Ecofíle. I t differs ñrom Dicarin^Tla asymetrica ^dgál) i n having an umbi l i ca l 

primàry ^ l e r tu re , generaHy more wiíJely spaced keels and meare numercus 

Chambers; firom Globotruncana l inneiana (d'Oi±dgn^ i n tìie more inñated 

umbi l ica l side; and from Globotruncana roset ta (Carsey) i n t l i e more widely 

^paced keels an s lower increase i n d i a m b ^ s ize . 

Range: l a t e Campanian t o Maastr icht ian. 

Occurrence: weUs l - A ü - l - S , 1 - C A - l - S E , l - S E S - 2 4 . 

Genus GLOBOTRDNCAHITA Reiss, 1957, 

emendad, Robaszynski e t 1984, 

p . 218, pU 22, figs 1-7. 

Remarks: i h e genus i s representad by s ingle-keeled ^¡ecimens, incduding 

also focms wiíh t w o d o s e rows of pústulas cn the f i r s t chambers c f the 

l a s t whocl (as on some ea r ly spedmens c f the Globotruncani ta e l e v a t a -

Globotruncaniba s tuar t i formis plexus - e.g., E L 32, Pigs 13-18), an umbil ical 

pcimary aperture and the presence o f a wéR developed p c r t d d (Ihis l a s t 

feature being generalLy cn ly (Aíserved i n weE preserved spedmens). 

Globot rupcani ta BpL rf. G. calrarata (Cushman) 

(EL 32, Figs 10-12) 

Gk^jotcuncana ca l ca ra t a C u ^ m a n , 1927a, p. 115-116, p L 23, fig. l O a - b . 

Globotruncana c a l c a r a t a Cuáiman. P e ^ g n o , 1967, p . 326-328, piL 64, f i ^ 

18-20, piL 72, figs 5-6, piL 93 , fig. 14, piL 94, fig. 8. 

caobotruncana ca l ca ra t a Cudiman. Masters, 1977, p . 540-541, píL38, f i g . 3, 

piL 39, f i g . 1. 

Globotruncana ca l ca ra t a C u ^ m a n . Wenders, 1980, p.114, pü- 7, f i g .2 . 

Globotruncanita ca l ca ra t a (Cushman). Robaszynski e t 1984, p . 224, piL 

22, fig. 4, piL 25, fígs 1-3, piL 34, fig. 3a-c . 

GLi^Jotruncamta ca l ca ra t a (Cuäiman). BeDier, 1985, p . 35-36, piL 7, figs 1 1 -

13. 

Glchotruncanita c a l c a r a t a (Cushman). Carcn , 1985, p.51,figs 23.6-7 . 
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Remarks: Rare spedmens referafcile to Globotruncani ta ^ c f . G. 

ca lcara ta were recovered from tíie içpermost Campanian. T h ^ are 

character ised by having a large ( c 560^m i n maximum diameter) 

asymmetr ical t es t wi th very l ow trocho^áre; ^ r f r a l side f i a t to s u ^ t ì y 

concave, u m b i l i c a l side s t rongly convex; ene per ighera l k e e l with the 

development o f tubulospines produced by the poetericr pa r t c£ each 

diamber; 5 t r apezo ida l c h a m b a s i n v e n t r a l v i ew, increasing gradually i n 

s i ze , with pustulose surface; tr iangular d i a m b ^ s i n dorsa l v iew; wide 

umbÜLcus. The paucáty and bad p re se rva t im of the ^lecimens, with bcoken 

tubulo^ñne^ do not aBûw an unequivocal determinatjcn of the species, I t 

seems, however, t ha t they represent intermediate fcrms between 

mnhotruncani ta subspinosa ff>esagno) and Globotruncani ta ca lca ra ta . 

Range: l a t e s t Campanian. 

Occurrence: wéH 1 - A D - l - S E (rare occurrence) . 

(Uobolr'^'^^^'^ Ha ele rata protzen)— 

Gtobotamcamta stuaitiíJLcinis (Daltdez) {âezos 

(EL 32, Figs 13-18) 

Rotal ia e leva ta Bro tzen , 1934, p . 66, p L 3, f i g . C . 

G U ^ t r u n c a n a (Globotruncana) e leva ta Bro tzen s u b ^ sbuartifcrmis Dalhdez, 

1955, p . 169, t e x t - f i g s l O a - c 

Gk^x>truncana e l eva t a (Brotzen). Pessagno, 1967, p . 336, 337-338, p L 80, 

fígs 3-6 (G. e leva ta t rans i t ional t o G. s t u a r t i f c r m i ^ . 

Remarks: Spedmens c f the Globotruncani ta e levata-Globotruncani ta 

s tuart i formis plexus are character ised by having a la rge , s t rongly 

asymmetrical , plano-cxjnvex t e s t (c. 350-550/im i n maximura diameter); flat 

t o concave ^ d r a l side i n the l a s t whorL with the peevious whcrls s l i ^ t l y 

more élevatedr umbüical side s trcngly œnvex; ene per ipheral kee l ; 5 

trapezcddal chambees i n ven t ra l v iew, increas ing gradually i n s ize , wi th 

smcxTth surfaces; distinc:tly convex l a s t chamber, c^Qigue-angLed to the 

ecjuatorial plane fcather than near to r ight -angled as i n t y p i c a l 

Glj:faatruncanita elevata); chambers t r iangular t o cresczentic i n dorsal v i ew; 

moderately wide umhüicus. I h e ^)ecimens â:om Sergipe are c:losely s imilar 

to t rans i t iona l mor^^otypes between G . elevaba and G . s tuar t i fcrmis , 

ÍDustrated by P e ^ g n o (1967, see above) from the weáiem Gulf Coas ta l 

Ela in . They d i f fe r from G. stuart iformis paîtriez) s.s. i n having a s t rcngly 

- 2 61 -



a ^ m m e t r i c a l plano-convex E^ofüe and tr iangular t o c rescen t ic chambers on 

Üie d c r s a l side. Ihe mocphotypes seem to represent, most likélyr i n t e r -

specifíc (ecophenotypic ?) var ia t ions withín the range o£ morphcQogical 

var iahLl i ty o f the plexusL 

Range; ear ly Campanian. 

Occurrence: wells l - S E S - 3 . 

Globotruncamta eaiahenete (Nakkady) 

(EL 32, Figs 19-20) 

caobotruncana arca (Cu^man) var . esnehCTsis N ^ k a i ^ , 1950, p . 690, p L 90, 

fígs 23-26. 

Globotruncana esnehensis Nakkady. R o b a s y n s k i e t 1984, p . 192, 301, 

p L 9, f igs 1-4. 

Remarks: Globotruncanita esnehensis i s d i a rac t e r i sed by having an 

asymmetrical, t es t ( c 320/ira i n máximum diameter) wi th a trochoepire of 

modérate h e i ^ t j ^ l i r a l side more convex than the umbUica l side; 5 smooth 

t rapezo ida l diambecs i n v e n t r a l v iew, increasing rap id ly i n s ize ; r a d i a l 

umbi l i ca l sutures rad iaL bu t curved i n the l a s t chamber; pe ta lo id chamber 

Aape i n dorsal v i ew, wi th sutures curved and raised, but s t ra igh t between 

fínal chamberí s l igh t ly lobate outÜne; one paópheral kee l ; umbólical k e e l 

missing on a H chambers c£ the Iñst whcrL Tt d iffers from G b ^ t r u n c a n i t a 

s t u a r t i (de Lapparent^ i n poesessing a more rapld increase i n chamber s i ze 

and more petaloid chambers i n dorsa l v i ew . 

Range: la te Kaas t r i ch t i an . 

Occurrence: weD. 1 - S E S - l A . 

Gtobotmncanita petteral (GandcOfi) 

(EL 32, Figs 21-23) 

Globotruncana (Globotruncana) rose t ta (Carse^ subep. pe t t e r s i Gandolf i , 

1955, p . 68, p L 6, S g . 3 a - c 

Globotruncanita pe t t e r s i (Gandolfi). R c b a s z y n ^ e t a L , 1984, p . 232, p L 29, 

fígs 1-5. 

Remarks: Spedmens o f Globotruncani ta p e t t a s L are d i a rac te r i sed by 

having a large, asymmetr ica l t es t ( c 470-520/im), wüh a rery low 

trochc^xire; ene per iphera l k e e l ; ^áral side fíat to sUght ly convex and 
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umbi l i ca l side s t r cng ly convex; 4 to 5 t r apezo ida l d iambers i n the l a s t 

whctU increasing r ap id ly i n s i z e , witíi t i le surfaces covered w i th scat tered 

rugoKJtifts; e a d y chamt^ecs o f the l a s t w h c r l wi th a s l igh t ly raised su tura l 

r i i ^ e cn the v e n t r a l side; chambees crescent-áia^)ed i n dorsa l v iew, with a 

f l a t and smooth surfaces; umtdlicus wide and deep. I h e ^}ecdes difEais firom 

Gansserina gansseri (Bcüli) i n having adumbcQical r i e l e s , less rugoGe/^xistulose 

chambees, and i n the raised su tura l r i i ^ e s on the u m b i l i c a l side; firom 

Globotruncanita e levaba (Broten) i n the fewer chambees i n the l a s t w h a d 

and i n l a d d n g a c e n t r a l cone on the dorsa l side; and ñrom Globotruncani ta 

angulata T i l ev i n the lobate equator ia l periphery, more élongated chambers 

on the dorsa l side and a more convex ven t r a l s ide. 

Range: l a t e Maastr i jdi t ian. 

Occurrence: w e E 1 - M O - l - ^ Orare occurrence). 

CTn>y*T;iiit'^iiii'H atoartí (de Lapparentj 

(EL 32, Figs 24-29) 

Rosalina s tua r t i de Lapparent, 1918, p . 11 , p L 1, fígs 5-7; t e x t - f i g . 4 (p. 

12), lower 3 fígs, t e x t - f i g s 5a -c (p. 13). 

Glc^iotruncana s t u a r t i (de L^jparent j . BcQÜ, 1945, p , 236, p L 19, fíg. 18. 

(Tlc^jotruncana s t u a r t i (de Lapparent). Pessagno, 1967, p . 356-357, p L 81, 

fígs 1-6; p L 93 , f igs 9 -11 ; p L 94, f i g . 7 . 

Globotruncanita s t u a r t i (de Lapparent). Robaszynski e t 1984, p . 234, p L 

30, figs 1-3, p L 31 , fígs 1-3. 

Glii^xrtxuncaníta s t u a r t i (de Lapparent). BelÜer, 1985, p . 36-37, p L 7, f igs 

17-19. 

Globotruncanita s t u a r t i (de Lap^Jarentí. Carcn , 1985, p. 51, fígs 23.1-3. 

Remarks: I h e ^ l e c i e s i s character ised by having a la rge , symmetr ical , 

biconvex tes t (c. 560-69Ofkm i n máximum diameter); a moderatly h i ^ 

trochoepire; ene pecií^eral keeL* c i rcu lar equatorial per iphery; 5 to 6 

tr^ezoádal chambers i n ven t r a l v iew, increasing s l o w l y i n s i z e , with a fíat 

and smooth surface; chambees tr^aezendal to sut rec tangular i n dorsa l v iew; 

wide umbÜicus 3t diffpi-cj fcom Globotruncanita cónica (White) i n i t s more 

^ m m e t d c a l , bLcc ivex tes t and t rapezoida l áiape o f the chambers on the 

^ñral sáde. 

Range: l a t e s t Campanian. 

Occurrence: wéDs 1 - C A - l - a ; , 1 - A O - l - S E . 
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GtobotruiìcaiiiLa sbiattifimiiìs a& (Dalbìez) 

(EL 32, Figs 30-34) 

GOobotnincana (GOobotruncana) e leva ta aco tz« i s u b ^ s tuar t i fcrnus Dalfcdez, 

1955, pt 169, t e x t - S g s l O a - c 

Globotruncana s tuar t i fcrnds DalhLez. Peasagno, 1967, p . 357-359, p L 92, f igs 

1-3, p L 93, figa 6-7, t e x t - f i ^ 44, fíg. 17. 

Glf^JOtruncana s tuar t i fcrni is Dalh iez . Smit i i & Pesagno , 1973, p . 52-54, pU 

19, f igs 10-12. 

Globotruncanita sb ia r t i fo rmis (Dalhdez). Robaszynski e t 1984, p . 238, piL 

32, f igs 1-4. 

Remariis: Spedjnens o f Globotn incani ta s tuart i fccmls s.s, áiow a la rge 

( c 380-600pin i n maximum diameter) t rochcepi ra l t es t c f moderate h e i ^ t ? 

symmetr ical to s l i ^ t l y asymmetr ica l prof i le ; cne pe r iphera l kee l ; 5 

subtrapezoidal chambers i n v e n t r a l v iew, increaaing s lowly i n s i ze , wi th a 

f i a t and smooth surfaces; chambers typLcaHy t r iangular i n dorsa l v i ew; 

moderately wide umbOicus; subcircular equatcadal p e r i j i i e r y . I t differs fcom 

cactotruncanmta s t u a r t l (de L^:parentj i n tìie t r iangular rather tìian 

t r ^ i e z c d d a l áiape of the diambecs cn the dorsal side and the very acute 

angles formed by the sutures and the ^ a r a l suture, and from the 

GQobotruncanita e levata (Brotzen) -GQobotruncanita s tuar t i fc rmls plexus by 

h a v i i ^ a more ^ m m e t r i c a l p r o S l e and tr iangular chambers on the dorsa l 

s ide. 

Range: Campanian t o Maast r icht ian . 

Occurrence: wèUs 1 - A D - l - S E , l - S E S - 3 , l - S E S - 2 4 . 

Globotrnncanìta j*ih»ylriiiHa (Pessagno) 

(EL 33, F i ^ 1-3) 

Globotruncana (Globotruncana) s u b ^ i n o s a Pessagno, 1960, p . 101-102, pO. 1, 

figs 1-9, piL 5, fíg. 5. 

Globotruncanita subspinosa ( P e ^ g n o ) . Robaszynski et 1984, p . 240, pO. 

22, f i g . 5, p L 33, figs 1-3, pL 34, figs 1-2. 

Globotruncanita subgainosa (Pessagno). Be l l i e r , 1985, pt 35 , piL 7, f igs 8-10. 

Globotruncanita sub^anosa (Pessagno). C a r o i , 1985, 51 , f igs 22.5-8. 
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Remarks: U l e speàes i s distìnguifiied by having a la rge , asyrnmebàcal 

t e s t (c. 510pa i n maximum diameter}; ^ d r a l side f i a t or s l ight ly convex; 

umbi l i ca l side convex; one pedphera l keel ; 5 to 6 t r ^ e z o i d a l diambers i n 

v e n t r a l v iew; chambers crescent-shaped i n do r sa l v i e w , radiaTly elcaigated 

w i i h an undulating surface; equatori al pexipti&rf s t rongly lobate; moderately 

Wide umhiTìcus. A : f^iffwst & o m Globotruncanita ca le a ra ta (Cu^man) - wi th 

whù^ i t has i n t e r s p e c i S c var ia t icns (e.g., Robaszynski e t 1984, p L 34, 

f i g . 3a-c) - i n the absence cC tuhulospines (not a lways vis ible i n badly 

preserved ^>ecLmens). Tt d i f f a s from Globotruncani ta s tuar t i fcrmis (Dalbiez) 

i n having c rescen t -d iaped chambers i n the s p i r a i side with undulating 

surfaces. 

Range; l a t e Campanian t o ear ly Maastr icht ian. 

Occurrence: wéll l - S E S - 2 4 fcare occurrence). 

Genus MARGfflOTRUNCANA Hofker , 1956 

{sensu Rct iaszynski & Caron, 1979, v . 2, p , 97-101) 

Type ^ ìedes : Rrwaijpa marginata Reuss, 1846 

Remarks: Marginotruncana q>ecdmens are d i a r ac t e r i s ed by poesessing a 

biconvex to p lano-convex test; ext raumbilLcal-umti i l ica l pr imary aperture; 

t w o k e e l ^ and more c r l e s sigmoidal, élevated sutures on the umbOical 

s ide. Ihe l a s t fea ture differs i t &om Dicarin^TIñ. I t i s also simuar to 

Globotruncana, & o m which i t differs by poesessing a c l ea r ly extraumbüical 

pdmary aperture. 

WarginotaiDcana renzi (Gandoufi) 

CRL 33, Figs 4-6) 

G l c ^ t r u n c a n a r e n z i GandolEi, 1942, p . 124-125, p L 3, f i g . 1, pL 4, f i g . 16, 

28-29, pL 10, f i g . 2. 

Globotruncana l i n n e i (d'Orìjigny) va r . angusticarenata GandoTfi, 1942, p . 125-

130, S g . 46.3, p L 4, figs 17, 30. 

Marginotruncana angusticarenata (Gandolfi). Pessagno, 1967, p . 300-301, piL 

65, f igs 14-19, p L 98, f igs 5, 9-11. 
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Marginotruncana r e n z i (Gandolfi), Robaszynski & Caron , 1979, v . 2, p . 129, 

133, p L 69, figs 1-2. 

Marginotruncana angust lcar inata (GandolFi). Wcnders, 1980, p . 120, p L 4, f i g . 

3 a - c 

Marginotruncana r e n z i (GandcOfi). Be l l i e r , 1985, p . 24, p L 4, f igs 1-3. 

Marginotruncana r e n z i (Gandolfi), Carcn , 1985, p. 61 , figs 27.1-2 . 

Remarks: Marginotruncana r e n z i i s distìnguidied by having a moderately 

l a rge , low trocho^àral, biconvex tes t ( e 3 9 0 ^ i n maximum diameter); two 

Glosely spaoed keels becoming a single cne cn tìie l a s t two chambers; 5 

elcngated trapezcddal chambers i n v e n t r a l v iew, s lowly increasing i n s ize ; 

c resoent -sh^ied to pe ta lo id d i a m b o s i n dorsal v i e w . I t differs from 

Marginotruncana paraconcavata Pcctìiaalt i n i t s b iconvex tes t and t w o 

clnaely spaoed keels. 

Range: la te Coniac ian . 

Occurrence: weH l - a s - 3 (care occurrence). 

Marqinotmncana « ì t m f e ^ Pcrtìiault 

[EU 33, Figs 7 -9 , 10 (detai l o f neanic Hedbergella)] 

Marginotruncana sinuosa Pcr thaul t , 1970, p , 81 , p L 11, f igs 11-13. 

Marginotruncana sinuosa Portìiault. Robaszynski & Caron , eds, 1979, v . 2, p . 

147, 152-154, pL 74, figs 1-2, p L 75, fi^ 1-2. 

Marginotruncana sinuosa Pcrtìiault. Caron, 1985, pt 61 , f igs 27.9-11. 

Remarks: This specdes i s càiaracterised by having a la rge , somewhat 

asymmetricaUy, bicOTivex tes t ( c 460-530jum i n maximum diameter), witìi a 

moderately high trochoepire; t w o c lose ly spaced periprfieral keels; 6 renifcrm 

diambers , sbroigLy elongated, i n ven t r a l v iew, increasing s lowly i n s ize ; 

sbrcngLy ék»igated chambers i n dorsa l view, wi th a f i a t or s l ight ly 

undulated surface; subcdrcular equatordal periphery. I t differs from 

Marginotruncana r e n z i (Gandolf i i n having strongly elongated c h a m b e s on 

the dorsa l side. 

Range: late Coniac ian t o Santtaiian. 

Occurrence: weDs 1 - C R L - l - S E , l -SE!S-3 . 
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Marginottniicaiia nnt^iiaita (L^mann) 

(EL 33, Figs 11-13) 

Globotruncana undulata Ltìiraann, 1963, p. 148, p L 9, f i g . 3a -c . 

Marginotruncana undulata ff^mani^. Rcbaszynsld & Carcn , 1979, v . 2, pt 

159, 162, p L 77, figs 1-2. 

Remarks: Marginotruncana undulata i s d i a r ac t e r i s ed by having a large , 

s l i ^ t l y asymmetr ical , b iconvex tes t (c. 680;im i n maximum diameter), witìi a 

moderately ió^ t rochoepire; a n g l e per ipheral kee l , formed by a doublé row 

of pusbJles, w h i d i tend to become very cTosaly spaceà on the l a s t two 

chambers; 6 sut rec tangular t o renifcrm chambers i n ven t r a l v iew, s lowly 

increasing i n s i ze ; t z ^ i e z c d d a l c h a m b ^ wi th undulat ing sarfac:es i n dorsa l ' 

v iew; s l igh t ly loba te , subcdrcular equatordal periphery, I t d i f f a s from 

Marginotruncana sinucsa Pcr thaul t i n p o m e s i n g a single k e e l and i n having 

l e s elongated c:hambers i n the sfpiral side. 

Range: e a r l y - l a t e Turonian to ear ly Santcnian. 

Ocxairrence: weUs 1 - C A - l - S E , l - S E S - 3 . 

Snhfamfly GLOBOTRUNCAHBEUNAE 

MaalakcTva, 1964 

Genus GLOBCnsUNCANBUA 

Reiss, 1957, emended Robaszynski , Caron , 

Gonzales Dcnoso & Wcxiders, 1984, p . 264 

T^pe species: Globotxuncpana cdtae BciDi, 1951 

(= Globoruncana havanensis Vcxjrwijc, 1937) 

Gtobotamcanel la havanensis (Voorwijc) 

(EL 33, Figs 14-16) 

Globotruncana havanensis V o o r w ^ t , 1937, p , 195, p L 1, fi^ 25-26, 29. 

Globotruncana havanensis V o c r w 9 c . Masters, 1977, p . 569-572, p L 45, figs 

4-6 
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Gaobotruncan&Da havanensis (Voocw^) , Robaszynski e t 1984, p. 265, p L 

44, figs 4 -6 . 

GLobotruncaneHa minuta Caron & Gonzales Donoso, i n Robaszynski e t eù., 

1984, p . 266, p L 43 , fii^ 5 -8 . 

Remarks: This '^>ecdjes i s charactadsed by having a moderately smaU, 

asymmetrical , b iconvex t e s t (c. 2 4 0 - 3 4 0 ^ i n maximum diameter); sp i r a i side 

convex, low t o moderately high, and convex umbQica l side; 4.5 to 5 

subglobular cdiamt^ecs i n ven t r a l v iew, witìi pustulose surface; chambers 

petalnid i n do r sa l v i e w . I h e ^)ecLmens described as Globotruncanel la minuta 

t y Carcn & Gonzales Dcnoso ^ee above) would ^ ^ e a r t o be neanic stages 

o f GJobotruncaneTla havanensis and are, therefore , not considered as a 

separate ^ l e c i e s . 

Range: Campanian t o Maas t r id i t i an . 

Occurrence: weUs 1 - C A - l - S E , 1 - S E S - l A , l-SES-3, l - S E S - 9 . 

Globotnipr«"^'na petaloddea (Gandolfi) 

(EO. 33, Pigs 17-21) 

Globotruncana (Rugoglobigerina) petaloidea Gandol f i subsp. petaloidea 

GandoOfi, 1955, p . 52, pU 3, f i g . 1 3 a - c 

Globotruncanella peta loidea (Gandolfi). Robaszynski e t 1984, p . 268, p L 

44, figs 1-3. 

GLc^jotruncaneBa havanensis (Voc^wi^c). Be l l i e r , 1985, p . 38-39, p L 8, figs 

18-20. 

Remarks: GIotjotruncarw'Tia pe^-aii-rifìga i s charac tensed t y having a 

biconvex t o concavo-convex tes t (e 2 3 0 - 3 2 0 ^ i n maximum diameter) wi th 

an asymmetr ical p rof i le ; 4 t rapezoidal , subglobular chambers i n ven t r a l 

v iew, with a pustulose surfaoe, except cn the l a s t chamber; diambers 

petaloid i n dorsa l v i e w . I t differs from Globotruncanella havanensis 

(Voocw^) i n having 4 pe ta ln id chambers i n the l a s t whorL 

Rcinge: Maas t r ich t ian . 

Occurrence: weUs l - a : s - l A , l - S E S - 2 4 . 
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FamiLy ROGOGLOBDXRIRIDAE 

Subbotìna, 1959 

Genus &RCHABOGLOBISERDIA Pessagno, 1967 

Type specdes: Arctiaeoglobigerina M o w i Pessagno, 1967 

Remarks: Ardiaeoqlobìgerina spedmens bave a l ow to moderately h i ^ 

t rochoqare (e.g., A . bosguensis Peasagno), wi t i i globular diambers; pómary 

^)er ture umbfl ical ; wide umbdlicuE^ covered by t e g i l l a ; chamber profUe 

rounded, with oc wi thout a large i m p l o r a t e p o d p h e r a l band, malnly cn the 

first diambers a£ the l a s t whocl; two £aint rows o f pusbules may be 

present; chamber surface rugose. 

flrdiaeo^cbiqMJna t a o w i Peasagno 

(EL 34, F i ^ 1-11) 

ArdiaeoglDbigerina bilowi Pe sagno , 1967, pk 316, p L 59, f igs 5-7. 

Archaeoqlobigecina bilowi Pe sagno , Robaszynski & Carcn , 1979, v . 2, p . 172, 

p L 79, figs 1-2. 

Archaeocjlobigerina b l q w i Pessagno. Rc^aszynski e t 1984, p . 276, piì. 47, 

f i g l a - C &iot 2); pU 48, fig 1 (not 3). 

Remarks: Spedmens of Archaeoglobiqerina tdowi * o w a moderately 

l a rge , very l ow t rochoq r i r a l t es t (varying i n maximum diameter from c 

240/im, neanic stage, to c 360-400/im, ^ h e b d c and gercntdc stages), with a 

lobate egua tor ia l pedfdiery; 4 giobular chambers i n the l a s t whccl , 

increaaing very rap id ly i n s ize , with pustulose/tugose surfaces. I t differs 

from Ardiaeoglobdqerina cre tacea (d'Ortagny) i n having fewer chambers i n 

the l a s t whocl, a more lobate equatcadal per iphery and a very low 

txcxdicspire. 

Range: C c n i a d a n to Maastr icht ian. 

Occurrence: l o c a l i t i e s A - 1 1 , A - 1 8 , Tabcjcas 2, weUs 1 - C A - l - S E , 1 - C N -

1-SE, 1 - C R L - l - S E , l - S E S - 3 , 1 - S E S - l A , l - S E S - 9 , l - S E S - 2 4 
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Ardiaeo^niAfwuia c re t acea (d'Ortógny) 

(EO. 34, Figs 12-14, 18-20) 

Gapbigerina c re tacea d'Ortdgny, 1840, p . 34, pU 3, f igs 12-14. 

caobotruncana c re tacea (d'Orhigny). Banner & S I D W , 1960, p. 8-10, p L 7, 

f i g . la-c : . 

Archaeoglobigeana c re tacea (d'Orhigny. Pessagno, 1967, p . 317-318, pL 70, 

figs 3-8, p L 94, fi^ 4 - 5 . 

Glohcrtruncana c re tacea (d'Orfcdgny). Masters, 1977, p , 551-555, pU 41, figs 

3-4, pL 41, fig. 1. 

Ardiaeoglohiger ina c re tacea (d'Ortdgny). Rcjbaszynski & Caron, 1979, v . 2, p . 

176, pL 80, figs l a - e . 

Archaeoglotdgerina_ are tacea (d'Ortdgny). Robaszynski e t 1984, p . 278, 

pfl. 47, f i ^ 3-6; p L 48, fig. 2. 

Remarks: Spedmens of Archaeoqlobigerina c re tacea bave a moderately 

l a rge , almost symmetr ica l , l ow trochoepiral t e s t (ep^ebic and gercnt ic 

specdmens are e 300-530/im i n maximum diameter) wi th 5 t o 6 globular 

diambers i n the l a s t w h o d , increasing s lowly i n s i ze , with pustulose/inigose 

surfaces. Neanic g^ecimens are c. 240-250pm i n maximum diameter, tiave 

abcut 5 chambers i n the las t whcr l , wi th pustulose surfaces and a t r oad 

imperforate pe r iphera l band ffO. 34, Figs 12-14). I t differs feom 

Archaeocìlotaigerina b l o w i i n having more chambers i n the l a s t whorl , a less 

lobate outl ine and a s l igh t ly higher trocdicepire. 

Range: C c n i a d a n t o ear ly Maastr icht ian 

Occurrence: l o c a l i t y A - 1 1 , weDs 1 - C A - l - S E , 1 - C N - l - f f i , l - a s - 3 , 1-

SES-24. 

Genus RUGOGLOBIGKRINA Brcnnimann, 1952 

Type q j e d e s : GLodger ina rugcsa Rlummer, 1927 

Rnt io^c t igecLaa e x g r . m q o m (Plummer), emended 

(EL 34, Figs 21-27) 

Glciaigerina rugosa Elummer, 1926, p . 38-39, p L 2, figs l O a - d . 

Rugcjglobigerina (RugoqLoblgerdna macrocephala macrcx:eghala Brcxinimann, 

1952, p . 25, p L 2, f igs 1-3. 
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Rugoglobigerina (Rugoglobigerina rugosa pennyi Bronnimann, 1952, p . 34, p L 

4, f igs 1-3. 

Rugoglobigerina [Rugoglobigerina) rugosa rcfaindata teonnijnann, 1952, p . 34, 

Ea. 4, fi^ 7-9. 

Rugoglobigerina (Rugoglobigerina) gdlula Belford, 1960, p . 92, p L 25, f igs 7 -

13 , t e x t - f i g . 6 (1-6). 

Rugoglobigerina macrqcephala Brcnnimann. Ret r i , 1962, p . 122-123, p L 17, 

fig. 3. 

Rugoglobigerina rotunciata Brcnniinann. Pessagno, 1967, p . 365-366, p L 65, 

figs 1-3, pU 68, figs 1-3. 

Rugoglobigerina rugosa (Rhimmer). Pessagno, 1967, p . 366-367, p L 75, figs 

2 -3 , p L 101, figs 8-9 . 

Rugoglobigerina tradingfaon'^'ngi'g Pessagno, 1967, p.367-368, p L 64, figs 1-8. 

Rugoglobigerina macrocepAiala Smith & Pessagno, 1973, p . 55-56, p L 23, figs 

1-3, 7-10. 

Rugoglobigerina miìamensis Smi th & Pessagno, 1973, p . 56, pL. 24, figs 4 -7 . 

Rugoglobigerina penny i Bronnimann. Smith & Pessagno, 1973, p . 57, p L 24, 

figs 1-3. 

Rugoglobigerina ro tundata Bronnimann. Smith & Pessagno, 1973, p . 58, pU 

24, figs 8-11. 

Rugoglobigerina rugosa (Elummer). Smith & Pessagno, 1973, p . 58-60, p L 25, 

fi^ 1-4. 

Rugo«jlobigerina rugosa (Elummer). Masters, 1977, pt 622-626, pL. 56, f igs 1, 

4, 5, p L 57, figs 1, 2. 

R u g o g l o b i ^ r i n a t r a d i n ^ o u s e n s i s Peasagno. Masters, 1977, p . 626-628, p L 58, 

figs 1, 3. 

Rugoglobigerina hexacamerata Bronnimann. Robaszynski e t 1984, pi. 282, 

pL 49, fig 8a-c . 

Rugoglptaigerlna macrocephala Bronnimann. Robaszynski e t 1984, p^ 284, 

pO. 49, fig. 7. 

Rugoglobigerina miìamensis Smith & Pessagno. Robaszynski e t 1984, p . 

284, pìL 50, fig. 3. 

Rugoglobigerina penny i Bronnimann. Robaszynski e t 1984, p . 285, pQ- 50, 

fig. 1. 

Rugoglobigerina p i lu l a Be l fo rd . Robaszynski e t 1984, p . 285, 302, pd. 49, 

figs 1-3. 
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Rugoglobigerina ro tundata EOtcnnimann. Robaszynski e t 1984, p . 288, p L 

50, f i g . 2. 

Rugoglobigerina rugosa CElummer). Robaszynski e t 1984, 288-289, p L 

49, figs 4, 6. 

Descriptì£si: Ihòs specdes-group has a broad morphcQogijcal v a r i a M l i t and 

i s d ia rac te r i sed by having a low to high t rochoepira l tes t ; generaHy 3 to 5 

g l i ^ u l a r d iambers i n the l a s t whocl, increasing rap id ly t o s lowly i n s ize ; 

t es t surface covered by variati le sculptural omamenta t ion , progcessively 

developtng with cn toge r^ from fine pustules and rugosildes t o t i i i ck , 

cJoeely-^jaoed rugos ldes and costel lae , arranged i n a meridional pat tern; 

surface omaraen ta t im generalLy less devéloped on the l a s t ciiamt)er; 

egua tc r l a l per iphery loba te ; wide umbUìcus. Young ephebic spedmens are 

around 300-345pm i n maximum diameter, bave 4 chambers i n the l a s t w h o i l 

and less coarse pustulose/injgose surfaces. L a t e ^ h e t d c and gercnt ic 

^lecdmens are around 3 5 0 - 4 8 0 ^ i n maximum diameter , bave less variabLe 

chamber ^ lape anà coarser surface omamentat ion. 

Remarks: I t was òbserved a close relatdcni^iip between the tes t à z e , 

d i a m b o : arrangement, coarseness of surface cmamen ta t i cn , abundance and 

var iah i l i ty of Rugoglobdgerina raorphotypes and t h e i r envircnments, i n mar^ 

a^>ects simflar t o the d i s t r i b u t i m pat tems of the raid-Cretaceous faviiseUid 

f c r a m i n i f ^ a ^ee Chapter 6). Therefore, Rugoglobigerina ex gr . rugosa i s 

regarded as a a p e d e s - g r o t p comprising s eve ra l morphotypes representing 

dif farent pdLyraorphic stages i n the l i f e cyc l e . The syncmymy l i s t exemplifies 

the morp^ological v a r i a b i l i t y c f th is ^>edes -^oup . 

Range: l a t e Campanian to Maastr icht ian. 

Occurrence: l o c a l i t i e s A - 1 8 , wélls 1 - C A - l - S E , 1 - C N - l - S E , 1 - S E S - l A , 1-

SES-3 , l - S E S - 9 , l - S E S - 2 4 . 
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RugogLotàgeona hexacamerata Earonnlmann 

CEO- 34, Figs 15-17, 28-30) 

RugogLobigerina (Rugoglobigerma) reichéU hexacamerata BrcxinLmann, 1952, p. 

23-25, pL 2, figs 10-12. 

Rugoglobigerina hexacamerata Bronnimann. Pessagno, 1967, p . 364-365, pL 

74, f ig . 4, pU 91, figs 5-7. 

Rugoglohdgerina hexacamerata Brcamimann. Smith & Pessagno, 1973, p. 54-

55, pL 23, figs 4-6. 

Rugoglobógecina hexacamerata Bronnimann. Robaszynski e t 1984, p. 282, 

pL 49, f i g 5a-c OTOt 8). 

Remarks: This specdes i s characterised by having a large, very low to 

f i a t trochoepiral tes t (varying from i n maximum diameter Ecom c . 260fim, 

nearac/early ejhebic stage, ^)ecimen intermediate between R. hexacamerata 

and Archaeoglobigerina cre tacea (d'Orbigny), to c 470^m, l a t e ^ h e t d c / 

gerOTitdc stage); generally 6 globular to rounded chambers i n the l a s t whcarl, 

increasing slowly i n s ize ; wide and deep umtdlicus. 

Range: late Maastr icht ian. 

Occurrence: wélL l - S E S - 3 (rare occurrence). 
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3 . 2 - RADIOLARIANS 

Subphylum SARCOODIA 

d a s s ACnNOPODKA 

SubcOas RAIUDLAHIA 

Remarks: Entr ies and taxcnomlc remarks fo t each radiolar ian specáes 

are brief. Ref erences are resbácted to the o r i g ina l d e s d i p t i c n of tiie 

^¡ecdfis and to re levan t references used i n tíiis study. Purthermore, because 

of the fcagmentation o f tests and oommon recrystal isat iOT, no deds iDn 

could be made on ^lecáfic a tbdbut icn c f severa l morphotypes. Such forms 

were ei ther placed i n single ^>ecies-gcoups^ eacái regarded wi th t road 

morghcJogical va r i abDi ty , c r pilaced i n open nomendature . 

Order P O L Y C r s n D A 

Suborder NASSEEIAEOINA 

Googj^mfaorax A 

(EL 35, Figs 1-3) 

Remarks: This s p e d e s i s character ised by i t s smaU (around 190-300^m 

i n máximum diameter), s u b q A e r i c a l ^ p e , covered by d iacply defíned 

pentagonal or hexagonal depressíons. 

Range: l a t e Alh ian t o e a d i e s t Turcnian. 

Occurtence: weUs 1 - C A - l - S E , 1 - C R L - l - S E , 1 - O S - l - S E . 
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(EO. 35, Figs 4-7) 

Dic tyonut ra mnltnonstata Zittél, 1876, p . 81 , p L 2, fíg. 2. 

Dic tyon i t ra miil t icostata Z i t t e L F e s a g n o , 1976, 52, p L 14, f igs 4 - 9 . 

Dicayomitra multácostata ZîtbeL Bec^ t r e s se r , 1983, p . 880-881, f igs . 6 a -d . 

R e m a r i a iMctyoïnitra ex gr . muldoostata raorphotypes are charac ter i sed 

by having a smaU (c. 200—210jiim i n maximum length), élongate, subcon ica l 

t e s t œnsisting of 8 t o 10 segments, graduaUy increasing i n dîameter; i n 

some cases the las t 3 to 4 segments have the same díamete , or the l a s t 

t w o have pcogressively smaHer w i d t h ^ each segment has cne transverse row 

c£ ve ry smaU pores near the segment suture; the surface cxïntains numerous 

long i tud ina l costae. 

Range: l a t e Albian to e a r l y - l a t e Turcnian. 

Occurrence: locaÜtifis A - 9 , A - 2 1 , A - 2 2 , wells 1 - C R L - l - S E , 1-ÜS-1-SE. 

Dic±yomitra(?) ap, A 

(RL 35, F i g . 8) 

Remarles: Test moderatély la rge (c. 400pm i n maximum length) , élongate, 

subccxiical , cxmsisting o f appcoximately mne segments, wi th the l a s t two 

segments having a sliç^tly smaller dîameter than the prevlous segment; t es t 

surface pcobat^y with smaU pores (not w e E d i s t i n g u i ^ e d due t o bad 

préservation). The l ack of v e r t i c a l costae, i f a t aH présent, may be due to 

recxystaüsation. Ihe morphotypes somewhat ressemble ^>ecimens c£ 

Dic tyomi t ra rotundata (AÜfiv) iTlustrated t y Fcreman (1978-a, p . 841, pL 1, 

f i g s 1-3) from the l a t e Albian-Cenomanían c f Angola Basin. However, 

because c f uncertainty as to the exac t diagnosis c f the present ^ j e d e s i t 

i s t en ta t ive ly assigned to the Dic tyomi t ra genus. 

Range: la tes t Cenomanian. 

Oc:currenœ: l o c a l i t y A - 9 (rare cxicurrenœ). 
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Lithostrobus sp, A 

(EL 35, Figs 9-11) 

RemaEks: Spedjnens o f Li thcstrobus sp. A have a sma l l (about 2 9 0 ^ in 

maximum length), elongate, subconlca l tes t with 6 segments, gradually 

increasing i n diameter , wi th the l a s t segment h a v i i ^ a s L i ^ t l y smaller 

d i a m e t ^ than the previews one; l a s t 4 segments in f l a t ed , wi th wel l -def ined 

segmental s t r ic tures; r e t i cu la t e t es t surface covered wi th numerous smaU 

p d y g a i a l depres ions . 

Range: latie A l h i a n . 

Occurrence: w e l l 1 - C R L - l - ^ . 

(EL 35, F i g . 12) 

Remarks: L i thos t rd jus sp. B morphotypes are d i s tdngui^ed by having a 

minute (c. 160fim i n maximum length), elongate, subcon ica l t es t wi th 6 

segments, gradually increas ing i n diameter; t e * surface covered wi th 

numerous smal l pores. 

Range: l a t e A l b i a n . 

Occurrence: w e l l 1 - C R L - l - S E . 

Suborder SPOHSZJUQINA 

flracfanosphaeraC?) ap. A 

(EL 36, Figs 1-3) 

Remarks: This i s by far the most abundant s p e o e s - g r o c p amongst the 

^ m e l l a r i a n s . I hey are charac tensed by ^ e r i c a l shaped ^ l e d m e n s of 

variable s izes (about 110-360^m i n maximum diameter), wi th a ^xx tgy w a l l 

texture and very t h i n p(xes. 

Range: l a t e A l b i a n t o Turonian. 

Occurrence: l o c a l i t i e s A - 1 , A - 3 , A - 9 , A - 1 2 , A - 2 1 , A - 2 2 , A - 3 5 , weUs 1-

C A - l - S E , 1 - U S - l - S E . 
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C r u c e l l a i r i r ì n i Pessagno 

(EL 36, Figs 4-6) 

CruceTIa i rwim. Pessagno, 1971, p . 55, p L 9, f igs 4-6. 

Remaries: Spécimens o f Cruce l l a i r w i n i are c i ia rac ter i sed by having 

l a rge ( c 400-450^m i n maximum diameter) tests with four long and slender 

rays , t ^ j o d n g dis ta l ly and near ly equal i n length ; c e n t r a l area wi th shaHow 

l acuna . 

Range: l a tes t Ca iomanian t o ea r iy - l a t e Turcnian. 

Occurrence: l o c a l i t i e s A - 9 , A - 2 1 . 

C r u c e l l a mess inae P e s a g n o 

(EL 36, Figs 7-8) 

Cruce l l a messinae Pedagne , 1971, p . 56, p L 6, figs 1-3. 

Remarks: The specdes i s d is tdngui^ed by i te moderately la rge ( c 330-

380pm i n maximum diameter) crucdfcrm t e s t with c y l i n d r i c a l longi tudina l 

r ays and by l ack ing a l acuna i n i±s cen t r a l area. 

Range: ear iy Cenomanian. 

Occurrence: l o c a l i t y A - 3 . 

C r a c e l l a ( 7 ) s p . A 

(EL 36, Figs 9-11) 

Remarks: This specdes i s character ised by having a large (c. 400-S50^m 

i n maximum diameter) t e s t wi th shorter rays , subc l indr i ca l longitudinalLy; 

rays and c e n t r a l area planiform h c r i z c n t a l l y . 

Remge: early Caiomanian t o ea r ly - l a t e Turcnian. 

Occurrence: l o c a l i t i e s A - 1 , A - 2 1 , weH 1 - U S - l - S E . 
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nbd i.;Md nun amamn Foreman 

(EL 37, F i g . 1) 

Histiastrum anisum Foreman, 1978-a , p . 841, p L 1, f igs 5-7. 

Remarka l í ie spedes i s c3istdngiuáied by i l s large (about 480pm i n 

máximum Isngth) t es t wdlii the presence of t i i ree to four i r reg idar ly 

developed arms. 

Range: l a tes t Ca iomanian . 

Occurrence: tocality A - 9 (care occurrence). 

OrtrimTifincma e x g r . mon«-ifipTift«»naia Pessagno 

(EL 37, Figs 2-5) 

Orbia.ili,forma monticaDoenais Pessagno, 1973, p . 72-73, pL 16, f igs 5-6, p L 

18 , figs 1-2. 

Remarks: Test smaU ( c 240-360^m i n máximum diameter) , disc-áiaped, 

n e a d y c i r cu la r i n ouüine, wi th a v e r t i c a l to rounded perifiíery; c e n t r a l 

c a v i t y r e l a t ive ly wide and shal low; centre slighüy raised; f ine m e ^ w o r k . 

Range: ear ly Caiomanian t o eady-midd le Turonian. 

Occurrence: locaüties A - 3 , A - 2 1 , A - 2 2 , wéll 1 - O S - l - S E . 

EhasBÜfincma ex g r . l a x a Pessagno 

(EL 37, Figs 6-7) 

PhaseTifocma l a x a P e ^ g n o , 1972-a , p . 276-277, p L 23, f igs 7 -9 . 

Remnarks: Spedmens o f Phaqelifccma ex gr. l a x a are character ised by 

having smaU ( c 140-230;im in máximum length), élongate, subeDipscdxaal 

tests , va ry ing i n width ( c 70-130jim i n máximum width); sraooth surface 

w i th fine meshwork. 

Range: Cenoraanian. 

Occurrence: localLties A - 3 , A - 9 . 
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Pgeudoaoilopbacus parqueraensfe Pesagno 

(EU 37, Figs 8-9) 

PaeudoaulDphacus parguoraensis P e s a g n o , 1963, p. 204, p L 2, f igs 4, 7, p L 

6, f i ^ 4 -5 . 

Pseudoaulophacus parqueraensis P e s a g n o . P e s a g n o , 1972, p . 309, p L 30, 

fig. 4 . 

Remarles: Itàs specdes i s disdnguished by i t s moderately sraaU ( e 3 0 0 ^ 

i n maximum diameter), c i r c u l a r tes t , l^itìcular i n per iphera l v i e w ; loba te 

per iphery wiüi 9 lobes, each l i ^ hearing a * c r t spine, w h i d i i s commcoly 

not preserved. 

Range: l a t e s t Ca iomanian t o ea r l i e s t Turcnian. 

Occurrence: loca l i t i es A - 9 , A - 2 2 . 

Spongotüpusí?) sp. A 

(EL 37, Figs 10-12) 

Remarks: Moderately la rge (e. 300-400;im i n maximum diaraeter), 

i r regular ^ p e d ^)ecLmens, with apparenüy three to four rays and 

th ickened c e n t r a i area. 

Range: e a d y Cenomanian. 

Ocoj r rence : l oca l i t y A - 3 . 

G e n s and - T ^ * ^ * ^ indet, 

Spuméllarilnid ^ A 

(EL 37, Figs 13-14) 

Remarks: l l i i s ^ìecdes i s distìngui^ed by having a smaU (c. 200-320^m 

i n maximum diameter) t es t wi th tìiree i r regula r ly developed cays (which give 

the tes t a tr iangular étìape) and th ickened c e n t r a i area . 

Range: ear ly Cenomanian. 

Occurrence: loca l i ty A - 3 . 

- 2 7 9 -



6.3 - DIATOMS 

Class DIATOKACKA 

Remarks: Because oE t i ie g rea t uncertainty regarding , the systematic 

posit ions o f diatom fcustules recovered A i r i n g this study, a taxcnomic 

Us t ing o f specdes i s not at tempted. Rather, the miaroElora i s t r i e O y 

discussgd i n general i n f o r m a i terms (and arranged i n mcarphcAypes). 

Specdmens of morphotypes D, E and E, wiìh an angular ce rcxmded 

peripheryr are tentatdvely t h o i i ^ t to be diatom frustules, mosbly based on 

the i r non-spcngy, smooth and even o u t ^ sucfaoe and genera l s lmi la r i ty to 

the groupk 

(EL 38, Figs 1-2) 

Remarks: Smal l ( e 2 2 0 - 2 3 0 ^ i n maximum diameter) , broad, th in , 

f la t tened discs (hiscuit-áiaped). 

Range: ear l ies t Turonian. 

Occurrence: l o c a l i t y P a t i 1. 

nocpbùtype B 

(EL 38, Figs 3-4) 

Remarks: SmaU ( c 1 9 0 ^ i n maximum diameter), broad, moderately 

th ick , f la t tened discs, wi th a v e r t i c a l periphery (pÜL-sh^Jed). 

Range: ear l iest Turonian. 

Occurrence: l o c a l i t y P a t i 1. 

MtXFhotype C 

(EL 38, Figs 5-8) 

Remarks: Minute ( c 1 2 0 - 1 9 0 ^ i n maximum diameter), t h i ck , f la t tened 

discs (drum-like fccms). 

Range: labest Cenomanian to ear l ies t Turonian. 

Occurrence: l o c a l i t i e s A - 9 , P a t i 1, wéE 1 - U S - l - S E , 
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Hcxpbotype D 

( H . 38, Figs 9-10) 

Remadcs: MocSeratély smaU (c. 2 8 0 ^ i n maximum diameter) , l en t i cu la r , 

moderately th in , bdxxmvex discs (Lentü-shaped); surface smooth and even. 

Range: l a tes t Cenomanian. 

Occurrence: iDcáÜty A - 9 . 

(EL 38, Figs 11-12) 

Remarks: Moderately smalL ( c 300^m i n maximum diameter) , Ixoad, 

moderately Uùck, ñat ts ied discs , w i l i i a rounded per iphery (bdscuit-shaped); 

surface smooth and even. 

Range: l a t e s t Cenomanian to ear l ies t Cenomanian. 

Occurrence: l oca l i t i e s A - 9 , Patì. 1. 

Hcrpiiotype P 

(EL 38, Figs 13-14) 

Remarks: SmaU ( e 240|im i n maximum diameter) , ^ o r t h , t h i ck , 

f l a t t ^ i e d disc , with a rounded per i fhery Q^óll-áiaped); surface smooth and 

even. 

Range: l a tes t Cenomanian. 

Occurrence: l o c a l i t y A - 9 . 
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C H A P T E R 4 

H I C R O B I O S T R A T I G R A P H Y 
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4 . 1 - INTSODDCTIOH 

4 . 1 . 1 - Hetfaods 

Because c£ the cav ing and sample mixing that commonly occucs i n aü.-

weD. c u t t i n g sampOes, cn ly the top äown-hcile occurrences (the evcQutionary 

ex t inc tux i datum leveL or the l a s t ap^iearance i n the s t r a t ig raph ica l sec t ion 

due to envircnmental change^ o£ focaminifara and the i r peaks c£ 

abundances have biostrat igr^diLc: s ignif icance. In other wocds, the upper 

boundary of the zcnes descrüied wäre deEined maihly by means of the l a s t 

appearance ( h i ^ e s t occurrence) of i i s nominative and assocdated diagnostic 

speóes i n the wéll-secti£xis studLed. Bowever, with the ca r e fu l exaraination 

o f a U the assemblages and diffarentdatjon c f caved and/or rewccked 

spécimens (decrease i n abondance and s t ray occurrences, di£ferentdation i n 

ccuour and preservatdcn) i t was also possible to assess the approxiraate 

t o t a l range c£ the recorded taxa ^ee Tables 4.1-7), therefcre aBowing a 

more refined microhios t ra t igraphica l ñamewcck to be establiäied. 

Ihe microfossi l zonat ions propxDsed- h ^ e are palmari ly defined for 

reg iona l appl icat ion. However , there are close cmalogies between the 

EÄCposed püanktíOTic forara in i fera l z c n a l scherae and others estabÜ^ed for 

c o e v a l s t rafa i n other basins i n the equator ia l (Ceará: V iv i e r s , 1982; 

Potiguar: Viv ie rs & Rega l i , 1987; Maranhao and Para : Beurlen & Rega l i , 

1987) and scxitheastem B r a z i l i a n cont inenta l raargin (Santos Basin: V iv i e r s , 

1986, 1987; Campxîs Basin: Azevedo e t 1987, Koutsoukos, 1987) and 

elsewhere (e.g., Bcini, 1966; Pessagno, 1967; Premoli-Süva & BòDi, 1973; 

Longoria , 1974; van Hinte , 1976; Premoûi-Silva & Boersma, 1977; S iga l , 1977; 

Robaszynski e t 1979, 1984; Wenders, 1980; L e c k i e , 1981; Caron, 1985; 

and SUter , 1989) -Tables 4.9, 4 .11-12. Ohis makes ì t possible t o t^f^s^e^ their 

s ignif icance an a l a rge r scale as weU to allow cor re la tdm with, and 

ident i f ica t ion of, wocldwide palaeoceanogrsçhical events. I t has also been 

possible to integrate the microbiustratigrapáiy w i i h the mid-Cretaceous 

ammonite zcna l sd iemes foc the basin (Beurlen, 1967-a,b, 1970; SchaUer, 

1970; Bengtson, 1983) - see Tables 4.8 and 4.10. 

4 . 1 . 2 - T y p e s o f B i o s t r a t i g r a p h i c U n i t s 

I h e biostrat igraphic uni ts defined i n the proposed schemes are fac the 

most pa r t what are te rmed O p p e l - z o n e s hy the ISSC B i t e m a t i o n a l 
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s t ra t igraphie Guide (Hedberg, 1976). Accíxding to Hedberg (op. c i t . , p . 58): 

"Tîie OçpeL-zone may be defined as a zone cäiaracterized by an associat ion 

or a g g r e g a t i ^ of selected taxcms of res t r ic ted and l a rge ly concurrent 

range, chcGen as indica t ive c f approximate contemporaneity. Mot a U of the 

taxons considered diagnostic need be présent a t any one çQace for the zone 

t o be l eg i t imate ly ident i f ied . H i e l o w e r p a r t of the z o œ i s commonly 

marited l a rge ly by f i r s t cç^arance and i±s içper pa r t by l a s t ^ç>earance 

c f ce r ta in taxons. Ihe body c f the zane i s marked la rge ly by concurrences 

c f the diagnostic taxons." Acco rd ing to Carter (1974, p. 197), the c r i t i c a i 

arguments i n favour of recognis ing Oppel-zcxies (which hâve also been 

recognised by Hedberg, op. c i t . ) a re ; "(1) they tetack' (contrast with s t r i c t 

range zones); (2) they are l o g i c a l l y d i s t inc t firom concurrent-^ange z o i e s 

(which i n the f i n a l analysis are otapctive, r i g o r a i s l y defined units , c f 

doubtful p r a c t i c a l use i f more than t w o taxa arc invo lved i n their 

recognit i tai) , (3) tha t they are ul t i raately non-obpc t ive , and - being defined 

by common consensus c r usage - therefcre flexible, and (4) t h a t i n th is 

respe<± they correspond e x a c t l y t o the working units termed "stages i n 

m a i y cLassificatdDns''. Mcareover, i n a d d i t i m to beÎng def ined by the 

concurrence of ce r ta in diagnost ic t axa , an Oppel-zcne may be based on a 

comtrinaticffi c f other c r i t e r i a having t ime-signif icance such as l i n e a i 

(evolutioncuy) zones, ¿üxtndance zones (Acme-zcnes), and so fo r th (Pessagno, 

1977). Fer a U thèse reasons, such usage has been adopted i n the 

miorcAñcstiatigraihic study. 

Ihe a n d e r e area c f the basin mostly consists c f ne r i t i c and upper 

ba thya l depcsits, where the sédiments and associated micxafcss i l táota are 

s t rongly sensit ive to environmental changes. îhis study i n d k a t e s tha t the 

complex in terplay of ahiot ic and b i a t i c compcnents (the nature c f the t o t a l 

micTcfcesLl hiota) does not confccm to a generalised mjcrobiostra t igraphical 

and palaeo-environ mental model based on the dis t r ibut icn c f ind iv idua l 

fcramirafara R i e d e s or genera ^ee C h ^ i t e r 5). Therefcre , some 

envircnmenta l ly- re la ted assemtOage-zones {sensu Hedberg, 1976, p . 50-52; 

d i i e f l y "ecozones"), of p d m a r y l o c a l appl icat ion, had to be def ined i n carder 

t o acjüeve f ine-scale bJostratigcaEhic interprétation and the maximum d e t a i l 

i n s traldgraphical cxarrelation. The proposed schemes are cximpc^tte ones 

based on a U sections s tudied. F c r boundary décisions the tcj tal microfauna 

has been evaluated. 
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4 .2 - PSOPOSED PORAMIHIFERAL ZONAL SCHEHBS 

Eadi focamimferal group has gceat bícstratigr^hic po ten t i a l but they 

ace Umited i n some l i t h o l a g i c units due to unCavoréüale deposi t ional 

envircHiments. For example, smaH-sízed ( c 1 0 0 - 3 0 0 ^ i n maximum diametecr 

width ce length) benthonic focaminifera l assembJages are the basis for 

báastratágrapíiic studi es o f d i e l f pe lagic carbonates cf the mid-Cretaceous 

(upper Aptdan t h r o u ^ Coniacian) , whereas planlctcxuc f o r a m i n i f ^ a permit a 

detaüed zcnatiOT of oubo: áielf-alope marls and shales throughout the m i d -

and Upper Ccetaceous success icn. The benthcaiic focamini fera l Oppel-zones 

fi:om u^^ier Ap t i an - low^ Coniac ian ner i t ic envircnments have only a l o c a l 

charac ter and their age was mos t^ a s i g n a d by means o f both 

micxafaunaVüthofacies corrélaticn with nearbiy püanlctonic fccaminifera-dated 

localLties and after the a m m o i i t e zcnal sd iemes o f Beurlfin (1967-a,b, 1970, 

and S d i a B e r , 1969, for the A M a n ) and Bengtscn (1983, f a : the Cenomanian-

Coníacdan succession) for the outcrop-locaüties. 

The biostratigraEfeic zones discuased below, & o m the cQdest to the 

youngest, are defined a f te r character isbic constibuent mixrofossQs. They 

have been named after cxie or t w o o f the prominent specáes, f c r the Oppél-

zones, and after two c r more diagncst ic ^)ecies fc r the asemblages -zones 

(HeáDerg, 1976, pt 52, 58), whúái, individuaHy, may or may not be 

everywhere present i n the z c n a l assemfcQage. A pref ix cOTsisting o f the f i r s t 

one c r t w o le t te rs c f the correspondent assigned stage i s used as an 

i n f o r m a l notatifxi fc r the zcnes , numbered s t ra t igraphicaEy upwards wi th in 

each asBigned age/stage (e.g., A l - 1 to A l - 6 , f c r the Alhdan). The zone-

notatirais are álso foDDwed by a l e t t e r between fccackets indicatáng ei ther a 

püanklíxiic Q?) or benthonic p) f c ramin i fe ra l z m e . The zones, together wi th 

the ranges and abundances o f the diagnostic qpecies are áiown i n Tafafles 

4 .1-4,7. The táochrcnostratigraphic summary c f the s tudied w e U sectáons i s 

presented i n TabJe 4.13. 

4 . 2 . 1 - P l a n k t o n i c F o r a m i n i f e r a 

The sequence c f pOaniítonic foraminifera i s based i n p a r t OTI the wocks 

of M a s t a s (1977), RcAiaszynsld. & Carón (1979), Robaszynski e t aL (1984) 

and C a r a i (1985). Not álL o f the zcnes defined f c r the c e n t r a l Nar th 
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Aüantdc-westem Tethyan/rranait i jcnal b i í^ovüices are represented i n t i ie 

área, racíStLy because the waters were too shaHow (mainly neri t ic) during 

tile óeposition c£ the Cotdnguiba FormatiOT, i n the Cenoraanian to Coniac ian . 

The pcesence c£ a considerable, wéll-developed, oxygen minúnum zone, c f 

variatüe intenstty and thickness , con^ácuous i n the nor them South At l an t i c 

dur ing the mid-Cretaceous ^ee Chapters 5 and 8), i s l i k e l y to have been of, 

fur ther restcaint to the widespread adon i sa t ion o f deeper-water , zcnaHy 

ágnifícant, p lanktcnic taxa- Since a mapr pa r t of this s t i ieme i s based on 

dríUed mater ia l (as weU as p r imar i ly intended to be appl ied to, and 

enhance, subsurface s t r a t d g r ^ h i c coxe l a t i on ) , the upper boundaries c f 

s eve ra l bdozcnes were defined mainly by means of l a s t datura appearances 

i n the weE ssctiars, i . e . , a t the h i ^ e s t down-hole occurrence (extinction 

datum) c f diagnostic qaecies. 

4 . 2 . 1 . ( 1 ) - D e f i n i t i o n o f the zones 

G l o b i q e c i n e l l o i d e s b a r r i -

H e d b e r g e l l a (H. ) gorbacfaíkae Zone 

[ A p - l . (P) ] 

Category: Ofpe l -zcne . 

Def in i t ion; I h i s zcne i s character ised by the associatij:m o f 

niobigerineEoides bar r i and HedbergeBa (H.) t rocoidea wi th common 

^)eciraens c f Hedb. (H.) gorbachikae . 

Assigned age; la te Apt ian . 

Reference sectíco: wéll 1 - C N - l - S E (1002-1047m). 

Associa ted micrcfauna: HedberqeHa FaviLseUa) w a ^ t e n s l s , Hedb. ^-) ex gr . 

delrioensiSr Hedb. (H.) ex ge. plani^ára, Hedb. t rocoidea . 

E)istribution: Sediraentacy rocks wi th in ttus zcxie have álso been recovered 

from the weU 1 - C A - l - S E [1275-1320A3S0m(?)]. 

Palaeo-envirOTiments: diaHow to raiddle ne r i t i c . 

Remarks: A cored s e c t i m c f the uppermost Oiterinhos Member, Muribeca 

Fcrmat ion , i n the Aracají H i ^ (weU 1 - C E B - l R - S E , core 7:370.9Qm), y ie lded 

a ángle ^ l e d m e n referred to Globuligerina sp. c f . G . ho te r iv ica l^ee 

Ch^íter 3), associated wi th an abundant assemtdage c f microgastropods and 

microbivalves, representing deposüdon i n a t i d a l fíat environment with the 
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i n f l u K i c e of nearby op&ì marine condìtiDns ŝee Ch^>ter 6, s ec t ion 6.3, and 

C h a p t s 8, sectìon 8.2.1). Minute, h i ^ trochoGfdral, globuligecinid specimens, 

tentatìvely refenred to Ccooglobigerina (?) sp, A ^ee Chapter 3), are also 

recovered from the uppsc A p t i a n [welL 1 - C A - l - S E : 1 0 9 5 - l l l O m , 1125-

1140m, 1245-1260m; Zone hp-2,fP)]. GQobuligerinids have been repocted 

elsewhere firom J u r a s i c to tower-i^^Jer Apt ian s t ra ta (cf. Mastsrs , 1977; 

GrigeUs & Gorbatchik, 1980; Caron , 1985; SUber, 1989). Ohe evidence 

suggests, therefcre , e i lher a h ì ^ e r (younger) l a s t appearance datum ^ the 

l a t e Aptian) a t low-latìtudes f c r the group or, quite l i k e l y , new t axa 

Eüaced wi th in the phylogenetdc l ineage o£ Ccnoglogiger ina-GlobulLgerina-

HedbargePa (Favusella). Mcreover , the r ecord of globuügerinid spedmens, i n 

the l o w ^ m o s t marine sedimenta o f Sergìpe, may further suggest an ear l ie r 

dat ing (ear ly- late Aptian) f c r the f i r s t t rue marine episode i n the no r them 

pcoto-South A t l a n t i c Ooean. 

I h e zone has t^een reoorded i n the l o w ^ m o s t marine sectdon o f weQs 

1-CA-l-a: and 1 - C N - l - S E , underLying a sec t ion of pa ra l i c Oagoonal) 

sediments. Ihe bdostratìgr^hic pos i t ion c£ the zone seems t o oorre^ iond to 

tha t of the fTinhjfjetin^Tloides algerianus, Hedb. gcarbachikae and Hedb. 

t rocoidea zones o f Longoria (1974), and G'des algerianus and Hedb. 

q o r t a d u k a e Zone o f Caron (1985) and SUter (1989) - see Tables 4 .8-4.9 . 

However, the genera l ^:piicabilLty o f th is zcne i s uncertain and i t needs to 

be tes ted wiih further c o e v a l sect ions where sediments i n gimiiJ^'' fac ies 

have been found. 

G l o b i g e r i n e l l o i d e s ex g r . m a r i d a l e n s i s -

H e d b e r g a l l a (H. ) s i m i l i a zone 

[ A p - 2 . (P) ] 

Category: Of^iel-zane. 

Def in i t i cn : This zone is charac ter i sed by the assodatìcn of i t s nominate and 

associated ^ l e d e s . The i^iper l i m i t i s marked by the l a s t ^ p e a r a n c e s 

Ìiighest occurrencesi of a number o f ^Jedes. Foremost amongst these are 

the l a s t occurrences of GlobìgerlneHnides bar r i , G'des ferreolensis , G\3es ex 

g r . maridalensis, and HedbergeHa (H.) simìH«- I t i s impcctant to note the 

f i r s t apiìearance c f TicineTla ^ )ec ies i n the zona l assemblage. In a H other 

aspects, t h i s zone d o s d y resembles the undedylng one. 
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A s i g n e d age: l a t e Apt ian . 

Reference sections: weHs 1 - C A - l - S E (1095-1260m), 1 - D S - l - S E (981-

1260/1276m) and l - S E S - 3 {232S-2460ni). 

Associa ted microfauna: 

(1) Middle to deep neritdc hdofades: Globigerinelloides ^rtdense, 

ConoglobigerinaC?) sp. A , HedbergeHa p.) wadiitensis^ Hedb. (H.) ex gr . 

delr ioensis , Hedb. p . ) qorbarfiiJcae, Hedb. (H-) i n&acre t aoea , Hedb. 

labocaensis , Hedb. p . ) e x g r . plani-^rira, Hedb. semielongata, Hedb. (H.] 

sigaSi, Hedb. (H.) t rocoidea , Tie ineHa bepouaensls, T. rctoerti and T. ^ c f . 

T . pr imula . 

(2) Deep ner i t i c to i^>p^ ba1±yal biofacies: Globdgeript^Tì''^i'^ ^>tiense, 

G'des macrocamerata, Hedb. (P.) w?»=!hit-pntHty Hedb. ^ . ) ex gr . delrioenwi^y 

Hedb. (H.) qorbachileae, Hedb. (H.) inf ra txe tacea , Hedb. (H.) masilakovae, 

Hedb. (B.) ex gr. p lanispi ra , Hedb. ^ a l i , Hedb. (H.) t roco idea , T. 

bepouaensis, T . and T. sp. c f . T . pr imula . 

Dis t r ibut ion: Sedimentary r o c k s wi t iun th is zone have also been recovered 

from wens 1 - C N - l - S E {811-1002ra), l - S E S - 9 r2628(?)-2862m] and l - S E S - 2 4 

[2670(?)-2805ml. 

Palaeo-envircnments: middle t o deep ner i t i c (wells 1 - C A - l - S E , 1 - C N - l - S E ) , 

deep ne r i t i c t o v^iper t i a thya l (wells 1 - D S - l - S E , l - S E S - 3 , l - S E S - 9 , l - S E S -

24). 

Remarks: H i e z c n a l assemtdage contains abundant, minute and smal l - s i zed 

(c. 150-250/m i n maximum diameter) specimens o f ginhigori Tielloides, 

Hedbergi^Tia and TidnpTia- Pa r t i cu l a r ly s ignif icant a t th is ho r i zcn i s the 

sudden increase i n abundance o f Hedb. ^ . ) waf^hitt^nsis, Hedb. (S.) 

gorbachikae, Hedb. in f rac re tacea , Hedb. (H.) ex gr . p lanispi ra , Hedb. 

t rocoidea , T. befeouaensis and T. r o b e r t i ("Ist aburv3ance peak" o f 

species of T i r ine l la ) . There i s the f i r s t appearance of ^ c i m e n s referred t o 

T i c i ne l la spt c f . T. pr imula . They generally display cnly 6 chambras i n the 

l a s t whcr l , rather than 7 t o 8, and a more closed umbil icus than the 

t y p i c a l middle-late Albdan T. ex gr. palmula morphotypies ^ee Chapiter 3). 

Pcpulations of Hedb. p . ) w a ^ t e n s i s are here considered f a d e s 

i n d i c a t a ^ but not good t ime markers. Occasional "blooms" o f large 

favuselHd specimens (later ephefcdc and gerontdc specimens) are probably 

l i n k e d to periods of s e a - l e v e l lower ing anchor t o displacement of 

unconsolidated shaBow-water deposits by turbidi ty currents (gee Chapter 6). 
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The "f lood" atundances o f favuseUids may be used, therefcxe, with 

considerable cautdon, for shor t dis tance hLostratdgr^hio cor re la t ion (locaHy 

defined acme-zones; cf . Hedberg, 1976, p . 59-60), such as amongst and 

between wéE sectdais c f the A r a c a p High and the Divina Pas tc ra Low 

areas. 

Spedmens o f GQobdqerine'noides ex gr. maridalensis ware recovered from 

wel ls 1 - C A - l - a : {1095- l l i a in ) arua l - a B - 3 . The j d n b occurrence of T. 

be^ouaensis and T. robe r t i ^^ecimens indica te an age not older than the 

l a t e A p t i a n for the zonal assemblage and a las t 3$f>earance datum for G'des 

ex gr . m;^ri'^' ' ' 'nsis most l i k e l y a t or near the Aptian-Albóan boundary. I h e 

evidence fcom Sergipe suggests, therefcre , a h i ^ e r (younger) extdnctdon 

datum f o r this ^)ecLes-group a t l ow- la t i tudes than kwown elsewhere i n the 

no r them h e m i ^ e r e (e.g., S i g a l , 1977; Longoria , 1974; SUter , 1989). 

The biostrat igraphic pos i t ion of the zone i s eguivalent t o the G'des 

f ^ r e c J e n s i s - T . be^ouaensis Zone of van Hinte (1976) and t o the lower par t 

o f the T. be;^ouaensis Zone o f Longor ia (1974), Caron (1985) and S l i t e r 

(1989)- Tables 4 .8-4.9 . 

G l o b i g e r i n e l l o i d e s c u s h m a n i -

T i c i n e l l a b e j a o u a e n s i s Zone 

C A l - 1 . ( P ) ] 

Category: Ofpel -zone . 

Def in i t ion : The zcxie i s character ised by a marked increaae i n the 

afaundance c f ^)ecimens c f T ì H n p T i a be:pouaensÌ3 and T. rcfcert i ("2nd 

abundance peak"^, and by the f i r ^ c^pearance of GlofadgeriP^Tinir^»g 

cud iman i i n the zona l a semblage . In addi t ion, i t s lower U m i t i s set by the 

l a s t occurrences of G'des b a r r i , G'des ferreolep^''=v G'des ex gr . marifìai>an5is 

and HedbergeHa (H.) simìlis, bere p laced a t the Aptian-Albdan boundary. 

Aadgned age: ear l ies t Albdan. 

Reference sectìom weE 1 - C A - l - S E (1035-1095m). 

Associa ted micrcfauna: Hedberg^n^i w'^^'itiangi.Q, Hedb. & . ) ex gr . 

delr ioensis , Hedb. ^ . ) gorbachikae, Hedb. (H.) inf racre tacea , Hedb. ex 

gr . gflanìspira, Hedb. (H.) trocoddea and T. sp. c f . T. pr imula . 

Dis t r ibut ion: Sedimentary rocks of th is zone have also been recorded from 

wéll 1 - U S - l - S E (891-981m). 
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Palaeo-envircMiment: middle t o deep neritíc 

Remarks: Ttie tdostratigraphic posit i iMi c£ t i i e zane is equivalent to the 

iDwer par t of the T. berpouaensas Zone o f van Hinte (1976) - Taiües 4 .8-4,9. 

T i c i n e l l a b e j a o n a e n s l s Sone 

[ A l - 2 . ( P ) l 

Category: Acme-zone (cf. Hedberg, 1976, p . 59-60). 

Deördtian: I h i s zone i s character ised by a marked increase i n the 

abundance of ^)ecLmens o f Ticine.lla bg^ouaensis and T. r o b e r t i ("3rd 

abundance peak"). Ihere i s the f i r s t occurrence o£ Hedbery"nj^ (H.) 

i r f r acce t acea i n the zona l asemtüage. 

A s i g n e d age: ear ly Alb ian . 

Reference sec t ion: we l l 1 - C A - l - S E (945-1035m). 

Assoc ia ted microEauna: Glohiger inel loides cushmani, Hedb. p . ) wa^^itensis, 

Hedb. (H.) ex gr. delrioensis, Hedb. (H.) gorbachikae, Hedb. (H.) ex gr . 

p l a n i ^ r a , Hedb. (H.) t rocoidea and T. sp. c£. T . pdmula . 

Dis t r ibut ion: Sedimentary rocks wi th in this zone bave also been recovered 

from iDcalüy A - 2 7 , weHs 1 - C N - l - S E (732-811m), l - S E S - 9 [2160(?)-2628m] 

and 1-ÜS-l-SE (711-891m). 

Palaeo-environments: middle to deep ner i t ic ( locali ty A - 2 7 , weDs 1 - C A - l -

SE, 1 - C N - l - S E ) , deep ne r i t i c to upps : ba thya l {weDs l - U S - l - S E , l - S E S - 9 ) . 

Remarks: Ohe b i o s t r a t i g r ^ h i c pos i t ion c f the zone i s equivalent t o the 

u p p ^ pa r t of the T. be^ouaensis Zone of van Hinte (1976) - Tätües 4.8-4.9. 

T i c i n e l l a b c j a o u a e n s i a -

T . ex g r . p r i m u l a Zone 

[ A 1 - 3 . ( P ) ] 

Categoty : Oppel-zcne. 

Def in i t ion : I h e upp& l i m i t of th i s zone i s charactañsed by the l a s t 

occurrences of Globigerinelloides cushmani and Tìr-in^Tia ber^ouaensis, both 

occur r ing ra re ly . I t i s impcr tan t t o note the f i r s t occurrences i n the zona l 

assemblage c f Hedbergelia ^,) ex gr. simplex and G'des bentcnensis, near 

the L^Jper boundary, and o f the TicineTla pdmula specdes-group. 

A s i g n e d age: middle A l d a n . 

Refe ience sect ion: w d l 1 - C A - l - S E (915-945m), 
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Associa ted micrcfauna: Hedb. ^ . ) w^í^-i^^giq, Hedb. (H.) ex gr. delrioensds, 

Hedb. ^ . ) gorbachikae, Hedb. (H.) inficacretacea, Hedb. ^ . ) ex gr. planispira 

and T. r d a e r t i . 

nioH-it-nt-inn- Sedüoentary rocks wi th in th is zcne have also been recovered 

from weDs 1-CN-l-SE(672-732m) and 1 - D S - l - S E (621-711m). 

Palaeo-envircximents: middle to deep ne r i t i c (weHs l - C A - l - a ¡ , 1 - C N - l - S E ) , 

d e ^ ne r i t i c to upp& bathyal (wei l 1 - ü S - l - S E ) . 

Remarks: PartLcular ly s ignif icant a t t h i s hccizon i s the marked abundance c f 

specimens c f Hedb. (H.) gorbachikae, Hedb. (fl.) ex gr. plani^ára and T, ex 

gr . pd inu la . 

The hiostrat igraphic postbicn c f the zcne correapcnds to the T. 

bg^ouaensJs-T. pcimula Zone of van Hinte (1976) and T. pdmula Zone of 

Caron a985) and SÜter (1989) - Tablfis 4 .8-4.9 . 

B i t i c i n e l l a b r e q g i e n a i a -

T i c i n e l l a ex g r . p r i m n l a Zone 

[ Ä l - 4 . ( P ) 1 

Category: Oppel-zone. 

DefinitJnn: I h i s zcne i s d ia rac te r iaed by the assocäaticn of i t s nomínate and 

aasoda ted species. i he re are the f i r s t appearances of Bit icineTla 

breggiensis, Tic ine l la madecassiana (probable t o t a l ränge zcne i n the basi i^ 

and T. raynaudl i n the z c n a l assemblage. F u r t h ^ m o r e , the upper l i m i t c f 

the zcne i s marked by a sudden increase i n the abundance of Targe 

t i d n e l l i d s " , i . e . , ^ l edmens c f B. breggiensis, T . ex gr. prímula and T. 

madecassiana ( c 300-380/m i n máximum diameter) - ("4th abundance peak" 

o f tdcineHiife). 

ASBJgned age: middle to la te Albäan. 

Reference sect ion: w e i l l - O S - l - S E (426-621m). 

Assoc ia ted micrcfauna: Globáqedr^Ti^'dtK; bentcnensis, Hedberg*>Tlfl ^ . ) 

waáiibensis, Hedb. (H.) ex gr. delrioensis^ Hedb. (H.) gorbachikae, Hedb. (H.) 

in f racce tacea , Hedb. (H.) ex gr . p lanispi ra , T . pcaeticdnensis and T. robe r t i . 

DJstrifcutJon: Sedimentary rocks c f th i s zcne have also been recovered from 

lOCaÜtY A - 1 5 , weDs 1 - C A - l - S E (855-915ra), 1 - C N - l - S E (612-672m), l - S E S - 3 

[2250/2265(?)-2325m] and l - S E S - 2 4 [2490/2505{?)-2670rol. 

palaeo-envircmments: middle ne r i t i c t o uppa : bathyaU 
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Remarfca The hLostxatagr^Äiic pcs i t iDn c£ Öie zcne i s equivalent to tíie T, 

praetdcinensis Zone of van Hinte (1976), and to the B . t reggiensis Zone / T. 

pcaetüdnensis Subzone of SÜter (1989) - Tatiles 4.8-4.9. 

B i t i c i n e l l a b r e g g i e n a i a -

G l o b i g e r i n e l l o i d e s t exomaens l s Zone 

[ A 1 - 5 . ( P ) ] 

Ccttegory: Oppel-zone. 

DeÖntdcn: TMS zone i s c i iaracter ised by t i ie assocdation of i t s nomínate and 

afflocdated qjecdes. The upger l i m i t o f the zcne i s distinguiäied by the l a s t 

^ jpearances o f RiticdneHa t reggiensis and T'irin^^Tlñ ex gr. gr imma, Tt i s 

impcr t an t to note the f i r s t o c c u r r a i c e s i n the zona l assembiage of 

Glc±ágerinelkñdes texomaensis and, near the Upper boundary, of 

Praeglobotruncana deMoensis and ^¡ecies o f Heterc^eüx. 

Assigned age: l a t e Alb lan . 

Reference secfcLcn: we i l 1-üS-l-SE (396-426m). 

A s o c d a t e d mixrofauna: G'des bentcnensJs, Hedberg^Tia p . ) wq!̂ it-pn!=n.'=v Hedb. 

^ . ) e x gc. delnoensis , Eeä>, (H.) gorbachikae, Hedb. (H.) in f rac re tacea , 

Bedb. ^ . ) ex gr. planispira, Hedb. (g.) ex gr. simplex, Hedb. ^ . ) 

subcre tacea , Heterc^e l ix ex gr. globulosa, Het. ex gr. moremani, T . raynaudi 

and T. rober tL 

Dis t r ibut ion: Sedimentary rocks of th i s zcne have also been recovered from 

wel l s 1 - C A - l - S E (765-855m), 1 - C N - l - S E (582-612m) and 1 - C R L - l - S E (core 

2: 1200.80m-core 3: 1214.50m). 

Pa laeo-envi ra iments : deep neriíác 

Remarks: 

Pa r t i cu la r ly sLgnificant a t t h i s hor izon i s the marked increase i n 

abundance of hedbergeüids [such as Hedb. (H.) ex gr. dpirinensis, Hedb. (ß.) 

gorbachikae and Hedb. (H.) ex gr . planiü^ara] and ^)ecimens o f T. ex gr . 

p d m u l a . 

The h i o s t r a t i g r ^ h i c positdon o f the zone i s equivalent to the T. (ß.) 

t reggiens is and Elanomalina buxtor f i -Rota i ipoca a^^>enninica zones of vcui 

Hinte a976) - Tatües 4.8-4.9. 
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H e d b e r q e l l a (Hedb.) g o r b a c h i k a e -

T i c i n e l l a c a y n a a d i Zone 

[A1-6. (P>1 

Categoryi OppeL-zcine, 

Deäniticn: D u s zone i s d ic i ractensed by tíie a s s o d a t i m <£ üs nomínate and 

associated ^ jec ies . i h e upper Umit of the zone i s charac tadsed by tiie l a s t 

^ p e a r a n c e s c£ GlobigerineBoides texomaensis and HedbecgeTIa (ß,) 

gorbachiJtae. The zcne also contains tiie l a s t appearance of ^ » e d e s o f 

T i d n e B a ff. raynaudl and T. robert i ) , occurr ing ra re ly i n t r ans i t iona l 

morphotypes wiüün a TiHntaTia -HedbergpTla p]£xus assemblage. I t i s 

pa r t i cu la r iy s igni f icant t i ie first occurrence o f Guembell t r ia ceno mana i n 

the zona l assemblage. 

Assigned age: l a t e s t A lb i an . 

R e E ^ e n c e sec t ion : weD. 1 - O S - l - a : (381-396m). 

Associated microfauTa: G'des bentonensiSf Hedb. (F.) yac^iHt-pngic^ Hedb. (ß.) 

ex gr. delr ioensis , Hedb. (H.) ex gr. gflanispira, Hedb. (ß.) ex gc. s implex, 

H e t a r o h ^ i x ex gr. glofaulosa, Praeglobotruncana f ^ l n ^ n s i s . 

Dis t r ibut ion: Sedimentary rocks wi thin th is zone have also been recorded 

from 1 - C A - l - S E (core 2: 761.80m-765m), 1 - C N - l - S E (552-582m), 1 - C R L - l - S E 

(core 1: 1182.S0m-core 2: 1200.80m), l - S E S - 2 4 [2460(?)-2490m]. 

Falaeo-environments: middle to deep ne r i t i c . 

Remarks: Par t i cu la r ly s ignif icant at t h i s hcdzcxi i s t l ie marked increase i n 

abundance o f ^)ecimens wiöi a rugose/tustulose (with pústulas and/or 

costeüae) Chamber surface, such as Heda, (ß,) ex gr. dPlrioensis, T. 

raynaudi and Pr . delrioensis (weHs 1 - C A - l - S E and 1 - C N - l - S E ) . Tiiese 

"rugoee aná/oc pusbjlose" planktonic mca^hotypes are eguivcdent t o t±te 

Hedberqella "ä costeHae" asembOage o f C a r a i (1978) described firom the 

middle t o upp&c Albdan of Si te 364, D5DP Leg 40, i n the AngcQa Basin. 

The bdostratigraphic posüdcn o f the zone corresponds to the 

Elanomalina buxtccf i -Rota l ipcca agpenninica Zcne of van Hinte (1976) -

Tables 4 .8-4 .9 . 

R o t a l i p o r a b r o t z e n i Zone 

[ C e - l . ( P ) ] 

Category: Oppel-zone. 

D e f i n i t i m : This zcne i s d iarac tec ised by the a s s o d a t i m of i t s nomínate and 
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assocáated ^ l e c i e s . I t i s impcrtant t o note i n t i ie z o i a l asseinblage tìie f i r s t 

^ p e a r a n c e s c£ RotaÜpoca ^ p e n n i n l c a and Rob. t ro tzen i f and an abundance 

o f "rugose and/or pustolose" morpAiotypes of HedbergelLa ex gr . 

dek ioens i s . I h addtiíMi, ttie lower l i n i i t o f the zone i s marked t y the íast 

occurrences o f GOobigerineTloides texomaensis, Hedb. (H.) gorbachikae, 

T i o n e l t a raynaudi and T. rcfcerti, p laced a t the Albian-Ceno manian 

boundary. 

Assigned age: earUest Ceno manian. 

Refa ience sec t ion: welL 1 - C N - l - S E (core 5:537.00m-552m). 

Assoc ia ted mirrofauna: G'des bentcaiensis^ Guemboiit-ria ceno mana, Hedb. F . ) 

waáTJtensLS, Hedb. ^ . ) ex gr. deTrioensds, H e d j . e x gr . p lanispira , Hedb. 

(H.) e x gr . s implex, Heter t^e l ix ex gr. globulosa, Het . ex gr. more mam, 

Elanomalina ^ c f . P . pcaebuxtocfl and Praeglobotruncana deMoepsH<?, 

D i s t r i b u t i m : Sedimentary rocks of th i s zcxie have also been recovered from 

wélls 1 - C A - l - S E (732-core 2:761.80m), 1 - U S - l - S E (366-381m). 

Palaeo-envircnments : deep neriüc. 

Remarks: S e v e r a l specLmens r e f a x e d to Plano malina ^ cf . P . praebuxtxcf i 

wece recovered from w e E 1 - C N - l - ^ (core 5: 537.00m), and seem t o be 

transatáaiai mca:í*otypes between G'des bentcnensis and H . p c a e b u x b ^ f i 

(Ch^xter 3). 

The b j o s t r a t i g r ^ h i c poe i t im o f the zcne corresponds to the Rot^ 

bco tzen i Zcne c f Carcn (1985) and S l i t e r (1989) - Tahles 4.10-4.11. 

P r a e g l o b o t r u n c a n a d e l r i o e n s i s -

R o t a l i p o r a a p p e n n i n i c a Zone 

[ C e - 2 . ( P ) ] 

Category: O p p e l - z a i e . 

Def in i t ion : This zone i s d ia rac te r i sed by the asodat ícn of i t s nominate and 

associated ^¡ecies. There are the l a s t afpearances of Hedbergt=*Tlr̂  p.) 

wafhitpnsis, Praeglobotruncana delrioensis and Rota i ipcca appenninica frare 

^>ecimen5 c£ c 300^m i n maximum diameter) i n the z c n a l asembOage. 

Assigned age: e a d y to middle Cenomanian. 

Reference sec t ion : l o c a l i t y A - 1 . 

Associa ted microfauna: Globdgerinelkàdes bentcnensis, Hedb. (H.) ex gr . 

delr ioensis , H e ^ j . (H.) ex gr . p lanispi ra , Hedb. (H.) ex gr. simplex, 

- 2 9 4 -



Heta:chélix ex gr. globulosa and Het. ex gr . moremam. 

E)istari]xitdon: Sedünentary rocks c£ tíiis zone have also been recovered from 

weDs 1 - C A - l - S E (705-core 2: 761.80in), 1 - C N - l - S E a 6 2 - c o r e 5: 537.00m) 

and l - S E S - 2 4 [2370(?)-2460m]. 

Palaeo-environments: middLe to deep ne r i t i c ( local i ty A - 1 , weU. l - C N - l - a i ) , 

deep ne r i t i c to upper bathyál (wéHs 1 - C A - l - S E , l - S E S - 2 4 ) . 

Remarks: Pa r t i cu la r ly signifícant a t th is hcadzcn i s the marked increase i n 

the abundance o£ smalL-sized ( c 200-30O/un i n maximu m diameter) 

specimens oC Hedb. ^ . ) ex gr . delrioensis and Het. ex gr . moremani. 

Specimens c£ Hedb. p.) w a ^ t e n s i s and "rugóse and/or pustulose" 

morphctypes oE Hedb. p . ) ex gr . delrioensis are occasiDnally abundant a t 

l a y e s oC áiaHower envircnments. 

Hie t iLo^a t ig raE* i i c posit ion c£ tñe zcne i s equivalent to the Rot . 

r e i c h e l i Zone and l o w a : par t of the Rot . cushmani Zone/ Rot . 

greenhcamensis Subzcne c f Carón (1985) and S l i t e r (1989) - Tables 4.10-4.11-

H e d b e r g e l l a { W h i t e i n e l l a ) b a l t i c a -

Hedb . (W.) b r i t t o n e n a i s Zone 

[ C e - 3 . ( P ) 1 

Category: O jpe l - zone . 

Def in i t ion : I h i s zone i s d iarac tec ised by tiie a s o c i a t i o n c f i t s nomínate and 

associated specáes. Ihere are the f i r s t appearances of HedbCTgeBa 

(Whíteinpnj*) b^tiHi^a and Hetfc. (H.) bri tbonenas i n Üie z c n a l assemblage. 

Furthermore, the lower Umit of the zone i s marked by the l a s t occurrences 

c f Hedb. ff.) waáatensis^ Praeglobotruncana delrioensis and Rotali^>oca 

appennip*r^-

Assigned age: middle to la te Ceix^manlan. 

Reference s e c t i m : weH 1 - C A - l - a : (645-705m). 

A s o d a t e d microfauna: GlohigerinePoides bentonensis, Hedb. (H.) ex gr. 

delr ioensis , Hedb. ^ . ) ex gr . p lan isp i ra , Hedb. (H.) e x gr . ámplex, 

H e t e r t ^ e l i x ex gr. globulosa and Het. ex gr. moremani. 

Palaeo-enwironments: deep neritíc 

Remarks: Pa r t i cu la r ly s igmficant a t th is hor i zcn i s the marked abundance o f 

normal - s ized ( c 300-350^m i n máximum diameter) spedraens a£ Hedb. ^ . ) 

ex gr. delr ioensis . 
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The hiostratigtaEáiic p c e i t i m a£ the zone c o r r e ^ o n d s t o the Rot , 

cuáimani Zone, içper pa r t oÊ the Rot , greenhomensis Subzone areî lowec 

par t o f the DicarinpTla alqeriana Subzone, of Caron 0-985) and S l i t e r p.989) 

- Tables 4.10-4.11-

G l o b i q e r i n e l l o i d e s b e n t o o e n s i s -

H e d b e r q e l l a (W.) a p c i c a Sone 

[ C e - 4 . ( P ) I 

Cabegory; Oppel -zcne . 

DefinitLon: Ttàs zone i s oharactensed by the associatiCTi cC U s nomínate and 

assocdated ^ jec ies . The i^iper l i m l t o f the zone i s marked by the l a s t 

^ jpearance c£ GtohLgerinelloides bentmens is . Furthermore, i t i s impcxtant t o 

note the Q i s t occurrence o£ HedbergeDa (Wbí*-pi"^Tia) aggiea i n the zona l 

assemblage. 

A s i g n e d age: l a t e s t C o i o maman. 

Référence sectûai: l o c a l i t y ft-9. 

Associated microfauna: Guembell tna ceno mana, Hedb. (H.) ex gt. deirioengj'v 

Hedb. e x gr . planispira, Hedb. (H.) ex gc. s implex, Hedb. (W.) báltica, 

Hedb. (W.) lx i t t .mens i s , Heterohelix ex gc. globulosa and Het. ex gr-

moremani. 

D i s t r i t u t i c n : Sedimentary rocks c f th i s zone have also been recovered from 

l o c a l i t y A - 4 5 and w e l l 1 - C A - l - S E {615-645m). 

Paîaeo-environments: shallow to middle ne r i t i c (lûcality A-45) , uppo: ba thya l 

( locai i ty A - 9 , w e E 1 - C A - l - S E ) . 

Remarks: P a r t i n i l a r l y s ignif icant a t th is hor i zcn are the marked increase i n 

abondance of G'des bentcxiensis ( locai i ty A - 9 ) , and l a rge - s i zed Ç> 300fim i n 

maximum diameter oc length) hedbe rge lE i^ (most^ "whi te ine l l id" 

mcxp^otypes) and heterohélicids. A single small-sizeâ ( c 295^m i n maximum 

diameter) spécimen of Rot, greenhçgnensis was recovered frora iocaüty A - 9 , 

thus suggesting e i l he r rewccking or a h i ^ e r (younger) l a s t ^)pearance 

datum (at c r near the Cenomaraan-Turcxüan boundary) fo r the t axcn a t l o w -

la t i tudes than cecorded elsewhere (e.g., Robaszynski e t 1984; Caron , 

1965). 

The báostratdgcaEhic position o f the zcne i s équivalent to the lower 

pa r t c f the "zcxie à grosses globigèrines" oc "zcne à grandes glotdgérines" 

c f S i g a l a95S) and van Hinte a976) , and to the \ipper part o f the Die . 
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algeriana Subz m e / R o t , cuáimani Zanm and l o w e : pa r t of the Whit. 

arcfaaeocretacea Zcne of Carcxi (op. ci t . ) and S l i t e r (1989) - Tables 4 .10-

4.11. 

H e d b e r q e l l a ( W h i t e i n e l l a ) a r c f a a e o c r e t a c e a -

H e t e r o h e l i » r e a s s i zone 

[ T - l . ( P ) ] 

Categcry: Oppel -zcne . 

Définition: This zone i s charac tadsed t y the associa t icn c f i l s nominate and 

assocdated ^¡ecdes. I t i s important to note the first ^jpearances of 

Hedberqella (W.) a rchaeocre tacea and Hetarchélix ren-qpa i n the zona l 

asemblage . 

Asaigned age: ea r l i e s t Turonian. 

Refœence s e c t k x i : l o c a i i t y A - 2 . 

Affiocdated microfauna: Guembelibda cenomana, Hedb. (H.) ex gr . d ^ r i o e r ^ S r 

Hedb. ^ . ) ex gr. p lan isp i ra , Hedb. (H.) ex gr. s implex, Hedb. (W.) apr ica , 

Hedb. (W.) ba l t i c a , Hedb. (W.) paradutaia, Heterohel ix ex gr . globulosa, Het, 

ex gr . more mani and Praeglobotruncana sp. c f . P . sbephanL 

Distr ibutdm: Sedimentary rocks wi th ln th is zcne have also been recovered 

from iDcalitdes A - 2 2 , A - 3 5 , wéE 1 - C A - l - S E (core 1: 604.20m-615m) and 1-

D S - l - S E (core 1: 98.50m-366m). 

Palaeo-envircnments: middle to deep ner i t ic ( local i t ies A - 2 , A-35) , deep 

ner i t i c to upp&: ba thya l ( locai i ty A - 2 2 , wells 1 - C A - l - S E , 1 - O S - l - S E ) . 

Remarks: Partdcularly s ign i f ican t a t th is horizon i s the marked increase i n 

the abundance c f l a r g e - s i z e d ( c 300-580)im i n maximum diameter oc length) 

hedbergeUids (mostly "whi te ine l l id" morphotypes) and he te rche l idds . The 

record c f Heterchélix r e u s i (Cushman) i n the lowermost Turonian of Sergipe 

i s coeva l wiüi first occurrences of the ^ j e d e s repor ted from the western 

GulE Coasta l Rla in a rea (Pessagno, 1967) and Trinidad (Koutsoukœ & Merr ick , 

1986). 

The hLcstratdgraphic posüdcn c f the zcne i s équivalent t o the lower 

par t c f the "zone à grosses globágérines" ce "zcne à grandes globigèrines" 

c f S iga l a955) and van hinte (1976), and t o the upger p a r t of the W. 

archaeocretacea Zone of Caron (op. d t . ) aria SHter (1989) - Tables 4.10-

4.11. 
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H e d b e r g e l l a { W h i t e i n e l l a ) a p r i c a -

Hedb. (W.) b a l t i c a Zone 

[ T - 2 . ( P ) l 

Category: Oppel -zcne . 

Defìniticn: This zone ìs charac tedsed by the asocìatdm of ibs nominate anà 

aasodated ^>ecies. There are the occurrences of Hedbergella (W.) 

aprir?^, Hedta. (W.) tyltHca ^ i d Heterche l ix ex gr. more mani i n the z c n a l 

aseemtilage. I t i s impcr tan t to note the f i cs t appearanoe of Marginotruncana 

undtilata ( w ^ 1 - C A - l - S E ) , near the upper boundary. 

Aasigned age: ea r ly to l a t e Turcxùan. 

Reference sec t ion : w e l l 1 - C A - l - S E I555/585m(?)-cx3re 1: 604.20m]. 

AsBoda ted microfauna: Guembéljtri^ cenomana, Hedb. (H.) ex gr. delrioensiSf 

H e t f c . (g,) e x gr . planispiret, Hedb. (H.) ex gr. simplex, H . (Whit.) paradubia, 

Hebgohe l i x ex gr. globulosa, and Het. reusf i . 

D i s t r i b u t i m : Sedimentary rocks of th i s zone have also been recovered from 

l o c a l i t i e s A - 2 1 and A - 2 9 . 

Pàlaeo-enviraiments: middle to deep ner i tk : Oocalitìes A - 2 1 , A - 2 9 ) , deep 

ne r i t i c to L^jper ba thya l (weE 1 - C A - l - S E ) . 

Remarics: Pa r t i cu l a r ly signiEicant a t this ho r i zcn i s the marked increase i n 

abundance o f ^^edmens c f Guemtjelitria cenomana and h e t e r d i e l i d d s i n 

s t r a t a from ^ l a l l o w e r envircnments (Localities A - 2 1 and A-29) . 

I h e b ics t ra t igraphic pos idcn o f the zone i s equivalent t o the 

Helvetoglobotruncana he lve t i ca Zone and M . s igaE Zone c f Wonders (1980) 

and Ca rcn (1985) - Tables 4.10-4.11. 

D i c a r i n e l l a p r i m i t i v a Zone 

[ T - 3 . ( P ) ] 

Category: Oppél-zone. 

DeSn i t ion : Ohis zone i s character ised by the assoda t ion of i t s nominate and 

aasodated speàes. I t i s impcrtant to note the f i r s t ^jpearance i n the zona l 

aasemblage of Dicar ine l l a p r imi t iva ( local i ty A-8) and the l a s t occurrence of 

Guembeli t r ia cenomana (locality A - 1 7 ) . 

Asìgned age: l a t e s t Turcnian. 
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Reference sectians: tocalities A - 8 and A - 1 7 . 

Aascxdated micrefauna: Hedb^gaTLa ^ . ì ex gr. (telrJoenHÙy Hedb. (H.) ex gr. 

planispira, HetercAieJix ex gc. globulosa and Het. reasHi. 

PaTaeo-envircximents; ^ l aHow to middle ne r i t i c Oocal i ty A-17) , middle to 

deep ner i t ic ( local i ty A - 8 ) . 

Remarks Par t i cu la r ly s igni f icant a t this hecizcn ìs t i ie pauc i ty c f t i ie 

planktonlc Fcramini fara recovered fìrom the s tudied s e c t i o i s , pceiiattLy as a 

refiult e f ncn^areservat icn and ve ry indurated calcareous l i thofac ies . Ihe 

occurrence c f GuembeHtria cenomana i n i^jpermost Turcnian s t ra ta indicates 

a h i ^ e r (younger) l a s t appearance datum fcc the taxen a t l ow- la t i t ude 

^ è l f regicns than recorded elsewhere (e.g.. C a r d i , 1985; S l i te r , 1989). 

The tóostratìgraphic pes i t icn c f the zene i s eguivalent t o the lower 

par t e f the DicaripfTì^ p r imi t iva Zone e f Caroti (op. ci t . ) - Tables 4.10-

4.11. 

A r c l i a e o q l o b i q e r i n a c r e t a c e a -

D i c a r i n e l l a p r i m i t i v a Zone 

[ C o . ( P ) ] 

Categocy: Op^el -zone. 

OefuiLticai: This z c ^ i s character ised t y the a s soda t i cn o f i t s nominate and 

aasodated ^ecdes . Thece i s the first appearance c£ ArdiaeoglobLgerina 

t Jowi and A . c re tacea (locàlity A-11) , and the l a s t occurrences e f 

Di canne l l a p r imi t iva ( local i ty A-10) and HedbargeTTa (Hedb.) ex gr. simpilex 

i n the zona l a s s e m b l a ^ . 

Affiigned age: ea r iy Ccniacdan. 

Reference sections: local i tdes A-10 and A - 1 1 . 

Associated raicrafauna: Hedb (W.) paradubia, HeteccAielix ex gr. globulosa 

and Het. reussL 

Distr ihution: Sedimentary rocks c f th is zone bave àlso been recovered from 

l o c a l i t y Tabocas 2. 

Palaeo-environments: middle n e r i t i c 

Remadcs: The h ics t ra t igraphic posi t ion e f the zone raay correspcnd to the 

upper pa r t c£ the D . p r i m i t i v a Zone of C a r o i (1985) - Tables 4.10-4.11. 
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D l c a r i n e l l a c o n c a v a t a -

Mar g i n o t r n n c a n a s i n u o s a Sone 

[ S - 1 . { P ) ] 

Category: OppeL-zone. 

DefìnLtion: 'Ras zcne i s d i a r a c t e d s e d by the aseociation c£ Its nominate and 

asBodated ^^ec i e^ Ihe t:pper l i m i t i s marked by the l a s t cppearances o£ 

DicarinpTia concavata ^ o b a t i l e t o t a l range zcne i n the basin), 

Marginotruncana sinucsa and Hedber^Tif^ f^,) flandrini. I t i s impcr tant to 

note the l a s t occurrences i n the z c n a l assemblage of M. r e n z i and f i . 

ondulata (weEL l - S E S - 3 : 2235-2250m; i ^ p e r Ccniacian), together wi±h the 

f i r s t c^ipearances c f Ccntusotruncana ex gr . gemicata , nsar the uf^ìer 

boundary, and Ventr i latreTla ausdnana (weE 1-CRI>1-SE). 

Aasdgned age: l a t e Coniacian to ea r ly - l a t e SantOTian. 

Reference sect icns: weEs 1 - C R L - l - S E (cwe 1: 1176.40-1182.50ra) and 1-

SES-3 (2205-2250/2265m). 

Assoc ia ted raicroEana: ArdicOjglobEigerina b lowi , A . c re tacea , 

GLt^dgerinelloides eschaà, Hedb. (H.) e x gr. delrioensis, , Heterche l ix ex gr. 

gli i^xilosa, Het . pulchra, Het. re"<igì, Pseudoguembellna costa ta . 

Dis t r ibu t icn : Sedimentary rocks of th is zone bave also been recovered from 

weEs l - S E S - 9 [2124{?)-2160m], l - a S - 2 4 [2310-2370m(?)]. 

Palaeo-environments: upper ba thya l (wéE l - C R L - l - S E ) , vipper t o middle 

b a t h y a l (wèUs l - S E S - 3 , l - S E S - 9 and l -SES-4 ) 

Remarics: Ihe bicstrat igraphic pos i t ion o f the zone is equivalent to the D. 

concava ta Zone and lower p a r t of the D . asymetrica Zcme o f Carcn (1985) 

and Saiter a989) - Table 4.12. 

nirCTrtwpJTa dsy metrica Zone 

[S-2-(PJ] 

Category: Oppel-zone. 

Def imt ion : Ih i s zcne i s oharacterised by the associatùm of i t s nominate and 

a s o c i a t e d specdes. I t i s impcr tan t t o note i n the zonal a semblage the l a s t 

appearances of Dicgrin^Tia asymetr ica ^ o b a b l e t o t a l range z o i e i n the 

basin) and morphotypes o f Hedtaergella ^ . ) ex gr. de l r ioenpi^ Ihe lower 

U m i t o f the zone i s marked by the l a s t occurrences of D . concavata , Hedb. 

(H.) f l and r in i and Marginotruncana sinuosa. 
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AsEÌgned age: l a t e Santonian. 

Reference s e c t i m : weH l - S E S - 3 (2175-2205m). 

Associated micxc£auna: Aráiaeoglobagecina b l o v i , A . c re tacea , 

Contuaotruncana ex gr. f c m i c a t a , GlobiqeEineTlnides aiaerranta, Cdes escher i , 

Cdes u l t r amic ra , Hetadié l ix ex gr. globulosa, Het . pu lchra , Het. re<ig^', 

Pseudoguembelina cos ta ta , t^udülna exco la ta . 

D i ^ r i b u t i o n : Sedlmentary rocks wi thin Üiis zone bave also been probably 

recovered feom wéQs 1 - C A - l - S E E465(?)-555nil and l - S E S - 9 [1980{?)-

2124m], 

Palaeo-envircnments: deep net i t ic to u p p ^ batìiyal (wéll 1 - C A - l - S E ) , i^jper 

t o middle ba thya l (wélls l - S E S - 3 , l - S E S - 9 ) . 

Remarks: I h e biostra t igccphic p o s i t i m cf the zcne ìs equivalent to the 

upper pa r t of the D. asymetrica Zone oE Caron (1985) and Sliber (1989) -

Table 4.12. 

CoabBOtruncana r̂ ttpT^CMwiî f— 

Gtobotrapf^ant^ etegafca-<aiita duartJlJmiEiB {flexas Zone 

[Ca-L(E9] 

Category: Oppe l -zcne . 

Defìniticn: I h i s zone i s c h a r a c t g i s e d by the assocdatúxi cf ibs nominate and 

affiocdated ^ l e d e s . Ihere are the f i r s t appearances in the z c n a l assemblage 

cf Ccntuaotruncana pat^nifcrmis , Globotrur^j^ripTi a havanensis^ 

Gkbiotcuncaniba eOevata-Cni ta stuartdfocmis plexus (total range zcne) and 

Genita s tuar t i formis S.&, and the l a s t occurrence cf Heterohelix re'^-'^.r 

Moreover, the lower l i m i t cf the zcne i s marked by the l a s t occurrences of 

Hedb. (H.) e x gr. deldoensis and Di>aHiv>Tia asymetr ica , püaced at the 

Santonian-Campanian boundary. 

A s i g n e d age: ea r ly Campanian. 

Reference s e c t i c n : weill l - S E S - 3 (2085-2175m). 

Associated microfauna: Archaeoglobigerina bilowi, A . c re tacea , C. ex gr. 

f c m i c a t a , GlotaigeaneTloides esdìeri, G'des ul txamicra, Globotruncana arca, 

HetercAielix ex gr. globulosa, Het. pulchra , E^udoguembel ina cnstulata . 

Distrihutdon: Sedimentary rocks wi thin th i s zone bave also been recovered 

from weas 1 - A U - l - S E (510-S40/555m), 1 - C N - l - S E (0-21/42m), and l - S E S - 2 4 

[2220{?)-2310m]. 
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PaQaeo-environments: uppec ba thya l {wéDs 1 - A O - l - S E , 1 - C N - l - S E ) , middle to 

]ower bathyal (weLs l - S E S - 3 , l - S E S - 2 4 ) . 

Remarks The tr iostrat igraphic p o s i t i v i of the zone i s equivalent to the 

fflnita e levata Zone of S U t a : (1989) - Tatìle 4.12. 

G l o b o t r n n c a n a o r i e n t a l i a -

G ' c a n a v e n t r i c o a a Zone 

[ C a - 2 . ( P ) 1 

Category: pppel -zone . 

Defiratian: This zone i s d i a rac t e r i sed by the associat ion o f i t s nominate and 

a s s o c i a t a qjecdes. Ihe re are the f i r s t ^jpearances i n the zona l assemblage 

of Globotruncana l inne iana , G'cana biTTm'ri^ G'cana ocientali.'v G'cana 

ventai f ' f ^ , Globot runcamta subspànosa, Pseudotexti i l a r i q élegans and 

Rugoglobiqerina ex gr . rugosa, and of C n i t a ^ l u a r t i , . near the upper 

boundary. 

Affligned age: e a d y - l a t e Campanian. 

Reference sectìon: wéE l - a s - 9 [1638-1980m(?)]. 

Afflociated m i c r o f a i n a ; Ardiaeoglobiger ina b l o w i . A, c re tacea , 

Contusotruncana ex gr . fo rn ica ta , GiDbigerinpTifritìfMì aberranta , G'des escherl , 

Globotruncaniba s tua r t i f c rmis S A , Hedberg^Tla ^ . ) holmdélepgi'^ Heterohelix 

americana, Het. ex gr . globulosa, Het . planata, Het . _ pulchra , Het . s t r ia ta , 

Iteudoguembelina cos ta ta . 

Distcibuticn: Sedimentary rocks wi th in this zcne bave also been recovered 

feom weHs 1 - A U - l - S E (core 2: 143m-510m), 1 - C A - l - S E [0/84(?)-465m], and 

1 - S E S - l A a980-2070m). 

Palaeo-envircnments: deep neritdc to i^Jper ba thya l (wéll 1 - A U - l - E E , 1 - C A -

l - S E ) , upper t o middle ba thya l (weHs 1 - S E S - l A , l - S E S - 9 ) . 

Remarks: Rare spedmens referred to G*mta sp. c f . G . ca lca ra ta were 

recovered from wéQ 1 - A U - l - a : (cOTe 2: 143-145m). The pauc i ty and bad 

^ e s e r v a t i m c f the ^>ecimens, with broken tubulo^ùnes, do not aHow an 

unequivocal de te rmina t icn o f the apedes. I t seems, however, t ha t they 

refaresent intermediate fc rms between C n i t a subgrinosa and fflnita ca lca ra ta 

(Chapter 3). 

Ths bòostratigrc^hlc posLbim c f the zcne i s equivalent to the 

Globotruncana vent r icosa Zcne and Globotruncanita ca l ca ra t a Zcne c f Caron 

a985) and S l i t e r a989) - Table 4.12. 
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C o n t n s o t r a n c a n a ex g r . f o r n i c a t a -

G l o b o t r u n c a n a l i n n e i a n a Zone 

m - i . ( P ) i 

CategcMy: Oppel-zane. 

DeCmi tkn : i h i s zcne i s c i i a rac t edsed by tiie assodatñon c f i t s nominate and 

associated species. Thece are the l a s t ^;pearances c f Contusotruncana ex 

gr . fornicata/ Globotruncana buPoides, G'cana l inneiana and Globotruncani ta 

subEpincsa (wéD. l -SES-24) i n the zana i asemblage . Furthermore, there are 

the first occurrences c f Gansserina gansseri, GlobotcuncaneTla p e t a l d d e a 

and G'cana aegyptiaca (e.g., welL l - S S - 9 : 1350-1458m), near the upper 

boundary. 

Assigned age: ear ly Maas t r ich t ian . 

Reference sec t icn : wéD. l - S E S - 9 (1350-1638ra). 

Asocda ted microfauna: Ardiaeoglobigpr ina b lowi , A . cre tacea , C . 

patRTLìfccmis, GlobigerineliDides aberranta, G'des escher i , G'des ul t ra miara , 

G'cana a rca , G'cana l inn^ igna , G'cana subdrcumnodifer , G'n'̂ Tl?^ havanenr=nfv 

C n i t a s tuart i fcrmis s.s,, HedbergpTia (H.) hobndplpnCTw, Heterohel ix ex gr . 

glc^xilosa, Het. p lanata , Het. p i l c h r a , Het. s t r ia ta , Pseudoguembelina 

costata , PgeudÜna palpebra, Pseudotextularia elegans and Rugoglobigerina ex 

g r . rugosa. 

Distr ibut ion: Sedimentary rocks wi th in this zcne bave also been recovered 

firom wéll l - S E S - 2 4 [2190C?)-2220m]. 

Palaeo-environments: i ç çe r t o middle ba thya l (wéll l - S E S - 9 ) , middle t o 

lowor ba thya l (wéll 1-SES~24). 

R e m a l i ^ 

Ihe l a s t ^ìpearance datum of spedmens of C . ex gr . f c m i c a t a i s i n 

the Campanian on the onshore wéE-sections (e.g., 1-AÜ-1-SE: 510-540m, 

lower Campanian; 1 - C A - l - S E : 174-189ra, i ppe r Campanian), due to 

Effogceœively áiaHower pélagLc condit ions (içper ba thya l to deep ner i t ic) 

upwards i n the s t ra t igraphie séquence, and towards the NW area of the 

basin ^.e. , present-day onshore area) - [see Chapter 5, F i g . 5.13(E), and 

Ch^Jtar 8, sec t icn 8.4, Figs 8.23-25]. 

The bJCBtratdgraphic pos i t ion of the zcne may be equivalent to the 

G'nita ca lca ra ta Zcne, C n & H a havanensis Zcne, G'cana aeypt iaca Zcne and 

lower pa r t c f the Ganss. gansaeri Zcne c f Caron (1985) and S l i t e r (1989) -

Table 4.12. 
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G c m s s e r i n a g a n s s e r i -

G l o b o t r u n c a n i t a s t n a r t i f o r m i s Zone 

[ M - 2 . ( P ) ] 

Categouy: OppeL-zcne. 

Defìnidon: Ttns zcne is d i a r a c t e d s e d by the assocdatiai c f ìbs nominate and 

associated speòBs. The i^iper l imib i s raarked hy t i ie l a s t occurrences o f 

Gansserina g a n s e r i , Globotruncana rose t ta , G'cana ventr icosa (weDs l - a ! S -

l A , l - a s - 9 and l -SES-24 ) , Globotruncanìta stuartdfccmis {weH l - S E B - 3 ) 

and Contiisotruncana paHaTiifqcmis . Furthermore, i h i s important t o note the 

first ^jpearances of G'nita p e t t e r s i and Guemb^litT-ia c re tacea i n the z c n a l 

assemblage. 

Assigned age: l a t e Maastr icht ian. 

Reference secttcm; weE l - S E S - 2 4 (2100-2190m). 

Associa ted microfauna: ArchaeoglDbìgerina fcilowi, fnnhigerirpTIni'ip^ escdieri, 

G'des u l t ra migra, G'cana aegypt iaca , G'cana subcnrcumnodifer, 

GlobotruncaneHa havanensis, HeterchéUx ex gr. gkrfautosa, Het. p lanata , Het . 

pu lch ra , Het. s t r ia ta , Pseudoguemtaelina cxistata, PseudTina excxìlata, 

P s e u J l i n a palpebra, Pseudotextular ia browni , Pseudotext. elegans, 

Rugoqlobdgerina hexacamerata, R . ex gr . rugosa. 

Dis t r ibut ion: Sedimentary rcx:ks w i t h i n t i i i s zcne bave also been recorded 

firom wéns 1 - S E S - l A a530-1920m), l - S E S - 3 {1995-2085m) and l - S E S - 9 

a314-1350m). 

Palaeo-enviircnments: i^jper t o middle ba thya l (wélls 1 - S S - l A , l - S E S - 9 ) , 

middle t o lower bathyal (weE l - S E S - 3 , l - S E S - 2 4 ) . 

Remarks: The b ios t ra tdgr^h ic pos i t ion of the zcne i s equivalent to the 

micMle and upper parts of the G . gansseri Zone and lower pa r t c f the 

Atathomphalus mayaroensis Zone o f Caron (1985) and S l i t e r (1989) - Table. 

4.12. 
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C o P t u s o t r u n c a n a c o n t a s a -

G l o b o t r u n c a n a a e g y p t i a c a Zone 

[ M - 3 . ( P ) ] 

Category: Oppel-zone. 

Oefìnitìcn: Ttàs zcne i s diarac±erised by the a s s o c i a t i c i of ìts nominate and 

associated specdes. The ippec l i m i t i s marked by the l a s t occurrences o f 

Contusotruncana contusa (total range zcne), GLi^aotruncana aegypt iaca , 

Hanoglobul ina varians (total range zcne) and of a l i assodated La te 

Cretaceous ^>ecies. 

A s i g n e d age: l a t s s t Haas tdcht ian . 

Reference sec t ion : w e l l l - S E S - 3 (1905-1995m). 

A s o d a t e d microfauna: Archaeogldager ina btowi, Globigeanel loides e s c h a i , 

G'des u l t ramicra , C3obotruncanita e snehag i s , G*mta pe t te rs i , 

GkAxi t runcanel la havanensis, CnpTla petaìpid^a, Guemb^iitri;^ c re tacea , 

Heterchélix ex gr. globulosaf Het. p i i r h r q , Het. striata^ Pseudoguembielina 

cos ta ta , PseudTina excola ta , Pseudotexh i l a H a t r o w n i , Pseudotext. élegans, 

RugogLabàgerina ex gr . rugosa. 

Dis t r ih i i t ion: Sedimentary rocks wi th in th is zcne bave a3so been recovered 

feom weDs 1 - S E S - l A a410-1530m), l - S E S - 9 (1170-1314m) and l - S E S - 2 4 

(1980-2100m). 

Palaeo-envircnments: uppec to middle ba thya l (wéDs l - a i S - l A , l - S E S - 9 ) , 

middle t o l o w e r ba thya l (wélls l - S E S - 3 r l - S E S - 2 4 ) . 

Remarks: Spedmens of C. contusa were cn ly recovered from upper 

Maas t r ich t ian weIL-secti«ìs deposited i n middle to lower ba thya l 

envirraiments (e.g., wélls l - S E S - 3 , l - S E S - 2 4 ) , suggesting the t a x m t » bave 

been the de^ jes t dwell ing (raeso- t o bathypelagic) Cretaceous planktfflùc 

Foraminifera . 

The bncstratjgraphic pcedldm c f the zcne i s equivalent to the upper 

p a r t of the Abathomphalus mayaroensis Zcne o f Carrai (1985) and S l i t e r 

(1989) - Table . 4.12. 
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4 . 2 . 2 - B e n t h o n i c F o r a m i n i f e r a 

"Ole proposed benthcnic foraminlEeral zcnes were deEîneâ taking in to 

account the foiDowing cmsìdecaticns: 

1. The overalL distnbutLan pat tern c£ fcraminìfaral assembdages was chiefLy 

corrtrcGIed by enviranmental variat ions wi th in t i ie basin c f ijeposition 

(Chapter 5). 

2. The i^jper Apt ian-Maas t r i ch t ian a^emtalages are apparentLy représentative 

o f a s ingle bLcprovince (the cen t r a i Ncr th A t i a n t i c - w e ^ : ^ n TetìiyarV' 

T tans tdcna l r ea lm; C h ^ i t e r 9). 

3. Within the basin (where no mapr p h y s i c a l barr iers to micrcfaunal 

migration exìsted), ^ l e d e s disappeared abruptly and newly evcOved c r 

immigrant ^pecies spread r ^ o d l y , wi th in the l i m i t a c f thedr enviranmental 

bcderance, occupying the vacant niches. For instance, 28 qpecies o f 

calcareous benthonic Foraminifera and 21 agglutdnated t axa (a t o t a l of 49 

species) have been recorded firom the upper Aptdan s t ra ta . A t the A p t i a n -

Alblan boundary 7 calcareous benthcxiic and 5 agglutdnated ^>ecde5 disappear 

&om the z o n a l assemblage. Thèse were replaced by 6 calcareous and 6 

agglutinated new ^jecdes i n the ead ies t A l h i a n , k e ^ a n g unchanged the t o t a l 

number of 49 t a x a [aee Ch^ïter 5, F i g . 5,13 (B)], a igges t ing, therefcre, f u l l 

explnitaticm of n i d i e s . 

4. Ccnseguently, f i r s t and l a s t ^ ipearances c f short-ranging benthcmc 

species po ten t iaUy provide isochronous z c n a l boundaries wi th in the basin. 

However, the sélection of zana i markecs and the precise récognition c f 

their f i r s t appearance and ex t inc t i cn l eve l s have t o be e s t a b l i ^ e d a f t ^ 

f ades -cons tan t s t rat igraphie séquences, where no mapr environ mental 

change bas t a k o i çiLaoe over a long t i m e - i n t e r v a L 

Comparison between the zcna l scheme prcposed herein and the 

pQanktcxuc Focaminifara (Section 4.2.1) and ammonite schemes is made and 

pcesentsd i n Tables 4 .3-12 . A l t h o u ^ the l imi ta t ions c f the passent scheme 

fer stratdgcajrfiical corrélation, ch ieQy r e s t r i c t ed to pa r t i cu la r b io fades 

within the basin , many of the g^ecdes ranges l i s t ^ d i n Tables 4.2, 4.4 and 

4.6-7 are recognîsed to be of régional impor tance . The zone-notat icns at 

assemblage-zones are sometimes foDowed by a l e t t e r , w h i d i corre^xands t o 

zones def ined fe r différent bàûfacdes wi th in a probable c o e v a l uni t [e.g., 

Ap-1(B)A and A p - 1 ^ ) B , foc the iqjper Apt ianJ . 
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4 . 2 . 2 . ( 1 ) - D é f i n i t i o n o f t h e zones 

L i n g n l o g a v e l i n e l l a c i r y i - " 

L l n g n l o p o d o s a r i a n o d o s a r l a -

M a r g i n n l i n a ex g r . a e q t i i v o c a zone 

Ï A p - l . ( B ) A ] 

Category: Assemtüage-zcne. 

Definîtian: I h i s zone i s dTéuracteriaed by the assocUitdon o f iïs noininate arû 

affîociateâ s p e d e s . 

Assigned age: l a t e A p t i a n . 

Référence sec t ion : wéll 7 -CP-252-SE (core 1: 466.00m-core 4: 497.70m). 

AŒOci^ed micxofauna: Astacolus ^ c£. A . s d t u l a r Astacolos 3p. A , 

Conorboides ex gr . minu t ig ima/ Dent-glîna communia. Paî t , carisbriata, 

Eogut+iitina anderyi , caobulina lacxima, GJob. p r i sca , LenH'7"1ina ex gr. 

gaui t ina. Len t , ex gr . ro*-"ia<-a [mccE*îobypes o£ L a i t , m u m s t e r i (Roemer)], 

Lent , ex gr. subangulatci, LinqulogavelinelJa a r y i , LJngulonodcsaria nodosaria, 

Marqinulina ex gr. aequiroca , Pat'=''nina subcre tacea , Pyrul ina cyllndcoidesr 

RamuÜna fijsifocmis, Spi r in ina minima, T u r r i ^ ' i T i i n a subconica, 

ïSeudonodofiaria ex gr. humius, Vaginulina ex gr. de b i l i s , Vaginul ina ex gr. 

k o d u i ; QuinqueloculinaC?) sp. A ; Ammobaciil i tes reophacoides, Gaudryinopsis 

fgifocmis^ Maisscneîla kummi, Marss. ozawai , Marss. t r o d i u s oxycona, Marss. 

trochus t u r d s , QnasLspircplectam mina ex gr. a lexander i , Quas. ex gr . 

goodlandana, Quas. l i n k L 

Distr ibution: Sedimentary rocks c f this zcne have also been recovered from 

l o c a l i t y A-38 and wéU 1 - C P B - l R - S E [320/330m(?)-core 3: 357.25ml. 

Palaeo-envircximents: áiaHow to middie n e r i t i c 

Remarks: I h i s zone bas been cnly recorded i n the lowermost marine 

sédiments c f the Taquad. Member, Riachuelo Fcxmatdcin, i n the area c f the 

Carmépolis F i e l d , AracaQl High. 
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flmmobaculites s p . c f . A . c o p r o l i t h i f o r m i s — 

B u c c i c r e n a t a a p . c f . B . l i b y c a - H a p l o p h r a g m i m n l u e c k e i Zone 

( A p - l . ( B ) B ] 

Category: Asembilâge-zone. 

Définition; lï i is zcne i s d i a rac t e r i sed by the a socda t lon of i t s nomlnate 

spedes tAmmobaciil i tes ^ c f . A . coprcilitfaifocmiSf Bucc ic rena ta ^ c f . B . 

l l t jyca , Haploghragmium l u e d c e i ] . 

AfBi'gned âge: l a t e A p d a n . 

R e f œ n c e sec t ion: w e l l 1 - C A - l - S E (1245-1260m). 

DisIrihutlCTi: Sedimentary r o c k s of t i i i s zcne have also been recovered ûrom 

welL 1 - C N - l - S E (9U-927m) . 

Pàlaeo-envircximents: paraîic pagocnal). 

L e n t i c n l i n a ex g r . n o d o s a -

L e n t . ex g r . s u b a n g u l a t a Zone 

[ A p - 2 . (B) I 

Category: Oppel -zcne . 

Définition: I h i s zcne i s d ia racbedsed by the a s o d a t i o n o f i t s nominate and 

aœocdated specdes. There are the f i r s t occurrences c f Lent , ex gr . 

subangulata and Budarfievaella nonionincddes i n the z c n a l assemblage. The 

upper Umit i s marked by the l a s t appearance c f Len t i cu l ina ex gr . nodosa. 

Referenœ sec t ion: wèE 1 - U S - l - S E (981-1260/1276m). 

Assigned âge: l a t e Ap t i an . 

Associated micrcfauna: Ccnorboides ex gr. minutiffiima (probably dr i f ted 

i^pedmens by burtddit ic currents firom ^ l a D o w a : environments), Gavplinpfla 

barremiana-Gav. flandrini filexus, aoborotaiif-pig mult isepta , Gyrcddinaides 

ex gr. globosa, Gyr'des ex gr . mt ida , Lentdcuîina ex gr . gaul t ina . L a i t , ex 

gr . ro tu la ta [morp^otypes c f Lent , muensteri. (Rœmer)]; Ammodiscus 

incertusr Ammod. tenui ' s imus, Bathysiphcn ex gr . v i t t a , Eggerel l ina mariae, 

Gaudryinopsis fn i^crmis , Hyperammina ex gr. gaul t ina , MarssoneHa kummi, 

Marss. ozawai , Marss. t rochus oxycona, Marss. t rochus trochus, Marss. 

t rochus tairris, Quasispircplectammina ex gr. a lexander i , Quas. sp. c f . Q-

anœp^ Quas. l i n k i , Textu la r ia minuta, Trochammina ex gr . minuta. 

Distributîcn: Sedimentary r o c k s cC t l i i s zcne have also been recovered Ërom 

weHs 1 - C A - l - S E [1095-1245m, 1260-1320/1350(?)m], 1 - C N - l - S E (811-912m, 

942-1050m) and l - S E S - 9 [2628(?)-2862ra]. 
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Palaeo-envircnments: mijddle ne r i t l c to upper batìiyàL 

E p i s t o n i n a c a r p e n t e r i -

G a a d r y i n o p s i s f l l i f o r m i s Zone 

[ A l - l . ( B ) ] 

Category: OppeL-zcne. 

Defiròtion; Ttùs zane ìs d i a r ac t e r i s ed by the assocdat±:n cC iis nominate and 

aasodated ^lecLes. Ihe re are the fùst occurrences o f Epistomina carpenteria 

Sp. c h ^ m a n i f Gaudcyinopsis ^ cf . G- gradata and PseudogaudryineDa/ 

Spiroplect inata ex gr. diviciens i n the z c n a l aasemblage. Tuie upper l i m i t ìs 

marked by the l a s t appearance of Gaudcyinopsis f i i i fc r ro i s . 

Aasigned age: ea r i i e s t A l b i a n . 

R e f ^ e n c e sectìon: w e H 1 - C A - l - S E (1035-1095m). 

Associated microfauna: Trochol ina sp. A ^pecimens d r i f t ed t y turtaiditic 

currents &om shaBower , ocdi t ic /oncol i tk : ^ o a i s ) , Ci thqHna sp. h, D g i t a l i n a 

ex gr. iegumen, L e n t i o i l i n a ex gr. g a u M n a , Lent . ex gr. ro t i i l a t a , L a i t . sp. 

A , Ramulina aculea ta ; Bathysiphon ex gr. v i t t a , Marsscoella kummi, 

Quasjgnrcplectam mina sp. c f . Q. anceps, Trochamminoides ex gr. dubia, 

Valvulam mina (?) sp. A . 

D i s t r i hu t im: SedLmentary rocks of th is zone have also been recovered & o m 

weDs 1 - C P B - l R - S E [198-320/330 (?)ra], l - O S - l - S E (891-981m) and l - S E S - 9 

[2412C?)-2628m]. 

Palaeo-envircnments: ^ m H o w t o middle ner i t ic (weE 1 - C P B - l R - S E ) , middle 

t o deep ner i t ic (weEs 1 - C A - l - S E , l - O S - l - S E , l - a s - 9 ) . 

Remarks: An outcrop-sect iOT (localifcy A - 3 2 , 'DouviEeiceras euzeb ia i Zone'; 

lowermost Albian), o f a pa r a l i c (lagocxial) fac ies , yjelded an assemtQage 

composed of Ammobaci iEtes sp. A , Buccicrenata sp. c f . B . l i b y c a , 

Haplophragmium ex gr . foediaàmum, togetha: wi th few ^ jedmens of 

d iapmani , I^nt . ex gr . ro tu la ta , and Quas. ex gr. goodlandana (the l a s t 

named three pcobably d r i f t ed qjecimens from shaUow/middle ner i t i c 

environments by stcxrra-generated botbom currents , as suggested by the 

sedimentcOogical evidence cn the outcrc^)-section, which d i o w s the inf luence 

of stocm w aves - stoc m-generabed hu tnraocky croes-stratdficat ion - see 

Chapter 8, H io to 8.3). 
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O a a n g u l a r i a s c h l o e n b a c h i -

P s e a d o g a a d r Y i n e l l a / S p i r o p l e c t i n a t a ex g r . d i v i d e n s Zone 

[ A l - 2 . ( B ) ] 

Category: Oppel-zcoe. 

DeSritùxi: Ttús zone ìs charac tensed by the assoda t ion of i t s nomínate 

and aasocdated species. I t i s impcr tan t to note i n the z o n a l assemblage the 

f i r s t occurrences of Osangularia sd i loenbachi and T r i s t i x e x gr . excava ta , 

near t l ie i^iper limít. I h e uppec Hmít ís marked by the l a s t ^ p e a r a n c e s o f 

Epistomina tAiapmani, Gav^i^TinTia barre miana-Gav. fiqnrtríni plexus, 

Buda^evaeHa nonicninoidesr Marsecnpllg o z a w a i and 

' PaeudoqaudryineücySpirc^aectinata ex gr. dividens. 

Affiigned age: ear ly A l h i a n . 

Refarence sect ion: welL 1 - u s - l - S E (711-891m). 

Aasociated microfauna: Ccnorboídes ex gr . minutássiroaf GloborotaUtes ex gr . 

michiaiíniana ^ee taxonomíc remarks, C h ^ i t e r 3), Gtob tes sp. c f . G . 

mnlHsppta, GyrotdinQides ex g r . globosa, Gyr^jes e x gr . n i t i da , Pate t l ina 

subcretacea, spi'^TT'na minima ^nrc^iabLy dr i f ted ^)eclmens by t i i r h j / ^ H f 

currents &om ^ a B o w e r envircnments), L&nt, ex gr. rotnij^tq, Lent . e x gr. 

saibangulata, Letf-i'-'' ' ' 'ina sp. A , IJngulogavp1ipp"na c i r y i , Pseudcnodopjr^ri^ ex 

gr . humílis, Ramulina aculea ta . Raro, ft^giformisf PseudosigmoilinaC?) sp. A ; 

ParacoskinoHnar?) sp. A (^lecimens dr i f ted by tu rh id i t i c currents from 

diéJtower envircnments), Ammodiscus incerti^'V Bathysjphon ex gr. v i t t a , 

EggereÜLna mariae, Gaudryinopsis sp. c f . G. gradata, GlomospirelLa gaul t ina , 

Hyperammína ex gr. gaul t ina , MarsscneTla kummi, M a r a , t rochus oxycona, 

Marss. t rochus t rochus, Marss. trochus tnrrity QnfFn.epriroplectammina ex gr . 

a lexanderi , Quas. sp. c f . Q. anceps, Trochamminoides sp. c f . subcOTonata. 

Dis t r ihut icn: Sedimentary rocíes of this zone have a]so been recovered from 

l o c a l i t y A - 2 7 , wéDs 1 - C A - l - S E (945-1035m), 1 - C N - l - S E (732-811m), 1 -SES-

l A [2070C?)-2400m] and l - S E S - 9 E2160C?)-2412m]. 

Palaeo-enviraimentSi middle t o deep ner i t i c Ooca l i ly A - 2 7 , wéUs 1 - C A - l -

SE, 1 - C N - l - S E ) , deep ne r i t i c to upper ba thya l (wéHs 1 - O S - l - S E , 1 - S E S - l A , 

l - S E S - 9 ) . 
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B p i s t o m i n a c a r p e n t e r i -

g p . s p l n a l i f e r a Zone 

[ Ä l - 3 . ( B ) 1 

Category: Oppel-zcne, 

Defini t ion: I h i s zone i s cha rac tedsed by the agrociatdcn of i t s noidnate and 

assocdated speä^ Tt i s impockant to note the first occüixences i n the 

zona l assembOage o f C-^pgi<^p'na ex gr. visnd^v^ and Epistomina ^äpnlifecaf 

and the l a s t appearances of B ; ^ carpenter i and Gtoborotal i tes sp^ c f . G . 

multiaepta. 

Aarigned age: ndddLe Albdan. 

RefÄence sect ion: w e E l -öS- l -SE (621-711in), 

Asocda ted microfauna: Ccnorboides ex gr. minuHg^jjiia, TurricpiriTlina 

subconica (probahLy didfbed spedmens by turbdititic currents from äiaHower 

environments), Gyrcddinoides e x gr . gioboea/ Gyr*des ex gr. n i t ida , 

Len t jg i l ina ex gr. rotuJata, Lent . ex gr. subangulata, Tristdx ex gr. 

excavata ; Pseudo-sigmoüinaC?) sp. A , Qiiinquelpculina(?) sp. Aj Bathysip^on 

ex gr. v i t t a , Hyperam mina ex gr , gatütina, Harsson^Tla t rochus qxycona, 

Harss. t rochus turr is , QuasispiroplectamTnina sp. c f . Q. ancegs, Quas. ex gr . 

goodlandana, Quas. ünlci, Textn ia r ia minuta. 

Distr ibut ion: Sedimentary rocks c f th is zone have also been recovered firom 

tocatity A - 3 7 , weDs 1 - C A - l - S E (915-945m) and 1 - C N - l - S E (672-732m). 

Palaeo-envircnments: middle t o deep neritdc Qocali ty A - 3 7 , weDs 1 - C A - l -

SE, 1 - C K - l - S E ) , deep ne r i t i c t o vippsc ba thya l (well 1 - U S - l - S E ) . 

G a v e l i n e l l a b e r t h e l i n i - G a v , p l i m m e r a e - G a v . r e n s a i p l e z u s -

G a u d r y i n o p s i s a p . c f , 6 . g r a d a t a Zone 

[ A l - 4 . ( B ) 1 

CategOTy: O p p d - z c n e . 

Def in i t icn : This zcne i s charac ter i sed by the aff iodation c f i t s nominate and 

assodated apecdes. Ihe re are the f i r s t appearances o f G a v ^ i i " ^ " " ^ ber the l in i 

- Gay, plummerae - Gay, r e " ^ plexus and Text i i lAr ia ex gr . subccaiica, 

near t h e i ^ i p a boundary. the i ^ p e r l i m i t i s marked by the l a s t occurrences 

c f Osangiilaria schloenbachi , Gaudryinopsis ^ c f . G . gradata, 

Quasiqriropflectammina ex gr. a lexander i , Quas. ex gr. goodlandana and Quas. 

l i n k i i n the zcxial a s e m b l a g e . 
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Refmence s ec t i ons Joca l i ty A - 1 5 (micädle Albian), w e l l l - S E S - 3 

[2250/2265{?)-2325m]. 

A s i g n e d age: middle to l a t e A l b i a n . 

Associa ted miggfauna : 

p.) middle t o deep ne r i t i c bjoEacies: Conorboides ex gc. minutissima, 

Eoguttul ina anderyi , Epistomina ^ a r n i i f e r a , Gavelinel la be r the l in i - Gav. 

plummerae - Gav. reussi. pLexus« L a i t i c u l i n a ex gc. ro tu la ta , Spir iJ l ina 

minima, Pat-pTlipa subcre tacea; Margv*><=*Tia t rochus t rochus, 

Quasispircplectam mina ^ c£. Q. anceps, Texti i l f i r ia minuta. 

(2) deep ner i t i c to i^iper ba thya l bdofacies: Gyroidinoides ex gr. globosa, 

Gyr'des ex gr. n i t ida , LentJcul ina ex gr . robnlata; Ammodiscus incer tus , 

Bathysighcn ex gr. v i t t a , Glomospirel la gaultdna, Hyperammina ex gr . 

gauTtina, Marss. trochus t i i r r i s . 

Dis t r ihutam; Sedimentary rocks c f th i s zane have also been recovered & o m 

l o c a l i t y A - 1 6 , weDs 1 - C A - l - S E {855-915m), 1 - C N - l - S E (612-672m), 1 - O S - l -

SE (426-621m) and l - S E S - 2 4 [2490/2505m(?)-2670ml. 

Palaeo-envircnments: middle to d e ^ ne r i t i c {Localitdes A - 1 5 , A-16) , deep 

n e r i t i c t o upper bathyal (weDs 1 - C A - l - a : , 1 - C N - l - S E , 1 - U S - l - S E , l - S E S -

24. 

H e o b n l i m i n a s a b c r e t a c e a -

S a r a c e n a r i a s p . c £ . S . e r a s s i e p a t a t a Zone 

[ A 1 - 5 . ( B ) ] 

Category: Oppel-zone. 

Defini tLcn: This zcne i s charac ter i sed by the asscxnaticai of i t s nominate 

and ascxna ted specdes. There are the f i r s t ^pearanc:es c f NeotxOimina 

su tx je t acea and Sarac:enaria sp. c f . S. crafgri costata i n the zona l 

aasemblage. 

Assigned age: l a t e Albdan. 

Rr fe rence sec t i cn : we l l 1-CRI/ -1-SE (cxare 2: 1200.80m - core 3: 1214.50ra). 

AsBCxnated microfauna: Ccnorboides ex gr. minutissima (ga:c±>ably dr i f t ed 

specimens by tu rb id l t i c cnirrents from d i a E o w e r envircnments), 0^^»««' '^""'* ex 

g r . viscddus, Dentaiìna cx?mmunis, Gavpl i rv t l a taerthelini - Gav. plummerae -

Gay, reussi, plexus. Globulina p r i sca , Gyrm'dìncjides ex gr. globosa, Gyr'des 

ex gr. n i t ida , Lent icul ina ex gr . subangulata, Bathysithcxi ex gc. v i t t a , 

Marsson^n^ trocJius oxyccina. 
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DìstxibutioTi: Sedmenta ry rocks of th i s zcaie have also been recovered front 

wéDs 1 - C A - l - S E (765-855m), 1 - C N - l - S E (582-612in) and l - O S - l - S E (396-

426m). 

Palaeo-envìranments: deep n e r i t i c 

H e o b n l i m i n a s a b e r e t a c e a -

T r i s t i x ex g r . e x c a v a t a Zone 

[ A L - 6 . ( B ) ] 

Categcry : Oppél-zone, 

D^inüdon: Öiis zcne i s d i a rac t e r i sed by t l ie association of i t s nominate and 

asocda ted ^lecdes. The upper l i m i t o f the zcne i s marked by the l a s t 

appearances c f Iientia.ilina ex gc. subangulata, Neotailimina subcre tacea , 

Ramulina tetrahedcalis ^ o b a b L y t o t a l cange zone i n the basire a i ^ T r i s t i x 

ex gr . excava t a i n the zona l assemblage. 

Assigned age: l a t e s t Altaian. 

Reference sectiOT: weOl l - O S - l - S E (381-396m). 

Assoc ia ted microfauna: Dentalina communis, Gavpii^pTiTi be r the l in i - Gav. 

plummerae - Gav. r e u ^ plexus, G y r n i ^ n o i d e s ex gr. globosa, Gyr'des ex 

g r . n i t i da , LCTiticuHna ex gr. gaul t ina , Lent . ex gr . ro tu la t a ; 

pgeudosiqmoilina(?) sp. A ; HarssoneHa trochus oxyccma, Marss. t rochus 

turns t Trochamminoídes ex gr . subcorcnata . 

Dis t r ibut ion: Sedimentary rocks o f th i s zcne have also been recovered firom 

weDs 1 - C A - l - ^ (core 2: 761.80m-765m), 1 - C N - l - S E (552-582ra) and 1 - C K L -

1-SE (coce 1: 1182.50m-coce 2: 1200.80m). 

Pa laeo-envi ra iments : middle to deep n e r i t i c 

C i b i c i d e s s p . A -

P l a n a l a r i a c o m p l a n a t a Zone 

[ C e - l . ( B ) ] 

Categcry : O jpe l - zane . 

Def in i t inn: This zcxie i s d i a r a c t e r i s e d by the associat icn o f i t s nominata 

and assoda ted spedes . There are the f i r s t appearances i n the zcnaL 

assemblage c f C i b i d d e s sp. A , PcaebuUmina ex gr. nannina, and Plannif^ria 

coroplanata, and the l a s t occurrence o f Sacacenaria sp. c f . S. cr^^'gdnostata. 

Assigned age: earliesb C s i o manían. 
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Reference section: w e l l 1 - C N - l - S E (core 5: 537.00m). 

Associated microfauna: Casaidella ex gr- visòdus, Dentalina communis, 

GavelineTla berthélini-Gav. plummerae-Gag. revLssi plexuSr Globorotal i tes ex 

gc. mjjdielinìana, L e n t i a i l i n a ex gr. ro tu la ta , MacsBonella t rochus tairris. 

Dis t r ibut icn: Sedimentary r o c k s c f tìiis zone have also been recovered from 

wéD. 1 - D S - l - S E {366-381m). 

Palaeo-environments; deep n e r i t i c 

L i n q u l o q a v e l i n e l l a { 7 ) s p . c f , L . t h a l m a i i n i f o r m i s -

S p i r o l o c a l i n a c r e t a c e a Zone 

[ C e - 2 . ( B ) ] 

Categcay: Oppe l -zcne . 

Defini t ion: This zcne i s characterised by the f i r s t occurrences of 

Gavel inel la sp. A , IJngalDgavelinfiTI a (?) sp. c f . U tìialmanmfcrmLs, 

Lingulogav. tccmarpensLSr SpircQoculira c re tacea (prc^jably t o t a l range zone 

i n the basdn) and Spira locul ina sp. A i n the z o n a l assemblage. 

Assigned age: e a r ly Cenomanian. 

Reference sec t ion : l o c a l i t y A - 1 . 

Affiocdated microfauna: Anomalinoides sp. A , Ccnorboides ex gr. minutissima, 

CcxYFhostoma sp . A , Gavel inel la be r the l in i -Gav . plummerae-Gav. r e u s L 

p l e x u ^ Gyrcddinoides ex g r . nJÜda, Len t i cu l ina ex gr. roti Hata, Pat-pTiìn^ 

subcretacea, Praebulimina ex gr. nannina, SpiHTiina minima, Vaginulina ex 

gr . k o c h i i ; Text" il aria ex gr . subconica. 

Distr ibut ion: Sedimentary rocks of th is zone have also been recovered firom 

locali tdes A - 3 , tt^wranga 2, weDs 1 - C A - l - S E (705-735m) and 1 - C N - l - S E 

(162-core 5: 537.00m). 

Palaeo-environments: middle to deep ne r i t i c (iDcalitìes A - 1 , A - 3 , I tapcranga 

2, wéD. 1 - C N - l - a : ) , deep ner i t i c to i p p e r bathyaO. {weH 1 - C A - l - S E ) . 

C i b i c i d e s s p . A -

H o d o s a r i a ex g r . o b s c n r a Zone 

( C e - 3 . ( B ) ] 

Category: Oppel-zone. 

Definitdon: This zcne i s charac tansed hry the associatjon o f üs nominate and 

affiociated species . 3t i s iraportant t o note i n the zona l assemblage the f i r s t 
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occurrence c f Nodosar ia ex gr. obscura and the l a s t sppearance c f 

r i hi f i fies ^ A . 

Assigned age: middle t o l a t e Cenomanian. 

Refarence s e c C i m : wetH 1 - C A - l - ^ (645-705m). 

Aasocdated miccofauna: Gaveh'nella berÜielini-Gav. plum merae-Gav. reussi 

plexus^ LJngulogavpli 'nplla tocroarpensis. 

Distr ibution: Sedùnentary rocks o f t i i i s zone have also been recovered from 

l o c a l i t y Cruzes 15. 

Palaeo-envircnments: shaUow t o middle ne r i t i c (Cruzes 15), deep neri t ic 

(wéEL 1 - C A - l - S E ) . 

G a b o n i t a l e v i s -

Diacammina s p . A Zone 

( C e - 4 , ( B ) l 

Categray: Oppel-zcxie. 

Defini t ion: I h i s zone i s character ised by the associa t ion o£ i t s nominate and 

associated spedes . I t i s important to note i n the z o n a l assemblage the f i r s t 

occurrences c f Gaboni ta l ev i s , AmmobaculJtes impexus. Am momarginulina 

pa te rePa and the l a s t appearances d Spirotoculina sp. A and Discammina 

sp. A (fa:c¿>abLy t o t a l range zone i n the basdn). 

A s i g n a d age: l a t e s t Cenomanian. 

R e f a e n c e sections: local i tdes A - 9 , A - 4 5 . 

Associated microfauna: 

(L) äiaBow to middle ner i t i c biofacies: Ccnorboides ex gr . minut imnia , 

Géwelinella be r the l in i -Gav . plum merae-Gav. renasi p l e x u ^ Praebu l imim ex 

gr . nannina; Tvitairiiinai?) sp. A . 

(2) uppa: ba thya l bdofacdes: Cassidel la ex gr. v i s c i a j s , GavelineTla bertheUni 

- Gay, plummerae - Gav. reussi plexus, Gavel inel la sp. A , GavelinopsisC?) sp. 

A , Ccnorboides ex gr. minu<'̂ '=*Hjia l^xcobable dr i f ted spedmens £rom 

áiallower environments). Globulina l ac r ima , Glpb . p r i sca , lónqulogav^ii "PTI a (?) 

sp, c f . L . thalmannifcrmis, Neobulimina minima, Praebulimina ex gr . nannina, 

Spirdloculina sp. A , Valvulìneria sp. B; Marsson^Ti^ kummi, Marss. trochus 

tu r r i s , TextiIlaria ex gr . subconica, Trochammina ap, A . 

Distr ibution: Sedimentary rocks c f this zone have also been recovered & o m 

l o c a l i t y A - 4 6 . 

Palaeo-environments: áiaDow to middle ner i t i c ( local i ty A-45) , upper bathyal 

(Locality A - 9 ) . 
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Remacks: Ihare i s a marked increase i n the numbec of gavel inelUd 

mcrphotypes c f the Gaveìineìla tJCTthélini.-Gaw. pktin ma:ae-Gav. reussL 

plexus. Specdmens c f normal s i zed tests (arcaond 300-370jttm i n maximum 

diameter) are usuaUy preeent, a U t h o u ^ var iaMe numbars o f minute 

indivìduals, w i i h l o w ^ docsa l h e i ^ t , also occur i n the aize fìractdcsis below 

200um ^hapber 3). 

G a b o n i t a l e v i s -

G a b . obesa Zone 

[ T - 1 . ( B ) ] 

Category: Oppel-zone. 

DefJnitLtxì: Ih i s zcne i s character ised by the a s soda t i cn of i t s nominate 

and associated specdes. I t i s impcriiant t o note i n the z o n a l assemhOage the 

f i r s t occurrences of BulimineTla sp. A and Gabonita obesa (^obab ly t o t a l 

range zcne i n the basin), together with abundant ^>ecimens c f Gabonita 

l e v i s and t he l a s t appearance of CagàA*Tifl ex gr. viscidus. 

Assigned age: ear l ies t Turonian. 

Reference sect i im: wèlL 1 - U S - l - S E tcOTe 1: 98.50m-366m). 

Affiociated microfauna: Gav^jlineHa ber thel in i -Gav. plum merae-Gav. reussL 

plexuSr GavelinopsisC?) sp. A , Sp'T-iTiirM minima, T u r r i ^ r i T l i n a subconica 

(pcàbat^ dr i f ted q)ecimens from diaHower envircnments), Caucasina sp. A , 

Coryphostoma sp. B , Dent-aiina vistnirip, l ingulogavpij n^pa (?) ^ c f . L . 

thalmannifcrmis, Idngulogav. tormarpen-gìs Neolxilimina minima, Nodosaria 

e x gr. obscura, ValvuHner ia ap. B; Trochammina sp. A . 

Dis t r ibut ian: Sedimentary rocks of th is zone have also been recovered from 

l o c a l i t i e s A - 2 , A - 2 2 , A - 3 5 and wélL 1 - C A - l - S E (core 1: 604.20m-615m). 

Palaeo-envircnments: middle t o deep ne r i t i c ( locali t ies A - 2 , A - 3 5 ) , deep 

nCTibic t o upper ba thya l ( local i ty A - 2 2 , wélls 1 - C A - l - S E , 1 - U S - l - S E ) . 

G a b o n i t a l e v i s -

N o d o s a r i a ex g r . o b s c u r a Zone 

[ T - 2 . ( B ) ] 

Category: Oppél-zcne. 

Def in i t i cn : This zcne i s character ised by the association c f i t s nominate 

and a s o c i a t e d ^)ecies. I t i s important to note i n the z c n a l assemblage the 
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f i r s t occurrence o f Gabonita ^ c f . G . parva , tx jge th^ with t i ie l a s t 

a^ipearances of Gabonita l ev i s and Nodosaria ex gr . obscura. 

Aaàgned age: ea r ly to l a t e Turonian. 

Reference sec t ion: wèll l - C A - l - a i E555/585ni (?)-core 1: 604.20m]. 

Associated microfauna: Bulimineìla sp. A , Conorboides ex gr . minut isdma, 

Dental ina ex gr. legumen, Dent. v i s tu lae , Gav^UrvaTia bertìielini - Gav. 

plummerae - Gav. re»»?^ plexus. Lagena paucLoostata, Lent icu l ina ex gr . 

gaul t ina , L « t t . revoluta , Lent . e x g r . rotulaba, Ncnionel la sp. c f . N . 

austinana, Nodogenerina ^ c f . N . a lexand^P, Nodosaria l imba ta , spiri i i- ina 

minima, Turrl'^"T''TH na subconica, Va lvn i ippr i a sp. B . 

D i s t r i b u t i m : Sedimentary rocks o f th is zone have also been recovered from 

l o c a l i t i e s A - 7 and A - 2 9 . 

Palaeo-environments: middle to deep ne r i t i c ( locali t ies A - 7 , A - 2 9 ) , deep 

ne r i t i c bo ìXppex ba thya l {weE 1 - C A - l - S E ) . 

G a v e l i n e l l a b e r t h e l i n i - G a v . p lommerae -Gav . r e u s a i p l e x u s -

V a l v o l i n e r i a a p . A Zone 

I T - 3 . ( B ) ] 

Categcary: Oppel -zcne . 

Def in i t i cn : I h i s zone i s character ised by the asocdatdcn of i t s nominate and 

a s o d a t e spedes . I t i s important t o note i n the zona l asaembüage the f i r s t 

occurrences of BcQivina sp. c f . B . in^ñ*»*ta ^ee taxonomic cemarks, 

Ch^»ter 3) and Valvul inecia spu A , togethor with the l a s t appearances c f 

the Gav'*i''"**'na ber thel in i -Gav. plum merae-Gav. r e " g ^ pilexus. 

Asdgned age: l a t e s t Turonian. 

Refa:ence sec t ion: l o c a l i t y A - 6 . 

A s o d a b e d microfauna: Gavel inel la sp. A , Lent icu l ina ex gr . ro tu la ta , 

LingulDgavt*i'''''*«*'na tormarpensis^ SpiriTiina minima, PatiaTiina subcretacea, 

Planulina sp. A , Praebulimina ex gr . nannina, Turri^rinìna subconica . 

DisbributlCTi: Sedimentary rocks c f th i s zone have also been recovered firom 

l o c a l i t i e s A - 8 , A - 1 2 and w e E 1 - C N - l - S E (21/42-162m). 

Palaeo-environments: a ia l low to middle ner i t i c ( locali t ies A - 6 , A - 1 2 , w e E 1-

C N - l - S E ) , middle t o deep ner i t i c (Locality A - 8 ) . 
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G a v e l i n e l l a s p . A -

Y a l v n l i n e r i a s p . A Zone 

[ C o . ( B ) ] 

Category: OppeL-zcne. 

Dpfinitirgi: Has zone i s charac tedsed by the a s o c i a t i m c£ i t s nominate and 

associate ^ l e c i e s . There are the l a s t appearances c£ Gav*>1in^Tla sp. A , 

linguloqavellnRTla tocmarpensis, Va lva l ine r i a sp. A and Texhilr tdq ex gr . 

subccmica i n the zona l assemhOage. 

A l i g n e d age: ea r ly Ccniac ian . 

R^&^ence s ec tdm: Tabocas 2. 

Associated micxofauna: Ccnorboides ex gr . minuHfg^Tna, L g i t H m i i n a ex gr. 

ro tu la ta , Neobulijnina minima? SpircQoculina sp, A . 

DistdbutJon: Sedimentary rocks of th is zone have also been recovered from 

loca l i t i e s A - 1 0 and A - 1 1 . 

Palaeo-envircaiments: middle ner i t ic . 

Gtoboco*-̂ ^̂ "̂̂  qgdnea— 

T^iiii-ii'^ina revoiluta Zcne 

[ S - l . « ] 

CabegOTy: OppeL-zone. 

DeSnitiOT: This zone i s charac tedsed by the ascxna t i an of i t s nominate and 

afficxriate species. I t i s impcxtant t o note the f i r s t occ^jrrences c f Eponides 

aracajjensis, Gavel ineHa ex gr. beccy^riifocmis, Gav*>1in^Tlfl correc±a. Gay. 

sandLdgei, Gav. ^assocos ta ta , Gavelinopsisf?) sp. B , Reng^pTl? ex gr . 

szarpcxdiae ^ e e taxonoraic remarks. Chapter 3), Dorothia ex gr. bi l i i^ ta^ 

GaucJryina l a ev iga t a , feeudogaudrylnella ex gr. c:^jitosa and Recurvoldes ex 

gr. globulosa i n the z o n a l asemhOage. Furthermore, there are the l a s t 

appearances o f Len t i cu l ina revoluta , a t or near the Coniacdan-Santonian 

boundary, and o f Globorcjtalites ^ r inea (probably t o t a l range zone i n the 

basin). 

Assigned age: l a t e Ccn iac ian to ea r ly - l a t e Santonian. 

Reference secrtions: wel ls 1 - C R L - l - S E (core 1: 1176.40-1182.50m) and 1-

SES-3 (2205-2250/2265m). 
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Affiociated micrcfauna: Alloinorphina ex gr . c re tacea , BcOivina ex gc. 

i n c r a s a t a , BuLLmineTla t r ev i sp i ra , Bolim. ex gc. colonensis^ cil-riHrfc>ei ex gc. 

beaumontianuSf CMiariiìa muTticostata, Dental ina vistulae, D m t a l i n a ex gc. 

legumen, Dent. megapcilitana, Gav**liTvTla tfiamanni, Gav. ex gr . yp-la.'yrManqìs, 

Glpborotali'tps e l k g s t e , G l o b t e s ex gc. midi i^i ipiana, G l o b t e s ^ c C G . 

muìtiqepta, Gyrcdi3ina bPi.qFìpH, Cyridina ^ A , GyroidJnoides ex gc. globosa, 

Gyr'des ex g r . n i t ida , G y ^ e s quadcata, LgiHi-nlìna revmiitj=i^ Lent . ex gr. 

cotuTata, Neobulimina ag)eca, Neob. miniina, Nodosaria l imbata , 1 Ì H ^ ^ ^ ^ ^ 

f ic rea l i s , O o t h o s t e l l a ex gr . ha l fe ld i , Osangularia cocdieciana, ^ 

navarroana, Os. veOascoep^Hg^ Praebulimina ex gc. Eang, Praeb. ex gr . 

nannina, Praeb. ex gc. pcdìixa, Praeb. reussi , Pseudonodosaria obesa, Pyrul ina 

cylindccddes, Quadcimori^iina ex gc. aflomort^iincddes, Ramulina aculeata , 

Valvul inecia amaral i ; Ammodiscus cretaceua, Ammod. planus, Baa iys i thcn ex 

gc. v i t t a , Gaudr. pyramidatai, Glomospira diarcddes, Hcrmosina ex gr . 

gk^xi l i feca , Hc rm. ovulum, Kalamopsis grzybowddi, MarscneTlq t rochus 

trochus, Marss. t rochus tur r i s , Psammos^iaera scruposa, R z d i a k i n a epigona. 

Disbributdm: Sedimentary rocks of t i i i s zone have also been, recovered from 

weUs l - S E S - 3 (2205-2250/2265m), l - S E S - 9 [2124(?)-2160ra] and l - S E S - 2 4 

[2310-2370(?)m]. 

Palaeo-envircHiraents: deep ne r i t i c to \jpp&: ba t i i ya l (wéU. 1 - C R L - l - S E ) , upper 

to middle batìiyal (weDs l - S E S - 3 , l - S E S - 9 and l - S E S - 2 4 ) . 

H a t t a l l i n e l l a t e x a n a -

O r t h o f c a r s t e n i a c l a r k i Zone 

[ S - 2 . ( B ) 1 

Category: Oppel -zone . 

Definit ion: This zone i s character ised by tìie a s soda t i cn of i t s nominate and 

associated ^ l e c i e s . I t i s important to note the f i r s t occurrences of BcQivina 

ex gr. afra, Nu t t a l l ine l l a texana, Octhc^arstenia d a r l o , Orthok. c lava ta and 

V«T>euilina c r e t acea i n the z c n a l assemblage. 

Assigned age: l a t e Santonian. 

Reference secticais: weDs 1 - C A - l - S E [465{?)-555m] and l - S E S - 3 (2175-

2205m). 

Associated microfauna: ABomorphina ex gr . c re tacea , BandyeUa ex gr . 

greativalleyensis, BòL ex gr. incraf fa ta , BuliminpTla b rey i^ j i r a , Bulim. ex gr . 
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cctlonensis^ BuUm. quadr i lobata , Citfaarina navarroana, pgTtaiina ex gr . 

lequmen, Eponides aracarpenHisT GavRlinRna correctar Gav. sandii3geif Gav. 

^ d s o c c s t a t a , Gav. ex gr. velascoensis, Globorotal i tes ex gr . mid ie l in iana , 

Gyrcadlna bei-ffieli, Gyroidinoides guadrata, Lagena p a u c i c o ^ a t a , LaiHriiiina 

ex gr. rcfadata, Heobullmina aspera, Neobulimina canadensis, Nodosaria ex 

g r . aEHnis, O r i a i o ^ H a ex gr . ha l f c ld i , Osang\,i'laria cord ier iana , PraebuJimina 

ex gr. bantu, Praeb. Idckapooensis, Praeb. ex gr . p n J i x a , Praeb. r&igqj, 

PseudouvLgeiina plummerae, piiTliarrla ;prvisif Quetdrimcgthina ex gr . 

aHomorghinoides, RamuUna ao j l ea t a , Reng^Tia ex gr. szaj iochae, Stensioeina 

sp. A , Valvol iner ia amaral i ; Aminobaa.T3ites ex gr . coprcGithifarnds, 

Asanospira ex gr. g labra , Asan. wa l te r i , Bathysigh<xi ex gr. v i t t a , 

Crih-ostomcddes ex gr . t r in i ta tens is , Docotfaia ex gr . biTlpt-a, Gaudryina 

l aev iga ta , Gaudr. pyramidata , H^flo^Airagmoides ex gr. biilnif^**^, HapI'des 

rugcsa, Hocmosina ex gr . g lobul i fera , Hcrm. ovulum, Psammos^haera 

scngjosa, Recurvoides ex gr . globulosa, Spiroplectamndna chicoana, 

Tjrochaminina gatesensis, Trochamminoides f l ager i , T t o c h o ^ r a ( ? ) sp. A . 

D i s t d h u t i m : Sedimentary rocks a£ this zone have also been recovered from 

w e n l - S E S - 9 [1980(?)-2052m]. 

Palaeo-environments: deep ne r l t i c to upper bathyal (wel l l - C A - l - E E ) f i^pper 

t o middle bathyal (wells l - S E S - 3 , l - a s - 9 ) . 

R e u s a e l l a ex g r . s a a j n o c h a e -

S I p h o g e n e r i n o i d e s b r a m i e t t e i zone 

r C a - l - ( B ) ] 

Categrary: Oppel-zcne. 

D e f i n i d m : Ttds zone i s character ised by the assoda tdm o f i t s nominate and 

associated species. There are the f i r s t occurrences of Fmipgngl andi i i ina 

velascoensis, Gavel inel la nacatochensis, Globorot-aiitPw subconica, 

Gyrcddinoides l o e t t e r l e i , Siphogenerinoides bramii^t-tei, Hagenowella ex gr . 

sufcephaerica and Recurvoides ^ c f . R. subturbinata in the z c n a l 

assemblage. The i:pper l i m i t i s marked by the l a s t ^jpearances o f 

Osangularia navarroana, PuHenia :^rvisL and R e n ^ T i q ex gr. szapochae . 

Assigned age: early Campanian. 

Reference sect icn: weD. l - S E S - 3 (2085-2175m). 
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Associa ted microfauna: AHomorphina ex gc, c re tacea , BoUvina ex gr . afca, 

BulLiniiieHa ex gr. coJonensiSr BulLin. guadrilcfcatair Citaicides sp. B , Dental ina 

ex gr. legumen, Eponii3es a raca i iensLs F r c n d i a i l a r i a migrodisca, GavpiinpTia 

ex gr . beccariifocinis, Gav. tomeiana/ Gav. sandidged, Gav. ^ a i s o c o s t a t a , 

(TT'^rot '^1 ' ' t» ex gr. " l i r l r^ l ip i i^na , Gyroddina t y i g ^ i i , GyrcddJnaides ex gr . 

globosa, Gyr'des quadrata, L e n t i a i l i n a ex gr. ro tu l a t a , Neobalijnina 

canadensis^ MuttaTlinella f toreaiis , QritfacsteTla ex gr. ha l fe ld i , Ortiiokarslienia 

cJavata , Orth. c l a r k i , Osangularia cordier iana, Os. velascoensiSr Elanul lna 

taylorensis , Praebulimina ex gr . bantu, PraebuHmina ex gr. fang, Praeb. 

kirjtapooensis, Pcaeb. ex gr . p rd l ixa , Praeb. re"g^', Va lvu l ine r i a amaral i ; 

A m m o t a q i l i t p a ex gr. coprolitfaifocnilg^ Bathysjghcxi ex gr . v l tba , Gaudryina 

pyramidata , Glomo^ora cAiarcddes, Haplophraginoldes ex gr . bulloides, 

Spirc^dectammina laevis , TtochcEpiraf?) sp. A . 

D i s t r i i j u t i m : Sedimentary rocks of U i i s zcne have also been recovered firom 

wens 1 - A O - l - S E (510-540/555m), 1 - C N - l - S E (0-21/42m) and l - S E S - 2 4 

[2220{?)-2310m]. 

Palaeo-envircHiraents: i^jper ba t i iya l (weHs 1 - A U - l - S E , 1 - C N - l - S E ) ; middle bo 

l o w e r ba thya l (wells l - S E S - 3 , 1-SE&-24). 

L a c o s t e i p a g o u s k o v i -

O r t h o k a r s t e n i a c l a v a t a Zone 

[ C a - 2 . ( B ) ] 

Category: Oppel-zone. 

DefirdtJcn: I h i s zone i s character ised by the association c f i t s nominate and 

a socda ted species. The upper l i m i t i s marked by the l a s t appearances of 

GavelinRTla cor rec ta , Gav. l o m e l a n a , Gav. sandidgei, Lacos te ina g o u ^ o v i , 

Neoflabel ina rugosa (probably t o t a l range zcne i n the basin), QrithoetpTla ex 

g r . ha l fe ld i , Orth<^arstema c l a v a t a and Valvu l ine r ia amara l i . I t i s important 

bo note the l a s t ^ p e a r a n c e i n the z c n a l assemblage of Elanulina 

taylorensis , and the f i r s t occurrences o f E^risbomina supraccetaoea, 

Gciv*>ii"**'na monterelensis, Praebulimina ^ainata and A m moqlobLgerina ex gr . 

globigeriniformis. There i s a marked increase i n the abundance of qaedmens 

o f BcJivina ex gr. afra, which disappear regional ly a t the u ^ j e r l i m i t of the 

zone i n response to envi ronmenta l changes and f a d e s v a r i a t i m s . The 
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^¡edmens only reappear, rare ly , h i ^ e r i n the strat igcaphic sequence, i n the 

upper Maas t r ich t ian (weE 1 -SES- lA) , 

Assigned age: e a d y tx> l a t ^ Campanian. 

Reference sectdrxis: l o c a l i t y A - 1 9 , wéD. l - S E S - 9 [1638-1980{?)m]. 

Associated miccafauna; 

CL) deep n e r i t i c to uEper bathyal bdofacdes: BcJivina ex gr. incraffiata, 

BulimineUa ex gr. ccJonensis, Bu l im. pseudoeleganHcgHjna, Epdstomina 

supcacretacea, Eponides aracajuensis, Ga^iiTv>Tia ex gr. beccar i i formis , Gav. 

nacatochensis , Len t icu l ina ex gr. ro tu la ta , NeobuUmina áspera, Neobulimina 

canadensis, Nodosar ia ex gr. aff inis . Nod, l imbata , Ncnionel la aust±Tana, 

Orthokarstenia Har lc i , Ortfaok. ewa ld i , Praeb i i imina ex gr. bantu, Praeb. 

c r a s a , Praeb. ex gr. fang, Praeb. kirdi^KXjensis , Praeb. ex gr . prcJ ixa , 

Praeb. reussi , Pseudouvigerina ptlummerae, Pyramidina rud i t a , Quadrimorphina 

ex gr . aHomorphincddes, Siphogeneri nm'di°s bcamlet teL 

i^jper to middle ba thya l bLcfacies: ADomor^hina ex gc. cretácea, BcQivina 

ex gc. ijiQcassata, BuUmineTla ex gr . colonensis, Bulim. quadri lobata , 

CitaLcddes ex g r . beaumontdanus, DentaTina bawfpi;^nata. Dent, ex gc. gcaf i i ig . 

Dent. megapcJibana, Dent, vistulae, Rll-irsoglandulina v^la'^coensis, Eponides 

a racapens is , GavelinelJa ex gr. beccar i i formis , Gav. spissocostata, Gav. ex 

gc. velasooensis, Globocotalibes ex gr . micht ' i inigna, Glob tes sp. c f . G . 

mulbisep?ta, G l o b t e s sufaconica, Gyrcddina bedse l i , Gyr'dina sp. A , 

Gyrcddinoides l o e t t e r l e i , Gyr'des ex gr . n i t ida , Gyr'des nonionoides, Ka r r e r i a 

sp. A , Lacos te ina goud^ovi, Lagena paucicosbata, Lent ic i iHna ex gr. r o h i i a t a , 

NeobuHmina áspera, Neobniítm'na canadensis, Nodopnria ex gr. affipiH, 

Nodosaria l i m b a t a , NuttaTlineHa SorealL';^ Nut t . bexana, Orthokars tsnia 

tdark i , Osangularia cordier iana, Os. velascoensis , P raeb ili mina ex gc. bantu, 

Fcaeb. ex gc. fmq, Pcaeb. kickapooensis, Pcaeb. ex gr. prolLxa, Praeb. 

reuss i , Pseudonodosaria ex gr. hu mi l i s , Pseudonod. c^aesa, Pseudouviqerlna 

pJummerae, PuOenia cretácea, Quadrimocphina ex gc. aHomorphinaides, 

Ra-iaiiÜna acu lea ta , Siphogenerinoides bramletbei; Ammobaculi tes ex gc. 

ccpccQithifcrmJs, Ammodiscus glahcatais, AmmovertePina sp. A , Asanospdra ex 

gc. glabra, BatdysapAicai ex gr . v i t t a , Budai:hwap"na t r in i ta tens is , 

Crifcrostomoides ex gr. trinii-qtensis, Docothia ex gr . b'"n>^^, Gaudcyina 

l a ev iga t a , Gaudr. pyramidata, Glaphyrammina sp. A , Glomocara charcides , 

Glom. gord ia l i s , GJomospirella gaultdna, Hagenowella ex gr. gi>'q:haecica, 

HapQophcagmoides ex gc. buDoides, H ^ ' d e s rugosa, Hccmosina ex gc. 
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qLAiul i fe ra , KarreriftTla ex gr . conversa, MarssoneÜJa t rochus oxycona, Marss. 

trqcfaus trochusr Harss. trochus hirris^ Pflu3ina sp. A , Psammo^Aiaera 

scri^)osa, PseudogaudryineHa ex gr. capitosa, Recurvoides ex gc. globulosa, 

R e c ^ c£. R . subturhdnata, Rhabdammina ex gr. d iscre ta , R z ^ i a k i n a 

epigona, Saccammina g h a e r i c a , Spirolocammina sp. A , Spirc^flectammina 

chlcoana. Trocha m minoides flagecL 

Distr ibut ion: Sedimentary rocks of tt i is zone have also been recovered & o m 

l o c a l i t y A - 1 8 , weUs l-Aü-1-SE (143-510m) and 1 - C A - l - S E [0/84(?)-465ra], 

and 1 - S E S - l A a920A980-2070m) . 

Palaeo-envircximents: d e ^ ner i t i c to uppec ba thya l ( local i ty A - 1 8 , A - 1 9 , 

wells 1 - A O - l - a ; , l - C A - l - a ¡ ) , Lçjper to middle ba t i iya l (weDs 1 - S E S - l A , 1-

SES-9). 

C i b i c i d e s ex g r . b e a n m o n t i a n o s -

G y r o i d i n o i d e s n o n i o n o i d e s Zone 

[ M - 1 . ( B ) ] 

Category: Oppel -zone . 

Defini t ion: Ttiis zone i s character ised by the a s o d a t d o n of i t s nominate 

^jecies . The upper l i m i t i s marked by the l a s t ^ p e a r a n c e s of Citâcddes ex 

gr. beaumontdanus, Gyrcddinoides nonioncjides, Nec?flat>»liTia retH''̂ 'iñtĵ r 

araebulimina ex gr . fang, Praeb. ex gr . prcdixa and Praeb. ^ñnata. I t i s 

important to note the l a s t appearancies of Neof1ñt'*'1ina semire t icula ta and 

Heof. ex gr . pf lu l i fe ra , near the lower l i m i t cC the zcne, and the f i r s t 

ocxnirrencs of Ammobaoi l i tpq sp^ c f . ^ f ragmentaba in the zcanal 

aaGembQage. 

Aadgned age: ea r ly Maastrichtdan. 

Reference sec t ion : w e l l l - S E S - 9 (1350-1638m). 

Aœocdated microfauna: Allomorphina ex gr. cretácea, D a i t a l i n a ex gr . 

legumen, Eponides araczapensis, F r c f i ^ miaría d a r k i , Gav^iiTvi'na ex gr . 

beccar i i formis , Gav. nacatochensis. Gay, spissocostata, Gav. ex gc. 

velasccjensis, G l o b o r o t a i i t ^ ex gr. mich«='iiniana, Gyrniftina lyi.'=ffp'li, 

Gyrcddinoides quadrata , Lent-imiina ex gr . ro tu la ta , Neobulimina a^)era, 

Neob. canadensis, H(x3ogenerina stet^enscaTJ, NuH-aTiinpTla floreaiis, Nut t . 

texana, Or thokars tema c l a r k i , Praebulimina ex gc. bantu, Praeb. 

kicdcapoc^nsis, Quadrimcarphina ex gc. allomorghinoides, Ramulina acruleata, 

Sighogenednoideg bramletbei, Sbomatcrbdna sp. A ; Alveologhragmium sp. A , 
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AmmobacuHtes ex gr. coproîibhifccinia, Ammodiscus aretaceus, 

Ammoglobigerioa ex gr. qlobjgerinjfcrmis, Bathysip^icn ex gc. vitta, 

Critrostomoides ex gr . trinifratgisis, Dorothia ex gr . biTi^^t-a^ Gaudryina 

laeviqatctf Gaudr. pyramidata , Glomosgdra char codes, Glomo^xir^'na gaiUfcrna, 

HagenoweDa ex g r . SHta=phaerica, HaplDehragntaides ex gr . b'Tl^idt^a, 

Hccmcsina ex gr . g I o b i l i f a : a , Hyparammina ex gr . ga"H-ina^ KarrpHpl la ex 

gr . cCTiversa, Marsscgy*Tla txochus t rochus, Marss. trcx:hus tnr r i s , 

Psammosghaera scngx^sa, Recurvcddes ex gr . g iob j losa , Rzehakina ^ i g o n a , 

Rzeh. f igdstomata , Silicosigmoûma r-pniFtxruca, Spiroplectamnüna sigm^^idinar 

•nrochamminoides f l a g e o , V a n e m i i n a cretosa. 

EtJstribitJDn: Sedimentary rocks c£ this zone have a lso been recovered â:om 

wens 1-AÜ-1-SE {0-143m) and l - S E S - 2 4 t2190{?)-2220m]. 

Palaeo-environments: middle to deep n e r i d c (well l - A ü - 1 - a : ) , vçper t o 

middle ba thya l (weD. l - S E S - 9 ) , middle to I o w a bathyal (well l - S E S - 2 4 ) . 

G y r o i d i n o i d e g l o e t t e r l e i -

O s a n g u l a r i a v e l a s c o e n s i s Zone 

t M - 2 . ( B ) ] 

Category: QEpe l -zcne . 

Definit ion: This zcne i s character ised by the associatdcm of i t s nominatie and 

associated species . The içiper l i m i t i s marked by the lasb appearances of 

Gyroidinoides l o e t t e r l e l , Nodogenerina s t ^ h e n s o n i , Qsangi igHa velascoensis, 

Rraebulimina ex gr . bantu, Ammobaculites ^ c f . A . firagment-gria, Rzehakina 

fissistomata and V e m e n i l i n a cretosa. 

Aadgned age: l a t e Maast r lcht ian . 

Reference s e c t i c n : weU. l - S E S - 2 4 (2100-2190m). 

Associated microfauna: Allomorphina ex gr . c re tacea , Bandyella d a v a t a . 

Band, ex gr . greatval leyensis , BcJivina ex gr . incraasata, BüHmii^na ex gr . 

ccdonensis, Bu l im. quadri lobata, DentJilina ex gr. gramli^- D o i t , ex gr . 

legumen, Epcnides aracapensis , GavelinpTîiu ex gr . beccariifocmis, Gav. 

monterelensis, Gav. nacafaochensis, Gav. ^ r i s o c o s t a t a , Gav. ex gr . 

vplascoensis, Gu^ni i ina communis, Gyr^id ina bpi,qi=ipli, Gyr 'dina megastomat, 

Gyrcidincddes ex gr . gLobosa, Gyr'des quadrata , Lenti i -nl ina ex gr. r o h i l a t a , 

Marginullnopsis sp. A , Heobulimina a^>era, Neob. canadensis, Nodosaria ex 

gr. aff inis , Nonicnel la austinana, Orthcrfcarstenia d a r k i , Osangularia 

ccrdier iana, Praeb. kickapooensis, Praeb. réussi, Pseudonodcsaria ex gr . 
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huiniiigr Pseud. obesa, Pul lenia cretacea, QuadrJmorphina ex gr . 

aliomcBíiphincddes; AlvecOoptiragmium sp. A , Ammobaci i^ t^^ ex gr. 

coprcJittufocmis, BathysitAion ex gr. vibba, Cri ixostomoiiJes ex gr. 

<-rTTTit-qtf»risiŝ  Dendrophyra ex gc. exccigĵ , Docothia ex gr . buHeta, Gaudcyina 

laev iga ta , Gaudc. pycamidata, Gtomospica goc^aiío^ Hagenowella ex gc. 

subBEhaecica, Hégflophragmoides ex gc. buHoides, Hcrmosina ex gr . 

g l o b u l i f g a , Horm. Ovulum, Hyperammina ex gr. g a u M n a , M a r s c r v ' n a trochus 

oxyccaTa, Marss. t rochus ^ ' ' i r^g , Psammosghaeca scruposa, Pseudogaudryin^TTq 

ex gr. capítosa, Recurvoides ex gr. globulosa, R e c ^ c f . R. subturbdnata, 

Reophax texanus, Rhizammina ex gc. ind iv isa , Rzehéikina epigona, 

Spircplectammina l aev i s , Sp i r . ex gc. spec'''^hí1^'^ THt-avia p J l i ' ^ a e . 

Di s t r ibu t im: Sedimentary rocks of t i i i s zcne have also been recovered from 

wells 1 - S E S - l A a530-1920m), l - S E S - 3 (1995-2085m) and l - S E S - 9 {1314-

1350m). 

Palaeo-environments: i^jper to middle ba t i iya l (wells 1 - S E S - l A , 1-9ES-9), 

middle to lower ba thya l (weHs l - S E S - 3 , l - a S - 2 4 ) . 

B o l i v i n o i d e s d r a c o -

O r t h o k a r s t e n l a c l a r f c i Zone 

[ M - 3 . ( B ) ] 

Category: Oppel-zone. 

Defini t ion: This zone i s character ised by the association o f i t s nominate and 

associated ^pecdes. I h e iqipec l i m i t i s macked by the lasb appeacances c f 

Bolivinaides dcaco, Ortfadtarstenia cdarki, Praebulimina kickapooensis and 

Praeb. reuffiL I t i s impor tan t to note the f i r s t occurrences of d avu l ino ides 

ex gr . trilátera, Gaudcyinopsis glatacata and Paeudoclavulina arenata i n the 

zona l assemblage. 

Assigned age: lat:est M a a s t r i d i t i a n . 

Reference sect ion: w e E l - a S - 3 (1905-1995m). 

Associated miccofauna: Aüomort^üna ex gr. c re tacea , Bol iv ina ex gc. afea, 

BoL ex gr. inccassata, Buliminel la brevispira, Bul im. ex gc. colonensis, 

Cilácddes gp. B , Eponides egacajieneis, Gavp>1ip^Tia ex gr. beccap i fccmis , Gav. 

dementdana, Gav. montsrelenais, Gav. nacatochensds^ Gav. ^assocos ta ta , 

Gav. ex gr. velascoensis , Globorotqiit-pq ex gr . micheHniana, Gut-Hiijria 

communis, Gyrcddina bpi^^iy Gyr 'dina megasboma, Gyr"if?iprides ex gr . 

glx^xjsa, Gyr'des ex gr. n i t ida , Gyr'des quadrata, Lctgena acutdcostata. 
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Lentia,]3ina ex gc. cotu la ta , Neobulimina asp^a» Neofaulindna canadeniàs, 

Nodosacia ex gc. a f f ims , tJuH-a-ninoTia floceaUSr Mutt , texana, Osangularia 

cor^«=n-iana, Pseudonodoséiria ex gr. t w m P i ^ Pseudouvigerina pluiainerae, 

PuHenLa cretacea, Pyrul ina cylindccddes, QuadrijnOTt^iina ex gc. 

aHomorEdùnaìdes^ Ramulina aculea ta , Sighogenerinoides fcramlettei, Vagint i l ina 

t-riinbata; Ammobaailit iF^ ex gr. oogyolitfaifornùs, Ammodiscus gretaoeus, 

Am mod, glafcratus, AmmoglDbLgerìna ex gr. glpbigprinìfocmis, Asano^r i ra ex 

gr . glabra, BaÜiysighcn ex gr . vìtta, Critrosbomoides ex gr . trlmtaterCTg, 

Doroti i ia ex gc. b ^ e t a , Gaudcyina laevigata , Gaudc. pyramidata , Glomo^aira 

cìiarcadesr HagenoweHa ex gr . subsg^iaerica, HapJophragm crides ex gc. 

bullaides, Hcrmosina ex gc. glotyiiifCTa, Hyperammina ex gr . gaul t ina , 

K a r r p i - i ^ T l a ex gr. cCTivecsa, MacsoneDa trochus oxycona, Marss. t rochus 

trochus^ Psam mos t re rà s c n q x s a , PseudogaudryineTla ex gr . c^àtosa, 

QuasLqpiroplecbam mina navarroana, Recurvoides ex gc. globulosa, R e c sp, c f . 

R. subburbinata, Reophax texanus, Rhizammina ex gr . ind iv i sa , R z ^ i a k i n a 

epigona, Saccammina sphaer ica , Spiroplectammina chlcoana , Spir . l aev i s , 

•Ql taxia eDisorae, Tcocham minoides f l ager i , Vameuf l ina c re t acea . 

[distribution: Sedimentary cocks wi thin this zcne have also been recovered 

& o m weDs 1 - S E S - l A a410-1530m), l - S E S - 9 {1170-1314m) and 1 - ^ - 2 4 

a980-2100m). 

Palaeo-envircnments: uppec t o middle bathyal (weHs 1 - a S - l A , l - a s - 9 ) , 

middle to lower ba thya l (wéEts l - S E S - 3 , l -SES-24) . 
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T A B L E S 4 . 1 T O 4 . 7 

RANGE CHARTS 

KEY 

I 1 - 5 % ( r a r e ) 
6 - 1 0 % ( c o m m o n ) 

i 1 1 - 2 0 % ( f r e q u e n t ) 
2 1 - 3 0 % ( a b u n d a n t ) 
>30% ( v e r y a b u n d a n t ) 

( B a s e d o n 3 0 0 - s p e c i m e n c o u n t s o f t h e f r a c t i o n > S2}m) 
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l a t e 

A p t i a n 

Ap-1 A p - 2 

Albìan 

A l - 1 A l - 2 A l - 3 A l - 4 A l - 5 A l - 6 

Subordec Globic[ecinina 

CMes tEioma«sis 

(ìnembelitiia oenomana 

HedbergePa gayuséllal 
w a ^ i i t a B S 

Hedb. ex 

delrioensis 

H**̂ h, (p,) yrtaadiikae 

Hedbw }̂ ex gr. ^aaniEpira 

Hedb. <p.) ex <yc. simplex 

Heterohfìt» ex 7 . mocemanL 

ftaeglobotruncana débjoenas 

«H-inuTieina bceggieiEÒs 

Hetfliergella (B^ 

HedbergePa CB4 
sutacretacea 

f ì r - ì n u T i ^ madecasiana 

TSc graetianerBis 

CìfiMijpriTipTi niAaig cidunani 

Tir-inuTla gp^ ff_ t pHiniila 

Conoqlotaigadna (?) ^ A 
f T l n h i . y » r i n o T I r r i i Ì M a p t à e D B B 

(Tdes barn. 

TAHE£ 4J.(A): Biostratìgraphic distcibutiDn and re la t ive abundances o f 
planktonk: foraminiferal assemblages (Siiborder Glohigerinina) £com ti ie labe 
Apt ian t o Albdan. 
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la te 

Aptian 

Ap-1 Ap-2 

Alb ian 

A l - 1 J A l - 2 IA1-3|A1-4 A l - 5 A l - 6 

&des macrocaneratis 

ffdEs ^ gr. maridaleifiis 

Heito. {BJi labocaensis 

Hedb. (E.) maslaltogae 

Hedb. ^ 3&mie3cngata 

Hedb. fffJi sigati. 

Heaa. fp.) aunilis 

caoKiliqmna ^ 
G. botecivica 

TABLK 4J . (B) : Biostratìgraphic disbnbution and re la t ive abundances of 
planktonic foraminifera l a ^ m b l a g e s (Suborder Glohigerinina) from the l a t e 
Aptdan to Albdan. 
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l a t e 

Aptian 

Ap-1 Ap-2 

A l b i a n 

A l - 1 A l - 2 A l - 3 A l - 4 A l - 5 M - 6 

Gavelìnella becthélini-^T. 

Gyr f̂cs ex gr. nitida 

IgntTculjna ez gr. gaiiltiiia 

Lent. ex 9;. rotiilata 

Lent, ex flpf. sufaangi'ij»*'?' 

Neobutinina aubcxetacea 

Ramiilina tetcahedr?̂ ìT ì̂ 

Tìisrix ex gr. e«:agata 

CmKatxttdes ex gr. mìnoHfgina 

SararprvWTì cf. 

S. uagacnstata 

Eogirttulina andaiyi 

E^ilbCOTni"^ M ni P i l i ' ^ 

temgularia artìToenbachi 

Patellina subcretacea 

t̂ Tìi-TTKna minuna 

BpJstp'n'Ta carpi"'**""'' 

Globarotalibes sp. c£. 

G. mnltiBepta 

aibconica 

T^ÌBtt un'ina cì*j^pnianL 

Gavelìnella bacrendana— 

Gav. Qandrini pIpT''"' 

Gtobacotfi^tf^ ex gr. 
i i r i i ~ h ^ 1 Ì T T Ì a m 

linqcdoqag t̂inpTla ciryL 

feeMdorf*^'^*"^ ex 7 . tmiiflis 

Ramùlìna aculeata 

TABLE 4 J p i ) : Bkstratìgraphic disbnbution and re la t ive abundances of 
benthonic foramini fera l asemblages (Suborders Spi r in ina , Ihvolutinina, 
Lagenina, Robertinìna and Rotaliina) from the l a t e Apt ian to Albian 

3 30 



l a t e 

Apt ian 

Ap -1 jAp -2 

A l b i a n 

A l - l | A l - 2 ! A l - 3 I A l - 4 l A l - 5 1 A l - 6 
RanÙlina fi'gaFnrmÍH 

fftt̂ ^^na ^ A 

Dgitaliiia ex gr. legumm 

ItocfaQlina ap, A 

I^itictilìna ex gr. nodosa 

Astacnlirs ^ cE. A. aotula 

flstacoìiB sp. A 

Dentatina rni irfi iata 

Globulina laoima 

Gutbilina ^ A 

Pyndma c^indcaides 

Hacqinulina ex gr. aeqmvoca 

Vaginutina ex gc. HPHÍÍIH 

Vaginulina ex gr. kodm 

Suborder H i l i o l i n a 

tegudosjqmoilina (?) sp. A 

Quinqueloculina (?) sp. A 

Suborder T e x t u l a r l i n a 

Marsopt»Ti?i trodius oxycoiia 

Mara», trochus tiims 

TYnf̂ ìa mini Tini tìp̂  '^y i-F, 

TL subccKonata 

BdtfaysijiKxi ex gc. ^ 

Ammodiacus inoertus 

Gaoayinogsis sp. cf. 
G. grJvfa<'Jì 

Hyperam""'" ex gaiilHna 

MarssoneDa trociiis trocAis 

TABI£ 4.2 (B): Biostcatigca^hic distributiDn and re la t ive abundances of 
benthonic foraminiEeral assemblages (Suborders Spi r i l l ina , Ihvolutinina, 
Lagenina, Robertinìna, Rota l i ina , Mil io l ina and Textulariina) from the l a t e 
Aptian to Albdan. 
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l a t e 

Apt ian 

A p - 1 l A p - 2 

Alb ian 

A l - l | AI-2I A l - 3 | A 1 - 4 J A 1 - 5 | A 1 - 6 

QtiaB. ex 7 . •y'^ì'ndaiia 

Qoas. finid. 

ica 

Bggerellina madae 

Paraceridncüina (?) ap. A 

dividono 

AiBffl"*''''''"̂ ''* 'jc A» 

GaudcyinouM SÜCücnis 

Ha;di3|Éiragaiiiin ex gc 

foedisÙBon 

aideg ex 

dotia 

VahmlaaMÌna (?} s(k A 

ttochanndna ex ^ nimia 

AmnobacnlitHe sp. ^ 
A. ''''fT'itili'iT^M 

Ammob. ceotThacoàdes 

T A B L E 4JZ ( Q : Biostratìgraphic distribution and relat ive abundances of 
benthcMÙc' foraminiferal assemblages (Sutorder Textulariina) from the l a t e 
Apt ian to Alb ian . 
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Cenomanian 

C e - 1 C e - 2 C e - 3 C e - 4 

Tuconian 
T - 1 T - 2 T - 3 

C o n i a c , 

Co 

Suborder Globigec in ina 

flrcìiaeoqi"Wfyi»-;na blowi 

Arcàu (letacea 

HedbgyTia ^ 
ex gc. gmplf»» 

Bedb. (Hhiteinéna) paradiihdfl 

Heteratwti-y ex gr. glfrtxilosa 

Hedbergella ^) ex gc. 
delcÌDeiEis 

Be îu (H.) ex gc. p1a"i«̂ Tira 

Gìipni b̂ Tìtri a cenomana 

HedberqéHa (H.) apdca 

Hedb. (H.) halHfa 

Heterohelix ex gr. mccemam 

Marginctomcana undtilata 

ftaeglobotrimcana stHobam 

Hedberyni^ (W.) 

artàiaeocietacea 

Hedb. (H.) hrittnnCTsis 

Rotalipcca gceenfaocnenais 

HedbergeHa FaroBePa) 
wa^ntensis 

ftaeqlobotruncana ffalrirtensis 

Hobalipora appenninica 

Rotalipcca txotzari. 

Hanomalina sp. (£. 
p. [» .w»ti gtt w ri 

TABLE 4.3 : Bìcstratìgraphic dist t ibution and relat ive abundances of 
plankbanic foraminiferal assemblages {Suborder GQobdgerinina) from the 
Cenomanian t o l a t e Coniacian. 
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Cenomanian 

Ce-1 Ce-2 Ce-3 Ce -4 T-1 T-2 T-3 Co 

Turonian Coniac. 

Ccnocbcddes ex gr. nrinuHgama 

GagpTinnTIa gg. A 

IgnticulJna ex y-.rotailata 

linguIogayr̂ TirmTia tmnarpmsis 

NecfauUmina minima 

VaivoüneEiä B 

Boliyina ^ c£. E. incraasala 

Gagt̂ iTfwTia bertfaelini—Gay. 
piamma:ae-Gag. r g ™ plpinw 

PatpHina aibcretacea 

CTaraiHna ^ À 

ftaphnlimina ex gr. nannina 

f̂ TfnTHrra minima 

'njTispiriBina sobconica 

Dentalina ex gc. legiimen 

Dsitalina vistiilae 

Gabonita levis 

Gabb ^ c£. G. parva 

lagena paiin'nngtata 

I^itdculìna ex gr, ijaniHria 

lent. revoluta 

HcxiioneDa sp. d E , N. austinana 

Hodoqenecina sp. cE. 
N. glexantj"'' 

HorlnRaria liint>ata 

Hod. ex gc. obscura 

Valviitineria sp, A 

CflfTàJpTIa ex gc. viscidus 

Caacasina ^ A 

CccygtKBfaDma sp. B 

Gabonita obesa 

GavelinapsiB (?) ^ A 
Ijngiilogagpìinpna (?) ^ 

TABIE 4.4 (A): Biostratigraphìc distrit)UtÌDn and re la t ive a tundanc^ of 
benthonic focamimferal assemhlages (Suborders Spirülina, Involutirana, 
Lagenina, Robertìnina and Rotaliina) from the Cenomanian to late Coniaaan . 
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CenoKanian 

Ce-1 Ce-2 Ce-3 C e -4 

Tueonlan 

T - 1 T - 2 T - 3 

Coniac . 

Co 

Qob. 

Anomalinaides sp. A 

Ca.y|Jio5toma A 

Gyraidinoides ex gc. pìHffa 

lingulina kpnpH 

Sanulana complanata 

Bamulina aculeata 

Vafpfitina ex gc. Itn̂ hti 

Omtalina communis 

GkAxrotalìbes ez gc. 

Saracenaria ^ (±. 

Subordec H i l i o l i n a 

SpiroLocuIina spk. A 

ScBroIoculìna cxetacea 

Suborder T e x t u l a r l i n a 

TexHrtarìa ez gr. qihrTuriirq 

•ttortìamniTiTa sp. A 

Am moba" ilitp-w impexos 

AmiDomarcnniilìna pa tK^^a 

Dìscammìna A 

MdLaaji»¿na kummi 

Macai, trorfius "̂""g 

TVit-â ilìna (?) EpL A. 

TABI£ 4.4 (B): BÌJDStratigraphic distributiDn and reiatLve atundances of 
benthonic foramijiìferal a s e mhlages (Suborders Spirülina, :&ivQlutinma, 
Lagenina, Robert inina, RotaUina, MÍÜcOina and Textulariina) from the 
Cenomanian to l a t e Ccniac ian . 
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Santon. 

S-1 S-2 

Caapanian Haastc icht ian 

Ca-1 Ca-2 M-1 M-2 M-3 

Subocdec Globigec in ina 

Arcfaaeg]i"F«jc»-;na Movi 

CoiiLiBOtliuncana contusa 

rinhìfjm'npTiftìfipg esrfiegl 

(?des ùUramJCTa 

Globotnmcaia aegyptiaca 

Gk^xjtruncanita pettersL 

gcanita eaiebKsis 

1 Gtobotiuncanella hawanensis 

CneHa pe* î"iriea 

GuembelTtria cretacea 

'Be*frfitPiì^ ex 7 . Rotules 

Het. piilcfaca 

Het. .striAl 

Hanoglobulina varians 

Keudoguemfaelina cucjLrfta 

pamirffina exc"l?Tta 

feeudotex^'iaHjì txowni 

teeudoteit. eJegans 

RagoglobiqeDna ex gr. rugasa 

GanssEEina tjdimgi 

SoboLnmcana ccBet±a 

(jcana faifacnrcmnnodifer 
(7cana nnuty Ir-nM.! 

ContaBottunrana patEDifocinis 

npterr^^ti» planata 

feeudoguembetina palpebra 

Rugoglotâqedjia h**ìtar-ani erata 

ftrdiaecjglofcBqenna cre*:<!Hrea 

Contisotruncana ex gr. rt.xnicata 

CTotàgerTnpTirririqs ab*'*'''anta 

Globotamcana arca 

Globotcuncana buQajjdes 

TABLE 4.5 (A): Bkstrat igraphic: distribution and re la t ive abundances of 
plankton! c fcjraminiferal assemblages (Suborder Globigerinina) ftrom the l a t e 
Coniacian-SantcxTian to Maastr icht ian. 
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Santon. Campanian 

S-1 5-2 Ca-1 Ca-2 

Haaste icht ian 

W-1 W-2 H-3 
Globmtunujia linnedana 

Globotruni:dnita 'ì̂ ibppinosa 

HedbergePa (HJ b^md^^^e 

dofaotxuncana czìontalis 

Globotnincanìta ^ c£. G. rairfwata 

Betarotielix anecicana 

fTlniifTi T'iTm '̂ iiil'a Ì̂&iat3— 

sbiartifianiiis pi*»x"Q 

Heterohelix reiHsL 

nìf-ai-ineTiJ* asymetadca 

Hedberqélla (E.) ex gc. lìpTrinenas 

Marginotruncaiia amcgt 

rtir-TirïttpTia cccicavata 

Hedb. (HJ FlanHriTii 

Marginotnincana nenzL 

Hanrj, undiilata 

Ventrüafarella austìnana 

TABLE 4 .5^) : Bkstraügraphic distributìm and re la t ive abundances of 
planktonic focamiiùferal assemtdages (Suborder Globigeriniiia) from the l a t e 
Coniacian-Santonian to Maastrichtian. 

3 3 7 



Santon. 

S-1 S-2 

Campanian 

Ca-1 Ca-2 

Haastr i c b t i a n 

M - l M-2 11-3 

JffloiBocpbina ex gc. ocetacea 

Bofaripa ex gr. afra 

BoL ex gr. incrasata 

Bcaivincndes dcaco 

ftititninp'na Li.CTii4Jira 

Bulûn. ex gr_ ccdonensis 

rihir-irhaq ^ B 

Eponides acacaïjensis 

GaveHinena ex gc. 

Gav. cleinmtiana 

Gav. montjecetosis 

Gav. nacatochenfâs 

Gav. '^TMrif 

Gav. ex gc. velascœEis 

Guttiiïma commums 

Gyrcàdina beosB l̂ 

GytMina megaatoina 

Gyroidînaides ex gc. globosa 

Gyrt3es ex gc. nitida 

Gyrt3es qaadcata 

lagaia aciiHrrrf^^ 

TippHmtina ex gc. cabdata 

Heobulimina aapera 

Heob. canadafBïs 

Sô n̂psw-ia ex gc. J^njff 

NiiHaHïnena fkzealîs 

Hutt. texana 

Orttaofcatstiaiia cJarid 

OsangulaCJa nnrrHm-iana 

ftat^iKinina Idric^ooenBis 

fta«»KiHinma reuB. 

— — teeudonodnmria ex gr. twtiiTtKa 

TABLE 4.6 (A): BiostcatLgraphic distribution and re la t ive abundances of 
benthcxiic fOTaminiferal assemblages (SuiDOcdecs Spir iHina, ihvblut inina, 
Lagenina, Robertinina and Rotaliina) feom t i ie l a t e Coniacian-Santonian bo 
Maastcidi t ian. « ^ -
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Santon. 
S-1 S - 2 

Campanian 

Ca-1 Ca-2 

Maastcicfatian 

M - l M-2 « - 3 

Iteudouyiqeriiia gdimmgrae 

Biïlpma Qcetaoea 

Pynilina c^ûAtâdes 

Quaifcmaiphina ez 9;. ànomocptrincades 

RamuHna acudeata 

SiLiaxjKiy""™'^^ tzamiottei 

Vayrofina twinHata 

BanctyeDa davata 

Band. ez gc. greatoaHeyensis 

Buliminéna gtiaî Hiobata 

Dent- ex gr. Jegumen 

GvroKÏinaâdes ]aet±ecla. 

Marginulinoogs ^ A 

Hodoqmedna stephemonL 

HonioneDa ausrinana 
rtonqiiiaria velascoenss 

ftaebulimina ez gc. banta 

teeudonodomria ohPsa 

rihir-iftes ez gc. beaumontianus 

Frondicnlaria clarki 

Gynadînaides nonioncrides 

Nec^abellna ex gr. pTiniifera 

NeoË. reirii-iiiata 

Neof- semjreticulata 

^aet̂ iHTnina ex gc. fanq 

ftaeb. ez gr. pccOixa 

a:aeb. apinata 

^EMddlamarcddna ^ A 

ftitiminpTla pee"'̂ '''rfegan<'î "'a 

Dentalina haafplanata 

Paît, megapolitana 

Dent, vistolae 

EDipBoglanduJIina wlascoensis 

E îistpmina sopcatjeljiuea 

TABI£ 4,6 (B): BJœtratigcaphic distcibutiijn and re la t ive atundances of 
bentha i ic foraminifecal assemblages (Subocders Spir iHina , fiivolutinina, 
Lagenina, Rcrf^ertinina and Rotaliina) from the l a t e COTÛadan-Santonian to 
Haasbrichtian. 
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S a n t o a . 

S-1 S-2 

Campanian 

Ca-1 Ca-2 

Maastr icht ian 

M - l M-2 M-3 

GavetîneDa erecta 
Gag, Ittimana 

Gag, andidgei 

Globtes aibconica 

Gyroàdina ^ \ 

pameua spm A 

Tjicnfitema qoirirogi 

lag^ia panr.íf-ir»i»,ita 

QdtbosLella ex gc. halfiairtï 

OctiiottaistiHiia clavata 

CJctfaok. ewaJdi 

Osangiiî ^ iji riavacToana 

iSanitina taylfyei'g'q 

^ramiiììna nidita 

Vaiivulinada anacaH 

nuŒodiaca 

RmgTpn;! ex gc. Bapcx^ae 

RÜlfinia jmrica 

CiHidLiiia navflPCQana 

Str-^n^na ^ A 

Gaoelînella tlialnanni 

GageiinD|a3 (?) sp. B 

GIobmitaiitES ^ g s i s 

Glotytes m"W '̂*vt̂  

Glotftes qñnea 

fTttif̂ iTu^ mutticostata 

LenticutiiQ rewoliita 

Hef*̂ 'ìì"'''na aimaa 

KaebuKmina ex gr. nannina 

TABE£ 4.6 {C): Bicstratigraphic cîîstTibution and relat ive abundances of 
ben tha i i c foraminiferal assemblages (Suborders Spir iHina, Divolutinina, 
Lagenina, Robertinina and Rotaliina) from ti ie l a t e Coniadan-Sant ixi ian to 
Maasteichtian. 
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Santon. 

S-1 S-2 

Campanîan 

Ca-1 Ca-2 

Maastr icht ian 

M-1 M-2 M-3 
Subocder T e x t u l a r l i n a 

Ammobaculites ex gc. eoproLitfaiíJQcais 

Ai&Diodiscus cr^^acd^s 

AnillOtL rjlahrpitng 

Anmod. giaiBB 

Ammoqlobiqepna ex gr. glotHqepntfmnis 

Asancspira ex gr. glataca 

BaLhyEàphon ex gr. vitta 
namilîTinirip>a ex gr. t-HI^ 

DocoHiia ex gr. hiTlPtn 

Gautkyina laenrigata 

Gaudc. gyramïdata 

Gaodryinotgàs glalxata 

Glomosaica i4mrni<ípfl 

Hagenowella ex gr. 3±Eçhaerir^ 

Sa^oçkaagmcôàes ex gr. buHaides 

Hocinosina &L gc. gkAwlïfera 

Hypecammina ex gr- gauQtina 

paTTprî T̂la ex gr. conversa 

MarfTjnrwTTa trocAuB oxycona 

Hai^. Lcocfaus teocfaus 

feaminoefhaera acruposa 

fôeudoclavulina ar»iata 

KeudoqaodcyineJla ex gr. e s 
(̂ tafOF^Tiropiectammina navarroana 

Recurvcodes ex gc. globulosa 

Rec ^ c£. R. aubtairfcànata 

Seophax texarma 

Shizainiidna ex înâisis 

Rzeh^dna epigona 

Saceammina f^*""^^ 

SpiroçaectaiBiiiina rfñcoana 

_ Sproplectamiiiina laews 

TABLE 4.7 (fii: Biostxatigraf*iic dis tnbut ion and celatíve abundances of 
benthcffùc fccaminifera l assemblages {Suborder Textuiarilna) fcom the l a t e 
Coniacian-Santonian to Maasbñchtian. 
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Santon. Caapanian Maastr ïchtîan 

S-1 S-2 Ca-1 Ca-2 H-1 M-2 M-3 

— — - —. ^̂ 77r̂ ĴlT̂ m̂̂ nrrî ŵ Baqeà 

AtvecdoFÉitijqiiiiuiii 33L A AtvecdoFÉitijqiiiiuiii 33L A 

Ammofaaculttes afx. cf. 
A. traqmentana 

DenAophyra ez qr. *-TrF'l*5i 

— — — - Glomo^Bra qocdialïs 

BonnoEÎna ovuliiiii 

NamnriRTIii tmrhin tinrifl 

Rzehaidna Ssastninate 

Vaneinlîna rrp* n&> 
ninfm>̂ MfMT1a tpwiH-fj»̂  

Sïatoî dectaiDiiiîiB siqmoîâina 

AmmovecteDina SÇL A 

GLaT̂ iycammïna sp. A 

HaplapfacaqmcdâeB njqoŒ 

Pîlulil» ^ A 

Rbabdammina ex qr. discreta 

SpirQlocamiinna sp. A 

ItOtAlCSBCa (?) 31. A 

Açinfr̂ Tira waltprî 

'D x̂̂ iamouna tjatJHWMT»̂  

Tïix̂ iiininÎTnTfles ex gc. f̂ 'Hiiig 

TABLE 4.7 © : Bicstrat igcaphic distributiûn and re la t ive abundances of 
benthonic foramini fera l assemblages (Suborder Texhilariina) from tiie l a t e 
Coniacian-Sanbonian t o Haastr ichtian. 
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T A B L E S 4 . 8 T O 4 . 1 2 

Correlation of various zonal schemes. No attempt has been 
made to modify the ori g i n a l zone names, which are presented 
as proposed by the several authors. 
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TABE£ 4 .90^; Cotrelatáon of various Edanktcxiic focarainiferal zonal schemes 
proposed for tìie upper Apt ian t o Albian. 
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TABLE 4.9(^: CocrelatiOT of varÏDUs planktonic forarainifecal zonal schemes 
proposed foc the içper Apt ian to Altaian. 
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Stages 
i 

A m m o n i t e Z o n e s 
(afl£r Bengtacxv 

1983, a i d 
leyraent & Bengtson 

1986) 

Koutaaukos, t h i s study 
Stages 

i 

A m m o n i t e Z o n e s 
(afl£r Bengtacxv 

1983, a i d 
leyraent & Bengtson 

1986) 
r P l a n k t o n i c Foramlnifera Benthonic Foramlnifera 

Coniacian Sol gerite» (Co) Arcbaeoglabigeriaa c re t i c ea -
DicarioBlla primitiva 

Zona 

CavaUoeUa i p . k-
Valvuliaecia i p . K 

Zone 

Turonian 

SubprioDOcfcl US (T-3) Oicaeiaella primitiva 
Zone 

CareJiaeJlA bertbelini-
Qìv. pl\iaaotaa-aìv. reussi p l a i u i -

Ualvui ineria sp. A 
Zone 

Turonian 

Saplitoides 

PseudotisBotia 

{7-1] 
Bedbergella ['Kliiteinaiia) aprica 

aedb. (W.) ba i t i ca 
Zon« 

Cabonita Invia-
Uodosaria 6i gc. obacìira 

tane 
Turonian 

Saplitoides 

PseudotisBotia 
(T-1) 

aedbergella (W.) arcbaeacratacBa 
Betecobelix reusgi 

Zone 

Oabonita Ìevis-Oab. obesa 
Zona 

Cenomanian 

S, (Kaaabiceras) 
(Ce-4) 

aiobigeriDalloidas boatooBBais-
Bedbergella (W.) aprica 

Zone 

Caboaita laria-
Discmaiaa sp. \ 

Zone 

Cenomanian 

Acatbocerat 

DuavBgaaocacaa 

(Ce-3)' 
Hedborgella (H.t baltica-
Bùdb. (H.) brittoDBasia 

Ione 

Ciblcidaa i p . k-
Sodosaria ex gr. obscjra 

Zone 
Cenomanian 

GrayBoaites (Ce-2}' 
Praeglobotruacana delrloeaaia-

RotaJipora appeaaioica 
Zone 

Liagulogaveliaalla (7) 
sp. ci. L. tbalmaaailoiraia-

Spiroloculioa cretacea 
Zona 

Cenomanian 

? (Ce-1) 
Rotalipora brot ieni 

Zone 

Cibicide» i p . k-
PJaauiaria coaplaaata 

Zone 



TABI£ 4J.1(A): Correlatìan of various planktOTiic foraminiferal zonal scheraes 
j^oposed for the Cenomanian to lower Coniacian. 
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TABLE AAlißli: Cotrelatím of various pOanktcmc foraminiferal zcmal schemes 
prc^)osed fcx the Cenomanian to lower COTiiacdan. 
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TABLE 4J.2py: Ccarrelation of various planktcaiic fcaraminiferal zonal schemes 
proposed for the upper Coniacian-Santonian to MaastrichtLan. 
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Stages 
Koutsoukos , t h i s study Azevedo 

e t a l . , 1 9 8 1 
Campos B a s i n 

& R e g a l i 
1987 

(Para-Maranh 
Basiti) 

t R e g a l i , 
L987 

IO (Pot ig i iar 
Bas in) 

V i v i e r s , 

19B6,.1987 

(Santos 

Bas in) 

Beur lsD i 
Koutsoukos 

( i n Beur len 
et a i . , 19B6 

V i v i e r a , 

19S2 

(Ceara 

Bas in) 

Hogut l 

t Santos , 

1972 

tí 
ni •ri 
•u 
u 

-H 
It 
•f 
in 
fi 

{H-3) 
Contusotruocana caatusa-
CiobatrtiDCJQa aegj^Cl^ca 

lane 
A. aafazoeùaia S. reic l ie i i 

? 

a. fornicata 

? 

a. gaossari 
0. coatusa 

(3, aajptiaea 

a. contusa 
tí 
ni •ri 
•u 
u 

-H 
It 
•f 
in 
fi 

(M-2Ì 
Gansseeìna gaassed-

alobotcuacaoita stuartifonais 
Ione 

a. gausseri 

17. eJarata 

0. ganssari 

? 

a. fornicata 

? 

a. gaossari 
0. coatusa 

0. g a n s s e r l 
a. contusa 

tí 
ni •ri 
•u 
u 

-H 
It 
•f 
in 
fi 

(H-1) 
Centusotruflcaaa foralcata^ 

O'caoa lioneiana 
Jone 

a, fornicata a. fornicata 

1 

? 

a. fornicata 

a, pluimeeaa-
B. íoroicata 

wltbout 
dlagntiitlc 

micrafoBSllt 

M. uoiJuIata 

0. buliaidas 

Q. fornicata 

S. fornicata 
a, fornicata 

a 
M 

-H 
et 

ni 

U 

(Ca-2) 
dJobiitruacaaa or iaota l ia -

C'cana v a a t r l c D s a 
Zana 

a. iapparenti 

a. fornicata 

1 

? 

a. fornicata 

a, pluimeeaa-
B. íoroicata 

wltbout 
dlagntiitlc 

micrafoBSllt 

M. uoiJuIata 

0. buliaidas 

Q. fornicata 

S. fornicata 
a, fornicata 

a 
M 

-H 
et 

ni 

U 
(Ca-1) 

alobattancaaa líaaaíaaa-
OJúbotruacaoita elevata/ 

Stuardifontia plexus 
Zone 

a. iapparenti 

a. fornicata 

1 

? 

a. fornicata 

a, pluimeeaa-
B. íoroicata 

wltbout 
dlagntiitlc 

micrafoBSllt 

M. uoiJuIata 

0. buliaidas 

Q. fornicata 

S. fornicata 

0. cuarctata 

a 
IO 

-H 
(J 
O 

• 
ta 
co 

Coniac la i 

(S-2) Dicarinei la asynetrica 
Ione 

0. concava ta 

D, inbricata 

0. eoacarata H l t t O U t 
dlagnostlc 

D l t : r o f o i i i U 

a, pluimeeaa-
B. íoroicata 

wltbout 
dlagntiitlc 

micrafoBSllt 

M. uoiJuIata 

0. asfBatrica 

p. cocarat» 

M. undulata 

t. dairioaasi* 

a 
IO 

-H 
(J 
O 

• 
ta 
co 

Coniac la i 

(S-1) 
Dicarlnel ia contravata-

Harginotruncana sinuosa 
Ione 

0. concava ta 

D, inbricata 

0. eoacarata H l t t O U t 
dlagnostlc 

D l t : r o f o i i i U 

a, pluimeeaa-
B. íoroicata 

wltbout 
dlagntiitlc 

micrafoBSllt 

M. uoiJuIata 

a. coa cara ta 

p. cocarat» 

M. undulata 

t. dairioaasi* 



Biochronostratigraphic Summary 

Stages 
Hell - Sections 

Stages 
CP-252-81 CPa-is-81 CRL-l-SI l-DS-1-81 i-sn-u 1-SI8-3 l-SIS-9 1-818-24 

u 
K u s t r i c h t l u 

11-3 1410a 1905« 1170B 19B0a 
u 

K u s t r i c h t l u K-2 1530a 1995a 1314B 2100a 

1 H-1 - 7 - • 7 • " 7 • 1350B 2190a 

u 
Caspulia 

Ca-2 0/8ta(7) — 7 - 1920/80a • 7 • 1638B • ? • u 
Caspulia 

Ca-1 • 7 • OB - 7 - • 7 • 2085a " 7 • 2220a(7) 

u 
Baatonilo 

1 

u 

A-2 46SM(7) — 7 - 217 Sa 19S0B(7) • 7 • u 
Baatonilo 

1 

u 
fl-1 • 7 • 1176.40B 3205a 2124B(?) 2310B 

Coniaciu 1 Co 

u 

TUTonian n 

1 

T-3 - - - - 21/42a - - - - - - — — - 7 — - - - - - - - - . - — u 

TUTonian n 

1 

1-2 555/585« • 7 • - ? -

u 

TUTonian n 

1 T-1 604.20a • 7 • 98.30B 

u 

Csacaasian a 

1 

Ca-4 6l5a 
u 

Csacaasian a 

1 

Co-3 643a 
u 

Csacaasian a 

1 
CB-2 70Sa 162a 2370a(7) 

u 

Csacaasian a 

1 
Cs-I 735B 537n 366a • 7 • 

u 

Albian 
n 

XI-S 761.80a 552/560a - - - - US2.50B 381a 2460a(?) 

u 

Albian 
n 

U-5 765a 582a 1200.80B 396a - - - -u 

Albian 
n 

&1-4 B55II 612B " 7 - 426a 2250a(?} 2490a(?} 

u 

Albian 
n Al-3 915a 672B - 7 " 621a • _ _ 

1 
Id'Z 94Sa 732a " 7 — — 7 — 7 — 7 i la 2Q70a(?) 2160a(?) 

1 
U-1 1035a — 7 — 19 Ba — ? — B9Ia • 7 • 2412a(?) 

upper aptiaa 
Ì9-2 1095B glia — 7 — • ? • — ? - 9Bla — ? — 2325a 2628B(7) 2670B(?) 

upper aptiaa 
Ap-1 1275a 1002a 466.00a 320a(7) — 7 — • ? • — ? * . • 7 • • 7 • • 7 • 

Legend: hiatus - — - oo-diagiiMtic Blcrofosslli ' ? ' Bot-stndled toctioa — ? — 
(aroiional and/or (sectioa ai uncsrtain biostratlgraphie (probable record of Ute ZOBB) 
Bon-depoitional) positioa) 

T A B L E 4-13: Biochronostratigraphic summary of the studied weE-sectìons. 
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5 . 1 - INTROOOCTIC» 

One oC ttie main obpctìves o f mic rcpa laea i t a log ica l studies is to 

r e co rd , in te rpre t and attempt t o p red ic t d iang ing pat tems and in te rac t ions 

b e t w e a i rates oE tàotdc d l v e r s i f i c a t i m and evcdiiticm throughout 

stratàgrajAùc séquences. Fo ramimfe ra l assemblages have been extens lvely 

used fe r biostxatigraphlc and palaeo-environmental interprétations 

t i i r o u ^ o u t the Mesozcdc and C^iozoîc sedimentary successions of the wcsHà 

océan, l ï i ^ e has been a pa r t i cu la r emphasis on the Cretaceous Per iod , witìi 

s tudies presentdng global and r e g i m a i schemes c£ bathymétrie and 

hiogeogcaphic distributions o f benthcnic assemblages (e.g., SlLter, 1972; 

S l i t e r & Baker, 1972; Scheibnerovà, 1971a, 1976, 1978a; CÛsson, 1977; Haig, 

1979î Koutsoukos, 1984; Nyong & Olsscxi, 1984; Olsscn & Nycng , 1984; Dia&-

a d t o & Azevedo, 1986; Koutsoukos & Mori jck , 1986; Viv ie rs , 1986; Azevedo 

e t 1987; Koutsoukos & Dias -B t i to , 1987; Reiss, 1988). However, the 

apE^oach i n palaeo-eccQogical s tudies i s usuaüy res t r ic ted to the r e p c r t o f 

occur rence pa t tams of i nd iv idua l t a x a and/or major groups. Orily ve ry ra re ly 

i s the hLcOogical background behind the dis tr ibut ion o f thèse "empty" 

^otOEuasma-free) tests^ which are œe o f the main h i n H f consti tuents i n 

marine sédiments, d i scused- A s was d e a r l y painted out t y Marszalek e t ^ 

(1969, p . 342) T h e majar e f for ts o f micri^ialeontalogists have been d i r ec t ed 

t oward a d e s c r i p t i m of the pa t t e rn o f dis tr ibut ion of focamini fe ra l tests, 

not toward an understanding o f whare and how foraminifers U v e . ' Since 

t h a t t ime l i t t l e has changed. 

Ohe présent di^ïter aims to del ineate the general distzibutiím p a t t ^ n s 

o f Cretaceous fc ramini fe ra l morphogroups and pataeocommuratíes i n the 

Sergipe basin. A l t h o u ^ i t would be ve ry r t ifFjnii t , i f not i m p o s i b l e a t au , 

t o wr i t e i n détail en the behavioura l physiQlDgy of foss i l fccarainifera, an 

a t tempt i s made to discuss the pcobable main envi ronmenta l and 

E^iyHinlogical contcoDing forces behind the i r d i s t r i b u t i v i . On the pr incipie o f 

i n f m ± ì g feom the better known to the Üe^er known, i .e . , by référence to 

welL documented studies on ex tan t fo ramin i fe ra l assemblages, a model i s 

proposed i n ocder to exp la in the re2atÌOTshìp of trojiíic s t ructures and 

d i s t r i b u t i m pa t t ems of Cre taceous foramin i fe ra l palaeocommunities. Wilh in 

th i s d i ap t e r the subpc t i s considered i n four parts. (1) FirsÜy, i t i s 

necessary to discuŒ some concepts o f foramini fera l palaeo-ecolDgy and the 

models adopted i n the présent study; some o f the known functdons of the 
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test? and the infer red tcoptúc grcx:ps o f t i i e f c ramin i fe ra l assemblages 

recorded i n the Cretaceous marine s u c c e s s i o i of Sergipe. (2) 'ùi the 

subséquent p a r t the assemblages ace arrangea in to mcar^cdogical groups, 

based on common e x t e m a l featuces o f the test , with an assessment c f the i r 

pa laeo-envi ronmenta l distr ibution, substra ts types and i n f ^ e d modes o f 

l i f e . (3) Ohe t h i r d p a r t indudes a díscussiüxi o f the dihñbutinn pa t t ems o f 

f c r a m i n i f o r a l assemblages ârom mid-Cretaceous oxygen depls ted 

environments and of the fcramini fera l respcnse t o hypoña. (4) PinaUy, there 

i s a summary c£ the focamirdf^aL palaeocommunü^ structure, p r imqr i ly 

focusing <m the distributdcn pa t tems observed and the i r possible cont rcHing 

factcrSt 

5 .2 - FORAMINIFBRAI. PALAEO-ECOLOGT 

Fccamini fera are, Uke a H the marine microfossU groups, a f fec ted by 

(âianges i n environment and palaeoceanogr^jhic condit ions. 1 ^ prime fccce 

behind the d is t r ibut ion , évolution and r eg iona l extanctàon events o f 

fo ramin i fe ra l fosaü commumties i s the d i f f e ren t i a l influence of dep th -

re la t ed fac tors , amongst which are inc luded s t ab i l i t y o f the environment, 

water température, d i s o l v e d oxygen concentratiOT, sa l in i ty , awailabdlLty o f 

ca lc ium carbonate , nutr ient resources, substrate type, and wave and 

cu r ren t a c t i v i t y (Fig. 5.1). Ihese f ac t c r s , however, are not necessarfly 

pure ly depth- re la ted , but may be l i n k e d t o other processes. H: must also be 

emE^iasised tha t cautdm, and c r i t i c i s m , must be used when appLying 

fo ramin i fe ra l depth dJstributJOTi models e s t a b l i ^ e d else w here i n the 

gecOogical r eco rd to the Cretaceous assemblages. Benthcnic f c ramin i fe ra l 

commumties wculd have extended the i r d i s t d b u t i m when par t icu la r 

envi ronmenta l f ac t c r s al lowed, and therefcre cannot be sijnply re la ted to 

depth mches. I h e complex interplay o f abioüc and h io t ic components (the 

nature c f micreáienthos) does not confocm to a generaüsed pa l aeo -

envi ronmenta l model o f wide^iread c^iptir iat im based on the d is t r ibut icn o f 

pa r t i cu l a r foramiráferál genera oc species . However, shelf envircnments of 

l o w - l a t i t u d e régions ^ d i as i n the Cretaceous of S^gipe) have the 

grea tes t p o t e n t i a l for envircximental stabólity because insolat ion i s more 

consis tent seasonaUy. Mcreover, the upp&: Apt ian-Maas t r i ch t ian 

fo ramin i f e r a l assemtûages ûrom Sergipe are apparentiy représentative of a 

s ingle biogeoprovince ^ee Chapter 9). Ih tha t conte x t , highly adapted/ 
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FEGORE S J . : MaJDr focaininiferal troE*iic resources anä substrates (type and 
relat ive physLcal stabÜLty) i n tìie marine environments (inferred for the 
Cretaceous of Sergipe). 
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apecialísed moc^o types (whicái norioally äiow h i ^ a : ra tes c f e x t i n c t k n as 

tile a iv i ronment d i anges w i th time) may be expected to ©idure for a 

longer t ime- in t e rva l and to have preferentiaUy inhafcdted a characterdstic 

biofacies wiüún the basin (where no mapr [Aiysical barr iers t o micxofaunal 

migraticn existed). 

Ih ceder to asaem Üie palaeo-envircnmental s igni f icance o f Üie 

microfossi l a semblages présent i n tiie studied sect ions , m i d - t o l a t e 

Cretaceous (ñptían t o Maastrichtian) palaeobati iymetric modéls c f bent i icnic 

foraminifera (e.g., S l i t a : & Bakec, 1972; S<äieihnerovä, 1976, 1978a; 

CÛsson, 1977; Haig, 1979; Pe t te rs & Ekweozcr , 1982 a, b; Olsscn & Nycng , 

1984; Nycng & Olsscn, 1984; and Koutsoukos & Merr ick , 1986) and 

fdanktonic foraminifera {e.g., S l i t e r , 1972, 1975; Har t & Bailf iy, 1979; Hart , 

1980; Wenders, 1980; Carón, 1983; Carón & Homewood, 1983; Leck ie , 1987) 

w ^ e used foc compardscn. The palaeo-envircnmental interprétations were 

made wiüiin the r eg iona l Cretaceous pa l aeogeogr^ i i y of the basin, and 

suppacted by the sedimentological évidence and d^>QSÍfcií»ial models 

documented elsewhere ^ee Chapter 8, Figs 8.6-7, 8.9, 8.15-18, 8.23-24). 

5 . 2 . 1 - F u n c t i o n o f the F o c a m i n i f e r a l T e s t 

StudLes c f l i v i n g ^>ecimens i n labora tcry cul tures and o f f ixed , f rozen 

and dr ied tes t -protcplasm have suggested various possible funct icns o f the 

tes t i n foraminifera . Pour basic func t io i s are here considered to be the 

most important: 

(i) ítotecticn aga i r s t predatdon. 

There i s very l i t t l e infcrraatdon en predati«i o f fccaminifera by other 

csrganisms, a l t h o u ^ some foraminifera are known t o be a d ^ i t e d for feeding 

on other foraminifera (Christiansen, 1971; Liçps, 1983). As pcdnted out by 

Harszalek e t ^ (1969, p . 346), ârom observatdois c f Uv ing focaminifora i n 

cul ture , I t would seem t h a t vecy £ew animáis lacgec than f c r a m i n i f ^ s ace 

interested i n them as food ' . Predatdcn fcy miarogastrcpoâs could be 

potentiaUy ctxisîdered, especáaUy when a large p c p u l a t i m o f thèse moDuscs 

i s présent (as i n the shaHow t o middla ner i t ic deposits of the i p p e r Apt ian 

to middle Albian sec t ion c f Sergipe). Observat ims o f guts contents of 
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varìous manne cxrganisms ind ica te tha t more aften they are i n d d e n t a l l y 

ìngesbed biy metazoans whi le feeding on, ce i n , the substrate ^éuid & 

IJppB, 1982; làppe, 1983; Buzas e t 1989). A l t h o u ^ no c e r t a i n eva luadon 

exis t s on how they cons t i tu ts impoctant t rophic r e sa i r ce s , i t has been 

^ o w n tha t E^redatocs p l ay an impactant rcOe i n regulatàng fc ramin i fe ra l 

densitìfis Orand & Lippe* op. cdt.; Buzas, 1978, 1982; Buzas e t op. d t . ) . 

Intense consumptioi cn focamini fera l assemblages by inver tebra te grazers 

and d e t n t a l feeders reduces the foramin i fe ra l standing cxop, whereas 

f c c a r a i n i f a a l densities were significantiLy higher i n the scarcLty oc absence 

o f maarofaunal ^redatocs (Phleger & Soutar, 1973; Buzas, op. d t . ; Douglas 

& Heitman, 1979; Buzas e t cdt.). 

tii) To provide Ecotect icn against adverse phys ica l ce cheraicài condi t icns . 

Marszalek e t ^ (1969) have suggested tha t the tes t o f focamimfera may 

serve as a d i e m i c a l W e l t e r against adverse changes i n environment (e.g., 

ghys i ca l disturbance, p a r t i c u l a d y f low stress). Fc r i r s tance , multichambered 

fo ramin i fe ra l tiests with smaH a p ^ t u r e s wculd offer a good refuge for the 

ccganism under conditions c f ^ y s i c o - c h e m i c a l stress, and would aQow tòme 

foc osraoceguLatCTY adjjstment t o the new condtti£ins while the main body o f 

pcotpplasm i s withdrawn i n t o the inner chambrars. 

( i i ^ To c o n t r o l the bo i^ancy o f the ccganism. 

Fccamini fara l tests are obviousLy heavier than sea water and i t i s evident 

t h a t they serve as bouyancy regulators i n planktonic ^ lec imens . I h e y wculd 

s^rve the same &nctì£m i n benthcnìc Qcganisns, as a means of 

coun l s r ac t ing the naturai bouyancy of the protoplasm (cf. Marszalek e t 

op . cdt.). 

(LV) T O favour mode o f l i f e (dweHing habits and feedìng strategy) i n a 

par t i cu la r substrate mi:^e. 

5 . 2 , 2 - F o r a m i n i f e r a l T r o p h i c Gcoups 

The trcphìc structures (feeding strategy-dwèlling hafcdts-suhstrate niche 

pat tems) o f foraminifecal palaeocommunities seem to be inOuenced by the 

o v e r a U envircmmental condit ions (e.g., bathymetcy, sedijnentatiDn rates , 

oxygen concentrations, temperature , calcium carbonate ava i l ab i l i ty ) , food 

resources (Rhoads & Young, 1970; SokolDva, 1972) and substrate (type and 

E*iysical stabiUty) (Scott, 1978; Rhoads & Ycung, op. d t . ) - aee F i g . 5.1. 
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Faramin i fe ra l pseudopodia are d i a r a c t e r i s t i c of the different trcçhic 

mechanisms used by the spedfis i n ci j taining the i r food. The fcxraminiferal 

t e s t Çts morphology and wal l compoei t im) p lays an important role i n the 

deployment o f pseudppodia i n the feeding process (JJpçSr 1983). ]h t ium, 

t r o f h i c s t ra tegy dictates , to some extent , the t e s t morE^cQogy of the 

foramimfera , which can be grossly infer red from the basic requirements o f 

E n d i n g food i n the sediments ( l ipps, 1975, 1976; Haynes, 1981; Jones & 

C h a m o c k , 1985). 

P lanktcn ic fcraminifera appear t o have a varictble troE^iic s t rategy as 

they are known to feed cn p lank tcn ic diatioms, dinoQagellates, copepods, 

amphipods, and other raicroEilanktcn (cf. Bé, 1977). BOTthcnic foramini fera 

show a wide range of feeding types . The most common known types o f 

feeding s t ra tegy are herblvcxy inges t i on c f eûgae and/or b a c t e r i d , 

c a m i v o r y , omnivocy, bac te r i a l and d e t t i t a l scavenging, and suspension 

feeding (cf. Lee , 1980; Lipps, 1983). Symbiosis wi th various types o f 

un ice l lu la r algae has been repor ted i n larger fcramimfera & o m 

sutece^ncal / t ropical cQigotrophic ^ e l f carbonate environments (e.g., L e e , 

1974, 1980; Lippe^ 1983; Reiss & Hott inger , 1984; HaDock, 1984, 1985, 1988; 

Lee s Hal lock , 1987), and has also been shown to be an important d r iv ing 

fo rce i n the i r morpholDgical evcQutdcn (Lee e t 1979; Lee & Hancock, op. 

c i t . ) . 

I h e benthcnic fcraminifera & o m the Cretaceous succession cC Sergipe 

th r ived i n pe lag ic carbonate and sûiàclastlc envircnments and were, mostly, 

not l i ^ t dependent (non a lgal symbLai t -bear ing taxa). Ihe assemblages can 

be broadly arranged in to three mapr categories of t rophic groups, 

accord ing t o the i r genera l dwel l ing and feeding strategies: deposi t feeders 

(epifaunal and infaunal); passive herbivores O^owsers) - represented by ra re 

^jecLmens; and suqjension feeders. They are indiv idual ly character ised and 

discussed be low. 

D ^ o B t feedecs 

Deposit feeders are focamindfera tha t feed over the substrate 

(epifaunal), i n and near the sediment-water in terface fehaHow burrowers), 

car wi th in (infaunal) the sutEtrate. They remove food feom sediment e i ther 
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•selectively or randomly (cf. Wálkor & Bambacii , 1974). Tías trc^rfuc group 

would be expec ted to a t ta in maximum d ivers i ty and hígii densities cn soft , 

fine-grained, organic muds containing an abundant food s u ^ y (Rhoads & 

Young, 1970). 

The main t roph ic types o f deposit-feeding f o r a m i n i f ^ a are as fol lows: 

(1) Snfaunal depœit feedees 

w»'^*^?*^ and detaôLcd. acavcnytas feeding i n f ^ i n a U y cn par t icula te ccganîc 

detri tus oc t a c t e r i a ; mostly common i n f ine-gra ined (mud and gilt) 

sediments. Infaunal deposit feeders have eknigate tests, a m o r ^ o l o g y t h a t 

minimises the s t rength required by the ^ l e d r a e n t o drive i t s e l f t h r o u ^ the 

sediment i n order to feed infaunalLy (L ipp^ 1983), 

Active bsstBSKMXSi grazing cn algae (diatoms) and bacter ia as they move 

over the substrate (the l a t t e r the cn ly l i v i n g f l o r a below the ^ i io t i c zone). 

DetruivQces: feed cn ccganic detri tus firom bottom sediments. These seem t o 

be scavengers t ak ing i n par t icula te ocganic ma te r i a l such as dead diatoras, 

smal l p i eces of sea-weed, aggregates and f a e c a l pellets , fine c l a y - s i z e d 

organic pa r t i c l e s and/or par ts of decaying metazoans (= her t ivorous , 

omnivorous cc carnivorous scavenging). Omniscces: opportunist ic feeders tha t 

could ea t both algae and bacter ia but also combinatij:»is of these and 

animal matter cc organic detr i tus (= de t r i t ivores) . CarnLvQces; feeding on 

othâT l i v i n g and/or dead protozoans, smal l acthrt^xids and o c c a s i o i a l y 

scavenging on corpses of la rger crganisms. Camivorous fccaminifera have 

very long and narrow adhesive pseudopodia cc extrude a deployed 

pGeudopodial network cn the mud surface, capable of holding and immobil ise 

smal l metazoans and other protozoans (Christiansen, 1971; Lipps, 1983). 

Epdfaunal deposi t feeders were probably capable of only very slow 

movement (possíbly cn the ocder of cms per 'day; c f . B d l t o v ^ q y & Wright, 

1976). 

S i m l a c genera l s t rategies utîUsed foc the capture of food can be found 

amoigst a l l feeding types c f ^ o f a u n a l deposi t feeders o f fccaminifera. 

Therefore, a wide var ie ty o f similar t e s t morphologies may be expected to 

occur w i t h i n th i s t r o f i u c gcoiç) (cf. L i f p s , 1983). The d is t inc t icn between 

^r f faunal and shaUow-infaunal modes of l i f e may also be subtle foc sof t 

muddy substrates. 
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Most of the focaminifera tha t have been kep t i n cul tures , are ^ l a l l o w -

w a t ^ forms and they seem t o be c a t h ^ omnivorous (Christiansen, 1971). 

Bowever, i t has been reported tha t a t l e a s t some focms are more 

special ised i n the i r food requirements and ingest only ce r t a in mater ial , such 

as par t icular species o f diatoms cc cn ly l i v i n g diatoms. Others have a l w ^ 

been observed Ixowsing cn the same sea-weed species (Christiansen, cp . 

c i t . ) . 

Pagrive epi faunal herbivores are at tached cc se ra i -a t tad ied ftempccarily 

a t tached to the surfaces of macrophytes or hard substraties) ^)ecies tha t 

feed cn p lant mater ia l . They harvest with the i r pseudopodia at, or near, 

the s i te of a t tachment browsers) . As far as feeding behaviour i s concerned, 

passive herhLvores can only be found beneath the phot ic zone. However, 

m a j ^ semi -a t t ad ied fccros feed also cn bac te r ia and organic detr i tus i n 

envircnments beneath and below the phot ic zone, so tha t th is category 

grades in to epi faunal deposit feeding (cf. Walka : & Bambach, 1974). Passive 

epdfaunal herbivores have mostly i rregular , flattened c r low to high 

t rochoid tests g r a s i e r , 1975; lAppSr 1983). 

Suspension Peeitecs 

5u^)ensicn feedecs are individuals tha t subsist cn fine su^)ended c r r e -

su^iended par t i cu la te organic matter (e.g., swi^nming and f loa t ing organisms, 

re-su^>ended organic d e t r i t u ^ from the necur-bottom water-layer.- Many 

suspension feeding fcramini fera may also d i r e c t l y u t i l i se dissolved and 

c o l l o i d a l organic molecules (fil ter feeding; c f . Turpaeva, 1959; Walker & 

Bambach, 1974), espec ia l ly those t axa th r iv ing i n cdigotrophic envircnments 

(Lipps, 1983). Su^)ension feedecs predominate i n regicns where the 

sedimentation ra te i s e i ther very high or ext remely l ow (Angel, 1988), as i n 

middle- lower slope envircnments. Focaminifera tha t su^Jens im-feed i n the 

water column produce a very extensive pseudopodial network t o ca tch food 

par t i c les which pass ively f a l l or are dr i f ted i n to i t . They have racstily an 

e r e c t long , tubular test , pa r t i a l ly buried i n the sediment. Some have a 

lacge number of t ranches (cf. Christ iansen, 1971; Lipps, 1983). 

- 3 61 -



5.3 - HORPHOGKOUPS AHD INFERBED HODBS OF L I F E 

The morirfiotypLC cQasificatdCTi adopted here for the benthanic 

f a r a n u r d f ^ a l asemti lages and inEerred modes c f l i f e are summarised i n 

Table 5.1. Ihe classificatLon i s baaed cn e x t e m a l charac te r i s t i c s such as 

c h a m b ^ arrangement, coUing pa t t e rn and genera l con f ig i j r a t im c£ the tes t . 

Its applicatditxi i n the diagnoses o f environmental conditdcns fa l lows the 

same basic concept as used by Chamney (1976), Sever in (1983), Jcnes & 

Chamock (1985), B ^ n a r d (1986) and Jcnes (1966). feeding s trategies and 

dwel l ing habits i n r e l a t i on t o t e s t morphology cC benthonic fccandnifera 

have tjeen inferred based upon the models prc^jcsed by Myers (1943), Bandy 

a964) , BcOtovskoy (1966), Marszalek e t ^ (1969), r jpps & Valent ine (1970), 

Christ iansen a971), Murray (1973), Brasier (1975), IJpps (1975, 1976, 1982, 

1983), Lee a980) , Haynes a 9 8 i ) , Ki taza to a984 , 1988), Shirayama (1984), 

C o d i s s a985) , Jones & Chamock (1985), Gooday a986 , 1988), Jones (X9Q6), 

Bemhard (1986) and Kaminsk i e t ^ (1988). The focamini fara l genera are 

arranged in to groups infocmaUy named after Family designation ^ee Chapter 

3: 'Systematic Palaeontology^. 

I h e morphological charac te r i s t i c s that s^>arate some categor ies are not 

t o t a ly exclusive and seem t o over lap (e .g„ C H - A . 4 and C H - A . 7 , A G - B . 2 and 

A G - B . 3 ; Table 5.1). "Hiey were separated an the basis t ha t the t axa 

beliwiging t o two sub-mocphogroups have, mostly, d i s t inc t ive composit icns, 

the morfrfioaogical af f in i t ies are not so d o s e and they vary i n distributdon 

pa t t ems (composi t ia i / te la t ive abundances vs. environment? see F i g . 5.2 A 

and B), Ihedr overlap i n mMpholog ica l features i s acknowledged by their 

cJaif^erlng i n to the same morphogroup^ 

I t must be stressed here tha t inferred l i f e pcsttdois represent only 

p r e f a e n t i a l habits. Most firee-living deposit-feeding ^)ecimens, foc example, 

of an epifaunal/shaHow infauna l l i f e habit , are cha rac te r i s t i ca l ly mobile and 

rework and wander i n sof t muddy substrates throughout the whcQe 

unconsolidated uj^Jer pa r t and even i n the sediment/water in ter face i n the 

search foc food. Dis t inc t micrchabi ta t differences have also been ^ o w n t o 

ex i s t between benthcnic focamini fera l ^)ecies of the same genus (e.g., Gary 

& Healy-WiDiams, 1988). Deta i led infocmatdon cn the v e r t i c a l d is t r ibut icn o f 
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fcsraminifecal species wìthin deep-sea sediinents have been given recen t ly by 

Shjrayama {1984), Codias (1985) and Gooday (1986, 1988) and ìndicats a 

degree of ^jecdes v s r t i c a l segregation (verticaL ndjcrchafcdtat pa r t i t iming) 

among infaunal dwèlUng assemMages. CocTiss (op. c i t . ) has demonstrated 

t i i a t fc ramini fa ra l distrihutdjaTs witìiin tìie sediinents va ry wi t i i wato : deptii 

and has also suggestsd tha t seve ra l i n fauna l t axa are p r imar i ly control led 

by the d i f f ^ e n t EhysLCOchemical conditinns wi th in the substrate, as th is 

micrchabLtat i s geocheroicaDy d is t inc t & o m the sedlment/water in te r face . 

On the other hand, o v e d y i n g bot toni-water craiditicms p roba t ly also played 

an impcr tan t role i n the tnicrchahitat d ls t r ibut icn o f ce r t a in fccaminifera , 

which do not seem t o be res t r i c t ed t o infaunal n i d i e s . Fcr instance, some 

extant foraminifera l assemblages adapted t o infaunal l i f e i n the deep sea 

(Ccadiss, 1985) have been found to occur i n the surface of sedimenta from 

oxygen depileted environments (Douglas & Hedtman, 1979), Ih the pcesence of 

oxygen, the overaH distributdon of the focaminifera i s pcctoably d ic ta ted 

l a rge ly by the distributdon of utdlisable food witìiin the sediment (cf. 

Gooday, 1986). 

5 . 3 . 1 - D e f l n i t i o n o f the Nocphogroups 

The f o r a m i n i f ^ a l assemblages recovered from the upper Apt ian to 

Maastririitdan s u c c e s i o n of Sergipe * o w , basacally, the fo l lowing types o f 

morjiiogroups (d i s t ingu i^ed and subdivided according t o w a U structure and 

morEhalogìcéd. s imilar i ty) - ^ m m a r y i n Table 5.1): 

Remadcs: 

Specimen Diraensians : H = Height o f Test (height o f the t rochospire , 

measured along the co i l ing ax i s of bcoad asymmetr ical and elongate tests); 

D = Diameter of Test (maximum width , measured along the co i l ing pilane of 

asymmetr ical focms; D > H); W = Width o f Test (measured acrces the co i l ing 

piane o f elongate fccms - W < H , and along the co i l i ng axis of fcdconvex 

qjecimens - W < D). 
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CaflcapeooB-̂ yaHiie g3) FCraminifera 

MACÉiogcciiq} 

Mocphogro i^ (CH-A) includes lowyhigh t rochospi ra l and planì^aral 

morphotypes, witìi püano/concave-convex to biconvex tests, and pœiçhery 

subacute /caona te to tcoadLy rounded. "Hie variable morjáiologies and 

general ly low surface area- to-volume raitios (low H/D and W/D values; < 1) 

r e f l e c t adaptation t o a p r imar i ly epi faunal miarchahLtat, wi th predominance 

o f ac t ive depcs i t - f eeding s t ra tegy. 

Submocphogroup (CH-AJJ 

(e.g., PL 14, Figs 17-25; EL 18, Figs 27-32; PL 19, Figs 1-4, 8-11) 

(tdano-ooovez trocAospiral, hroad mcrpbotype^ usually a idancv'concave 

iirnhitinig vitfa a ccn9<ez spiial ade, cf irsóaiáB hei^it; miiltüocula^ 

(H/t) < 1) 

Inferred mode of l i f e : epifaunal ^tlano/concave umbi l i ca l face ha l f buried i n 

the substrate); ac t ive deposit feeders (grazing 

herhivores/detritivore^omnLVQre^. 

Substrate: f ine-grained calcareous or süioeous m u ^ 

Dis t r ibu t ion : ne r i t i c and upper ba thya l bdotopes. 

Taxa: gaveUneUids [morphotypes of GavplinpTl? wi th a pronounced 

c e n t r a l rounded sp i r a l boss: e .g. , Gav»*lj'npTla ber thet ini (Kéller)-Gav. 

pJummerae frappan)-Gav. réussi (Khan); Gavpli"p"nq ex gr . monterelensis 

(Marie); Caval i npTIa cor rec ta (Carsey)], rosal inids [GavelinopsisÇ?)] and 

conorboidids (Ccnorboides). 

Submccpbogroup (CH-A.2) 

(e.g., E L 19, Figs 28-31; E L 20, Figs 26-31; P L 21, Pigs 1-13) 

(low trochoqpiral compceaed morphoLyptay a^m metrical, fdano/concavo-

convex test^ rounded to subacute peEÌpbecy; multíloculac) - (H/D < 1) 

I h f a x e d mode of l i f e : q r i fauna l ; browsing herbivores and ac t ive deposit 

feeders (grazing herbivore^detrit iTOre^omnivores). 

Substrate: fine-grained calcareous or s i l iceous muds. 

Dis t r i butd¿n: ne r i t i c and ufçier ba thya l biotopes. 
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Taxa: gavel lne l l ids [ G a v p i i n a T i q n a c a t o c h g s i s (Cu^man); 

lingiüogav'H r^V^ c J r y i Halapns-Bìzciuacd; Lingiilogav»°ii n ^ T i tccmarpensis 

(Brotzen); Liiigiiloqav'lir*=''nj^ (?) sp. c£ tti^^lannifcrmis (Fuotnikova)], 

and bagginii3s (Valvulineria) . 

Remarks: A dlnse mcjrphoJogical a f f in i ty exists between gcoups (CH-A.1) 

and (CH-A.2) . Ttie raorphotypes occupifid most c f the undifFerentiated diélf 

QC Sergipe during the Cretaceous. Many o£ the s p e c i a l adaptatàcns i n ^ l ape 

and omamenta t icn seen i n these fcramini fera , d i a r a c t e r i s e d by r e l a t l ve ly 

few bcoad a d d i t i v e moriAictypes, ^ p e a r to have developed i n response to 

an unattached mode of i i f e cn soft sandy or muddy áielf sedLments. The 

specimens wece pcobahly epibenthixiic deposit feedecs gcazing on diatoms 

and bac te r i a , but also ingest ing de t r i t a i ccganic mattec by means c f l a rga 

cytcplasmic peeudopodia extending in to the sof t mud acound and below 

them. The tests may have rested fireely cn the bottora wi±h the p l a n o -

concave v e n t r a l s ide cóented lowermost and the convex postañoc exposed 

a t oc above the sedlment-water in ter face . The ^)ecLmens could have been 

held an the sediment surface t y the bcoad tes t width and the deployed 

pgeudopodia, both ac t ing to stahüise and pcevent them from sinking in to 

the fìne-grained so f t muddy sediment, whece they are commonly found. In 

Cenomamian-Toronian sectifxis depcsi ted under oxygen depleted 

(dysaerobùv'quasi-anaerabic) conditiiMis, morphotypes c f (CH-A.1) and {CH-

A.2) are dominated by minute (e 100-200^m ìn maximum diameter) 

qpecimens fsee secti£xi 5.5.2). 

Submocpbograup (CH-AJ) 

(e.g., PL 16, Figs 28-33; E L 18, Figs 21-26; EL 20, Figs 11-16) 

(low tcochoqEòcaV^ieauf ^aràagsral/igiataagicaL i n f l a t ed mocphotype^ 

bdooRvez; pexqAiecy bcoadly cotinded; nnütiloculac) - (W/t) < 1) 

Ihferred mode o f l i f e : epifaunal/tìiallow infaunal ; ac t ive deposit feedecs 

(gcazing harblvoces /de t r i t ivoreVomnivcces anà/ca: bac tec ia l /de t r i t a l 

scavengers). 

Substrate: sUiceous muds. 

Dis t t ibut icn: outec ne r i t i c and bathyal tòotopes. 

Taxa: gavel ineHids [e.g., Gayplin^Tla ex gr . beccaciifocmis (White); 

GcivelineTla velasooensis (Cudiman)], alabamirrids [Gyroidina, Gyrcddinoìdes: 

e.g., Gyr'des nonÌOTioides (Bandy)] and nonicmids (Ncn im^Tla , PuEeraa). 
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Remarks: mc±dle hatiLt partdculanLy w i l l i i n sof t muds i n the deep sea 

bed; the more rc^xist q iec imens are usuaDy recorded i n deeper O^thyal) 

environments. 

Submocphogroup (CH-A-4) 

{e.g., E L 1 5 , Figs 1-3, 9 -10 , 12-19; E L 1 6 , Figs 8-20; E L 1 7 , Figs 1-36) 

(toir-tcncha:piraV conical mocphotype^ flaHi?ned to vecy low ^ìraL side 

with a convex nmKTiagy of vari^i te heà^Ut^ muTtiloculaE) - (H/D < 1) 

Inferred mode of i i f e : epdfaunal; passive herbivores (attached: Cibicides3 and 

feee-living depctàt feec3ers (grazing herbivore^detr i t ivoceg/omnivores) 

Substrate: f ine-gra ined sands, and calcareous or s i l iceous muds. 

Distr ibut icn: m i d d l e - o u t ^ nec i t ic and uppa:-middle ba thya l bdotopes. 

Taxa: epistomarüds (NuH-aTiímaria), alabaminids (Gyroidina, Gyroiáincjides), 

gLoborotaUtids (Globorcj tal i te^, H H H r t i t ^ B ( Ç i h i H r i P w ) , and gaveünellids [e.g., 

Orithost-pTia ex gr . halféLdi (Petri)]. 

Submocphogroup (CH-A.5) 

(e.g., P L 10, Figs 7-23; ÎO- 18, Figs 1-16; IO. 20, Figs 1-4) 

(low t i i n , î r a y h e a c ! ^ E^amspicsil, compcessed, n e a d y táconva^i^aiticaílar 

morptiotypes; periphery subacute to cadnate; miiltQoculac) - (W/D < 1] 

Inferred mode o f l i f e : epifaunal; ac t ive deposit feedecs (gcazing 

herbivoreVdetr i t ivore^/omnivciresj . 

Substrate: f ine-gra ined sands and calcareous or suiceous muds. 

Distr ibution: mirldle-outsr ne r i t i c and ba thya l hiotopes. 

Taxa: epdstominids (Epistomina), csangulariids (OsangularUQ, gaveUneUids 

[e.g., GaveUneHa spiscxMStata (Cushman), Gavel ineHa barcemiana 

Bettenstaedt-Gav. flandcini MouHade plexus] , ^ w n i d i d s (Epomdes), and 

planulinids (Planulina). 

Remarks: morphcïtypes F n t m l a r t o (CH-A.2), from which they differ i n 

being nearly biconvex wi th the peciçhecy subacute to czarinatie. 

Submccpfecagroup (CH-A.6} 

(e.g., P L 8, Figs 14-32 , 35-36; E L 9, Figs 15-18) 

(Ipnrinilac mocphotypesg biooovex, "gàaâspiraDy cnOed; pedptieEy subacute to 

cacinatE; muttuociilac) - (W/t) < 1) 

ihfecred mode of l i f e : epifaunayaiaTlow infaunal ; ac t ive deposit feedecs 

(gcazing he rb lvore^de t r i t ivo re^omnivores ) . 
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Substrate: Sne-graìned sands, and catcareous or süiceous m u ^ 

Dis t r ibut ion: neritL:: and i^ iper-middle ba t i iya l bdob^ìes. 

Taxa: coûed vaginulinids (Astaoolus, L e n t i r i i i i i - H , Püaniilj^H^, S a r a c e P^Ha) 

Remarks: Ttie specimens vere pcobahly ac t ive depccdt feeders t ha t üived 

cinse to , and at, the sediment-water in ter face (epifaunaVáialtow infaunal) . 

Theìr generaUy smooth/Httìe ccnamented t s s t and compressed áisce also 

suggest t i i a t they were rap id burrowers and pcobably adapted t o variabile 

bot tom conditions, i h e occur rence of these morphotypes, ìn var iable 

numbers, i n vir tuaHy a U ^ e l f and upper slope biotopes suggest ^3aptat ion 

far a wide var ie ty of envi rcnmenta l condit ions (eurytcçdc specimens). Ihe i r 

occurrence i s always of subordinate importance, very r a re ly being found i n 

s ign i f ica t ive abundance (exception, i n dysaercíñc/guasi-anaerobic 

environments of the vpp&: A p t i a n - l o w e r Altaian; sect ion 5.5.1, Chapter 8, 

Figs 8.3-5). 

Submccptiogroup (CH-A. 7) 

(e.g., E L 7, F i ^ 1-2, 5-11) 

I ^ Q ^ tacocfaoqpgraU l o w / h i ^ oonìcal mccphotypeg? hnnraiTar t o muUdkxaiIar) 

- (generaUy E/D < 1; H/D > 1 i n some high c o n i c a l trocholinids) 

Ihferred mode c f Ufe: ^ ) i f auna l ; s emi -a t t ad i ed herbivorous O^owsers) and 

deposit-feedecs (grazing herb ivores / detr i t ivoces) . 

Substrate: b ioclas t ic ñne-grained sands and catcareous muds. 

Dis t r ibut ion: ocûitic/oncolitic áioals CBrocholina), a lga l patch-ceefs^ and 

n e r i t i c biotcpes. 

Taxa: involutiníds CRrochcOina), pateikiniâs (PateHina) and spir iQinids 

fTurrispìrTriTTa). 

Remarks: the pateTlinids and o o n i c a l spirdUinids are supçwsed to have 

been semi-at tached herbivores (browsers), but also probably epifaunal 

deposi t feeders that l i v e d àree cn the sof t sediment surfaces, as did the 

plano/ctxîcavo-convex morphotypes (CH-A.1-2) , rest ing on and pa r t i a ly 

bur ied i n the sediment/water in te r face , with the convex do r sa l side 

prqjecting iç)wards. 

Submccçhogroi^ ( C H - A ^ 

( e . g „ E L 3, Figs 3-4) 

tdiaooidalr-aatbmed mocphotypeg fcàlociilai^ - (W/D < 1) 

- 3 6 9 -



nhferred mode o f l i f e : epifaunal; ac t ive deposi t feeders {grazing h e r b i v o r e ^ 

de t r i t ivore^omnivores) 

Suts t ra te : ca lcareous rauds. 

Dis t r ibu t icn : ne r i t i c biotopes. 

Taxa: « ^ n T i ' i ^ ' ^ (Spidliina). 

Remarks: t i ie t x o a d n e s of Mie f i a t a p i n l l i n i d tests may have acted i n a 

s n o w ^ o e manner t o f ac i l i t a t e locomot icn and prevent the i r s inking in to the 

sédiment. 

Hccpliogroiç ^ H - B ) 

Morî*iogroup (CH-B) îs represented by focamini fera l assemblages witti 

e lcngate tests o f genecaHy high surface area-to-volurae ratios fliigh H/W 

values; > 1), which may be a f u n c t i c n a l morphological adaptation to a 

predominantiy infaunal depnsit-feeding s t ra tegy. 

Submccpbogcoiqp (CH-BU) 

{e.g., îO. 9, Figs 23-36; E L 15, F i ^ 29-35) 

(gLcAulac to ovate mcxpbotypes; low txoàxeçàr^AôaEiial/ unisedal tests; 

tmdïng to become eOcng^e and âisificrm; ^ ^ ^ ^ ^ I P T cr mùMIocuIazi -

(H/W > 1) 

Inferred mode o f l i f e : epdfaunaVSnfaunal; deposi t feeders {grazing herbivores 

/omnivores and/or bac te r i a l /de t r i t a l scavengers). 

Su ts t ra te : f ine-gra ined calcareous oc s i l iceous muds. 

Dis t r ibu t icn : ne r i t i c and upper-middle ba thya l biotopes. 

Taxa: pdlymorphinids (Eoguttulina, Globul ina, Guth i l ina , Pyrulina) , 

ch i los tomel l ids (AHomorphina), quadrimorphinids (Quadrijnor^faina), 

pleurostomell i ffe (EDipsoglandulina), lagenids (Lagena), and ell ipsdlagenids 

(Fisnurina). 

Remacks: mobile habi t pact iculacly wi th in soft muddy substrates i n tbe 

^ e l f and upper slope; poLymorphinids, lagenids and eQipsolagenids occur 

mostly i n l o w - d i v e r s i t y smaU-sized ( c 200-300um i n maximum length) 

assemblages, o f var iable numbers, i n f ine-gra ined peHt ic sédiments o f the 

shélf. 
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Submcrphogroup (CH-B. 2) 

(e.g., H . 8, Eigs 8-10; PL 9, Figs 1-6, 12-14, 19-22} 

(paQmats to subtxìangular, troact flattened morpbotypag plani^riral to 

unòsedal; multilociaa^ - (H/W > 1) 

Drfanred mode o f l i f e : ^ r i fa i inayaia l lQW infaunal ; deposit feeders (grazing 

herbLvores/omnìvcares and/or bac te r i a l /de t r i t a l scavengers). 

Substrate: sOiceous muds. 

Distr ibut icn: outer n e r i t i c and \jpp&: batìiyal biotopes. 

Taxa: uncoi led vaginulinids (CiHiqrina, N e o n bol ina , vaginulina), 

nodosariids (Frondicularia). 

Submcrphogroup (CH-B.3) 

(e.g., PL 7, Figs 24-38; PL 8, Figs 1-7, 11-13 , 33-34) 

{elmgafae, straì^it bo accuabe moEphotypese unìsedal ce pflaiiìqaiLdl to 

unìseriail; intiUàlDculai^ - (H/W » 1) 

Ihferred mode o f l i f e : epjfaunàyaiallo w infaunal ; deposit feeders (grazing 

herbivOTes/omnivores and/ca: bac te r i a l /de t r i t a l scavengers). 

Substrate: f ine -gra ined sands, and calcareous or s i l i ceous muds. 

D i s t r i bu t im: ne r i t i c and upper-middle ba thya l biotopes. 

Taxa: nodosariids ( D ^ t a l i n a , Lingul ina , Nodosaria , Pseudonod'yqria, 

•Ddstix), i ch thyo la r i ids (TJngulonodosaria), uncofled vaginul inids (Margipnii'na, 

Marginulinopsis, Vaginul ina) , karreri ids (Karreria), elongate pdymorphinids 

(Ramulina) and sd los tomeUids (Hodogenerina). 

Submcxpiiogroup ( C H - ^ ^ 

(e.g., PL 10, Figs 29-33 ; PL 11 , Figs 5-15, 17-30; PL 12) 

[tapered counded-elongabe mcrphotype^ accular to ovate in ( x c s sectìcn; 

trfHprial to h ispr ia l (ce enroDed Insensa) to uniaecial; niultaocularl - (H/H 

» 1) 

Ihferred mode c f l i f e : infaunal; deposit feeders (bactecial /detr i ta l 

scavengers). 

Substrate: f ine -gra ined calcareous oc s i l iceous muds. 

Distributdon: middle-outec ne r i t i c and upper-middle ba thya l tòotopes. 
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Taxa: turrilinífte {Heobaliinina, Praebulixnina, Pyramidina, 

PseudouvdgeriiB), lacosbeinids tLacxjsteina), bcûivinids ^ o l i v i n a , Gabonita), 

sighogeneanoidiás (Orthokarsteniar SighogeneriiKJides), buUmineUids 

(BuüminRTIa), fiicsenkainiâs (CasfAteHa), caucasiniife (Caucasina), reusseDlds 

(Reng^na) and pleucostomeHids (BandyelLa). 

SubnKTphogroup (CH-B.5) 

{e.g., íO. 11 , Figs 1-4, 16; E L 13 , Figs 20-23) 

(tapered Satteraed-ékngate marphotypes; oompceaged, peiphery subacute to 

acute; hwpr ia l ; muTtOoculai:) - (H/V » 1) 

Infecred mode c£ U f e : infaunal ; depcsi t feeders (bactec ia l /de t r i ta l 

scavengers). 

Substrate: f ine-gcained ca lcareous and si l iceous muds. 

Distr ibut ion: middle-outec nec i t i c and i^jper-middle batiiyál fcáotopes. 

Taxa: to l iv in ids (Bctlivina), ñirsenkoinids (Coryphostoma), ana 

bol ivinoidids (BcJivinoides). 

Remacks: groiçis (CH-B.4) and (CH-B.5) pcobabLy compcsed mobüe 

assemblages cf depcsi t feedecs aâ^>beâ to an in faunal microhabi ta t i n soft , 

Sne -g ra ined , muddy sédiments i n areas cjf re la t ive bottom s t ab i l i t y and 

abundant nutrients (in t i i e fcarm o f depcsited c tganic det r i tus and b a c t e r i a ; 

h i ^ e s t abundanœ and d ive r s i ty o f morj*iotypes are recorded i n outer diélE 

and ccjper slope settdngs, near the * è l f edge, cQose by and below the 

çiiotic zcfie; commoi i n upper ATbian (turcilinicfe, fucsenkcinids) and 

Cenomanian-Turcfiian sec t ions (turrüinids, bul iminel l ids , bouvinids, 

fursenkcdnids, caucasinids) and abundant i n i^ipec C o n i a d a n - M a a s t r i c h t i a n 

stcata ftucrüiniffe, bol iv in ids , buliminell ids, sí^hogenerinoidids, lacosteinids , 

ceusseUids boUvinoidids). 

Cakarecua-Poroálaneoas {CPj Focanriinfieca 

Hocpbogcoiiç (CP-i^ 

(e.g., E L 7, Figs 13-20) 

{Eusifonn in outfline, compceaaed moEpfaoCype^ pedphecy squacely tcuncafae, 

bcoad; two cìiambeES per wboÚ; muttUDCulac) 

Ihferred mtxie o f l i f e : ep i faunal^haUow burrowers ac t ive deposi t feeders 

(grazing herhivores/detri t ivoces/omnivoces). 
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subst ra te : f ine-grained calcareous o r a l i c e o u s auâs. 

Distr ibut iDn: middle-outer neñüc and içjper bathyal biotcpes. 

Taxa : ^àrcJoculirrids (Spiroloculina). 

Remarks: I h e morphotypes also d i ^ i l a y ad^ïtaticns to an 

ep i fauna l /^mPow infauraL micrcAiabitat i n soft mudt^ bottoms, and were 

probabLy act ive deposit feeders. Their occurrence i s not w i d e ^ e a d i n the 

basin, being abundant a t only few loca l i t i e s , suggesting a very patchy 

d i s t n b u t i c n c£ favourable habitats . I h e y are found maìruy i n f ine-gra ined , 

csrganic-cich sédiments i n outer ^ e l f and upper slope areas o f the 

Cenomanian {e.g., l oca l i t y A - 9 , u p p ^ m o s t Cenonianian; F i g . 8.16). 

Morphogroup (CP-BÎ 

(e.g., E L 7, Figs 21-23) 

(élmgate bo ovate i n outtìiie, quincpieloculine macçtutypesi a x i a l pedpbecy 

counded to trúncate; multíloculac) 

Iiïferred mode of l i f e : ep i faunaya ia l low burrowers; ac t ive depcsit feeders 

(grazing he r t i vo re^de t r i t i vo re^omnivo re s ) . 

Substrate: Sne-gra ined calcareous or s i l iceous muds. 

DistxibutifiHi: inner-middle ne r i t i c báotopes. 

Taxa : hauerinids [ISeudosigmoilina (?), Quinc[ueIoculina (?) ] . 

j ^ i ^ ^ l IM ̂  ̂ ldl?P^ pVG) ft^Ti mifii fi>fg 

Agglutdnated fccaminifera are maihLy represented by specimens wi th a 

secre ted organic oc calcareous fToksvad & Hansen, 1983) cement and 

agglutánatied calcareous oc s i l i c i - c l a s t i c partdcles and comprise the fcil lowing 

raorphotypes (sensu Jones & Chamock , 1985; Jones, 1986): 

Hocphogcoup (AG-A) 

(e.g., EL 3, Figs 24-39; E L 4, Figs 11-16, 28-40; 

E L 5, Figs 1-4, 1 7 - 4 1 , E L 1-5, 8-31 , 34-35) 

[ SÛMlar to (CH-B.3), (CH-B.4), and (CH-B.5) ] 

(elongate mccphotypBEç vaded diamber accangem^ and caiUng moâ^ 

un ine r ia l and midtìaeEial; nul t i loculac) - (H/V > 1) 
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Ohferred mode o f l i f e : infaunal; deposi t feeders gaacter ia l /detr i ta l 

scavengers). 

Substrate; fine-grained calcareous ce s i l iceous niuds. 

Distributdon: pa r a l i c , ner i t i c and ba thya l biotopes. 

Taxa: uncoi led Tibiolids (Am mobaculitps), haptophraginiids 

(Haplophragmium), hacmosìnids (Hocmosina, Reophax), eggereHids [Dccothia, 

Kar re r ieUa, MarssoneBa), pseudogaudryinids (ClavulinoideSf Pseudoclavìilina), 

ygmeui l in ids gggere l l ina , Gaudryina, Gaudryinopsis, PseudogaudryineTla, 

BsaudoqaudryineHa-Spiroplectdnata plexus, VemeinTJna), ataxcf^iragmiids 

(HaqenowéDa), valvuliniife [Tritaxiijnaf?) ] , ^xiroplectara minids 

(quasispiroplectain mina, Spdrctdectam mina), text i j lar i ids pitextiilaria) and 

t-ritaìriifte c a i t a x i a ) . 

MOEfiiogcai^ C&G-E9 

[ Siini lar to mor^Aiogroi^ (CH-A) ] 

Submccptxsgcoup (AG-^;J} 

(e.g., PL 2, Pigs 19-24; EL 3, Figs 1-11; EL 4, Figs 20-25; EL 5, Figs 8-16) 

[ «milar t o (CH-A.2) ] 

(low trocdia^KaV^danì^picaiU o o m p c e s e ^ bcoad mccphotype^ pec^ffaeiy 

n a o o w : ^ rounded oc subacuta; miHtiloculac) - [W/D ce H/D < 1) 

Inferred mode of l i f e : epifaunal; passive hecblvoces O:rowsers) and ac t ive 

deposit feedecs (gcazing h e r b l v o c e ^ d e t r i t i v D r e ^ omnivoces). 

Substrate: f ine-gcained si l iceous muds. 

Distributdon: paca l ic , outer ner i t ic and uEpec-middle t iathyal biotopes. 

Taxa: tcocham minìds frrochammina), haplothragmcàdids (Asanospira), 

discamminids (Discammina, Glaghyrammina), cyclamminids (Alveòlophragmìum, 

Bucdccenata) and valvulam minìds (Valvulammina). 

Sutnnorphogroup (AG-B.2) 

(e.g., E L 2, f igs 25-35; EL 3, figs 12-21; E L 4, f igs 1-10; EL 5, Figs 5-7) 

[ qimilar to (CH-A,3) ] 

(low tiocfaoqpiraVfetreptaspirai^flani^ired, flr*^^^ t o subE(teEÌcal 

mczpbotype^ in f l a t ed ; -gesj^tecs bcoadfy rounded; mtOtDoculai^ - (W/D<1) 

Ihferred mode o f l i f e : epiEaunal/shaUow infaunal ; ac t ive deposit feeders 

(grazing hecbivoreVoinnivoces and/or bac t ec i a l /de t r i t a l scavengers). 
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Substrate: fine-grained sands or sUiceous muds. 

Distr ibution: ba thya l biotopes^ 

Taxa: haploEáiragmoLdLds (Cribcostomoides, HaploiAiragmoides), 

am mosphaecoidinids purü^phevapH Recurvoides) , Ktuotuhids 

CDrochamminoides) and trochamminids (ftmmoglobògerina). 

Remarks: mobile habLt p a r t i c u l a d y wi th in sof t muddy Substrates and f i n e -

grained sands cn the deep sea bed; low-diversTty agglut inated assemblages 

composed by in fauna l deposit feeders (AG-B.2 , A G - A ) , wi th subordinate 

numbers of ^ n f a u n a l ^»ecimens (AG-B.1 , A G - B . 3 ) , t end to Ripear i n 

pTi^Jcrticnally h i ^ e r numbers ( c 20-100% i n the i^iper Aptdan-middle 

Alb ian , and c 10-30% i n the uppermost Cenomanian) dur ing hypoxic/ t j jasL-

anoxic epdsodes over the outer äielf and L ^ p e r slope ^ee sectdcn 5.5). 

Submczpfaogcoi^ p^G-B.3) 

(e.g., EO. 1, Figs 21-35 ; H . 2, Figs 1-8) 

[ s imi lar to C H - A . 8 and C P - A ] 

feaanìsEdra]/itj.qXjuatàral o rn i , ftatbmed/^ubqiiaeòcal mcrpbotype^ hnnni iar 

ho multìlDculai^ 

M e r r e d mode of H f e : ep i faunaV^ia l low infaunal ; ac t ive deposit feeders 

(grazing he rb ivore^de t r i t i vo re^omnivores and/or bac te r i a l /de t r i t a l 

scavengers), 

Substrate: fine-graimd sands or sQiceous muds. 

Dis tdbut icn : ba thya l bdotopes. 

Taxa: ammodiscids (Ammodiscus, AmmovertpTlina^ GJomospira, 

Glomospirella) and rztìiakinids (Rzdiakina , Sf l icosigmoil ina , Spjrolocammina). 

Submccpbogcoup (AG-B,<4 

(e.g., P L 1, Figs 11-16) 

( s i n ^ , g i n h i i j w Chamber mocphotypes; unOocular) 

Ihferred mode o f U f e : epifaunaVäiaHow infauna l ßialf buried i n the 

sediment surface); passive depcsit feeders (herbivorcws/ omnivorous 

detritivores) - (cf, Chris t iansen, 1971). 

Substrate: f ine-gra ined sands and s i l iceous muds. 

D i s t r i b u t i m : ba thya l bdotopes. 

Taxa: psammoq^aetdds (Psam mo^haera) , saccamminids (Pilnlinq, 

Saccammina). 
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Mcrptaogcoi^ ^G-C) 

(e.g., n. 1, Figs 1-10, 17-20) 

(tubular or tranciiing mocphotypes unOocular) 

LiCerced mode of l i f e : ^òfaunal, at:táched to the sea S o o r ce embedded ìn 

so f t Substrates; su^)ension feeders. 

Substrate: f ine-grained sands and suiceous muds. 

Distributdcn: bathyal biotopes. 

Taxa: bathysiphcnids pathysàphon), hìppocrepìnids (Hyperammìna), 

rhabdamminids (Dendroghyra, Rhabdammina, Rhìzammina) and aschemocellids 

(Kalamopsis). 

Remarks: The morti iotypes were jKobabLy suqjensinn feeders th r iv ing i n 

nutr ient-poor (cQigotrcphic) deep-water environments from ve ry near the 

sediment-water in ter face . The evidence from extant specimens (Christiansen, 

1971; Gooday, 1983, 1986) suggests tha t they w ^ e e i ther a t tached to the 

sea f loor or embedded i n so f t Sediments w i l h ^3a±ures d i r ec t ed away from 

substrate. Ihe ^ l e d m e n s are usuaEy assocìated wi th the ^ntg and f i n e -

gra ined hemipelagìc l ayers o f g rav i ty flow deposits i n outer nerit ic-i$^per 

ba thya l envircnments a f the i^^per Aptdan to Alb ian (Angico Member, 

Riadiuélo FccmatÌDn), and i n lower-middle bathyal se t t ings o f the upper 

Coniacian-Santonian to Maastr icht ian (Calumbi Member, Piacabucu 

F c r m a t i m ) . As these are epdsodic and loca l i sed events (Fig. 5.1) th i s 

pa r t i cu la r báota could represent imìgrant speàes from nearby si tes, l e s 

af fec ted by the b-gbidic currents , whìf^ would go ick ly repc^ula te vacan t 

niches (e.g., Verdenius & van Hinte , 1983). However, the occurrence of 

tubular fragmenta gathysipdicn and Hyperammina) as the more abundant, 

neat ly exclus ive , agglut inated compcnent of some l a y a s (e.g., w e i l 1-üS-l-

SE, core 5:678,60m - Pigs 8.5, 8.8; see sectìon 5.4.3) may also suggest tha t 

these asemblages were t ranspccted and ooncentrated t h r o u ^ sort ing during 

a birbidi . t ic event (e.g., Schröder, 1988). 
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5.4 - MOSPHOGROüPS AND PAIA60-ENVIR0NHENTS 

Taçhcïioniic p r o c e s e s (^ch as t e s t disscdiition, microfaunal mixing and 

condensat ion, caused by environmental , fcáotic oc diagenetic factcrs) are 

widespread i n the fossi! record {e.g., Furs ich , 1978), Ih içper A p t i a n - l o w e r 

A l b i a n o f Sergipe di.sqnlLit-ion of ca lcareous tests i s commonly found i n the 

darker , lese calcareous d ia les , where only a "residual* microfauna composed 

exdusLvely by agglutinated focras was recovered feee Chapter 8; weH 1 - C A -

1-SE, P ig , 8.3), Post-mortera tranEpcct, mostLy by down-f low g rav i ty 

currents , and mixing of assemblages also commonly occurred t h r o u ^ o u t 

the success icn. Fcr instance, no h i ^ - e n e r g y diaDow carbonate püatfccm was 

preserved from the u£^>er A p d a n t o middle Albdan c£ Secgipe. Although 

sca rce , theír représentative sédiments are mostly found rewocked and 

dr i f t ed t o cxjber neri t ic-t^'per ba thya l environments fcy down-f low g rav i ty 

currents (e.g., s i te of the weE 1 - O S - l - S E , wdth a sediraentary séquence 

about lOOOra th ick of turbidi t ic deposits - F i g . 8.5). Despite alL that , the 

miorafoesüifarous associations o f the Cretaceous ^ é l f deposits o f the 

Sergipe Basin seem t o be mostly l o c a E y der ived and preserved wi thout 

marpr l a rge-sca le post-mortem transpoctatáon and mixing being i nvo lved . 

Ih the foDowing paragcaphs the observed distributáonal p a t t e m s of the 

benthcmic focaminifera l mor^hogccxips i n the marine palaeo-environments a f 

t he Cretaceous succession of Sergipe are su m marised. A s i g n e d 

palaeobathymetdes of the studied sect ions were based cn the interprétation 

o f the dlstributicffi o f focamini fera l palaeocommumtíes and aœociated 

microfossi ls (radLolacians, diatoms and ostracods), l i t h o f a d e s and regicnial 

palaeogeogcaçhic framework and are dscussed i n gceater d e t a l l i n Chapter 

8 fPalaeo-environmental Elvolutdon and Palacogeography") - see also 

discussion on sectiai 5.2. The c±ssrved distoibutdon p a t t e m s of the 

plankt tmic foraminifecal assemblages are also t r i e f l y dìscussed. 

5 . 4 . 1 - P a r a l l e B i o t o p e s 

Pacal ic ilagoonalì envicœiraents were recorded i n upçec Apt ian w e U -

s e c t i a i s (lowermost marine sediinents c f wélls 1 - C A - l - S E and l - C N - l - S E ; 

Figs 8.3-4) and lower Altdan outccops (locali ty A - 3 2 ; Figs 8.1, 8.7). The 

microfauna i s characterJqtdcaUy represented by abundant agglut inated 
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^jecdjnens wi th a pcedominance (over 80% a£ tìie t o t a l microfauna) o f large 

elongate multirfiambered specijnens (iitiinTifi«gAmmobac"litP!q, 

haploghragmiidaHaploE^iragmium; AG-A) wi th care occurrences of f la t tened 

p l a n i ^ i r a l focms (cyclamminiias: B u c d c r e n a t a ; AG-B.1) - Figs 5.2-3. The 

aasemhlages inc lude abundant infaunal t a x a , wi th a p a s i r e b a c t s r i a l / d e t r i t a l 

scavenging feeding-s t ra tegy (AG-A) . The minor constituents (AG-B.1) were 

prcAiafciy ep i fauna l élements, with a trofiùc type of ac t ive 

hechlvore^depcs i t feeders, browsing on seaweeds and/or grazing for diatoms 

and bac te r ia cn the sediment. 

5 . 4 . 2 - S h e l f B i o t o p e s 

Ih general , as opposed to c±her envirOTiments, calcareous-hyàlìne (the 

dominant group) and agglutinated ep i fauna l bcowsers and depcsìt-feeding 

foramini fera l ^lecdes with ^ l a r p ^ b a c a t e t o keeled) peripheries and t coad , 

f i lano/concavo-convex, to l o w / h i ^ c o n i c a l tests are preferentialLy 

distr ibuted c n shélf environments. Foramini fe ra l assemblages from inner to 

middle shélf environments, o f l a t e A p t i a n to ea r ly Alb ian age (e.g., Figs 

8.1-7), are raostìy represented by gaveUnéHids (Cingulogavelinella; C H - A . 2 ) , 

pQlymorEdùnids (Eoguttulina, Globulina, Pyrul ina - C H - B . 1 ; Ramulina - C H -

B,3), nodosariids (Dentalina, ' l ingul ina) , vaginulinids (AstaccQus - C H - A . 6 ; 

Marginulina - C H - H . 3 ; Ci thar ina - CH-B.2) , ichthycOadids (IdngulonodosaricO, 

hauerinids (Quinqueloculina (?) - CP-B) , and agglutinated ^)ecimens 

(lituctiids; Ammobaculi tes; eggereUids: MarssonpUa, tExtulariLite: Tex tn la r ia , 

and ^r i rcplec tamminids : Quasi^àrqplectam mina - A G - A ) - Figs 5 .2-3. The 

assemblages are representatìve of the inner-middle ^é lE Marsscnella 

AsBOciation c f Haig (1979). 

The a s e m b l a g e s from middle-outer * e l f envircximents, c f la te A p t i a n 

to eaf ly Ccniacdan age (é.g., Figs 8.1-7, 8.9, 8.12-18), are dominated by 

semi-at tached passive herbivores and ep i fauna l deposit feeders (grazing 

herbivores and detr i t ivores) . Ihe calcareous^yàline foramin i fe ra l 

m<Mrphogroups are gn decceasing order o f abundance): (1) plano-convejt / low 

frocho^iral, bcoad raorErtìotypes (gavelinellids, rcsalinii:fe, conorboidids, and 

baggìnids - C H - A . 1 / 2 ) ; (2) l o w / h i ^ ^ a r o - c o n i c a l (pateLinids and q j i r i l l i r ads 

- CH-A.7) and d i s co ida l f la t tened mocEhotypes ^cdnl l i rads - CH-A.8) - Figs 

5.3-5. 
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Outa: á ié l f environments, oE raid- t o l a t e Cretaceous age (late Ap t i an 

bo Maas tdc i l t i an ; e.g. , Figs 8.3-5, 8.7, 8.12-18, 8.20-24), commonly have 

à£h focaminifecal aseemfcilaqes with fsedominance c£ calcaceous-hyali i ie 

depcsit-feeding specimens. It ie most abundant and h igh-d ivers i ty 

popüla/tians, wi th generaEy mixed t r c ^ h i c grcx^is, occur i n Campanian-

Maastncht ian sectìjisìs [e.g., Figs 5 .13^-D) , 8 .20-22] . Hhe assembüages are 

comraonly cepcesented fcy: (1) ^ r i f auna l deposi t feeders (grazing herbLvores 

and detr i t ivores) : plano/concavo-convex, I D W t rochoqj i ra l , hcoad 

morphcriypes (gavelineUids - C H - A . 1 / ^ ; (2) ac t ive epifaunal/shaHow infaunal 

deposit feeders: l en t i cu la r , p lanispiral raorphotypes (coüed vaginulinids -

-CH-A.6) ; (3) i n fauna l deposit-feeders Jíacterial/detrital scavengers): 

eicngate t ^ i e r e d raor^otypes ( turdl inids, buUraineUids, bol ivinids, 

lacosteinids, s ^ o g e n e r i n o i d l d s , fursenkoimds and caucasinids - CH-B.4 /5) , 

and élongate, s b r a i ^ t to arcuate raorjhotypes pnodosariids, uncoi led 

vaginuünids and e lcngate polymorphinids - CH-B.3) ; (4) epi faunal deposi t 

feeders ftierbivores and detritivcces) : low-trochoepìral, asym raetiically 

low/high uinbiTico-comcail .(epdstomarüds, alaba minids, globorotalitíds, 

dbLcLdids and gavel ineDids - CH-A.4) and bLconvey len t i cu l a r morphotypes 

(epistoioinids, osangulariids, gaveÜneSids, epcnidids and püanulinids - CH-A.5) 

- F ig . 5.2. Late Cretaceous (late Coniadan-Santcai ian to Maastr idi t lan) 

o u t K ^ é l f bol ivinaceans and buliminaceans mapr components o f 

morj^ogroups CH-B.4/5) bave l e s cmamented t e s t - a i r f ace Üian deeper 

asemblages; there i s also p r o g r e s i v e increase and di f ferentdat im of t e s t -

surface sculpture down the slope. 

5 . 4 . 3 - S l o p e B i o t o p e s 

Rounded, inOated/globose raorphotypes o f calcareous-^iyaline and 

agglutinated focaininifera, d iaUow- infaunaVinfauna l deposit feeders, occur 

mostiy i n slope biotopes. Oppa: ba thya l environments, of Altáan age p i g s 

8.3-5, 8.7), have d i f ferent háotic composition frora the i r Cenomanian and 

la te Coniacian-Santonian t o Maastr icht ian counterparts . A áiaHow C a l o t e 

Compensatdr»! Depth (C.C.D.) to mescpelagic depths during the Altáan [see 

Ch^j te r 8, sec t ion 8,2.2.tìi)] contr ibuted to d is t inc t foraminLEeral 

com raunities i n the i ^ p e r sflope. Ihe assemblages are co m monly 
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d i a r a c t a i s e d by var iable nurabers of outer shélf depcs i t - feeding individuáis 

(coiled vaginuünidsr gavel inel l ids , alabaminids, globocotaUtidSr e^dsbominids -

Morphogroup C H - A ; and élongate pQLymorfáTiniite - CH-B.3) w i th increased 

amounts (c. 20-100%) c£ agglutinated ^>eciinens (litucQids, 

ammosphaeraidinids, eggeireüii^ verneuiünids^ ^droplectamminids , 

textülariixte - A G - A ; ammoqfeaercádinidSr tiocdiamminids - A G - B ; 

battiysipáionids and h i fpocrepin ids - AG-C) - F i g . 5.3. Hemipelagic l aye r s 

deposited below the C . C . D . are coinFiletely devoid o f calcareous microfauna 

feüanktaiic and bent i icnic) , cxMítaining exdusLvely a "residual" sfliceous 

agglutinated asemblage compoeed mostiy by prijnit ive types, i . e . , tubular -

£haped single-chambered ^)eclmens (bathysif^cnids and hippocrepinids - A G -

C) , su^)ension feeders, w i th subordínate numbers o f low trochoepical , 

multiidiambered morphotypes, ep i faunaV^ia l low infaunal deposi t feeders 

(ammo^Aiaeroidinids: Budat^eva^^Tig - AG-B.2) - (e.g., wéU 1 -üS- l -^ , core 

5: 678.60m; Figs 8.5, 8 ,7-8; see álso sect ion 5,3, Remarks of Mccíáiogroup 

A G - C ) . 

Lates t Caiomanian upper ba t i iya l environments, deposited under 

dysaerc^dc/quasL-anaerobLc bottom water conditjons ^ee sec t ion 5.5.2, and 

Chapter 8, F i ^ 8.12-13, 8.19), are dominated by minute ( c 100-200^m i n 

máximum diameter, width ce length), l o w - d i v e r s i t y deposi t - feeding 

calcareous (gavelinelüds, conorboidids, rosalinids, bagginids - C H - A . 1 - 2 ; 

ccdled vaginul ini t^ - C H - A . 6 ; tiirrüiníds, bol ivinids , buUmineUiífe, 

fursenkcánids, caucasinids, pcdymorphinids - C H - B ; ^ñroloculinids - CP-A) 

and agglutinated fccamimfera (litunlids: Ammobaculites, A m mo marginulina; 

eggerell ids: Marsscmella; va lvu l in ids : Tri tayi i ina(?); t ex tu la r i ids - A G - A ; 

discamminids: Discammina, and t rochamminii:^ - AG-B.1) - F i g . 5,4. 

Focaminiferal assemblages feom uf^jer bathyal environments, of l a t e 

Coniacian-Santonian to Maas t r ich t ian age (Figs 8.20-24), are s imi lar to 

outer diélf biotopes^ bu t d i f fer ing i n compcsit ion - specáfíc and 

intraq)eci.fic vaciaticxis - and relatdve abundance of morjáiogroups. Ttie 

asembüages have high abundance, h i ^ diversi ty aind mixed trc^Aiic groups, 

wi t l i a predominance of ca lca reous^ iya l ine foraminifera . líiese are (in 

deíxeasing order of abundance) character ised by: (1) epifaunal/shaUow 

infaunal deposit feeders (grazing herb ivore^de t r i t ivoces antVor 
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bacterJAJ/detr i ta l scavenger^: low t r c x i i c e p i r a V ^ a d - y plani^ara]/pl¿ini.spirál 

moTE^otypes wi th a tcoadly counded pedphery (gavelinellids, álabamiiiids, 

nonÍDnÍj3s and bagginiífe - CH-A.3) - 3arger Epecámens (>300um i n máximum 

diameter) occu r a t upper-middle ba t i iya l d ^ J t h g (2) in fauna l deposdt-feeders 

(bac te r ia l /de t r i t a l scavengers): élongate t ^ ) e r ed morphcrf^pes fturrüinjds, 

lacosteinids , siphogenerinoidids, bolivinids; C B - B . 4 - 5 ) ; (3) epifaunal deposit 

feeders (herbLvores and detri t ivores): low t r o c h o ^ a r a l , umbdlioo-conical 

(epistomariids, alabaminids, g l o b o r o t a l i i ^ gavelineULds - CH-A.4) and 

b i convev len tLcu la r morphotypes (episbominids, osangularüds, rotalüds, 

gavelineDids, epo i id ids and püanulinids - C H - A . 5 ) ; (4) ac t ive 

^áfaunal/aiallow infaunal deposit feeders: l en t i cu la r , plani.'fáral 

moríáiotypes (coiled vaginuünids - C H - A . 6 ) . Var iab le numbers ( c 20-40%) o f 

agglutinated ^ lec imens (morfiíogroups A G - A , A G - B . 1 - 4 , AG-C) are also 

present - F i ^ 5.2, 5,6). 

Turrüinaceans, bolivinaceans and buliminaceans are most abundant and 

diverse i n the outer ner i t ic- ig iper ba thya l , near the ^ e l f edge (e.g., F i ^ 

5,2, 5.6), where they make up ^^oximat ié ly cne-quarter o f the 

f c ramin i fe ra l fauna. Tiiey decline i n both abundance and species ckhness up 

on the d i e l f and down the slope. Ba thya l spedLmens are also general ly 

larger and more camamented than she l f individuáis [e.g., Orthokarstenia 

d a r k i (Cuáiman & CarapbeH) i n o u t ^ shétf to ugper slope environments, and 

Ortfaokar^ienia d a v a t a (Chenouard, de Klasz & M e i ^ ) i n the u p p ^ t o 

middle s lope] . Ihese trends also ^ p e a r a t the in t raspec i f ic l e v e l wi th , foc 

exampile, morphotypes of BcJivina ex gr . afira (Reymentj ^ o w i n g an incxease 

i n ove raU leng th and strength of costae down the i ^ p e r slope ^ee Ch^J te r 

3). I h e foreference of the turdl inaceans , bolivinaceans and buliminaceans fot 

deep water , often p o o d y oxygenated ^ o w n t o be able to tolérate levéis 

as low as O. lOml o f O2A1 Boltovskoy, 1972) environments, raay be related to 

the explnitatdon o f par t ic i i la te , d e t r i t a l ocganic matter (Haynes, 1981). 

•ttophic resources decxease expcxientially with depth and select ion favours 

species t h a t can f ind and utüise packaged det r i tus such as f aeca l peUets 

and careases of metazoans (Haynes, op d t , ) . Por instance, some deep-sea, 

l o w - d i v e r s i t y , ex tan t benthoúc f c r amin i f e r a l assemblages have also been 

d i o w n t o be ^«edalised feeders t ha t tüoom oppcctunis t ical ly when the 

appropdate food (EArytodetritus) and aseodated microorganisms beoomes 

available (Gooday, 1988). 
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Mií3dle-lDwer ba t t iya l fccaminifera l asseroblages, of l a t e Coniac ian-

Santonian to Maas t r ich t ian age ^ect ions of wélls 1-SE&-3, l - a B - 2 4 ; Pigs 

8,22-24), are charac ter i s t ica lLy mricfaed i n agglut inated ^jecúnens. Tíie 

deepest biotopes are representad by an abundant microfauna of large 

(>300um i n maximum length), s ingle-d iambered ^ t c a i ^ i t oc tcanched) 

m c r ^ o t y p e s (bathysÍEhonids: BathysighCTi, hippocrepinids: Hyp^ammina ; 

rhabdamminids: Dendrophrya, Rhabdammina, Rhizammina, and asdiemoceHiás: 

Kalamopsis - A G - C ) , e p i f a u m l sugiension feeders, with variable 

asemblages of ^ x i f a u n a l and infaunal deposit feeders M e t e r í a ] / 

detr i t ivorous scavangers, and omnivore^ , such as hccmosinids: Hcrmosina, 

Rec^*iax; l i tuol idsr AmmobaciTites; vemeuüinids Gaudryina, 

Pseudoqaudryinena ; eggereHids: Dcrotfaia, Ka r r e r i eBa ; Fseudogaudryirdds: 

Clavulincddes, Pseudodavul ina - A G - A ; hapilophragmoidíds: Asanospira, 

Cr i t ros tomoide^ Haplophragmcàdes; disczamminids: GlaiAiyrammina; 

am moqphaeroidi m'ds: Recurvoides; lituotutáds: Troc:hammin(ñdes - A G - B . 2 ; 

ammodiscdds; Ammodiscus, Am movertePina, GJomo^ñra, Glomoepirélla; 

rzehcikinids: R z ^ a k i n a , Hfii r-psiqmoilina, SpircJocammina - AG-B .3 ; 

psammo^haer ids : Psammosphaera; and saccamminids: Saccammina, Pil i i l i na -

AG-4) - F i ^ 5.2, 5.6, 

5 . 4 . 4 - P e l a g i c B i o t o p e s 

and P a l a e o c e a n o g r a p h i c C o n d i t i o n s 

The water-mass depth s t r a t i f i c a t i m of Cre t aceo j s planktonic 

fc ramini fe ra l cx>mmunities has been infmred by s eve ra l wcrks (e,g., Har t & 

Baüey, 1979; Wonders, 1980; Carcm, 1983; Carón & Homewood, 1983; Hart & 

B a l l , 1986; Lecdcie, 1987), mosüy based by analogy with present depth 

distr ibutions o f l i v i n g species (e.g., Bé, 1977) and from l o c a l 

palaeotdogeographic distr ibutions (e.g., Eicher , 1969; SUber, 1972; Hart & 

Baüey, op. c i t . ) . Oxygen isotope studies (e.g., Douglas & Savin , 1978; Saito 

& van Dcnk, 1974; Cor f i e ld , H a E & Braaier, o r a l cx)mmunication, Aston, 

December 1988) have also given suppcrt to the t h o u ^ t tha t the Cretaceous 

assemblages ha^á depth dis tr ibut ions similar to modem analogs. 
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The Eflanktonic assemblages recovered firom t i ie Cretaceous successicn 

c£ Sergipe show the f d l o w i i i g dis t r ibut ion patterns (see Figs 5.3-5, 5.7-10, 

6.3): 

Inner ner i t i c environments, of l a t e Apt ian age (e.g., l o c a l i t y A-38 and 

weDs 7 -CP-252-SE , l - C E B - l R - S E ; Figs 6.2, 8.1-2), are dominated t y 

favusell ids Specimens w i l h a h i ^ U y variable globdgerine chamber ^i^>e and 

arrangement and a cha rac t e r i s t i c surface omamentatiDn of f ine - to -coarse 

r idges forming an hcxieycomtj-like pat tern; the many morphotypes are 

intra^tecdfic variants and d i f ferent ontogenetic stages of a s ingle 

hedbergeDid taxcai; BedbergpTia (FavuseHa) wa:^Titensia - see Chapters 3 and 

6, and F i g . 6.3). Abundant assemblages of f a v u s e H l ^ dominated by sma l l 

^)ecimens (100-250um i n maximum diameter; mostly neanic fccms) are found 

i n the neardiore inner ne r i t i c paleoenvircximents (Figs 5.3, 5.7, 6.3). In more 

c^ien marine waters ^nner t o middle n e r i d c envircaiments - e.g., wells 1-

C A - l - S E , 1 - C N - l - S E , 1 - U S - l - S E ; F i ^ 6,2, 8.1-5) and upwards i n the 

succession, the favuseDid pecula t ion diarpGy decl ine i n number and i s 

dominated by larger q)ecimens (300-500ura; g ^ ^ a c and geront ic fccrns), 

wi th less morphological v a r i a b i l i t y . Ihey are progressively replaced t:y 

numerous other p lank ton ic focaminifara with a rugcee/^Mshilnoe (pustules 

and/or costeHae) chamber surface and i n turn by abundant specimens of 

non-camamented He<33ergpTla, Ticip**'^^ and Globiger i ry 'Tl ' ' ' ' ' ' ^ ( F i ^ 5.3, 5,7), 

GQobJqerjjv'nnides ferreolepg''^ (McniHade) appears t o represent the deepest-

dwel l ing planktcxiic t axon c f the l a t e A p d a n , as ^>ecimens are c n l y 

recorded from outer neri tdc-upper ba thya l depcsits a c t i o n s o f weDs 1 - U S -

l - S E , l - S E S - 3 , l - S E S - 9 , l - S E S - 2 4 ; Figs 5.7, 8,5-6). Higher up i n the 

stcatdgraphic sequence, t h r o u ^ o u t the middle to i^iper A l b i a n , deep-water 

dwel l ing (middle t o outer ne r i t i c and deeper) p lanktomc asemblages are 

d iaracber ised by nrai-ocnamented Hedtjarg^Tla, T ic inePa and 

Globiger ine l lo ide^ together w i th abundant ^)ecimens of Ri'tHHnpTia i n the 

upper A l b i a n (Figs 5.3, 8.1, 8 ,3-5 , 8.7, 8.9), Middle t o outer ^ e l f biotopes 

o f the uppermost Alhdan ^ i g s 8.3-5, 8.9) are d ia rac te r i aed by calcareous 

mudstones containing numerous paanktonic foramini fera with a 

rugose/^xisbjlose chamber surface (Hedtaergella, Tir inaTla, Praeglobotruncana) 

and other non-tugose hedbergeDids, TJcinpTla, he t e rd i ^ i cdds (Heterohelix) 

and guembelitr i ids (Guembeljtria). 
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FIGDRE 5.7: Planktonic foraminiferal assemblages and watet-depth 
stratìflcatÌDn during the la te Apt ian. 
(1) neanic and early epheblc favusellids; l a t e epheblc and geronüc 
favusemas; (3) H . (H.) ex gr. délrioensis; (4) H . (H.) gorbachikae; (5) H. {HO 
ex gr. p l a c a r á ; {G¡ H . (H.) trocoidea; (7) T. rober t i ; (8) T. bepouaensis? (9) 
G. ferceòlensis. 



Rare specimens c f Rotaüpcrá, a t y p i c a l s ingle-keeled Tethyan group 

(and deep water planktcaiLc raocphotype; c f . Har t and Bai ley , 1978; Lecdde, 

1987), are f i r s t recorded i n the towermcet C ^ w m a n i a n (Fdgs 5.8, 8.4, 8.15). 

A mcudjaum i n s e a - l e v e l occurred dut±ig the üatest Cenomanian [Figs 

5J.3{E3, 8 .12-13, 8.16]. The aea- leve l rise i s a s o c i a t e d witìi an increase i n 

botton Oi^gen-deple t ion t o hypoxio/anoxic condit ions over the * é ] f i^ee 

s e c t i m 5.5 and Chapter 8), a probat ie consequence of periodic expansión 

and in tens i f i ca t ion o f a mid-water oxygen-minimum zone. Similar condit ions 

s t a i pers is ted during the ear l ies t Turonian (Fig- 5.10). I h e presence o f rich 

and diverse pia nktenie b io ta (foraminifera and cadinlarians), t h r o u ^ o u t the 

Cenomanian-Turonian succegánn, suggests widesjasad oj^genated epìpelagic 

l a y e ^ c f var iable t h i c k n e s i n ^ c e and t ime i n the basin. The r i c h l a t e s t 

Cenomanian-ear l ies t Turonian püankt^^iic f c ramin i fe ra l asemblage (e.g., wéU 

1 - C A - l - S E , F i g . 8.13, and loca l i t i e s A - 2 , A - 9 , A - 2 2 , A - 3 5 , F i g . 8.12) i s 

d i a rac t ec i sc i ca l ly dominated by large ( e 300-400pim i n maximum diameter) 

"glofcigerine-like" qpecimens [Hedbargpil^ (Hedbergella), HedbergpTia 

(WhiteineHa) and GlobigerineTlnides; e.g., Globigerippirtifipg bentonensis 

(Morrow), i n the uppormost Cenomanian). A single smaU-sized ( c 295fm in 

maximum diameter) ^jedLmen c f RotJ^lipcca greenhcmensis (Mcanrow) has been 

recorded i n the onshcce i^ipermost Cenomanian sect ions (locaUty A - 9 ; F i g . 

8.12), I h e f i r s t of the two-kee led morphotypes, DìcaHrviTia p r imi t iva 

(Dalhiez), are recorded i n the ufpermost Turcnian (localitáes A - 8 ; Figs 8.12, 

8.18). ShaBower envircximents, of the mìddle-late Turcxiian (Fig. 8.12), have 

var iable numbers o f minute (<200pm i n maximum diametzec, width or length) 

heterohel icids , guembelitrìLds and hedt>ergellids . 

I h e l o w e r Coniacian, as found i n the outorcps c f Sergipe (locali t ies A -

10, A - 1 1 , Tabocas 2; F i ^ 8.12, 8.18), represents a t ime c f áiaHowing i n 

the envircnment and o f deposition under welL oxygenated water m a s 

condit ions. This resulted i n a báotope charac ter i sed by ^ape tag ic planktcMiic 

f c r a m i n i f ^ a morphotypes ^edba rge lUj : ^ heterc^el ic ids and 

Archaeocjlobiqerina) of mixed test s i zes . 

I h e upper Coniacian-Santonian has been recorded i n the onshcre (wéDs 

1 - C A - l - S E , F i g . 8.20, and 1 - C R L - l - S E ) and o f ^ o r e area of Sergipe (wélls 

l - S E S - 3 , F i g . 8.22, l - S E S - 9 and l -SES-24 ) - F i g . 8.23. The planktonis 

- 3 8 9 -



12 
P E D R E 5.8: Planktanic foramimferal assGmfcOages and water-depth 
stratìfication during the earl iest Cenoraanian to early-middlfi Cenomaman. 
(1) R. bcotzeni; (3 R. appenninica; (3) H. (H.) ex gr. planispira; (4) H . tW ) 
baltaca; (5) H. (H.) ex gr. delrioensis. ~ ~ -
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FIGURE 5.9: EQanktonic fOTaminlfecal aasemhlages and water-depth 
BtratificatÌDn during the l a t e Cenomanian. 
(1) Guembelitria cenomana; {2j H . (H.) ex gr. delrioensis; C3) H. (M.) bal t ica ; 
{4) H . (W.) apnea; (5) H . (H.) ex gr. p lanispka; (6) G. bentonensis; (7) R. 
greenhornenas. 



FIGURE 5.10: Planktonic focaminìferal assemblages and water-depth 
stratif icatiOT durìng the ear ly Turonian. 
(1) Guembelitria cenomana; (2) HetecohelLx more mani; (3) H. (W.) bal t ica ; (4) 
H . (H.) ex gr. delrioensis; (5) H. (w.) bcittonensis; (6) H. (H,) ex gr. 
planispira; (7) H. (W.) archaeocretacea. 



assemhiageSp & o n i outer ^ e l f to middle- lower bathyaL environmentSr bave 

Aver se keeled morf^otypes (Contusotruncana, Dicar i neHa, M arginctruncana) 

wibh scarce hedbergeHiäSr heterohelicùte and Archaeoglobiqer ina . 

Campanian-Maasfcciditian planktoüc assemblages äiow a more dear 

d i f f ^ r e n t i a t i m i n compcst t icn. Middle-outer ne r i t i c environments feections 

onäioce Sergipe: tocalities A - 1 8 , A - 1 9 , weBs l - C A - l - a ; , 1 - A U - l - a ; - see 

Figs 8.20, 8.24) are d ia rac te r i sed by ridi rugose/^vstulose (with costeHae 

and/or pusbJÜae) assemblages o£ rugoglobigerinel l ids [Ardiaeoglobigerina and 

RuqoqlDbiqerina) w i t i i abundant he te rohe l idds . S e v e r a l smaU (<300;im i n 

maximum diameter) rugose morphotypes [e.g., Ardiaeoglohiger ina b l o w i 

Pefflagno; Ard iaeoglob iger ina cre tacea (d'Ortagn^; Rugoglobigerina ex 9:. 

rugosa ^ ^ m m e r ) ; GlobotruncaneTIa havanensis ( V o a r w ^ ) l occur . Rugose 

keeled morp^iotypes [Globotruncana aegypt iaca N a k k a ^ dobo t runcana 

subdrcumnodifer (Gandolfi); Globotruncaniba ^ c£. G, ca lca ra ta (Cudiman), 

Gansserina gansser i (Bolli)] are recorded i n var iable numbers i n outer neritic 

environments. Outer n e r i t i c - i ^ p e r ba thya l env i ra iments (e.g., weDs 1 - C A - l -

S E , 1 - S E S - l A , l - S E S - 9 , Figs 8.20-21, 8.23-24) have qxjcadic rugose and 

non-rugoee asembuages o f keeled-^danktonic moq^o types (Gansserina, 

Globotruncana, Globotruncani ta , Ccntusotruncana), but a l l viüi l ow to 

moderately h i ^ t rocho^r i re . Specimens o f rugoglobigerinell ids, 

acchaeoglobigerinellids and he terohel idds , l a rge r - s i zed (>300^m i n maximum 

diameter) and i n var iable numbers, occur a s soda ted with these assemblages. 

Middle- lower ba thya l environments, from Campanian-Maastr icht ian sect ions 

i n d i s t a l offshore s i tes (weDs l - S E S - 3 , 1-SE:S-24; see Figs 8.22, 8.24), y ie ld 

abundant and h igh-d ivers i ty püanktaiic assemblages, together with seve ra l 

high t r o c h o ^ r i r a l morphotypes [e.g,, Ccotusotruncana contusa (Cu^man), 

Contusotruncana ex gr. f a m i c a t a (Hummer) and Contusotruncana 

patpTliformis (Gandcüfi)], i n l ower numbers. Rare high t rochcepi ra l ^)ecimens 

of CCTitusotruncana ex gr. f c m i c a t a are fur ther recorded from a sca t te red 

occurrence i n an early-mixüdle Maastr ixhtian upper ba thya l s e c t i m (wei l 1-

S E S - 9 ; F i g . 8.24). 

The d i a r a c t e r i s t i c pa t t ems of d is t r ibut ion of the Cretaceous pflanktraiic 

aSGemhlages of Sergipe are, t h ^ e f c r e , further evidence fc r the w a t ^ - m a s s 

s t r a t iEca t ion o f these foramini fera l commumtLes i n d is t inc t ive pelagic 

niches, w h i d i Supports the condusions of seve ra l pcevious authors. 
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5.5 - IiOir-OXTGEN TOLERANT PORAMIHIPESAL ASSBMBUGES 

Dist inct ive sedimentological , geochemicaU isotopie and 

miaropaJaeontological cespcnses characterise the nature of Sediments 

depcedted under hypox ic /anox ic bottom conditìrms during the raid-Cretaceous 

of the w o d d ^ basins (e.g., Bernhard, 1986; Arthur e t 1987; Sdi langer e t 

1987; Ja rv is e t aO., 1988 a , b; and references there in far review). Both 

the re la t ive positdon of the mid-Cretaceous oxygen minimum zone and the 

degree of oxygen dep le t icn seem t o have had a d i f fe ren t i a l e f fec t cn the 

se lec t icn (raorEhotypic coraposition), d ivers i ty , abundance and ^>ecimen s izes 

of the forarainifera i n the water coluran and cn the sea f locx . The 

dis t r i hution charac te r i s t ics of foramini fera l assemblages tprimarily 

contarolled by p a t t e m s o f community t r cph ic structures) permi t an 

estimation of the ex ten t o f the oxygen-minimum l aye r over the shelf and 

slope, and an eva lua t ion o f the degree of oxygen depdeticn i n the w a t ^ 

cblumn. The reoogni t icn o f distrihutdrai pa t t ems c f low-oxygen tcüeréuit 

microfauna i s , therefcce, of pr imary impoctance i n evaluatdng and 

reconstruct ing the r eg iona l palaeoceamographic sett ings where such events 

took Edace. 

5 . 5 . 1 - The upper A p t i a n t o A l b i a n s u c c e s s i o n 

The Upper Aptdan-Altäan s u c c e s s i m i s exeraplified by the lower sections 

of wells 1 - C A - l - S E , 1 - C N - l - S E and 1 - U S - l - S E {Chapter 8; Figs 8.3-5. The 

micrafo^LL content i s charac te r i s t i ca ly r ieh i n planktonic foramini fera l 

assemtdages of globular chambered specimens with tcochcddal, p l a n i ^ n r a l 

c i n d , very rare ly , H a p r i a l tests (favuselüds, other hedbergeüids, t icdnellids, 

fji/ihrig<aT-i ntaTirrirtiffe and he te r t^e l ic ids ) . Such microfoss i l pa t t ems are 

characterdstic o f water masses wi th weE-oxygenated epipelagic layers . 

Impover i^ed , low-diversüiy, benthonic rairrofaunas, wi th l im i t ed 

intraspecdfic varJaticHTs and variable numbers of agglutánated individuáis (c. 

20-100% i n tìie t^jper Apt ian-middle Albian), are typdcal features of l o w -

oxygen biotopes. I h e benthonic foramini fara l morphotypes found (in variabile 

afflemblages c f few mixed t axa pa: sampQe) i n l a t e A p t i a n - A l b i a n Sediments 

depcsitied i n dysaeroblc (>0.1-1.0ml oxygenA water) t o quasL-anaerofcdc (>0-

O.lral/1) bottom conditdcns are presented i n Table 5.2(A-B). The assemblages 

are , i n severa l ways, aanilar t o the fccamini fera l morphotypes recovered 

from Cenomanian-Turonian oxygen depileted Sediments. 
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TAB££ 5.2(B): Alhian focaminiferal assemblages from hypoxic cîeep ner i t i c to 
upper ba thya l environments. 
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Decreasing oxygen l eva i s i n bottom w a t a s , a t oc neat t i ie sédiment/ 

vatBc i n t e r face , seera t o have had a d i f f e t e n t i a l e f f ec t on the benthonic 

foramin i fe ra l communities, con t r i tu t ing to a p r o c e s s i v e impoverishment Qn 

diversi ty and t o t a l abondance) and t e s t - s i ze dirainutÎOTi o f the calcareous 

assemblages. A maximum i n oxygen depletÏCTi (dysaerobic to anaerobic 

conditions) occur red during l a t e Apt ian-ea r i i e s t A l b i a n t imes, i n middle-deep 

ner i t i c to upper ba thya l sett ings (e.g., Figs 8.3-5, 8,10), Ttàs event i s 

d ia rac te r i sed by argarac-cLcii fTOC 2-12%, iâs^ hydrogen -HT- and low 

oxygen indexes - C h ^ i t e r 8, section 8.2.4) dark grey maris and calcareous 

black ^ l a l e s containing a very impovenshed l o w - d i v e r s i t y benthonic 

microfauna o£ calcareous (alabaminids - C H - A . 3 , and co i l ed vaginulinids -

CH-A.6) and agglutdnated fccaminifera [usuaHy represented by 

bathysîphcnids, hippocrepinids - A G - C , ammos^haerodiniâs and eggerell ids -

A G - B . 2 , w i th minor occurrences of l i tuotuhids - A G - B . 2 , spirpFilectaraminids, 

the p lanktonic spedmens ^ o w corrosicffi spcAs i n the i r tests wi th pyr i t e 

inf iHing o f the cav i t i e s . Suth features are pcobabLy due to pœt-mortem 

difficQution under reducing conditions, ^ o r t l y after b u n a l c r during the 

ear ly stages o f diagenesis of the more susceptible (thinner and po rou^ 

calcareous tests, A "residual" microfauna composed exclusively by 

agglutinated forms (am mo^haeroidinids , bathysiphonids, ht^pocrepinids, 

vemeuHinids and text i i lar i ids) charac tedses the darker , less calcareous 

layers . Agglu t ina ted foraminifera are both solution-résistant and have 

g rea ta : tolérance t o poody-oxygenated condi t icns and low pH (e.g., 

Saidova, 1960, 1965; Mocsrkens, 1976; Berggren, 1984), Sédiments with no 

benthcnic ^ l e d m e n s and a d c h pfLanktonic b io ta suggest depositir»! under 

h i ^ i l y oxygen-depletBd bottom condit ions bu t with weH. oxygenated 

epipelagic l aye r s above. 

Waning hypox ic /anox ic condit icns {dysaerctdc t o aercidc) are apparent 

bowards the upper Albian successicn o f the Sergipe Basin. Ihese are 

character ised by sédiments with moderate to low TOC contents {around and 

lower than 1%) conta in ing a s l i ^ t l y more d ivers i f ied benthonic assemblage 

of calcareous fcramini fera O^epresented mostly by gavel ineSids , alabaminids, 

baggirddSr conorboidids, epistominids, g loborota l i t ids , pate l l in ids , sp idUinids , 

tur r i l in ids , vaginul inids - C H - A , nodosariids, poLyraorphiniiite, tur r i l in ids -
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CH-B) wi th fewer agglut inated ^lecdinens (laœtLy eggerellidSr batiiysifhonids 

and vemeuilinids) - (Figs 8.3-5). 

5 . 5 . 2 - The Cenomanian t o T a r o n i a n s u c c e s s i o n 

Two maxima i n oxygen d e p l e t i m are apparent i n the C m o m a n i a n -

Turcnian succession: cne i n the lower C ^ o m a n i a n and another i n the 

uppormost Cenomanian-loweiinûst Turcnian. I h e ear ly Cenomanian event i s 

exemplified hy the sec t i cn o f wèR l - C N - l - S E . The moderately c r g a n i c - r i c h 

(TOC about 1.2-1.8% - HT 450-500) calcareous mudstones and shales contain 

a benthcnic microfauna i s composed by gavelineUids (GavelineSa berthélini-

Gav, pilummerae-Gav. ren?yrf E ^ X U S , C H - A . 1 ) , g loborota l i t ids (Globorotaiites 

ex gr. m iAe l in i anus , C H - A . 4 ) , co i l ed vaginulinids [ L a i t i m i i n a ex gr . 

rotniata^ Hannij^ria complanata (Reuss) - C E - A . 6 ] , nodosariids (Daitgh'na 

communis d 'Orbigr^, CH-B .3 ) , cibicddids (Cihicides sp. A , CH-A.4) and 

bulimineHids (QuadratobulimineHa sp. A , CH-B.4 ) . Rare eggerel l ids 

(Marsscmella t rochus var . tur r i s - AG-A) also occur , This sect ion i s 

interpceted to hawe been deposited i n a deep ne r i t i c environ ment wi th 

moderately dysaerobic bottom conditdxxis and wéE oxygenated epdpelagic 

water-maffies. Fur ther \jp i n the l o w e r Cenomanian séquence, represented i n 

the sec t icn c f wéH 1 - C A - l - S E (Fig. 8.13), moderately t o high ccganic-c ich 

f roc about 1-2.7% - a i 120-400) s t ra ta were deposited under 

dysaerohicv'anaerobic bottom oo id i t ions i n deep ne r i t i c to upper ba thya l 

environraents. No benthcnic microfcesfls i s recov«:ed from the I D W ^ par t , 

which contains c n l y pQanktonic ^ l e c i e s [hedbergeHids: Hedbarg^Tig (H.) ex 

delrioensis, HedbergeDa (H.) ex gr. p lan i^r i ra fT^jpan); heterchel ic ids: 

Heta:chétix ex g r . globulosa (Ehrenberg), H e t moremani (Cu^raan); and 

radjnlarians]. I h e i^jper aectdm yie lds an impoverished, l o w - d i v e r s i t y 

benthonic assemblage represented by rare gavel ineUids (Gavpiinpila 

berthélini - Gav. plummerae - Gav. re ' igH fdexus, CH-A.1) and nodosariids 

(Nodosaria ex gr . cteçura Reuss, CH-B.3) . 

Lates t Cenomanian-eanliest Turcnian low-oxygen tolérant fcraminiEera l 

assemblages were recovered from welL-sectàons (e.g., wélL 1 - C A - l - S E , F i g . 

8.13) and from outcrops (uppermost Cwiomanîan: locàlity A - 9 ; lowermost 

Turcnian: l o c a l i t i e s A - 2 , A - 2 2 and A-35) . A n ahundant and moderately 

diverstfied fi lanktonic microfauna was présent throughout tha t t ime in te rvaL 
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T H E O X Y G E N MINIMUM ZONE AND 

ITS E F F E C T S O N T H E FORAMINIFERAL BIOTA 
(oxygen minimum zone above tbe shelf edge) 

I EPIPELAGIC L\YER^ 

Well-axygenated ("aerobic" coaditions, >I.O mi oxygen/1 water) : 
juvenile and abundant fully developed plaaktonic fauna 
(bedbergellids, gtobiscríntíloidids. guembeltlriids and 
beleroheliclds), wiihoul or with a few small (<300^m in 
maximum diameter) keeled forms (dicarinellids, rotai iporids). 

Low/ moderate degree 
of oxygen depletion ("dysaerobic" conditions, > O.I-l.O ml/1; 

oxygen minimum tone near ttie wave base) : 
dwarf and/or juvenile planktonic fauna (hedbergellids. 
I^obigerinelloidids. guembeiitriids and heterohelicids) 
with pralically no keeled forms. 

B O T T O M W A T E R S 

Low degree of 
oxygen depletion ("dysaerobic" conditions, > 0.5-1.0 ml/ D : 

benthonic microfauna, mainly composed of 
calcareous-hyaline foraminifera (gavelinellids, conorboidids, 
bolivinids, turrilinids, buliminellids, fursenlwinids, 
vaginulinids, nodosariids, polymorpfainids, caucasinids, 
rosalinids and bagginids). Many small-sized specimens 
and ag^utinaled foraminifera occur. 

Moderate degree of 
oxygen depletion ("dysaerobic" conditions, > O.i - < 0.5 ml/ I): 

predominance (c. 60-80%) of a minute (c 100-200um in 
maximum diameter, width or length) henthonic assemblage 
mainly composed of calcareous-byallnc foraminifeni 
(gavelinellids, cooorfaDtdids, bolivioids, mrrilinids, 
fiirsenicoinids, vaginulinids, nodosariids, polymorph in ids, 
rosalinids and bagginids), a monospecific microfauna of 
spiroloculinids and variable numbers (c. 10-30%) of 
agglutinated foraminifera (lituolids. discamminids, 
eggerellids, lextulariids, trodiamminids, ammodiscids, 
irilaxiids and valvulinids). 

High degree of 
oxygen depletion ("quasi-anaerobic" conditions, > 0-0.1 mi/1): 

varies betwen virtually no benlhonic microfauna and that 
shown for bottom waters with a moderate degree of oxygen 
depletion, witb increasing numbers vf agglutinated specimens. 

TABIÄ 5.3: Tentative corre la t ion among the relative position of the oxygen 
minimum zone, the degree of oxygen depletion and their ef fec t on the 
s e l e c t i m and abundance o f focaminiferal assemblages (patterre observed i n 
the i^jperraost Cenoraanian-lo wer most Turcman succession of the Serqipe 
Basin). 
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CBie p lanktan ic fòrarainifera are' mostLy represented fcy hedbergeUids 

[Hedberg^Hjì (B.) ex gr . delrioensia, Hedbergi^Tla ex gr. p lan isp i ra , 

HedbergeUa (H.) ex gr . sLmplex (Mccrow), HedbargeBa (W.) aprica (Loetìlicti & 

Tappan), HedbergeUa (W.) ard iaeocre tacea Pessagno, HedbergeUa (W.) ba l t i c a 

Douglas & RanJcin, HedbergeUa (W.) britbonensis L o e b l i d i & T^^pan, 

HedbergeUa (W.) paraduhia Sigal] , r a re and smaU (about 2 9 5 ^ i n maximum 

diameter) kee ied mor^o t^pes fcotaliporids: Rotal ipoca greenhomensis 

(Mccrow) - uppermost Cenomanian]. Abundant and welL d ive i s i f i ed 

radiolar ians f^umel l a r i an and n a s e B a r i a n fccms) and diaboms also occur 

^ee Chapter 7, F i ^ 7.1-2). The a s emblages from hypoxic d e ^ ne r i t i c tx> 

upper b a t i i y a l bentìionic fcdotopes bave a predominance (c. 40-60%) o f 

gavel ine l l ids [G^ve l in^^^ ber the l im-Gav. pJum merae-Gav. ren^gri pilexus^ 

IJnguloqaveli ne l l a C?) ap, <£. IM t i ialmanniformis (Hotrakova), 

Lingulogavelj ne l l a tormarpensis Oro tzen) ] , conorbcddids [Ccnorboides ex gr . 

minutdasima ^appan) ], rosalinids [Gavelinopsis (?) sp. K[ and bagginids 

(ValvuHneria sp. A) - C H - A . 1 - 2 , wi th variabile numbers ( c 10-30%) of 

t i irrDiniife [Praebulimina ex gr. nannina ^appari), Neobulijnina minima 

Tappan], bcOivinids [Gabonita l ev i s (de K l a s z , Marie & Rèraij, Gab. <^aesa (de 

K l a s z , Marie & Rèrat)], buliminelLids (BulimineUa ap. A) , fursenkcdnids 

[CassideHa ex gr. v i sddus (Khan), Cccyphostoma sp. B ] , caucasinids 

(Caucasina ^ A) - C H - B . 4 - 5 , polymorphinids [Globulina l ac r ima Reus^ 

Globul ina p a s c a Reum] - C H - B . 1 , ^ànllinids [Spiri l l ina minima Schacko, 

Tur r i sp i r i l ina subconica Ta^ipan] - C H - A . 8 , smooth nodosariids [Deni-aiina 

visfailae Pozarydca, Hodosaria ex gr . cfcscura Reuffi] - C H - B . 3 , co i l ed 

vaginul inids [LentLculina ex gr. robulata, C H - A . 6 ; ( c 5-10%) ] , together wi th 

a m<Miofauna o f ^arblocul in ids [Spiralocul ina sp. A , C P - A ; (about 5%)]. 

Agglut±iabed speómens (litiinìji^ Ammobaculi tes impexus E i c h ^ , 

Ammomarginulina patereTla E i d i e r ; eggerell ids; MarssoneHa kummi; 

textular i i i fe : Textular ia ex gr. subconica Franke; valvulinìds: Tri<-ayilina(?) sp, 

A - A G - A ; discamminids; Discammina sp. A and trochammimds: Trochammina 

^ A - A G - B . 1 1 a lso occur i n variat i le numbers (e 10-30%), i n deeper 

(uppOT slope) siìirirlasHr envdrcaiments of the uEpermost Cenomanian. Minute 

ca lcareous-hyal ine ben tho i ic foraminifera (leas than 200;im i n maximum 

diameter , wid th oc length) dominated (about 60-80%) during times of more 

intense and widespread oxygen depiletion Oong-term dysaerobdc/quasl-

anaetohdc epdsodes; e.g., l oca l i t y A - 9 , i^jpermost Cenomanian, P i g . 8.12) -
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gee Table 5.3. H i ^ y oxygen-depletecl bottom condi t ions are marked by t±ie 

absence o f benthonic microfauna (e.g., e a d i e s t Turonian sec t ion of wéH 1-

C A - 1 - ^ ; see F i g . 8.13). 

5 . 5 . 3 - P r e v i o a s s t u d i e s o f b e n t h o n i c f o r a m i n i f e r a 

f r o m m i d - C r e t a c e o u s h y p o x i c / a n o x i c e n v i r o n m e n t s 

Severa l s tudies have reported benthonic foramin i fa ra l a ^ m b l a g e s 

recovered from mid-Cretaceous hypoxic sediments i n most oceanic and 

e r s ia t i c basins. The fctDowing disgission presents a b r ie f account of the 

more recen t s tudies i n crder to evaluate the s imi la r i t i e s i n the dis tr ibut ion 

of low-oxygen toilerant benthcmc fc ramini fe ra l asemtüages. 

5 . 5 . 3 . ( 1 ) - n o r t h e r n S o n t h A t l a n t i c 

I h r o u ^ petrographic micxobixafacies studies o f f ine ly laminated marls 

and shales from the upper par t of the Hacaé Formation i n the Campos 

Basing southeastern Braz iU Dias-Bdto (1982) repor ted a benthonic 

assemblage, of uncer ta in Cenomanian age, composed of rare co i led 

vaginuliniiite and other undifferentiated calcareous-hyal ine benthonics and 

textular i ids , i n an environment with hypoxic bottom condit ions. In the 

Cenomanian to ea r ly TuronianC?) succes icx i o f the northern area of Campos 

Basin, Routsoukce (1984) documented hypoxic marine deposits of marls and 

dia les charac te r i sed by a scarce and l o w - d i v e r s i t y benthcoic mixrofauna 

composed o f bolivinlife (Bcilivina), tnn-iiinìrfa (Neobulimina), co i l ed vaginulinids 

(Lent ia i l ina) , pdymar fh in id s (Guttulina), àlabaminids (Gyroidina), anomalirads 

(Anomalinoides), and agglutinated ^>ecimen3 (eggerellids: MarsOTeHa; 

haplnghragmoidids: Hsyi lot^agmoides) . From the l a t e s t Cenomanian-earl iest 

Turonian deposits o f the easbom area of Campos B a d n , Azevedo e t ^ 

(1987) also gave account of the occurrence of co i led vaginulinids 

[Lenti culina) , lagenids [Lagena apkrulata), gavel inel l ids (GavelineTIa), 

alabaminids (Gyroddina, Gyroidinoides aff. pcaestans), glotxarotalitids 

(Globorotalites midie l in iana) , pleurostomeHids (Pleurostom^Tl;^), and 

turrfl inids, wi th a predominance of agglutdnatied f o r a m i n i f ^ a 

(hc^ilo^hragmoidLds: Haplophragmoides; trochamminids: 'Drochammina; lihinHfiB: 

Ammobaculites; va lvu l in ids : Qavul ina gabonica; eggerel l ids: MarssoneHa 

- 401 -



trochus (d 'Ortdgi^ v a r . oxycxjna (Reus^, and smalL-s ized am modiscids: 

Ammodiscus and Glomospira). A ^)ecdalised monofauna dt turd] in ids 

[Neobolimina albertensàsC?)] was also recxarded fcora h iack ^la te depcsits 

formed under «jiasL-anaerobic condjtdcns (Azevedo e t cLL) . 

VLviers (1986), i n a study oE the Cretaceous of Santcs Basln, 

southeastem B r a z i l , repor ts firom Cenomanìan-middlfi Turcnian deposits the 

aLnost complete afcsence o f benthcnic fauna. Organijc-cich biade ^ l a l e s (up 

to 3,5% o f TOC), o f middle ner i t i c and i ^ p e r ba thya l envi ro iments , only 

y ie ld rare co i led vaginulirads, turrilinLds or smalL-sized agglutinated 

^pecimens (textulariidsj . From Turcnian sedLments dr iHed o f ^ o c e the Para 

and Haranhao basins, d a z i l i a n equator ia l contdnental margin, Beur len & 

RegalL (1987) r epc r t ed secticms witìi moderate dysaerohic conditdons 

characte i i sed by the p a a c i t y o f benthcnic assemblages (càlcareous-hyaline 

and agglutinated fcraminifera) and abundance cit p l a n k t o i i c spedmens. 

Pet ters (1983b) r epc r t ed tha t during the mid-Cretaceous i n the Benue 

I t o u ^ , Nigeria , there ware deposibed organic - r ich (up to 7,4% of TOC) dark 

gray and black larainated d i a l e s of the Nkalagu Fcrmatdon. Its sediraents 

generalLy contain an exc lus ive p lanktcmc foraminifera asemhOage and, 

sometimes^ dwarfed, l o w - d i v e r s i t y benthcnic microfauna, which suggesbed 

depos i t im i n a h i ^ y oxygen-deEileted basin, Nyong & Ramanathan (1985) 

documented firom the Calabar Plank, SE Nigeria , three episodes of oxygen-

defìdent bottom conditìons during the l a t e Alb ian , Csiomanian-Turcxnan and 

l a t e Campanian. I h e f c r amin i f e r a l assemblages recovered from the o rgan ic -

r i r h sediments presented the foDowing features: planktcxi ic fcramini fera i n 

f lood abundances fin some sectìons the cnly microfauna to be recovered); 

the benthtxùc fc ramin i fe ra (when presenta were genera l ly represented by 

agglutinated specimens (UtuoTids: Ammobaoì1itt>g; trochamrainids: 

Trochammina; and ^ar i^ i lec tamirads : Spdroplectammina), wi th rare , rather 

pocr ly preserved, ca lcareous ben tha i i c fcraminifera inc lud ing single species 

c f bcGivinids (Gabonita), c o i l e d vaginulinids (Lentimii 'na) and gavel inel l ids 

( G a v e l i n ^ a ) , 

More recentìy Hertdn e t ^ (1987), Jaoquin & Graciansky (1988) and 

Magniez-Janran & Jacqu in (1988), t h r o u ^ a study o f s eve ra l Cretaceous 

si tes o f the D , S . D J ' . and 0,DJ>., documented the occur rence of t w o periods 

of black dia le deposifcion i n the nor them South A t l a n t i c , the f i r s t extending 

from the la te Jurass ic to the middle Altdan, i n par t , and the second from 
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the l a t e Cenomanian to the e a d y Santonian. Ihe f i r s t l ^ p o x i c / a n o x i c 

episode i s t h o u ^ t to have resu l ted firom the confined, euxin ic nature o f 

diverse basinal settings, deveioped during i h e terminal gAiases of r i f t i n g and 

e a d y sea-Oocc ^)eading paoquin & Gracdansky, op, dt.). The seccnd per iod , 

wi th an oxygen depletdon maximum i n the eady-middle Turcnian , was 

charac tadsed hy a i h y t h m i c i t y o f carbonate levels (marTs or white 

ca lcareous mudstone^, r i c h i n benthoiLc and planktoTic microfauna and 

mudstones with residuai organic raatter, wi th rare benthonic foraminifera 

(essentialy agglutinated ^)ecimens), i n mi^vn'^ ba thya l t o ahyssal 

environments. This riiythmicity i n the organLc-carbon l e v e l and carbonate 

content was interpreted t o resu l t f rom c y c l i c fluctuatiOTS o f the reducdng 

bottom cCTiditinns d i e to c y d i c variaticHis i n the d^Jth o f the mid-water 

oxygen-minimum zone (Jacquin & Graciansky, d t . ) . 

5 . 5 . 3 . ( i l ) - N o r t h A t l a n t i c and M e d i t e r r a n e a n A r e a 

Har t & Bigg (1981) c a r r i e d ou t a detai led invest igat ion of the "EOack 

Band' l e v e l of carbonaceous mudstoìe from severa l l o c a l i t i e s i n the challc 

succession ( l incolnshire, U . K . ) . I t was ^ o w n tha t the chalks are assocdated 

i n some cases with a foramini fe ra microfauna dominated by planktorac 

s p e c i e with over 90% o f the 250-500^m s ize fcac t ion consis t ing o f 

hedbergelLids [HedbergeUa (HedbergeUa) and H . ( W t ó t d i ^ a ) ] wi th ra re 

keeied species (Rotalipcra, Praeglobotruncana and Dicarin&Qa). In the "Black 

Band' i t s e l f CKily a poor aggUrtinabed microfauna assembOage o f ammodiscids 

[Ammodiscus cretaceus (Reuss), Glomo^j i ra corcna Cushman & Jarvis] and 

rztìiakinids [Psamminopelba faowdieri T^ipan] i s recorded, ind ica t ing a 

drastdc change t o highly oxygen depileted bottom conditìons. Mere recentLy, 

^ j edmens of bolivirads ^ r i z ^ i n a ) , gavel inel l ids (GavpliniaTia) and 

ammodiscids (Ammodiscus) have been repcr ted by Brasier & Young (orai 

communicatiDn, Boulder, CcQorado, May 1988) to occur i n the "Black Band' 

sectdons of Humberside, northeast England. Mere recentìy, J a r v i s e t a l . 

(1988) documented the ef fec ts of the Cenomanian-Turcnian Oceanie Anoxic 

Event (OAE) i n the Chalk Sea of NW Europe. A H microfossa gcoups d i ^ i l a y 

uppermost Cenomanian abundance and d i v a s i t y minima, d o s e l y 

corresptxiding t o the a pcsitìve carbon stable-isofcope peak. The l o w - o x y g e n 

tcQerant microbenthcs are mostiy character ised by gavel inel l ids (Gav^i-iiyT)q 

berthelinì, Lingulogavelinel la globosa), smooth coi led vaginulinids (Len t iml ina 

spp.) and tex tu lar i ids (Textularia diapmani) . 
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I h e Cenomanian-Turonian s t ra t igraphic sequence o f the Menoyo sectìon. 

A l a v a , S a i t h Spain, was documented by Lambida (1978). A H h o u ^ no 

g e o d i e m i c a l or isotopie study has been ca r r i ed out, i n ocder to pnsitdon and 

estimate the influence of the oxygen-minimum zone, the changas i n the 

benthonic f c ramin i fe ra l pcpulatdon fcüow a gim-nar pa t te rn to the regions 

fur ther Nor th (e.g., southern England) af ter the ex t inc t i ix i o f Rota l ipora 

cuáimani (M crrow), with the same raorjhofcypes (Lamolda, personal 

communicat ion, Decemtier 1987). 

Reiss (1988) reported benthcnic f c r a m i n i f ^ a assemblages and h i g h -

p roduc t iv i ty palaeo-environments & o m Ccniacian-Maastxicht ian marine 

farmatdons i n Israel . The raicrciauna va r i ed from h i ^ y diverse e p i - / i n f a u n a l 

assemblages (mainly gavelinel l ids, i n p laces ^ i p a r e n t l y h ì^-fer tu i ty re la ted , 

l a rge vaginul inids , nodosariids and occas icnaUy more frequait Textular i idae , 

as w e U as some infaunal buliminaceans), i n more aerated areas, t o 

ext remely low divers i ty , nearly e x d u s i v e l y infaunal , euryoxic (and d e t r i t u s -

bac te r i a feeding) buliminaceans (Rraebulimina, Neobulimina) i n dysaerobác t o 

quasL-anaerobìc environments. 

From the Greenhorn Formation, Pueblo, Colorado, Ncr th Amer ica , Leck i e 

(1985) repor t s from samples ve ry cinse to the Cenomanian-TXironian 

boundary a low divers i ty and depai5)a:ate assembOage dominated by 

tu r r i l i n ids (Neobulimina albertensis, witìi a minor compcnent c f Praebulimina 

fahilis) and gavel inel l ids (GavelineTla dakotensìs;. a ^ n o n y m o f the 

Gavel inel la ber the l in i -Gav. plum merae-Gav. reuss i pilexus). Ead ie s t Turcnian 

samples y ie lded a recovery microfauna wi th increased diversi ty and, also 

present i n the same asserablage as above, occur gavelinel l ids {Lingiüo-

gavelineTla newtonij, bagginids (Valvul iner ia ]oet tPr>ì) , and turrüinids 

(NecAjulimina canadensis-pròlÙEa g r o i ^ ) . In the Cenomanian Mancos Shale , 

New Mexico and At iacna , Bernhard (1986) d i s t i n g u i ^ e d an assemblage 

dominated by gavelinel l ids (Gavplinf^Tta dakotensJs), tnrr i i ini>^ (Neobulimina 

Ccinadensis), nodosariids (Dai tal ina basi.-gplanata), and uncoiled vaginul inids 

(Citharina koch i i j . Most taxa l ack cmamentatìon. 

Ih a study of the Cretaceous marine succession of Ti in idad , Koutsoukos 

SL Merr ick (1986) recognised s e r e r a l ^ )ec ia l i sed assemblages c f fc ramin i fe ra , 

radiolar ians and raicrogastropods t t ia t th r ived i n widespread oxygen depleted 

sediraents o f Barremian, Apt ian, Ca ioman ian and Turonian ages and, i n 

spcradic htxizons, from the l a t e Santcxiian t o Maas t r id i t i an . Sediments o f 
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miülfi-late Cenomanian and Turonian ages y ie lded a low d ivers i ty benthonic 

foraminifera b io ta composed o f coiled, vaginul inids íLenticulina), nodosariids 

(Dentalina, Nodosaria)/ and osanguladids (Osangularia) with rare agglut±iated 

specimens (eggereHida Harsscxiella trochus var . oxycona). 

5 . 5 . 4 - H y p o x i a and the F o r a m i n i f e r a l Response 

The r e^xx i se of the benthcxiic fo ramimfera l a semblages to l ow-oxygen 

condüñíAis i s p o m a r i l y d ic ta ted by two fac tors : G) o v e r a l l patterns o f 

community t r c ^ i i i c strategy; Cu) intensLfcy, r a te of change and d u r a t i m o f 

the event (e.g.. Tables 5.2-4). Oxygen depleted water masses are usually a 

consequence o f eutrqE^úc ^òpelagic conditii:»TS (e.g., Rosenberg & Loo , 

1988). H i ^ epipelagic jaroductivity ccmtributes t o h i ^ ^ levels of nutr ient 

f a l l i n the form o f par t icula te organic ma te r i a l and induce oxygen 

deficiency cn bottom waters. D^xasibed c rgan ic matter and bacter ia are the 

primary t r c ^ h i c resources for the mia:c*Jenthos th r iv ing under such 

conditions. Therefore, ^)ecünens with morphcilogical adaptations to a deposi t 

feeding s t ra tegy are natural ly favcred . Furthermore, deposit feeders 

commcÄily inheibit microhabitats where oxygen l eve l s are I o w a : than a t the 

sediment-water in te r face . 

Host of the benthcnic com munities tha t thr ived i n these 

envira imentaUy-s t ressed conditiOTS had a predominantly "semi-epifaunal" 

(partdany-buried and a i a L o w burrowers i n so f t muddy substrates^ car i n fauna l 

l i f e pcsüñíxi and were deposit feeders (grazing herbivoreq/detr i t lvores or 

bacter iaT/detr i ta l scavengers) - (see F i g . 5.11). This would cer ta in ly have 

accounted fcr the i r suitafcDÜty to survive i n low-oxygen (dysaarotac/quasi-

anaer(±ác) env i r i^ments , as these conditirais are natural ly found i n the 

sediment as a resul t of the o i ^ g e n s t r a td f i ca t im of i n t e r s t i t i a l waters. A s 

depth below the water-sediment in terface increases , the firmness of the 

sediment (due to compact icn and dewatering) increases and the oxygen 

content o f i n t e r s t i t i a l waters d r t ^ d ras t i ca l ly , and i n v i r tua l ly a l l 

sedimentary deposits there i s a l e v e l t h a t represents a redox boundary, 

below which the i n t e r s t i t i a l water i s essent ia l ly devoid c f free oxygen 

(Ekdale, 1985). This redox boundary resul ts from oxygen depletion t y 

organic decompcfiitirm wi th in the sediment and lack of suff ic ient i n t e r s t i t i a l 
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SEDIMENTOLOGICAL, 
GEOCHENUCAL AND 
ISOTOPIC EVIDENCE 

aérobic dysaerobic 

to 

quasi-anaerobic 

. variable biotic composition; 

function of cbangES in 

batfaymctr7 and relalcd 

paramcten (sulistrate, 

tempcntc. Dutrient supply, 

ttc) 

. more consiitenl biotic 

composition; 

varies acconling ta changes 

In oxygen content, calcium 

cartronale availability aad 

baihymetry 

. high diversity . low diversity 

. Cam mon intraspecinc 

varia lions 

. limited Intraspecinc 

variations 

. variable morphotypti . sdected morphotypes 

. IDW dominance . high dominance 

. high abundance . variable abundance 

. spedmens ot nomial-siicd 

tests dominate 

. miKed lest-sizes 

. spedmens of minute 

tcst-sjzes (c i O O - Ï O O u m in 

maximum diametcr. width 

or length) dominate during 

dysaertii}ic/quasi-anaerobic 

conditions 

. ' r -" and 'k-selecied' 

spcdmcDs 

. ' r -sdected ' (opponuDisiic) 

spedmens are the survivors 

and the first ta colonise 

. "k-sdectcd' (equilibrium) 

taxa appear in modest 

Dumbera. slowly occupying 

the few available niches 

Trophic structure; 

compiei (mixed groups ot 

spedai iud reeding stratégies) 

Trophic structure; 

sdected groups (omnivorous 

deposil feeders are tavoured) 

Substrate type; 

variable 

Substrats type: 

dne-grained calcareolu and 

siliceous muds 

TABEB 5.4: General characteristdc pat tems of occurrence of benthonic 
foraminiferal assemblages i n relat ion to ox i c (aérobic) and hypoxic 
(dysaerobic to quasi-anaerobic) bottom conditions. 
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FIGURE S J l : Idealised palaeo-environmental reconstructions of the sea 
bottom (deep ner i t ic to upper ba thya l environments) under oxygen depleted 
(dysaerobic) pelagic conditLcms i n the Sergipe Basin and the western AngLo-
Paris Basin ^ u t h e m England), during the la tes t Cenomanian-earl iest 
TurcHiian, depicting the charac ter i s t ic Ecraminifaral taxa tha t were usually 
present. Dwelling habits are mostly coirpctured. 
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cdrculation t o renew the oxygen i n the sediment from aercAac bottom 

waters. The w a t a : content of the sediments i s also ^ l a r p l y reduced wi th 

depth i n the sediment, whixh re f l ec t s increased grain packing and loss of 

pcre water . However, i n envi ra iments dominated and reworked by ^ a , -

/ ^ a u n a l deposi t feeders, the w a t « : and o i ^ g e n cfflitents of the uppormost 

sediment l aye r s are grea t iy increased. 

Fc ranun i fe ra l assemtOages adapted t o a predominantly in fauna l or 

"semi-epifaunal" dwel l ing hahtt cxiuld, t i ierefoce, have a stronger tcflerance 

to oxygen deple ted conditions a t the sediment-water in ter face . They would 

provide the assemblages foe the i n i t i a l recolomsat ion o f a l l niches wi th the 

re turn t o normal oxygen levels . S imi la r pat terns have also been reccc(3ed 

with metazoan animals. Dysaerc*dc envircximents have a greater dominanc:e 

by infauna and lower diversi ty than communldes i n welL-oxygenatied 

(aerobic) condi t ions P y « 3 , 1977). 

The behavioura l s tructure i n f e r r e d moc3e o f l i f e versus habitat} o f the 

fcaraminiferal a semblages may also permi t interpretatiOTi c f community 

s t ra tegies i n terms c£ adap ta t im ra te and select irm response to var iable 

environmental ccwiditdons fi-e., " r -se lec t ionn" vs . "K-se lec t ion ' ' ; c f . P ianka , 

1970; Lev in ton , 1970; Ekdale, 1970), "Opportunisdc' ' CV-selec±ed") t a x a 

incdude thcase ^ lec imens that exh ib i t high reproductive ra tes ( ^ o r t 

ontogenet ic cycde), high growth rates , broad envircximental to lerances and 

generalised feeding strategies (Pianka, 1970; Levintcxi, 1970). Suci i 

oppotLunlst ^>ecimens are usually the f i r s t se t t lers to at tempt to cctlonise a 

hab i ta t after a majar environmental change (e.g., expansion o f the oxygen 

minimum zone and intensi f icatdm o f oxygen deple t im) at: are the ^JSKomens 

t h a t th r ive i n h i ^ i - s t r e s s anc^/or l ow- re scu rce (oligotrci*iic) environments 

(Ekdale, 1985). The r - se lec ted fc ramin t fe ra l assemblages have commonly 

l o w - d i v e r s i t y , high abundance and dominanc:e of few taxa . On the other 

hand, "eqinl ihr ium" ("K-selec:ted") ^jecdes are those which are r a t h ^ slow 

t o ccQonise new environments but are adapt lve ly superior i n the long run to 

the more r ^ r i d l y ( l i o n i s i n g <^]poctunists (Pianka, 1970; Levin ton , 1970). 

Rela t ive t o r-selec:bed taxa, K-se l ec t ed t axa generally exh ib i t l o w e r 

reproduct ive and growth rates, and the i r envi rcnmenta l tolerances are much 

narrower. Equil ibr ium species usually are ra ther ^jecdalised feeders, which 

have adapted to o c t n ^ very ^sec ia l i sed niches. They, t y p i c a l l y , are 

individuals of h igh-d ivers i ty , persistent, c l imax communities. Although they 
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cohabit and share available resources wi t i i many différent t axa , ind iv idua l 

spedes abundances and population denslties generaUy are l o w . No single 

t axcn dominâtes the a s s e m b l a ^ ^kdaJe, cpw c i t . ) . 

l î ie microfauna recovered from l a t e s t Cenomanian-earl iest T u r o i i a n 

oxygen depleted (dysaercüc) outer aiélf-uçper ba thya l environments are 

r^aresented by low-diversi ty , epà-/înfaunal depœit-feeding spedes^ w i th 

Umited i n t r a s p e d i i c va r ia t ion . Ihe most common and abondant calcareous 

(in decreasing order o f abundance: CH-AJ>A-2^-4>A.6>CP-A>CH-BL5>Cfl-

BJ.>A.8>B.3) and aggUitdnated morjhogroups (AG-A>BJJ represent the r -

selected, "oppoctmBStic", streŒ-tcQerant t axa tha t would be the pdoneers t o 

rapddly colonise newly available niches (see Tables 5.3-4). 

Bernhard (1986) obeerved that modem ccgan ic - r i ch d a y s cf smàll 

Anta rc t i c hypoxic /anox ic basire have very h i ^ water contents and are 

f loculent , p rodudng ind i s t inc t sediment-water interfaces , and suggested 

(Bernhard, cp . d t , , p . 213) tha t "whüe sraaIL fcraminiEera o f l ow densi ty 

may in te rac t successfuUy i n this soupy l o w - o x y g e n zcne, otìier la rger , 

denser fcramini fera could easüy sink t h r o u ^ i t in to the underlying anoxie 

sédiments". Plano/concavo-ccsivex, low t rochospi ra l , troad and Qat tened 

mor^cüogies i n genera l would provide more surface area per un i t volume 

thcm more inOa ted moTE^iotypes, a feature which would decrease the ra te 

of sinking in to soft , f loculent , muddy substrates snô/ac increase oj^gen 

uptake perhhard , cp . c i t . ) . Ohe occurrenc:e i n mid-Cretac:eous l ow-oxygen 

depcsits c f l o w - d i v e r s i t y assembOages with the predo minanc:e c f ptlano/spiro-

convex and l ow trochospdral, epifaunal deposLt-feeding í:alcareous-^aline 

m o r ^ o l ^ p e s , wi th var iable numbers c£ tapered elongate, f la t tened-elongate 

infaunal depcsi t - feeders and l en t i cu la r , epdfaunal/áiallDW in faunal t axa (e.g.. 

Table 5.3, F i g . 5.11), would be, basicalLy, the respcnse to i nd iv idua l 

dwéDing habits and community feedlng stratégies. Basic pa t tems i n 

community txc^ihic s t ructures would, therefore, primarüy díctate the 

(Mmpcsititxì o f (he biotia after a mapr environmental b i m o v e r ÇTable 5.4). 

Test s ize raay also have had an i n d i r e c t re la t ionship with such cotygen 

depressed conditácns. Bernhard (1986) repor ted foramin i fe ra l assemblages 

with pcedominantLy minute ( c 6 5 - 1 0 5 ^ i n maximum diameter or length) 

calcareous-hyàlim spedmens from Alb ian (D.S.D.P. Si te 465A) and 

Cenomanian (Mancos Shale, New Mexico and ArizOTia) dysaerotòc/quasi-

anaercAàc sédiments. Seve ra l layers from the Cenomanian-Turcìnian o f 
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S^gìpe also y i e l d bentìianìc fcramìnifaral asssemblages domìnated (about 

60-80%, to over 90%) by minute (e 100-200fim i n maximum diameter, vridöi 

oc length) calcareous-hyal ine mor^^otypes (e.g., l o c a l i t y A - 9 , içjpermost 

Cenomanian - B i g . 8.12; see also Tables 5.3-4). i M s "dwarfism" could be 

ei ther tìie resuit c£ enhanced reproduct ive rate fcesbdcted cnbogenesis) and 

ear ly gametogenesis under (^it imal environmental condit ions friutrient 

availahLtity, lese compétition - Bradáiaw, 1957, 1961; Murray, 1963 - and 

scarce/ateent prédation t y mud-eating macr(Ä3enthoB - e.g., Phleger & 

Soutar, 1973; E)ouglas & Heitman, 1978; as suggested by the high 

foraminiíaal abundance), ce coiíld r e f l ec t a d v ^ s e {stunted growth), stressed 

enviconmental condit ions (Lal ickar , 1948b; Murray, op. d U ) . However, t i ie 

évidence &om ex tan t asembSages suggests that t i ie £irst pœsibility i s the 

most prcdDable cne (e.g., B c a d ^ w , 1961). Barman (1964) reported the 

présence of abundant fo ramin i fe ra l assemblages feom laminated sédiments 

fccmed i n water o f oxygen content less than 0,1ml wi th in the slope 

and basin p la in c f the Santa Barbara Basin, CaÜfcmia. Severa l dwarfed 

focms were <*served bo occur wi th in the l ow-oxygen zcsie o f the basin, "aH 

o f thèse R i e d e s charac tec ized by th in , fragUe, t e s t waHs" (Barman, op. 

d t . , p. 87) with no surface cmamentat ion. Phleger & Soutar (op. d t . , p . 

113) obœcved tha t "small size o f ^«edmens i s a charac te r i s t ic o f large 

Standingstocks of benthic foraminifera i n areas o f h i ^ productdm" and 

suggested that "this sma l l s i ze m ^ be due to r ap id reproduction under 

"cçtiiaum" conditJoTS d i a r a c t e c i z e d by abundance o f food". Fccamirdfera c f 

minute tests have a l o w e r oxygen consumption fcc metabolism than la rger 

ones (Bradäiaw, 1961), an important ghys ib logica l prere<jjisite fcc s u r v i v a l 

under oxygen depleted envircnments, and a preciable compet i t ive a v a n t a g e 

for thèse protozoas th r iv ing under such conditions (Phleger & Soutar, cp . 

d L ) . Brasier (1982, p. 2) tias also d i se rved two genera l size-rélated trends 

i n foraminiferal tests : " r - se lec t ion under unstable condi t ions, which favours 

smal l s i ze as a conséquence c f high reproduction rates and p recodous 

maturatdcn; k-selectdon under predictabue conditions, which favours l a rge 

s ize as a conséquence c f l ow r ^ o i ^ c t i o n rates anâ deîayed maturation", 

mere fo re , the abundant affiembäages o f minute benthcHiic fcrarainifera from 

low-oxygen environments most l i k e l y represent r-sélecbed individuáis tha t 

reached maturatdcn during ear l i e r (Xitogenetdc stages, i n i d e a l condit ions of 

plenty nutrient supply wi th less compétition and predat ion. 
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The agglutdiiated assemblages appear no t ba be depressed t y l o w -

oxygen conditions but, on the oontrary, occur raostLy wi th normal s ized 

tes ts and i n pcopcctionalLy higher numbers ( c 20-100% o f the t o t a l 

benthcnic assemblage i n uppec Ap t i an - lower Alh ian , and c 10-30% i n the 

uppermost Cenomaraan-lowermost Turcnian) wi th decreasing oxygen l eve l s 

ffi^ 8.3-5, 8.12, TatJe 5.3). I t has been pceviously deraonstrated tha t 

agglut inated fccaminifecal asembLages are abundant i n areas of poor 

cdrculâticn wi th low oxygen, h i ^ ^^^2' ^ a l ight ly négative 

r edox-po ten t i a l (Eh) a t the sea f loot (e.g., Butt , 1980; Wood, 1981; Mi l le r e t 

1982; Gradstein e t 1983; Berggren, 1984; Jones & Chamock , 1985; 

Jones, 1986; H u ^ e s , 1988), which would, therefore, account foc ttiis 

d i s t r ibu t i cn p a t t e m . 

5 .6 - FORANINIFERAL PALAEOCOIDinNITIES 

BasicaHy twélve dîstinctive tjenthonic fcramirafera l palaeoco m munities 

occur i n the Cretaceous ^ é l f and slope depcsits of the basin and are 

summarised i n Table 5.5. Thèse have been recognised erapdrically from the 

d is t r ibut ion pa t t ems ( t h r o u ^ t ime and space) of the assemblages. The 

palaeoco mmunitdes are charac ter i sed by the re la t ive dominance o f the 

mapr foramini fera l groups ^ e . , gross re la t ive percentage i n the t o t a l 

assemblage greater than average) and re la ted to var ia t ions i n inferred 

toophic s tructures and substrate niche pa t t ems ^ee Table 5.5). They are 

^ o w n t o intergrade i n d is t r ibut ion , the ex ten t of tha t depending içion the 

o v e r a E envircKimental conditicrîs (Fig. 5.12). 

5 . 6 . 1 - T r o p h i c G r o u p s and S u b a t r a t e s 

Many authcrs feuch as Petersœi, 1911, 1913; Cra ig & Jones, 1966; 

Thorsen, 1966; Jchnson, 1971; and, more recen t ly , Buzas e t a i . , 1989) have 

^ o w n how i n the presentr-day marine environment the distributii:xi c f the 

epi faunal and infaunal fcdota i s pdjnar i ly inOuenced by the nature of the 

suhstrate . Pàlaeocom munities dominated by epifaunal deposit feeders f C l -

C 3 , D , E") character ise sc f t , f ine-gra ined calcareous muddy suhstrates -

Tables 5.1, 5.5, Figs 5.1-2, 5.12. Sof t siHceous muddy botboras, o f outer 

shelf-upper ba thya l environments, w ^ e jŒobabLy extensively rewotked t y 

the infaunal b a c t e r i a V d e t r i t a l scavengers (Bl), D^xasi t feeders (e.g., 

Palaecommunities A 2 , B 1 - B 2 , C2-C3) are usuaDy abundant where the food 
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F O R A M I N I F E R A L 

P A L A E O C O M M U N I T I E S 

A H D TEOPHIC STRATEGIES 

Infaiuul depmit-fMdiag «ggiatinated 

^ " » « i n i f i M » (AG-A), widi miner 

utcmbliget of epifuuul deposit freddi 

( A G - a i ) 

I n ä n n i i deposit-feeding t a J i ™ « ™ -

hyalins fo raa in i fe r» (CH-H), wiUi viriable 

snlxodiaue unmnt i of in&imi] agglotinucd 

(AC-A) » n d epificoal calcareoas-fayaiine 

passive herbivores (browscn) and deposit 

feeders (CH-A) 

A I 

A S S O C I A T I O N S 

Litnolidsr-

H t p l o p h n g m ü d a e 

A 2 

B 2 

EggeicUidae-

V e m c a ü i n í d u -

T e i t n ü r i i i a e -

Stprotriecnmmiiiidae 

Polyniorphinidie-

Vaginolinidie-

Nodosatiidac 

1*uAptUii-etrliest 

. . A l b i a n 

late j^xini-iniddle 

A lb i is . 

latest Ccoomaniaii 

lite Aptiao^middle 

Albiaa 

PELAGIC C O N D m O N S 

dysaeinbic 

dysaerobic/ 

qsasi-inicrobic 

Nnlrient level 

Desotrof^c/ 

mesotnuAie/ 

enirophic 

D B T R l B U n O N O F 

B I O T Ü P E S 

pualic 

itiiddle/oiuer shclf 

to upper ilopc 

shelf 

BIOTIC R E S P O N S E 

oligouxic 

oligooxic/ 

polytaxic 

E p i & i u u ü deposit-feeding caitainpoi-hy aline 

toraminifeia (CH-A), with lesi frequent 

usembliges of ¡níanni i caloreoiii-hyajine 

(CH-B) and agglutinated (AG-A). and 

ÍDcrcaiing numbers of ep i fanu lÄfaa l low 

infaiuial agglutinated (AG-B) deposit feeders 

in deeper environments 

C I 
Epistomaridae-

Osangoluiidae-
AlahflinÌTliillf 

Campanian-Maaslriditian 
aerobic 

C2 

C3 

Gavelisellidae Cenomacian-Coniacian 

Alabaminidae-

Vaginulinidae 

late Aplian-

Albi in 
dysaerobic 

mesotrophic/ 

oligonoiAic 

uppet slope 
polytaxic 

middle/ outer shelf -

appet slope 

mesoirophic / 

e u l n ^ j c inner/ middle shelf 

omer shelf / 

upper siope 

(d^iotaxic 

Epi^nnal/ihallow in&unal dcpcsä-feeding 

calcareous-hyaline foraminifera ( O I - A J , 

CH-B-B), with fewer ìnfaimal ag^ntinated 

(AC-A) and calcarcoui-hyaline (CH-B) 

fraaminifera 

Gaveiineli:das-

ŒSoslomcUidae-

QDadrimorphintdae 

Santoniao 

-Miastrichtian 

aerobic^ 

dysaerobic •ligotrofdiic upper/ middle slope 

Epifauaal/shallDw j " * » " " « ! depomt-fcediog 

agglmüuted foraminifera (AG-BJ2-4), with 

fewer nnmbcts of cpifaonal/shallaw infuna] 

calcareous-hyaline (CH-A.3A6.CH-8> and 

intanai agghiTinatwl deposit feeders (AG-

A) , and tare agglutinated S D s p a s ì m feeders 

(AG-C) 

E l 

Haplophragmoididae-

Ammosphacroidinidae-

VemcnSinidac-

Honnosioidae-

Liioolidae 

S^ntonian-

MaastridUian 

aerobic/ 

dyttmbie 

E2 

Anunospbacroidinidae-

Veraenilinidae-

Spirxjpledamminidae Albian 

dyiaetobid 

quasi-anaerobic 

Snspeniion-feeding agglutinated 

£namini fera~(AG-C) with less frequent 

eptfannal/shailow infunai agglutioated 

dqjosil feeders (AG-a2-4) 

BalhysiphoBidae-

Hippoaepiiiidae-

Ammodiscidae-

Anunosphaeroidinidae-

Santonian-

Maastriduian 
dysattohic/ 

(pusi-anaetofarc 

]»te Aptian-

Albian 

Mixed calcireoni-hyaline foramim&ral 

anemblages with complex tio[*ic itnuaurei 

(m mixed groups), high diversity and no 

doQiicaocB 

Gaveliodliilae-

Bolivinacea-

Turrilinacea-

Bnliffliuacea 

Campaniart-

Maaslriditian 

aen>bic 

oligotaxic/ 

polytaxic 

t d i g o m ^ i c 
upper/middle slope 

meio i rophíQ' 

euttophic 
outer shdf/ 

upper slope 
oligotaxic 

oligonuphic middle/ lower slope 

mesocrophic / 

estrophic 
upper slope 

"r" 

/ 

/ 

oligotrophic oner shelf/ 

upper slope polytaxic "K" 

1%BLE 5.5: Benthcaiic forani ini fera l palaeoco ra mumtíes, trofíiic structures and 
tdotic response (the l a t t e r conceptually adaçîted after Fischer & Arthur, 
1977? Eianka, 1970; Hallock, 1987). 
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X 
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E? 
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/ 

SBDtonian 
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/ 
Caoomanian 

Alb laa 

/ 

uppec Aptiaa 

(Al) 

(C2) 

(C2) t (Bl) - ( G ) V ( B p I 

(G) / (fll) 

¡B1) , (C1) , (D) 

(D), (El) 

( E l ) , (F) 

(Fl 

(C2) 

dysaarobic condit ions (C2} / (Bl) 

dysaerobic/ quaai-anaacobic (C2) / ( B l ) , (ftZ) 

( " ) , (B2) 

aerob ic / dysaerobic (C2), (B2) / (C3) 

dysaarobic (C3), (Ä2) 

dygaecobic/ quasi-anaatobic (C3), (A2), (EZ) 

quasi-anaerobic (below the lyaocl ino) (Fl 



supçfly i s re la t ive ly constant and regular (cf. Scot t , 1978), a common 

feature during the mid-Cre taceous hypoxic/anoxic épisodes and déposition of 

organic r i d i äiale^manls and calcareous mudstcnes ^ e c t i m 5.5, and 

Ch^>ter 8, sect icns 8.2.4, 8.3.1). Palaeocommumties dominated by ^ d f a u n a l 

suspensif»! feeders ("F"; s u d i as i n fLysch - l i ke ' bathyáL d^x : s i t s o f the 

Alh ian and San ton ian-Maas t r id i t i an deposiis of S ^ g i p e ) , t h r ived i n firm 

Sne -g ra ined sandy or süiceous muddy suhstrates o a i t a i n i n g an inadequate 

food suppLy (e.g., Rhoads & Young, 1970). These organisms (feeding mainly 

upen suqiended and resu^sended organic detri tus, and also probably capable 

of d i r ec t ly utüizing d i s o l v e d organic material) wäre usuaUy dominant i n 

o l igo t r t ^h i c environments, s u d i as below the photdc zone, where 

^dbenthcxüc bacter ia and det r i tus may be the Chief t roph ic resources (cf. 

Lipps, 1983) - F i g . 5.1. 

Rlwads & Young (1970) proposed a relatdonship between trcc*iic-grcÄ:tp 

d i s t r i b u t l m and s t ructure o f the sediment-water in te r face . Sfl t -ci lay f a d e s , 

densely pc^ulated wi th deposi t feeders, had a rewarked granular s t ructure 

of the surfacre layers o f the sédiment Aie to i n t a ^ feeding ac:tìvities. I h i s 

pcoduced a loose uncompacted surface (unstable substrate), unsuitabüe for 

ccSonisation by su^iension feeders. Sandy facies, low i n c rgan ic œntent, 

had a l ow density of deposi t feeders, with increased abundanc:e of 

su^îensirai-feeders. The bottom l acked a rewocked granular surface. Sco t t 

(1976) corre la ted the t r c ^ i i i c s t ructure œmplexity c f benthcsiic communitdes 

wi th environmental sbabüity i n regard bo energy reaourœ. He äiowed t i i a t 

the propcrt ions c f ^ l e c i e s o f différent feeding habi ts (= mixed t rophic 

groupe increased as envi rcnmenta l energy decreased (= more stable 

envircnmenti- Upper-middle ba thya l bdotopes with high (äiversily and 

abundance c f deposit feeders (Pàlaeocommunities E l and E2) are œmmonly 

acœmpanied t y l ow d ive r s i ty and smaHer numbers o f su^pensicn feeders, 

and v ice -ve r sa (e.g., Palaeoœm munity P) - ( t rof i i ic group ségrégation 

according to variable substrate stahdlity; c f . Rhoads & Young, 1970, p . 151) 

- see Tables 5,1, 5,5, Figs 5 .1-2, 5.12. Pàlaeocom munities of mixed t rophic 

groups ("G"; as i n the f ine laminated äiales of the Campanian-Maast r icht ian 

outer aîélf-i5^)er slope deposits of Sergipe) would ind ica te re la t ive physLcal 

s tah i l i ty c f the Substrate (c:f. Rhoads & Young, 1970) and a wide specÄum 

c f ut i l isable nutrient resources (nutrient heterogeneity spectrum) on and i n 

the sédiment. 

- 414 -



5 . 6 . 2 - Pa laeocommuni ty D i s t r i b u t i o n P a t t e r n s 

and T r o p h i c S t r u c t u r e s 

The composition and d i s b i b u t i o n pa t t ems of benthonic forarainifecal 

palaeocommunities (abundance and d ivers i ty of the foramini fera l íáotopeai 

seems bo be po jnan ly re la ted t o community stratégies of explo i ta t ion of 

the trc^iùc resources i n the raicrohabitats (available l eve l s and nutr ient 

h e t ^ o g e n e i t y spectrum, i . e . , the t rophic resource continuum; & 

MacArthur , 1972; Hallock, 1987). Substrate niche pa t tems (type and s t ah i l i t y 

- c f . Rhoads & Young, 1970; Sokolova , 1972; Kauffman & Sco t t , 1976; 

Scot t , 1976, 1978; Buzas e t 1989; see sect ion 5.6.1), dissolved oxygen 

concentrat iOTs and available l eve l s c f calcium carbonate fer t e s t 

c a l c i f i c a t i o n ^.e. , gradients i n the redox potentiaL and the c a r l n n a t e 

egufl ibdum a t sediment/water in terface) are also generaUy a t t r ibu ted to be 

amongst the most important parameters decLding the d is t r ibut ion o f 

tîenthonic fcrarainifera (e.g., Murray, 1973; Haag, 1979; Bernhard, 1986; 

Gooday, 1986; and références therein) . Envircnmental threshcdds, i n re la t ion 

t o water-mass conditions and bathymétrie niches, can be then infer red and 

p red ic t ed t o the distr ibution o f the major t rophic groups and fo ramin i fe ra l 

paLeocommunüdes (see Figs 5.2, 5.12). 

T h r o u ^ o u t the Cretaceous depcsi ts of the Sergipe Basin the 

compcsüdcn c f the fc ramin i fo ra l roorphogroups, the re la t ive abundance and 

d ive r s i ty pa t t ems áiow a d e a r t rend i n a seaward d i rec t ion away from 

nearáiore (e.g., Figs 5.2-6, 5.12). I h e development c f extensive pa ra l i c 

( t idal fíats and lagcxmal envircnments) and äiallow ned t i c condi t ions during 

the l a t e r Apdan-ea r l i e s t A l b i a n , a t the beginning o£ the marine 

sédimentation i n Sergipe, created broad shaBow pilatfocms havlng abnormaHy 

h i ^ sa l in i ty pa t tems, warmer températures and high concentratàons of 

ca lc ium carbonate (Chapters 6 and 8). Ihe charac te r i s t ic benthonic 

fo ramin i fe ra l microfauna to have f lourished i n tha t set t ing i s represented 

by smaU-sized gavelineHids, pòLymor^diinidE^ nodosariids, vaginulinids, 

ichtfayolariids, eggereHids, t s x t u l a n i d s , ^ïiropLectamminids and rare 

hauerinids (palaeocommumties B2 and C2). I h e agglutinated fc rami ra fe ra l 

miarofauna character is t ic of l a t e Apt i an -ea r l i e s t Albian pa ra l i c (lagoonal) 

environments, i s w e E distinguiáied i n having an abundance o f infaunal 

depceát feeders (bac ter ia l /de t r i ta l scavengers) with minor numbers of 

epdfaunal her tdvorou^de td t ivorous fcramini fera (Palaeoco m muni iy A l ) . 
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A l t h o u ^ no a l g a l remains w ^ e found, tíús p a t t e m could suggest t ha t the 

community was assodateci with sbamding s tocks o£ maccc^^iytîc benthonic 

algae and/or epibenthcnic dicttoms, I h e hgbivorouq/de t r i t ivorous 

c y d a m minute (Bucdcrenata) probably fed d i r ec t l y on the algae, while the 

infaunal éléments ingested de t r i t a l organic matter (e.g., smaU pièces o f 

sea-weeds, dead diatoms) and bac te r i a . The r e l a t i r e low divers i ty o f 

miccoEossLls i n para l ic (lagoonal) environments i s almoet certairiLy due t o the 

severe environmental s t r e ^ e s norraaUy found i n s u d i set±ings, which 

pcobat ly accounted for a s t r i c t sélection c f few adapted taxa (K-se lec ted 

during long- te rm stabler conditions). Similar modem envircnments are 

d i a r ac t edsed ' by sharp fluctuations i n sa l in i t ies and water températures, as 

w e l l as by fréquent and large d is tur tances o f the sedimentary substrate 

(e.g., l o c a l i t y A - 3 2 , Angico Member - l agoona l f a d e s with inf luence c f 

stccm waves; F i g . 8 J . , Photo 8.3). Seaward o f the marginal envircnments, 

the calcareous muds c f the middle and outer ^ e l f were occupied by 

Palaeocorarauráties C 2 , B2 and C3 (Fig. 5.12). Many c f the i r microfaunal 

consdtuents have been ^ o w n i n the previous sections to have adaptations 

for l i f e on r e l a t i ve ly stable, scEft muddy substrata. I t i s remarkable the 

abundance c f ^ - / i n f a u n a l act ive deposit feeders. Assemblages dominated 

by suspensicn feeders (Palaeocommunity F), with sraaHer amounts c£ deposi t 

feeders, wäre commonly recorded i n aœodation wi th h i r h i d i t i r deposits i n 

l a t e Aptdan-Albian outer áielf to upper slppe set t ings (e.g,, F ig , 8.8). 

Dysaerobic to quasi-anaerobic condit ions prevai led a t in te rmi t t en t 

periods during the mid-Cretaceous i n Sergipe. For instance, the microfauna 

recovered from the latiest Cenomaman-earl iest Turonian oxygen-depleted 

outer ne r i r i c -upper ba thya l envircKiraents (^ee d i s cus s i c i above, sect ions 

5,5.2 and 5.5.4) i s represented by l ow-d ive r s t t y r - se lec ted , "oppcctunistic", 

epi-/înfaunal deposit-feeding taxa , wi th l i m i t e d infraq)eci f ic Var ia t ion 

(Palaeocommumties C2 , 31 , A2; Table 5.5, F ig , 5.12). On the other hand, 

the Santcnian-Maastr ichtdan outer a ie l f - içper ba thya l sûiddastic sédiments 

of Sergipe y i e l d aburaäant and highly divetsLSed K-se lec ted , "etyiil ihcium", 

fo ramin i fe ra l a semblages (Pàlaeocommunities C 2 , G , B l , C l , D; Table 5.5, 

F ig . 5.12). Aérobic condit ions were j a^sen t i n the wa ta : ccQumn (MéHo e t 

sä., 1989). I h e évidence suggests a w e i l developed fhotdc zone and probable 

extensive caigotrcphic conditicms a t cápelagic layers near the shelf edge. 

Nutr ient d e f i d e n t waters are more stable and d e a r e r than richer waters . 
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have L3nger and more complex food chains, and, therefoce, p ^ m i t h i ^ e r 

degrees of specdalisatìon (HaEock, 1987). I h e var iable benthomc 

fOBramìroferal palaeocommunLtLes indicate , however , a s teac^ food suppLy 

& o m varìalile sources. I h e mapc nutr ient resources f c r suedi Uotopes would 

be originated fìrora epibenthcmc algae and packaged organic de td tus (e.g., 

F i g . 5A), U i e l a t t e r a r r ives i n the sea floor mostly i n tìie forra of 

aggregates ffaecal peDets), i n tìie guts of migrating plankton and 

micrcnekton, and as occas ionai c a r c a s e s of l a rgo ocganisms (cf. Angel , 

1988). Fresh ghytodetr i tus aggregtes have also been ^ o w n to hcrs t 

aixmdant, l o w - d l v e r s i t y ex tan t foramini fera l assemblages i n the deep-sea 

aooc (Gooday, 1988). R e l a t i v e ^ h i ^ pcimary ocgairic productìvity i n 

cQigotrciphic envircnments i s mantainned by photosynthetizers (e.g., 

cocco l i t h c ^ o r i d s ) ^^ecia l i sed i n concentrate the scarce m t r i e n t resources 

i n the w a t ^ ccQumn (cf. H o m s , 1980; HàDock, op. c ì L ) . I t seeras, 

therefore, t ha t wide^pread epipelagic ctUgotro^hlc condìtions, i n outer 

nerìtic and Oceanie set t ings, may resul t i n a h e i i ^ spectrum of nutr ient 

heterogeneity i n the sea-f loor and increase the va r i e ty o f utHisable habi ta t 

types. Ihese condi t ions could have induced the development of po ly tax ic 

benthcnic palaeocom munities with compOex t roph ic s t ructures (mixed gcoap^ 

i n the Santcnian-Maas t r ich t ian [see Table 5.5, and Figs 5.12-13(B)]. 

5 . 6 . 3 - G l o b a l m i d - C r e t a c e o a s D i s t r i b u t i o n P a t t e r n s 

cmd T r o p h i c S t r u c t u r e s 

Three maJDr benthcnic associations have been recognised by Haig (1979) 

i n the g lobal d i s t r ibu t ion o f raid-Cretaceous foca minifera: 

^ Am mobaculites Associa t ion : l ow divers i ty associat ion character ised by 

abundant s i l i ceous agglutinated fccaminifera with very smaU and 

unomamented calcareous-^^al ine apecimens (widely distribubed within 

shaUow, l a n d - l o c k e d , hypoeailine, epdccntdnentai seas, w h i d i ware apparentLy 

si tuated a t palaecOatitudes than 30*^ Ncr th and South, and correspcnded 

wi th c o d - t e m p e r a t e océan currents); HarssoneUa Aœociation : 

characterised by calcareous agglutinated foramirafera associated w i i h a 

diverse assemblage of calcareous-hyal ine q)ecimens (^iparent ly res t r ic ted t o 

low palaeolati tudes cçen cont inenta l shélves, correi^ìonded wi th warm ocean 

currents w i l h i n the t r o p i c a l marine be l t a t l ow palaecOatitudes) ; and 
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RecurvctuJes Associ atdon : d i a r a c t a n s e d by .siliceous agglut inated ^ l e c i e s 

w i th usualLy afasence c£ calcareous-hyal ine focaniirafeca (mainly recognised 

from very deep water palaeo-envircximents i n geosyncl inal t r o u ^ i s and open 

oceans). The Am mobaculites A s o c i a t i o n was also recognised to have 

developed l o c a l l y i n ve ry ^ l a U o w , bradcish lagocns w i i h i n the t r o p i c a l bélt 

(as i s the case wi th the "TIÌ'H ii-Oif^^ta-HjJ^inphrgcjmiidf^ Asociatàon" -

Palaeocommunity A l , Table 5.5 - from the l a t e Ap t i an and earHest Albian 

pa ra l i c tóotppes & o m Sergipe). Haig (op. d t . , p . 36) suggested tha t "the 

fac to r i n f luendng these dis tr ibut ions seems to have been availataility o f 

ca lc ium carbonate foc organic p redp i t a t i on" . These a s o c i a t i a T s could also 

be assodated with p a l ^ o c o m munity d i S ^ e n t i a t i m i n the e:qiloi tat ion of 

ch ie f nutr ient resouces. ShaUow, epiccaitànental seas, a t high 

palaeolat i tudes, with non-carbonate terrigenous sedimentat icn, have the 

maJGT i i ^ t o f fo ramin i fa ra l food res(xarces i n the fccm o f depcsi ted 

d e t r i t a i organic matter and bac te r ia , therefore favouring the development 

o f assemblages with adaptat ion to an epi- ,^nfaunal depcs i t - feeding s trategy 

(omnivcres and b a c t e r i a l / d e t r i t a i scavengers) - (Am mobaculites A s o d a t i m ) . 

The sarae c^^il ies to the deeper areas of the ocean - (Recurvoides 

Aff iodat icn) . Open contdnental shelves, a t low latdtudes^ with carbonate- r ich 

sed imenta t im beneath the ^ o t i c zone, have the epdbenthonic algae 

(diatoms and sea-weeds) and deposited crganic detxilius as the mapr food 

suppLy, and therefore favour the development o f pasdve ^ i f a u n a l 

herbivores (encrusting trowsers) and grazing depostt feeders, wi th var iable 

assemblages c f infaunal deposi t feeders (the l a b t ^ e ^ i e d a U y developdng i n 

pelagic carbonate envircnments) - (Marsson*'Tl;i Assoc i a t i a i ) . 

5 .7 - DIVERSITT PATTESNS AlID ENVIRONMENTAL GSADIENTS 

Foramini fera l d ivers i ty pa t t ems are a d i r e c t respcnse to 

palaeoceanographic condi t ions and can r e O e c t long- term cumulat ive changes 

produced t̂ y seasonal c y c l e s i n sea-level« sediment type , redox condit ions 

and rates c f food suppLy, A s ignif icant increase i n d ivers i ty i s more likély 

to resul t from an increase i n the var ie ty of habi ta t types. More n k h e s 

would be created ( h i ^ e r bdogeographic differentdation) lead ing to an 

increase i n taxonomic d ivers i ty wi th explo i ta t icn oE new habitats (Schopf, 
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1980). D l v e r s i t / pa t t ems are, t h ^ e f o r e , pa r t i cu la r ly sensit ive recorders o f 

var ia t ions i n t i ie "trcçhic resource continuum", i . e . , to the conceivable 

ent i re range of availabJe resouce l eve l s a t a ^ïecLfic time and depostbicTial 

se t t ing (cf. May & MacArt i iur , 1972; Hancock, 1987) - see Tafcile 5.6(A-B). 

Cumulative parcentage diagrams, t o t a l d i v a s i t y histograms and 

pa laeoba t i^met r i c contour curves are p^esented i n F i g . 5.13 (A-E) fe r the 

upper A p t i a n - M aas t r id i t i an s u c c e s i m o f t i ie Sergipe Bas in . Standing 

d ivers i ty p a t t a n s o f the planktorac and benthonic spedes are based an the 

t o t a l number of spedes ccOlectively [Fig. 5J.3P)] and the t o t a l number of 

speàes i n ce r ta in selected gcaags [number of ^ l e d e s per genus, Suborder 

CTIohigerinina; number of ^ j e d e s per famiLy-group, fer the benthcrac 

f c ramin i fe ra - F i g . 5.13{A,C-D)]. 

I h e t o t a l d ivers i ty histogram for the benthcxiic fc ramini fe ra [Fig. 

5.13(B)] shows a cer ta in regular , c y d i c p a t t e m c£ diversificaticfî. A 

soraewhat aimilar r e ^ x x ^ e i s also noted when the pa t t ems o f d ive r s i f i ca t ion 

f o r e a d i ma jx ind iv idua i Suborder i s considered [Fig. 5 .13(A,C-D)] . The 

number c f spedes progresaively decl ine from the ear ly Alb ian to the ear ly 

Cenomanian, t h r o u ^ a séries of smaU divers i f ica t ion "tdooms" which are 

then t ^ m i n a t e d fcy a réduction of species v i a ex t inc t ion events anâ/ac 

environmental tumovers . During Cenomanian-early C c m a d a n t imes the 

q ) e d e s diversdiy was mudi l o w e r , as wèlL as i n number of ^ )edmens , and 

the assemblages were raostly dominated t y ^ r i f a u n a l deposi t feeding, 

ca lcareous-hyal ine f o r a m i r a f ^ a - (Palaeocommunity C2). A peak i n d ivers i ty 

occurs during the la tes t Cs ioman ian -ea r l i e s t Turonian, which i s also 

r eOec ted i n the pQanktffliic bLota [foraminifara, radiolar ians and diatoms -

F i g . 5.13 (B), Ch^ j t e r 7, F i g . 7.1] . I t i s impartant t o note tha t the 

hypox ic /anox ic épisodes a t the Ap t i an -Alh i an and Cenomanian-Turcnian 

boundaries most probably caused the ext inct ions c f many taxa . However, as 

the l o w - o x y g e n conditiiMis waned, newly evcdved <x imigrant ^ i e c i e s spread 

rapidLy, w i i h i n the l imi t s c f the i r envircnmental tcQerance, occupying the 

radies Ifift vacant foUowing the ex t inc t icns . The ^çearances c f these new 

species keep undianged the t o t a l number of t axa during the e a d y A l b i a n 

and e a r l y Turcnian, suggesting, therefore, f u U exploi ta t ion o f niches [see 

F i g . 5.13(B)]. 
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P I G O R E 5 . 1 3 ( A - E ) : Cumulative percentage diagrams &iLimber of species 

per genus, Sutx>rder Glot iger in ina; numtïer of ^ lec ies per family-group, for 

the benthonic fcraminifera) and t o t a l d ivers i ly histograms for the upper 

Aptdan to Maastr id i t ian o f tiie Sergipe Basàn. 

(A) Planktcxïic foraminifera cumulative percentage plût. Suborder 

GLotàgerinina: l=ArdTaeoglobigerina, 2=BitLcmeIla, 3=Ccntu30truncana, 

4=DicarinRTlaf 5=Gansserina, 6=Globigertnellaide5, 7=Globotruncana, 

8=GlobotruncaneIla, 9=Globotruncanita, 10=FamiLy Globuligerinidae, 

l l=Guembe]i t r ia , 12=HedbergeIla (FavuseUa), 13=Hedbergella (HedbargeTIa), 

14=HedbergeIla [WhiteineBa), 15=FamÌLy HetercAielLcidae, 16= H arginotruncana, 

17=PraeglPbotruncana, 18=Rcrf3lipca:af 19=RugoglDfcigerina, 2Q=nirinella. 

(B) Histograms oE the t o t a l numbers of species of ff lanktai ic and benthonic 

foraminifera plotted against t ime. The ^ d e d areas refer to new 

^^jearances, while the blank parts indicate thcse ^)ecies c o n t i m i n g from 

the previous t ime-intervaU (A = Suborder Textulari ina; ^ d e d and blank 

areas to the r i ^ t = Suborders HiUbl ina , Spi r i l l in ina , Involutinina, Lagenina, 

Robertdrana and Rotaliina). 

(C) Calcareous Ijenthaiic fcaraminifera cumulative percentage pQot. Suborder 

Mi l io l ina : l=Family Hauerinidae, 2=SpirQloculinidae; Suborder Spir i l l in ina: 

3=PateIlinldae, 4=Spirininidae; Suborder Involutinina: 5=3hvolutinLdae; 

Suborder Lagenina: 6=Ichtiiyòlariidae, 7=Lagenidae, 8=Nodosariidae, 

9=PQLymorphinidae, 10=Vaginulimdae; Suborder Rctoertinina: l l=Ccnorboididae, 

12=Epistominidae; Suborder Rota l i ina : 13=Alabamimdae, 14=Anomalinidae, 

15=Bagginidae, 16=BQlivinidae, 17=Bùliminellidae, 18=ChilDstomellidae, 

19=CibicLdLdae, 20=Cymbaloporidae, 21=Epistomariidae, 22=EponidLdae, 

23=Fusenkainidae, 24=GavelineIlidae, 25=Globorotalitidae, 26=Lacosteinidae, 

27=Nc»iionidae, 28=Osangulariidae, 29=Pleurostomel3idae, 

30=Quadrimorphinidae, 31=Reussellidae, 32=Rosalinidae, 

33=Siphogenerinoididae, 34=Stilostomellidae, 35= Turril inidae. 
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(D) Agglut inated fcaraminifera cwmulative percentage plot . Suborder 

Textular i ina: l=Fandly Ammodiscidae, 2=Aininosí:iiaeraLaLnidae, 

3=AschemoceIUdae, 4=AtaxoE*iraginüdae, 5=BathYsiphoradae, 6=Cyclamniinidae, 

7=Discaraiiiiradae, 8=EggereIlidae, 9=HaplDj*iragmiidae, 10=Hc5ilDE*iragmoidl<3ae, 

ll=Hijí)ocrepinidae, 12=Hormosinidae, 13=Lituolidae, 14=Lituotubádae, 

15=Nezzazatídae, 16=0rbitQlinidae, 17=Psammo^EAiaeridae, 

18=Pseudogaudryinidae, 19=Rhabdamminidae, 20=Rzehakinidae, 

21=Saccam minidae, 22=SpiropiIectainitiinÍdae, 23=Textularüdae, 

24=Ttochamininidae, 25=Vemeuüinídae. 

(Q Panaeobathymetdc contour curves inferred foc the upper A p t i a n -

MaastriciitLan succession of the Sergipe Basin ft>ased c»i the pa laeo-

env i ro imen ta l data and palaeogeograjAiic reconstructñons of the studied 

secticms - see Chapter 8). Dashed areas refer to the timing and positioning 

of the máximum hypoxic/anoxic episodes feee secüon 5.5). The l e f t l i m i t i n 

the figure corre^xxids to the present-day NW o n ^ o r e border of the basin 

(e.g., área of the Riachuelo and It^Ksranga h i ^ ) , whereas the r i ^ t side 

COTrespcaids to the SE l imi t of the studied ofEdiore área (e.g., área of weDs 

l - S E S - 3 and l - S E S - 2 4 ) . 
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FIGURE 5J .3(A-B): pJanktxróc fOTamirafera cumulative percentage 
and to t a l d ivers i ty histograms iß). 
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FIGURE 5J .3 (C-Q; Calcareous benthonic (C) and agglutinated fccaminifera (D) 
cumulative percentage plots and palaeobathymetric évolution (E). 

425 



There i s a ^ l a r p increase i n d ivers i ty during l a t e COTiacian-Santonian 

t o MaastcLditLan tlmesr with a maximum i n the ear ly Caropanian 

[palaeobathymetric raaxiioum o f the basin - see F i g . 5.13(E> and Chc^>ta 8, 

sec t ion 8.4]. The l a t e Ccniac ian-Santcn ian t o Maastdxht ian represents a 

t i m e - i n t e r v a l o f re la t ive ly environmental conditions (e.g. w e l l mixed 

and o v e r a l l weH-oxygenated water m a s e ^ . Outer ^ e l f and \j[gfp&c slope 

fb ramin i fe ra l biotc^)es have r i c h assemblages wi th a very h i ^ generic and 

speciCic d ivers i ty , and a complex troE^iic s tructure ^>alaeocommunLdes C 2 / 

G / B l ) . Occas ional leve ls i n outer ^ e l f and upp&c slope a iv i ronments have 

predominance of infaunal deposi t - feeding calcareous-hyal ine t axa 

(Palaeocommurdty Bl) - Table 5.5, F i g . 5J .2 , see also sect ion 5.6.2. L o n g -

t a r a h i ^ - s t a n d s o f sea - l eve l dur ing the l a t e Cretaceous^ coupled wi th 

wide^ icead aerobic pelagic cemditions, contriJjuted to create mches and 

promote evcdutdonary d ivers i f ica t ion , wi th the development of p c i y t a x i c 

biotas . 

5 . 7 . 1 - P a l a e o c o m m a n l t i e s cmd S t r a t l g r a p h i c C y c l e s 

Episodic c r per iodic changes i n the prc jpcr t im o f seascxial cximpcxientes 

accumulatied i n the sediments (e.g., organic de t r i t u s produce c y c l i c 

l amina ted bedding wittiin a s t ra t igraphic unit . However, th is seastsnal 

l amina t i cn i s not usually recx>gnised due to bdoturbatdm, which destroys 

almost a U the evidence i n both the lacust r ine and marine environments 

(Anderson, 1986). On the other hand, during episodes of oxygen-depdeted 

bot tom waters , where baoturbatlon by macrob&ithos i s mostly absent, the 

sediments are almost a l w ^ f i n e l y laminated . Majar changes i n seascxiality 

(cl imat ic forcing), and re l a t ed oceanograj^iic events, generate czycdic 

bedding patterns a t a larger sca le , extending in to the M i l a n k o v i t d i range o f 

cyc l e s , which can be easi ly recograsable i n the gecQogic r eco rd (e.g., 

Bcrttpr e t a L , 1986; Schwarzaci ie r , 1987). The so-ca l led "Mi lankovi tch 

cyciles" i n the sedimentary recxard are a t t r ibuted to the inf luence of 

"Earthte per iodic o rb i t a l v a r i a t i m s and consequent changes i n the ammount 

and i n the l a t i t ud ina l and seascaial distributlcxi of sctlar energy a t the 

earth 's surfac:e" (Arthur & Garr ison, 1986, p. 370), through the i r influencre 

on g l o b a l c l imate and deposi t ional proc:eses. Seasonality bas ica l ly c3ontrals 

epdpelagic primary product iv i ty , the in f lux of land-der ived organic det r i tus 

and the ra te c f SL^pLy of disscalved and packaged organic matter for the 

d e ^ cx;ean. 
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Mid-Cre taceous pelagìc carbonate s edmen t s ícom the Sergipe Basin 

exhibi t ve ry t h i n / t h l n rtiythniic intarbedding o f calcareous mudstcaie^^macls 

and th ick^sedded wackstone^ '^ckstcHies i n outcrcps (chiper Ap t i an -Alh i an : 

Wiotœ 8 .2-3 , 8.8; Cenomaman-^Turonian: Photos 8.12, 8.15-17, 8.19-7.26) and 

weE-sec t i cns (e.g., Figs 6.2, 8.2-5, 8.13-14). Ihese bedding ihythms may be 

tdtiittately r e l a t ed t o ccb i ta l ly induced rhy tmic climatác vana t i i s i s . Foc 

instance, h i ^ - r e s o l u t i o n strat igraphie analyses of upper A^Adan cored 

sectííMTS (e.g., wéDs 7-CP-252-ËE, F i g . 6.2, and 1 - C P B - l R , F i g . 8.2) 

demonstrated the c y c l i c nature of pa l aeo -env i r a imen ta l changes and 

carbonate j ^ o d u c t i v i t y of tha t early marine épisode i n the nor them South 

At l an t i c feee also Chapter 6). In the s tudied s ec t i i x i of wéll 7 -CP-252-SE 

(Fig. 6.2) 12 i h y t h m i c beds of ^a les -manlg /car lca reous mudstones can be 

dìfferentiated. I h e interbedding rhytms are most liJtély t o be the expression 

of iong- te rm cumulat ive changes produced by seasonal variat ions ( ^ c h as 

p a i o d i c a l t e m a t i o n of humid and a r i d c l imate episodes) i n carbonate 

p roduc t iv i ty , tetr igenous inf lux and l o c a l s e a - l e v ^ i n the s t r a t i g r ^ h i c 

record . Moreover , the évidence also suggests t h a t the variat ions i n the 

thickness o f the ca rbona te -dch cyc les (propoctionalLy ref lec ted i n estimâtes 

c f püanktonic focaminlfara l abundance^ are the resuit of changes i n 

suifaœ-water p roduc t iv i ty c f calcarecjus ocganisms (e.g., c:alcareous 

nannoplankton and f ccamimfaa ] , ra ther than an effe(± o f d i s s o l u t i c i ce 

diagenesis. This model of product iv i ty cyc le s matches the pat tern of the 

"c l imat ic preœsfdmi index" of Berger (1978), i n which the basic 19 t o 23kyr 

cycde o f the a x i a l preceadon is modulated by the lOOkyr cyc le of csrbital 

eccentricity p o t t p r e t 1986). Acxxcding t o th is model, the ind iv idua i 

pair o f rhythmic beds may average 21kyr, so tha t the t o t a l marine 

s t ra t igraphic sec t ion áiown i n F i g . 6.2 œuld represent approximataly 

120lcyr, assuming continucxis sédimentation, w h k h would suggest an average 

a c c u m u l a t i c i ra te of about 26cm/1cyr fcar the para l ic (t idal flats)/înner-

middle ne r i t i c cîeposits of the upper A p t i a n . 
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6 .1 - INTRODDCTION 

One of t l ie most in t r igu ing g r o i n s of Cretaceous planktcmic focaminifera 

i s t i le favuseDidBL Individuals of th is morphogroup have a highly var iable 

gkAdgerine chamber sh^^e and arrangement, and a cha rac te r i s t i c surface 

camamentation o f f ine- to-coarse diSges forming a honeycomb-l ike p a t t a n . 

F i r s t described by Carsey (1926) as Globigerina waáütensis, & o m the D e l 

R i o C l a y of Texas, Ü.S.A., they w a e l a t e r assigned t o a new genus, 

Favi!=!^'na, by Michael (1972). Based on the number of chambers per whcaü, 

^ñre height, inflatìcn ra te and r e l a t ive coarseness of the honeycomb-l ike 

omamentatiün, Michael named seve ra l new ^)ecies: Fav. h i l te rmanni 

(Loehlich and Tarpan, 1961), Fav. ni t ida , Fav. OTbLculata, Fav. pessagnoi, 

Fav . (^adrata, Fav. s c i t u l a , and Fav . wenoensis. Longoria & Camper (1977) 

added Fav. confusa, Fav . hedberg^Tl aefcarmis, Fav. p^>agayosensis, Fav. 

p lanata , and Fav. vcJoáunae. 

Gdge l i s & Gorbatchik (1980), i n a revision of the taxonomy o f Jurassic 

and Ear ly Cret:aceous globágerine-like fcraminifera , presented a modified and 

emended descriptám of the fami ly Favuaellidae, proposed by Longor ia (1974), 

and included i n this f ami ly the genera Globoligerina Bignot and G i ^ a d e r and 

Conoqlobigerina Morozova. Gr igeus & Gorbatchik (1980) a lso assigned to the 

genus FaviiseDa, the ^>ecies Fav. tardità (Antcnova), f i r s t recognised i n the 

Opper Barre mian-Lower A p t i a n deposite c f Azerbaidzhán, northwestern 

Caucasus by Antcnova e t ^ (1964). 

Ihe d is tdbut icn o f favuseUids ^ o w s a remarkably consistent 

occurrence i n shallow-watier carbonate environments, where there i s usually 

grea t abundance and wide va r i ab i l i t y i n t e s t shape. In order to a. 'g*^ the 

r e l a t ion^ i ips between t e s t raorpholDgy and envirrai ment, r i c h favuselüd 

assemblages, recovered from mid-Cretaceous secrtions i n Sergipe, were 

s tudied. 

The terminology o f cxitogenetic stages used here in fo l lows the 

defini t ions c£ Loebl ich & Tappan (1964). Iherefcce, we have adopted the 

term neamc f c r ^¡ecimens considered to represent a youthfu l stage i n 

ontogeny, Neanic qiecdmens are 100-250jum i n diameter and d i ^ d a y 

considerable variatirai i n chamber arrangement, number c f chambers per 

whor l , coarseness of t e s t omamentatdon and positìon o f ^ )a±ure , Fpb^àc 

(adult stage) ^lecimens are 250-350^m i n diameter. Gecaatìc specimens are 

350-500(im i n diameter. 

- 4 2 9 -



6.2 - OISTBIBDTION OF FAVD5ELLIDS 

6 . 2 . 1 - S t r a t i g r a p h i e D i s t r i b u t i o n and 

V a r i a b i l i t y i n T e s t M o r p h o l o g y 

Specimens assigned t o FavuseHa have an extensive global d i s b i b u t i o n 

ffig. 6.1). I hey have been recorded i n the iqiper Barremian-lower A p t i a n 

deposits oE the northwestern Caucasus (Anbcmova e t a L , 1964), A t l a n t i c 

ocean near the coast c£ Morocco (Roesler e t 1978; firirpii ,q & 

Gorbatchik , 1980); and i n uppec Aptian-Alhdan to lower-middle Cenomanian 

depcsibs o f the Braz i l i an cont inenta l margin (Petri, 1962; Sd i aHer , 1969; 

Nogu t i & Santos, 1972; Beurlen, 1982; Dias-Brit33, 1982, 1987; Koutsoukos, 

1982, 1984, 1987; V iv i e r s , 1982, 1985, 1986, 1987; Dias-Bcito & Azevedo, 

1986; Azevedo e t 1987 a,b; Koutsoukos & Dias -Bdto , 1987; V i v i e r s & 

Beuden , 1987; Viv ie rs & Regal i , 1987), Caribbean Basin Cnñnidad; BoDi , 

1959), C e n t r a l and Nor th Amer ica (Mexico: Lcngor ia , 1974; Longor ia & 

Gamper, 1977; Cuba: Aya la , 1962; Blake Plateau, north of the Bahama 

M a n d s : Loebl ich & Taçpan, 1961; Texas, Oklahoma and Minnesota: Loeb l i ch 

6 Tappan, 1961; Peffiagno, 1967; Michae l , 1972; Cal ifarraa: Dai ley, 1973), 

western and northwestern Af t ican coas t (Walvis Ridge: Caron, 1978; Gabon: 

de Klasz & Gagecainet, 1965; Ghana: Khan , 1970; Senegal: Cas te la in , 1965; 

Morocco: Vi te rbo , 1965; Wiedmann e t 1978; Butt , 1982; near the Canary 

Islands: Butt> 1978; Rosier e t §0., 1978; A lge r i a : S iga l , 1952), Ncr th -Wes t 

Eurcpe Southern England: Hart , 1970, 1973, 1983; Carter & Hart , 1977; 

Harr is , 1982; Hart e t 1981, 1989; Germany; Risch, 1971; no r them 

France: ^ a l , 1965; Pr ice 1976, 1977 a,b; southern Spain: Hermes, 1969), 

Nor th A f r i c a (Libya: Barr, 1968, 1972); East Europe (Palish western 

Carpathians: Salaj & Samuel, 1966; Cr imea, USSR: Grigelis & Gorbachik, 

1980; Ncîrthwestam Anatol ia , West of Ankara , Turkey: Demir A l t i n e r , 

personal œmmuracatim, Tubingen, September 1989); Middle East (Negev 

Desert, I s rae l : A r k i n & Hamaoui, 1967), eastern Afirican coast, Indian coas t 

fTanzama: Bate & Bayliss , 1969; Madagascar: Sigal , 1966; Somalia: Pres ta t , 

1970), and i n the northwestern P a c i f i c ocean papan: Takayanagì, 1960; 

Takayanagi & Iwaraoto, 1962). 

In Jurass ic and Lower Cretaceous secticfis the favuseHids have smal l 

tes ts , subspherical chambers, t rochoid , i r regular ly trcx;hoid or high 
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raSORE 6J. : Known paleogeographic distributiDn of HedbageaJa (Farosella) 
wœfadEnas (Carsey) assemblages i n mid-Cretaceous sbrata. H i a t t i d ^ ^ 
mid-Cretaceous (100 m.y.) palaeogeographic map (after Barron e t a L , 1981) 
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t r o c h o ^ r i r a l £orin, a tubercular co: r e t icu la te tes t surface and an umbi l i ca l 

aperture (Grigelis & Gorba td i i k , 1980). Later EatLy Cretaceous and 

Cenomanian favusell ids ^ o w an increased tes t s ize , greater varóability i n 

cáiamber arrangement, and coarser surface omamenta t ion . Grigel is & 

Gccba td i ik (1980) also observed tha t the t e s t surface of Barre mian-Apt ian 

favuseUiife i s covered by a network c£ i r regular , firequently élongated 

quadrangular ridges, whereas regular pcíL^onal r idges Jioieycombs) are 

present cn Altáan-Cenoraanian ^)ecLmens. 

6 . 2 . 2 - E v i d e n c e o f P a l a e o - e n v i r o n m e n t a l C o n t r o l 

Ohe d L ' p g s a l a£ favusel l ids during Middle and La te Jurass ic t ime took 

place maìnly along the ncatìiem margin of the Tethys and i n the 

epiccMitinental basins o f Europe (Grigelis & Gorbatchik, 1980). These authors 

^ 1 8 8 - 1 8 9 ) also repcr ted tha t "cn the t e r r i t o ry c f the southern pa r t of the 

USSR favusell ids bave been found i n comparativeLy shaUow-water Berdas ian 

and Valanginian deposLts (Crimea, Azerbaidzhán) and only as single 

^ìecimens i n deeper-water deposits of the i^iper A l b i a n and Cenomanian 

(Crimea)". 

Michae l 0.912), Longor ia (1974) and Grigel is & Gorbatchik a980) 

observed tha t the favusel l ids are commonly found i n neritdc environments 

and bave not been recorded i n ba thya l c r abyssal deposits. The l a t t e r 

authors interpreted the morpholDgic features c f the favusell ids se 

envircnmenta l adaptatdons, whereas Michae l (1972, pw 213) considered tha t 

the i r distributáon "is inf luenced by a par t icu la r env i rcnmenta l parameter 

such as sa l in i ty" and tha t "its pecul iar cmamenta t icn may be a r e f l ec t ion 

c f such envircnmental inf luence" . Har t and others (1981) s ta ted tha t the 

pecul iar s t ra t igrafh ic d is t r ibut ion of the favusell ids i n the U . K . probabLy 

indica tes a prcnounced e c o l o g i c a l con t ro l . Favusell ids were also recxirded hy 

Dias -Br i to (1982) from áiallow ner i t i c calcareous raudstcne deposits, o f 

t r o p i c a l waters with hypersaline bcH±om cxinditions, of the lower Macraé 

Fcrmat ion (early to middle Albian) o£ the Campos Basin , southeastem B r a z i L 

AssembOages of hedbergéHids charac ter ized by heavy cmamenta t ion 

ftnjstulae and costulae) arranged i n variabile pa t t ems were desci ibed by 

Sa in t -Marc (1973) from midcüe Cenomanian deposits c f Lebanon, which 

acc:umulated i n a warm-water ner i t i c envìrcximent. Carc»i (1978) repca±ed a 
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r i c h popiilatdDn of HedbergeUa "a coste l lae" from the A M a n ne r i t i c deposits 

o f t±ie Walvis Ridge and Angola Basin, and noted a pronounced 

envi ronmenta l inf luence cn the appearance of the costulate ornamentation. 

L e c k i e (1984, p . 598) described a s imi lar assemblage firom the upper Albian 

and lowermos t Cenomanian c f Morocco, remarking cn i t s "s igmficant 

biostratdgrafhic, and p e r t i ^ environmental , value". Hi a recent rev iew c f 

the pa laeo-ecology o f mid-Cretaceous planktonic foraminifera, Leck i e (1987) 

t en ta t ive ly included the ornamented Hedbergf^Ha ^ j e d e s [Hedb. w ^ i t f ^ n s i s 

(Carse^ and Hedb. l i b y c a Barr] i n his epicont inenta l sea faunal group 

(<100m water depth), also stressing tha t these ^secies are pa r t i cu l a r iy 

d i a r a c t e r i s t i c of warm, d i a l lDw-wate r environments, such as marginal seas 

or carbonate platforms. 

6 . 3 - FAVDSELLIDS FROH THE SERGIPE-ALAGOAS BASIN 

Qi l -we lL sect ions (some cored throughout^ and extensive o u t c r c ^ i n the 

Sergipe Basin provide a marine sedimentary record planning the l a t e Aptdan 

t o Maas t r i d i t i an . The abundance of favusell ids i n the mid-Cretaceous s t ra ta , 

the re f ined stratdgraphical c o n t r o l ( locali t ies dated by ammonites and 

fcffaminifera - Chapter 4) and de ta i led p a l a e o - e n v i r o i mental reconstruct ions 

(Chapters 5 and 8), altogether j cov ide an exce l l en t se t t ing foe research 

in to th i s planktCMiic group. 

The i^jper Ap t i an succes s im (Fig. 6.2) i s a record o f the f i r s t true 

marine sedimentation i n the northern proto-South A t l a n t i c The charac te r c f 

t i i i s event i n Sergipe, feom non-marine (hypersaline lacustxine - MeDo, 

1988, da ta for the S«rgipe Basin) to marine (cartonate-dorainated) 

depos i t icn , i s marked by a d e p o s i t i m a l hiatus and an abrupt change i n the 

raicrofauna. The Apt ian ncffi-marine sediments y ie lded cnly carbonized wood 

fragments, f ish debris, rare microgastri^)ods and rare ostracods. The f i r s t 

marine microfaunal elements appear i n the l a t e Apt ian s t r a t a as abundant, 

bu t l o w - d i v e r s i t y microhivalves and microgastropods i n f ine ly laminated 

ca lcareous mudstones and shales. This suggests the development of extensive 

pa r a l i c condit icns (tidal flats) i n t h i s area of Sergipe ff^racaja High), The 

raicrogastropod assemblages most l i k e l y f lourished i n the lower l i m i t of the 

inter tddal zcne, where the sa l in i ty l e v e l i s closer to normal, fcrowzing on 

blue-green a lga l mats (e.g., James, 1983). Less than two meters above this 

l e v e l occurs a "bloom" of favusel l ids , of var ied s izes and morphcQogy, along 
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EIGDRE 6 ,2 : Distribution and re la t ive abundance of majar foraminiferal 
taxonomic groups and assocdabed microfossLls i n vén. 7 - C P - 2 5 2 - ^ and 
e v o l u t i m c f depositiOTal envircaiments. 
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with rare smáE nodosardiífe [Dentalina ra r i s t r i a ta (Ch^mar^ , PSeudonodcearia 

ex gr. humills (Roemer)] and idithyolarüds [lingutonodosaria nodcsarla 

(ReussíJ. Tliey represent the e a d i e s t foraminifera l poptOatdon to ccQonise 

and thr ive i n the newly availaKLe marine niches a t the western margin of 

the proto-South A t l a n t i c ocean basin. The ^ d s o d i c res tcra t ion of the 

pa ra l i c c o n d i t i d s Qndicated by occas ionai le^rels with ñrequent ^)ecimens of 

migrobivalves and microgastrc^KJds and no fcramini fera oc echinoids) h i ^ e r 

i n the sequence, c l e a r l y pcdnts out the cycLLc nature of tocal s e a - l e v e l 

changas of this ea r ly marine episode. 

Tappan & L o e H i c h a 9 7 3 , p . 232) s ta ted tha t "ecosystems of a U types 

may be roughly divided i n t o those tha t are physicaHy contrcíDed, stress 

dominated, or Ümmature', and thcse of greater 'maturi ty ' , r^wresenting 

s tah i l i ty c f phys ica l condit ions". The authcrs observed tha t the p lanktcn ic 

communitifis of immature ce s t ress-control led ecosystems are charac ter ized 

by iow divers i ty , var iab le gross product iv i ty and smaU-s ized ^¡ecLes with 

h i ^ y variable morjhology. These same micrcfaunal pa t t ams wore also 

observed i n the marginal marine deposits of the l a t e Ap t i an i n Sergipe, 

which accumulated i n a s tress-dominated ^ünraature") paleo-ecosystem with 

h i ^ y unstabile ab io t ic prcpertdes ^ c h as temperature, sa l in i ty , nutr ient 

suppLy, oxygen concent ra t ion , bathymetry, etc.) - (Fig. 6.2, see also Chapter 

5, s ec t i cn 5.5.1). 

Abundant assembOages o f f a v u s e U L ^ dominated by smaU ^^ecimens 

(100-250/im; E L 6.1, Figs 1-6), are usuaUy found i n the nearäiore inner 

ne r i t i c palaeo-envircnments. Var iable numbers o f young ephe t ic ^)ecimens 

(250-300^m; PL 6.1, Figs 7-9) also occur a t these locatìons, prcteabLy due 

t o the i r t ran^xxrt toward áiore by shaHow coas ta l currents , causing fauna l 

mixing o f nearshore and deeper inner ner i t i c favusel l id assembOages. 

In more open marine waters (inner to middle ne r i t i c ) , where a th icker 

pelagic niche i s avai lable , the favusel l id pĉ JulatiOTi i s dominated by larger 

^ j edmens ( 3 0 0 - 5 0 0 ^ ; ephebdc and gercxitic forms with 2.5-3.5 whocls). 

Ttie favuselüds are less abundant and have less morphologic varáabülty 

(generaUy represented by morjhotypes described as FavusePa washitensis -

see E L 6.1, Figs 10-15). The associated benthcnic focaminifera are 

representatíve of the inner-middle shélf HarsBonena A s o c i a t i o n c f Haig 

(1979). This i s character ised bere by the p ^ s e n c e of calcareous 

agglutinated foramirafera [ A m m c ^ c u l i t a s reoE^iacoides Bartenstein, 
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MarssoHPTia kummi Zedier, M;=ff?gv o z a w a i Cuáiman, Marss. t rochus (d'Ortágny) 

oxycona (Reuss), Marss. t rochus tu r r i s (d'Oi±dgn^, Quasi.'=yiroplectainmina ex 

gr . a lexander i ( L a l i c k ^ ) , Quasispir. ex gr . goodlandana ( L a l i c k a ) , Quasi^)ir . 

3 ink i (Petri) and Textular ia minuta Bœtiielin], together witìi a diverse 

aseemfcOage of rotaJilne types, mainly composed of pdymorphiniâs 

[Eogut-Hiiina anderyi Pe t r i , Globulina l ac r ima Reuss, Glob, p r i sca R e u s , 

GuHnii^Ta sp. A , Pyrulina cyl indroides (Roemer), Ramulina fiisifocmis Khan] , 

nodosariaceans [Astacolns qp. c f . A . s H t n i a (Bertehelin), Astacnins sp. A , 

Dent^^lina communis d'Oriaigny, Dent:, r a r i s t r i a ta . Lenti r-niina ex gc. 

subangulata (Reuss), Marginutina ex gr . aequivoca Reuss, Pseudcaiodosatia ' ex 

gr . humil is , Vaginul ina ex gr. deKlif^ (BertheUi^, Vag , ex gr. k o c h i i Roeraer], 

iditiiycdarüds [Lingulonodosaria nodosaria (Reuss) ] , gavel inel l ids 

(Iingülogavp>Ti' nf*Tla c j r y i Malapás-Bizouard) and conceboidids [Conorboides 

ex gr . minuHgdma cr̂ ¥>̂ )]< Race milicdaceans [Quinqueloculina(?) sp. A] 

also occur - 0 g s 6.2-3). 

The presence of frequent sma l l & v u s e l l i d ^)ecimens i n nearshcxe 

bdotopes could be explained by three possible situatiiixis: 1) a l im i t ed 

pe lag ic hab i ta t with cp t ima l environmental condit ions (e.g., good nutr ient 

s u p p l y , which, because of high gross p roduc t iv i ty and strong compet i t ion i n 

a r e s t r i c t ed v e r t i c a l ^ c e , have l e d t o áiort cntogenesis (EL 6.1, Figs 1-3) 

o f the planktCTiic populatdm, witìi specimens reaching maturity more qu ick ly 

and reproducing a t smaller s izes (Bradáiaw, 1957, 1961; Murray, 1963); 7i 

d w arfism due to adverse environ mental conditdcns (e.g., áiortage of 

nutr ients; Murray, 1963), or; 3) the mass concentrat ion, i n a nearshore 

environment, of a p lanktcnic community which died before compílete 

ontogenesis was accomplished, therefore resul t ing i n mainly specimens with 

ea r ly stages c f t es t growth and surface ca l c i f i c a t i on . 

Af t e r considering the t o t a l number c f chambers per wheel c f these 

s m a l l favuseUids i t i s concluded tha t most c f them represent pc^julations 

c f neaimc and young e^ebdc ^ lec imens wi th , general ly, 1-2 whorls ^ e P i . 

6 .1 , F i ^ 1, 4-6, and E L 6.2, Figs 1-4). L a r g M mature individuals have tests 

c f 2.5-3.5 wheels earl ier chambers are somewhat masked by succeeding 

ones and overgrowths of the tes t ornamentation (EL 6.2, Figs 5-6). 

Consequently, the f i r s t and th i rd possible si tuations (cited above) seem more 

l i k e l y to have influenced the d is t r ibut ion pa t te rn c f the favuseHids, but the 

t h i r d protiabLy played the most important rcQe. 
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It i s inferred tha t the ca l c i f i ca t ion process i n the development of the 

sürficial tubercles and polygonal r idges v a s progressive emd thcit tìie 

amount and complexi ty of c a l c i f i c a t i on was re la ted ta the t ime avaüatüe 

for compOete maturataci o f the specimen. The d iscovery of seve ra l smal l 

^)ecimens (mostly p re -adu l t , around 100 to 250^m) l o w i n g inc ip ien t 

tuberculate omamentatiDn (EL 6.1, Figs 1-6; E L 6.2, Figs 7-8) i s further 

support for th is in te rp re ta t i cn . Larger (250-300pm and larger) w e l l -

preserved ^»ecimens áiow more unifacm and coarser tuberculate cr 

re t icula te cmaraentaticxi (EL 6.1, Figs 10-15; E L 6.2, Figs. 9-14). However, 

test s i ze does not a lways have a d i rec t relat ionship t o coarseness of 

surface cmamentat ion. K o s t of the ^)ecimens between 250 and 350pti sdze 

äiow the best developed tutierculate c r re t icula te omamentciticn/ whereas 

severa l larger ^»ecimens have only l o c a l i z e d areas wi th omamentatdon. I h i s 

i s p e i h ^ s due t o post-mortem afcrasim during t r a n ^ x x ^ k y bottom currents 

i n more open marine set t ings , which were the t y p i c a l habi tats of gercti t ic 

forms (Pig. 6,3). 

Apparently, when the 250-300pm diameter s i ze was reached, the 

favuspTlids decreased t h e i r d iameta : growth and s ta r ted to add new 

chambers ^d raUy , i n a varialale pat tern; this resul ted i n tests wi th low to 

high trochospires i n l a t e r mature stages ^ee E L 6.1, Figs 10-15). Less 

mor^cüogical va r i a t i on was observed after th i s growth stage, which is 

corsidered to represent the s ta r t c f the cBäult phase i n normal ontogenetic 

development:. 

D i comparing the successive growth stages of some extant p l a n k t m i c 

foraminiferal assemblages a t species and supraspecif ic l eve ls , Brummer e t 

a l , (1986) recognised tha t mapr taxcnomic characters ^ c h as chamber 

arrangement, walL t ex tu re , development of a k e e l and aper tura l position) 

change during the ontogeny of ce r t a in ^¡ecies. Bé & Heraleben (1970) 

through a study of successive growth stages c£ a l i v i n g planktonic 

foraminifer, Globdgecinoij3es saccul i fer (Brady), found l i t t l e raorphologLcal 

resemblance between neanic ^>ecimens and those of adult and gerontic 

growth stages ^ee E L 6 J . , Figs 1-15; EL 6.2, Pigs 7-14), and concluded fp. 

231J tha t " in v iew o f i t s changing nature, the foramin i fe ra l test is surface 

texture c r topography i s o f secondary taxonoraic importance". The authors 

also c teerved an aJDnormaUy äiaped l a s t chamber (like the ul t i inate chamber 

found i n mature favuse l l id individuals - see E L 6.1, Figs 10-15) tha t 
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occurred mostly i n la rger ^)ecLmens, but also occasional ly i n smaller 

individuals as welL I t iey in te rpre ted th is chamber as a morphological 

c h a r a c t ^ tha t would have caused the tarminatdcn of further t e s t growth, 

whatever the age of the organism. 

H i g h s i n the s trat igraphie sequence the favusel l id assembilages ^ l a r p l y 

decl ine i n n u m b s being p r o g r e s i v e l y replaced by numerous o t h s p lank tcn ic 

foraminifera wi th rugose/^ustulose ^xjsbiles and/or costeUae) chamber 

surface. Por instance, r u g o s e ^ s b ilose ^>ecimens of HedbergeBa ex gr . 

d^lr ioensis (Carsey), Hedb. ex gr . simplex (Mcrrow), Tjripp'Tl^ raynaudi S i g a l 

(last occurrence i n the i^ipermost Altdan) and Praeglobotruncana delr ioensis 

(Elummer) are abundant i n the i^jpermost Albdan and lowermost Cenomanian 

s t r a t a [ C h a p t ^ 4, s e c t i m 4.2.1.(i); Chapter S, sec t icn 5.4.4; and Chapter 8, 

s ec t i cn 8.2.3]. Similar assemblages were described by Sa in t -Marc (1973) 

from middle Cenomanian deposits o f Lebanon (HedbsgiaTl/^ costi^nata Sa in t -

Marc , a probable synonym o f Hedb. ex gr . de l r ioens i^ ; from the Alb ian 

n e r i t i c . deposits of the Walvis Ridge and Angola Basin (Carcn, 1978); from 

the upper Altaian and l o w e r Cenoraanian c f Morocco (Sliber, 1980; Leck ie , 

1984); and from the Coniac ian of the southern Pyrenees (Fcndecave, 1975). 

These rugose foraminiferal assemblages are i n turn repQaced t y abundant 

;^>ecimens c f non-ornamented Hedba:g«^Tiq and TjciTv^Tia i n d e e p s 

environments F i g . 6.3). FavuseHids do occur , however, i n occas iona l 

"blooms" of large ^ lec imens (later ephebác and gercntác forms), prcfcably 

l i n k e d to periods c f s e a - l e v e l lower ing and/or t o displacement o f 

unconsolidated ^ a l l o w - w a t e r deposits by turb id i ty currents . A discont inui ty 

i n the favusell id record i s present between the end of the Alb ian and the 

ea r ly par t of the Cenomanian, when they reappear, for Ihe l a s t t ime, i n 

r e d u c e numbers. 

6 . 4 - DISCDSSIOH 

6 . 4 . 1 - P h y l o g e n e t i c R e l a t i o n s h i p s 

No ^ o r t - r a n g e s t ra t igraphie s ignif icance can be a t t r ibu ted to the 

favusell ids, I hey occur, wi th var iable mocphdlogic d ivers i ty , from the l a t e 

Barre mian-early Apt ian (Azerbaidzhán, northwestern Caucasus: Antcxiova e t 

1964; Morocco coast, A t l a n t i c ocean: Gcigelis & Gcrbatxhik , 1980) t o 

the ear ly-middle Cenomanian. 
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Masters (1977) conäiäered a l l the favusel l id species as jiräac synonyms 

appl ied to in t raspec i f ic variants of the single species GJpbJgerina 

y a f ^ i t p n g i g Carsey. Ihe same usage was fdHDwed l a t ^ r by Carcai (1985), 

a l t h o u ^ re ta in ing the generic designation o f Favig^Tla and a phylogenet ic 

l ineage from Globul igeona (cf. proposi tdm o f Grigel is & GorbatdiiJc, 1980; 

see below). Accord ing to Masters (1977), fccras s imi lar to any of these 

favuse l l id species are found associated with " typ ica l" Globdgerina 

w a ^ u t a s i s over i t s entice stxatigraphic range. As he c lea r ly pointed out (p. 

479), " ^ m e o f the ^»ecimens lüustrated by Michae l (1972, EL 5, Figs. 4-9) 

* o w indi^juiafcae evidence of p o s t - b u r i a l defccmation. The resul t ing 

f la t ten ing and a s o c i a t e d features were used by him as ^ ) e c i e s - l e v e l 

charac te r i s t i cs" . However, Masters' use c f the genus Glohdgerina for a l l 

hedbergeHids and favusell ids i s an excess ive ly tcoad concept wi th which I 

cannot agree. Globigerina and Hedtjercp'Ha d i f fe r , bas ica l ly , by 

c h a r a c t s i s t i c t e s t features of w a l l s t ruc ture and porosi ty. Specimens o f 

hedtjergellids i n c l u d i n g favusellids) have a microgranular hyaline outer w a l l 

s t ruc tu re , whereas Globigerina may have outer walls wi th a r a d i a l hyal ine 

(Eadsmatic) outer l aye r and a raicrogr^ular hyaline inner l a y s , or may be 

en t i r e ly miccogranular hyaline i n s t ruc ture (Pessagno, 1967, 1969; Pessagno 

& Miyano, 1968). Fu r th smore , i n the center o f each su r f i c i a l polygon c f 

Globdgerina t h s e i s a single, large pore, whereas i n hedbsgeHids n u m s o u s 

smal ler pores are dispersed a l l around the tes t cc wi thin each ind iv idua l 

r e t i cu l a t e c e l l (and between tubercles c f a favuselUd ^lecimerv see P L 6.2, 

Figs 8, 14); f e w s pores are also sca t te red on the edges of the cell-cix3ges 

and tuberc les . 

From the observatiOT of f igured topotype specimens of Cmoglob ige r ina 

Morozova and Globuliqerina Bignot & Guyader, from Middle-Upper Jurass ic 

and L o w s Cretaceous sections &n Grigel i s & Gcrbatchik, 1980, P L 1, Figs 

1-7), a cilose morphcQogi:^ s imi l a r i ty i s noticeable between these e a d y 

favusel l ids and l a t e r sraaH-^Lzed ^leciraens of Favn?**nff (e.g., 

Conoqlobigerina! tes t surface ornamentat ion i n the focm o f rounded or 

elongated t u b s c l e s , some fccraing äiact r idges; GlobulL^erina: frochcdd or 

i r r egu l a r l y t rochoid test , surface cmamentatdiXi of t u b s c l e s ana r e t i c u l a t a 

system c f i r regular quadrangular ce l l s ) . A phylogenetnc sequence o f 

Conoglobiger ina-Globul iger ina-Favusel la was proposed by Gr ige l i s & 
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Gorbatciük (1980). However, the évidence pcesented h s e i n suggests a more 

int imate taxonomic affînity between these specieSr wtüch can cxüy tie 

assessed a f te r fur ther invest igat ion of hcûotypes and topotype mater ia l o f 

Jurassic and E a d y Cretaceous favuseMds. 

6 . 4 . 2 - P a l a e o - e n v l r o n m e n t s and F u n c t l o n a l Norpfaology 

Ihe avai lable évidence c lea r ly indicates tha t environment strcngLy 

contrcHed the d is t r ibut ion o f the favusel l id morï^iotypes. Af t e r examining 

severa l thousan<Ë o f favusel l id spécimens from var ious locaüties and w e E -

secticns o f the mid-Cretâceous successiüxi o f the Sergipe Basin i t i s 

concluded tha t these forras ^ o u M be considered as ontoger^tdc poLymorphs 

and ecophenotypic var ia t icns of a single hedtaergellid (favusellid) taxon. The 

typdcal cance l l a te cmamenta t ion that character ises the subgenus FayuseHa 

(see taxCÄiomy, C h u t e r 3) could result firom a response t o a water mass 

wi th warmer températures, l^persalinity (cf. Mel lo , 1988; da ta fcc the 

Sergipe Bas i i^ and high (XJnœntratdons o f ca lc ium carbonate, as comraonly 

fcxind i n ^ a H o w - m a r i n e carbonate envircnments (Murray, 1973; Lees, 1975; 

Pigott , 1982). The h i ^ evaporatdon rates asscxáated wüh warm, äiaDow-

marine condi t ions tend to increase the calc ium carbonate concentrat ion i n 

the sea water and, cxtnsecjueitiy, üs a v a i l ^ a l i t y for organic ca l c i f i ca t ion 

(Murray, 1973, p . 229). The random tubercula te / te t icu la te surface 

ccnamentaticn c f the mature favusellids may w e H be a reqpcnse to a 

vadabLy h i ^ ca lc ium carbonate badcground l e v e L 

Ih c»rapariscm w i i h the crurrent knowledge of ex tan t pQanktonic 

foramin i f s ra l l i f e c:ycdes (Liççe, 1970; Bé, 1977; Carcm, 1983a) we cxxr^cture 

tha t the favuse l l id gametogenesis took place i n rélatively cpen waters 

Önner-middle ner i t ic) during the adult and gercxitic s t egea R ^ r o d u c A i o n c f 

other hedbecgeUids most likély occnarred i n middle to outer ner i t i c waters 

(deeper than 30-50ra). Fol lowing gametogenesis the growing jivenües would 

have ascended to surface waters (e.g., Caron & Homewood, 1983). Water 

movements could then result i n this young, near-surfaœ dwel l ing pcçulation 

being wadied in to äiallower carbonate-saturate marginai environments, 

where the planktcwüc fccaminiferal pcjpiilation i s reraarkably n e h and 
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compcísed c f neaüy 100% c f neanic and young ephebic favusel l ids ffig, 6.3). 

U l i s could have l e d the fccamini fera l protc^ílasm t o an overabsccption of 

calcium icns during e a d y c n t o g e m t i c stages. Ihe ca lc ium s t txe i s depcsi ted 

on the tes t progressively, during tes t growth cc , p a i i a p s , pr ior tb 

gametogenesis, as c tee rved en some extant fcramini fera (C. Hemleben, e r a l 

commuracation, Tubingen, Fe t rua ry 1986). ISiis p r e c i p i t a t i a i resul ts i n 

th icker wáDs, coarser surface c m a m e n t a t i m , and more robust tests 

(trochcdd ä^iape), The javeni les tiíat have not been washed d i c r e w a r d and 

succeeded i n growing i n deeper water, less saturated i n calc ium carbonate, 

would evolve i n to other rugose {with pustules and/or costéllae) and non

rugose hedbergenids. Ephebác and gerontic favuséHids, th r iv ing i n 

progressively deeper water w i th cntogenesis, oco^ r i ed , i n few numbers, the 

same niches (inner-middle t o outer neritic) o f other deep o f f n e r e 

planktonic taxa, as they can be found assodated w i th var iable prcpcr t ions 

c f rugose and nrai-rugose hedbergeTlids, t ic ineUids and glotagerineUoidids 

(Fig. 6.3). 

I t i s also possihle t h a t there i s a relatáonship between tes t morphblogy 

and water energy condi t ions (coarse and thick omamenta t ion contributáng to 

t es t pcotectdon i n ve ry agi ta ted áiaHow waters). In the Sergipe sect ions 

most of these favuseEid pcpulat ions thr ived i n l ow-ene rgy condi t icns (inner 

ner i t i c deposits o f ca lcareous mudsbxies and m a i ^ ) , bu t they are also 

known to occur i n high-energy environments (e.g., oo l i t i c / cx i cc J i t i c -

hLoclastic packs to ieVgrains tones) o f the lower-middle Alb ian deposits of the 

Campos Basin (Koutsoukos, 1987) and the Cumuruxatiba-Jequit inhcnha Basin 

(Koutsoukos & Dias -Br i to , 1987), both i n SE and NE BrazìL Pent i te the 

fac t t ha t the f u n c t i m o f surface cmaraentation i n f c r a m i n i f s a l tests i s 

not Esscásely known, i t has been conpctured tha t the bu i ld - i^J o f surface 

cmaraentatìjcxi i n a füanktonic fcraminifer Uving i n a hab i t a t with rélatively 

h i ^ - d e n s i t y bot tom-waters (warm waters, hypersal ine, w i i h high 

concentrations c f ca lc ium carbonate), woiild cause i t t o sink more easüy i n 

the water c d u m n i n order to reach a jareferred densi ty l e v e l (Caron & 

Homewood, 1983, p . 455). D^)ending uExn how coarse the c a l d f i c a t i o n was 

(generaEy h i ^ e r i n l a rge r mature spedmens), t h i s could have enabled a 

par t icular community t o th r ive i n a pelagic niche near the sea-botbom, 

somewhat insulated and pro tec ted from the very warm surface waters. 
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which would resul t i n a mature stage witìi a guasibenthcnic l i f e hah i t and 

d i s t r i b u t i a i p a t t s n . Ihe hypotìiesis o f a benthonic ^hase during the Ufe 

c y c l e o f tìie eafLy favusel l ids hcts suso been suggested by Carcn (1983b) 

i n ceder to expla in t i i e i r o d g i n from bentìionic fccamini fera l ancestocs i n 

Jurass ic times and the i r subsequent resbdcbed palaeo-environ mental 

d i s tdbu t ion . 

Gccbadi ik & Kuznetsova p.986) observed tha t Globol iger ina oxfocdiana 

(Lowa: Oxfcedían), Ccnoglobigerina meganomica (C allovian) and Favus^Tla 

waghitpngjs (Late Albian) a H pcssess wal ls which w s e primarüy aragonite. 

I h i s ui5>aralle3ed tes t mineralogy wi th in the Suborder Glotágerinina has 

been used by Banner & Desai (1988, p . 144-146) to suppcet the separat ion 

c f these genera into a d i s t i nc t superfamüy, the Favusel lacea. H o w e v s , this 

evidence should be considered wi th greater care , firom a palaeo-eccQogical 

po in t o f v iew, i n ceder t o u n v e i l the true causes behind such unique tes t 

minera logica l cx>mposìbicn. Aragoni te i s an othcehombìc unstable fcem o f 

CaCO^ and i s fccmed a t hic^ier teraperatures than ca l c i t e , I t may be the 

o r i g i n a i focm i n which C a C 0 3 i s deposi ted, inver t ing i n the course o f time 

t o the more stable ca l c i t e (cf. Whitten &. Brocrfis, 1974). The envircnment 

pa r -exce l l ence inhatnted by the favusell ids has been áiaDow, warm, 

hypersal ine, carbonate-satairated marginai seas or carbonata pilatforras. The 

pr imary stage i n the b i o m i n e r a l i z a t i m process of planktcsiic fccamini fe ra l 

communitdes th r iv ing i n these bdotopes would fculow, u l t imate ly , basic 

minera logica l rules and cannot be simpLy re la ted to a genet ic background. 

Therefcxe, the CaCO^ stc»:e to be secretad i n the focm o f ei ther 

ortarhomhic or hexagonal c rys ta l s i s raost likély to have been d ic ta ted by 

the overaH envircnmental condi t i cns . In shaUow, warm, carbonate-saturated 

waters , the more stable C a C 0 3 fcem to be fccmed would be aragonite 

ra ther than c a l c i t e . 
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P L A T E 6 . 1 

HedberqePa (PannEéPa) wddiiLensis (Carse^ showing p r o g r e ^ v e 

morphcQogical change ^ ciianiber arrangementr best surface ornamentation 

and c^>ertural position) with ontogenetic development. 

A H i l lus t ra t ions are scanning e l ec t ron photomicrographs. 

Scale bars = lOOum, 

1—6: Neanic specimens. A H umbuica l v iews . Low t rocho^ i i re formed by 1-

1.5 whorls; general ly 3-5 chambers i n l a s t wheel, increasing gradual ly i n 

s i ze ; l a s t chamber considerabLy la rger , comprising V3-V2 c£ t o t a l diameter 

o f test ; pr imary ^>erture umbil icaL Riachuelo Formation, T a i ^ a r i Member, 

Wel l 7 - C P - 2 5 2 - S E , a - 2 , 5) core 1: 466.00m; (3-4) core 1: 466.20m; (6) core 

1: 466.50m. 

E^ñdence suggests a didiotomous course i n ontogenetic development of 

favuseDid populatLcxi. Less common a l ternat ive pathway i s indica ted by 

h o d z o n t a l white arrows. Here, the very ea r ly neanic form i n (1) would have 

envolved t o the smal l Chanted growth ?) , s t i l l immature specimen i n (3), 

morphological ly s imilar to (5) and (6). In the most common a l ternat ive 

pathway, the tes t gradually increases, envolving progressively from ^ l e c i m e n 

i n 1 to 4, and thereafter to subsequent stages. 

7—8: Intermediate lotabe specimens (young ephelaLc stage). U m b i l i c a l v iews . 

Low trocho^pire , formed by 2 whorls; general ly 4 chamtiers i n l a s t whor l , 

gradual ly increasing i n size as added; primary a$)erture u m b i l i c a l to 

extraumbdlical . Riachuelo Formation, Taquar i Member, Wett 7 - C P - 2 5 2 - a : , (7) 

core 1: 466,00m; (8) core 1: 466.70m. 

9: Quadrate intermediate ^ l e c i m e n (young ephetác stage). U m b i l i c a l v i e w . 

Low t r o c h o ^ r e , farmed by 2-2,5 whorls; usually 4.5-5 chamtiers i n the l a s t 

whor l , gradual ly increasing i n s i ze as added; pr imary aperture umbdlical t o 

s l igh t ly extraurahdlicáL Riachuelo Format icn , Taquari Memtier, Wel l 7 - C P -

252-SE, core 1: 466.20m. . 
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10-15: Large sp i ro-convex mature ^)ecuiiens (late ejAiehLc stage). (10, 12, 

14) Omhilical v iews; (11, 13, 15) per igheral iriews. Low bo h i ^ t rocho^are , 

fccmed by 2.5-3.5 whoclsf generalLy 5-6 chambers i n l a s t whoc], increasing 

graduaHy i n s i ze as added; ultimate d iamber smal lar , bare oc smoother 

o m a m e n t a t i m , produced toward umbilLcus and par t i aUy covering i t ; pr imary 

apa±ure umbLLLcal-extraumbLUcaL Riad iue lo Formation, Taquarì Meml^er, HéU 

7-CP-252-SE, core 4: 496.55m. 
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P L A T E 6 . 2 

HedbergéPa (FavuseUa) waáútensis (Cacse^ 

A U iUiistratiOTis are scanning elecfcrcn Eáiotoinijcrogr^*is of sgarsiL v iews and 

sca2e bars = lOOpm, urQess oti ierwise ind ica ted . 

I - 4 : Neanic t o young eE*iehLc finterraediate) ^¡ecmens. Tests áiow 1.5-2 

vQüitions c£ ^ h e r i c a l íiíambers, becoraing progressivaLy more loba te as 

added. R i a d i u e l o Fcrraatíon, Taquari. Member, WeH 7 -CP-252 -SE , (1) core 1: 

466.00in, (2-4) core 1: 466.70m. 

5-6s Mature specimens (late ^ h e b i c stage). Tests conta in 2.5-3.5 volutdDns 

of moderately spher ica l chamtjers; earüer whcaJs somewhat masked by 

succeeding ones and overgroths o f t es t ocnamentatií»!. Riachuelo Fccmation, 

Taquar i Member, WeH 7 -CP-252-SE , core 4: 496.55m. 

7-8: Neanic spedmen. (7) Sp i ra l v i ew; (8) d e t a i l o f peniütünate chamber 

^ o w i n g the incdpifint tuberci i la ta camaraent3tÍDn; note also minute peres 

sca t te red on surface; scale bar = lOpm. Riachuek) Formatkai , Taquar i 

Member, WeH 7 -CP-252 -SE , core 1: 466.00m. 

9-10: Young ephebic ^¡ecimen. (9) ümbüical v iew; (10) detaiL of ultímate 

d iamber showing tes t surface covered by rounded and elongate tubercües, 

s eve ra l focming shca± ridges. Riachuelo Focmation, Taquar i Member, WélL 7 -

C P - 2 5 2 - a : , core 1: 466.00m. 

I I - 14 : Ephebic ^«ecimens. (11) U m b i l i c a l v iew; (12) detañ of second 

chamber of l a s t whor l showing weU developed retáculata systera o f coarse 

r idges fccming i r regular poLygonal c:ells (hcxieycomb pat tem); (13) ^áral 

v i ew; (14) detaü of penultimate chamtjer; note numerous minute poces 

di^persed wi th in each ind iv idua l retáculate c a l i ; pores also scat±ered on 

edges o f ceU-r idges . Riachuelo Format icn , Taquar i Member, WeU 7 - C P - 2 5 2 -

SE, cote 4: 496.55m. 
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