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ABSTRACT

The Upper Cretaceous succession (Axruma group) of the Zubair ard
Rumaila fields, southem Iraq is examined. A total of 120 species and
varieties of planktonic Foraminifera from 16 genera ard )4 families are
described and illustrated, including 9 species, 4 varieties new to
science, 121 species and varieties of benthonic Foraminifera used for
the interpretation of the palececology also are identified and their
ranges given.

The sequence has been subdivided into 4 concurrent-range zones
and 2 subzones which are correlated with the stages of the European
standard, TIn addition, two intervals which either are devoid of fossil
or contain only rare or indeterminable specimens have been recognized,

In the quantitative paleocecologic study, the ﬁpper Cretacecus
subsurface section of the Zubair well no,8 is subdivided into 5 strati-~
graphically separate foraminiferal biofacies, It is belived that the
lowermost part of the Khasib formation was deposited under warmer, shallow
water conditions of low salinity and in restricted or narrow connection-
with the open sea. The remainder of the Khasib, Tamuma and lower part
of the Sadi formations were laid down in deep, warmer water in direct
connection with the open sea, The upper part of the Sadi anmd the lower
part of the Hartha formations were laid down in shallow, colder water in
restricted connection with the open sea, Most of the upper part of the
Harthe formation was deposited under lagocnal conditions, while its
uppermost part and the lower part of the Quma formations were deposited
in deep, colder water in direct connection with the open sea.

In general, there are indications of a gradual deepening of the

basin fram the Khasib to the Sadi formations, and a shallowing from the
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Sadi to the uppermost part of the Hartha formation,

There are also indications of a remarkable decrease in water
temperature from the Coniacian to the Middle Maestrichtian,

The first transgression of the Upper Cretaceous sea started at
the base of the Khasib formation, the first regression at the base of
the middle part of the Sadi formetion and the first Maestrichtian
transgression in the uppermost Hartha formation,

This is the first detailed account of the Cretaceocus Foraminifera

from southern Iraq.



ACKNOWLEDGEMENT

The present research was carried out under the constant guidance
of Mr, D,J, Carter of Imperial College, to whom the writer expresses his
deep appreciation. He also would like to thank all the staff and
colleagues of the Imperial College for their valuable help towards the
completion of this study.

The writer is indebted to all staff of Basrah Petroleum Campany
and Tragi Ministry of Oil and Natural Resources for their collaboration
in delivery of rock samples, kind hospitality and assistance during his
field work,

The writer would like also to thank Prof. T, Birkelund and Mr, Ha.ns
J. Hanson of the Mineralogical-Geological Museum, University of Copenhagen
for their help and advice during his stay at the Institute, Prof.
Husfeld of Rig hospital Copenhagen was directly responsible for the
writer obtaining a scholarship from the Danish Ministry of Foreign Affairs,
to whom he expresses his spccial thanks.

Acknowledgements are likewise extended to Mr, E. Harth, Traqi
Petroleum Company, London for his invaluable information on the Cretaceous
lithostratigraphy and biostratigraphy of Iraq and the Middle East; Mr,
D.J. Sheamman of Imperial College for his suggestions concerning the
sedimentalogy; Dr. A H. Smout of British Petroleum for his suggestions
concerning the behaviour and distribution of larger Foraminifera in the
Upper Cretaceous of the Middle Bast and Burope, Mr, D, Bayless of British
Museum (Nat.Hist,) London, for illustrations of various biostratigraphic
aspects of Upper Cretaceous Foraminifera of Jordan and Palestine and the
distribution of genus Sigalia; and Dr. C,G, Adams of British Museum (Nat,

Hist.) who gave the writer the opportunity to examine the foraminiferal



collections of the Museum,

Acknowledgement is also due to the following people for their help
in various ways: Dr, H,M, Bolli, Prof. M, Bullard, Mr, H.V., Dunnington,
Dr, R. Gandolfi, Prof. L. Hottinger, Dr, H,A, Latif, Dr. M. Muir, Dr, E.A,
Pessagno, Prof. J, Sigal and Dr, E. Stenestad.

Thanks must also go to those who have helped mc financially with
grants and loans; these are Caloust Gulbenkian Foundation Armenian Affairs,
Dr. S.A, Najarian (Physician), Mr, V., Alexandrian, Mr, H, Al-Hashimi and
the Imperial College.

Finally the writer must thank his parents, sisters and brother for
their continual encouragement both spiritually and financially and without
whose help this study would not be completed. He must also thank
Mr., Gee ard his staff of Imperial College, Messrs. V., Mihranian, V.

Vartanian and Miss S, Yergation for their valuable help technically.



CHAPTER I

INTRODUCT ION

Zubair and Rumaila fields lie in southern Irag, 20 and 25 miles
south-west of the Basrah city, in the area between Latitudes 920°N -
970°N and Longitude 1720°E - 1770°E, in the Ad Dibdibba gravel and
sand region (Dibdibba formation). This area is one of flat, low, dried
out marshes irrigated by rain fall,

Regarding the lithologic composition of the area, Macfadyen (1938)
stated, "mainly sand and gravel of Igneous rocks including pink granite,
various ’liycr—coloured and slate-grey intrusives, dolerites .... etc.,
and white quartz pebbles." During ficld work (1961, 1965, 1969) the
writer examined samples from the Zubair and Rumaila fields and found
tﬁem generally to consist of grit, gravel of Igneous origin, sand, sand-
stone, marl, slate of different colours, pebbles and gypsum.

The region is bounded on the east and north-east by the Shat Al-
Arab, Euphrates and Tigris rivers, on the south and socuth-west by the
Arabian Gulf, Jabal Sanam and Irag-Kuwait boundary, on the north by Howr
Al-Hammar and on the west by Abughar and Al-Busaiya. Close to the
Irag-Kuwait boundary Jabal Sanam stands as a solitary hill., It is about
500 ft, high in a low-lying rcgion whose altitude elsewhere ranges between
50-150 ft. above sea level (Al-Nagib 1967 p.G5.).

In the past, southern Irag has attracted the attention of many
scientists not only because of its geological interest and oil producing
potential but also for its richness in archaeological remains, Interest
in the geology advance in stcp with the increasing demand for oil.

The first field was discovered in southern Iraq at Zubair in 1948, and

the Rumaila field was discovered a few years later, To date 78 wells



have been drilled, 3% in each field, to pene¥rete the Aruma group,

Inspite of this huge number of drilled wells, nothing of con-
sequence has been published on the paleontology and stratigraphy of the
area, The only available paper is that of Owen and Nasr (1958) in
which Smout gives a summarized range chart of typical fossils of the
Basrah area. These same fossils later were mentioned by Dunnington,
Wetzel and Morton (1959, in Lexique Stratigraphique International,

Asie, Iraq).

Saiab and Kurayshi (1969) published. a brief erronecus, and
somewhat misleading study of the Upper Cretaceous Foraminifera and their
stratigraphic distribution in southern Iraq.

However, noneof the above authors has dealt with even the commonly

abundant Foraminifera found in the Aruma group, placed them in a detailed
stratigraphic and systematic framework, attempted to determine their
geographical distribution or their paleoecological implications,
Neither INGRA (1963) nor Al-Nagib (1967) have produced anything new in
the stratigraphic and paleontological fields, The first concentrated
on hydrological problems, while the second simply summarized and con-
densed information given by Owen and Nasr (1958) and Dunnington et.al.
(1959).

A1-Nagib (op.cit.) made a tentative attempt to determine the
major sedimentary cycles of Mesozoic, Tertiary and Quaternary, but all
the information in this paper is from unpublished I,P.C., and B,P.C,
reports, or worked out by different geologists in other oil companies,
His paleoecologic interpretation was based entiredy on sedimentology.

In the literature the lack of interest shown in the Aruma group

in southern Iraq is probably due to its subsurface stratigraphic position,
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its hard lithology and oil production from stratigraphically shallower
or deeper levels,

By the courtesy of the B,P,C, authorities, the writer had
opportunity to examine all the members of the Aruma group from the fol-
lowing eight subsurface rock cutting sections; Zubair wells nos. 3, 8,
19 and 24, Rumaila wells nos., 1 and 18, Ratawi well no, 1 and Nahrumar
well no.2; Only Zubair well no, 8 and Rumaila well no,l8 were used
for the detailed micropaleonrologic studies., These two wells yielded
sufficient numbers of foraminiferal and other fossils, The paleoeco-
logical analysis was based mainly on Zubair well no.8.

Planktonic Foraminifera were found to be very abundant in the
Khasib, Tanuma, lower half of the Sadi, uppermost part of the Hartha
and lower half of the Qurna formations facilitating biostratigraphic
zonation.

The successions were often found interrupted by strata devoid of
planktonic Foraminifera, The completely barren intervals were placed
according to their positions between known biozones,

The samples were received from the Basrah Petroleum Company
(B.P.C.) in 1967 and 1969. 283 samples (20 gms. of each) from Rumaila
well no,18 and Zubair well no.8 were processed for foraminiferal
analysis using standard techniques differing according to the nature of
the rock. TIn each case the residue was dried and passed through sieves
of 30, 60, 90, 100, 120 and in rare cases 200 meshes,

All the planktonic, benthonic and larger Foraminifera, fossil
Ostracod, Megafossils, Bryzoa, Charophytes and other fossils were

picked out, sorted and counted., The planktonic Foraminifera were sorted
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separately, described in detail and figured (except for the rare forms
or poorly preserved specimens where photographing was found impossible).
Its vertical and geographical distributions were worked out and range
charts constructed, The identification is principally by comparison
with previously published figures and descriptions, topotypes and/or
holotypes if available,

A summarized range chart was constructed for the well preserved
and commonly abundant benthonic Foraminifera (excluding larger
Foraminifera),

The percentages of planktonic, benthonic and arenacecus Fora-
minifera in the fossil populations were used as aids in paleoecological
interpretation.

All illustrations, except o few of the Maestrichtian and Campanizn
species,  are stereoscan photographs by Dr. M, Muir and Mr, P, Grant,

The purpose of the present investigation can be summarized as
follows;

1. A Qetailed investigation of the vertical distribution of
the planktonic Foraminifera in the rocks of southern Iraq,

2, A detailed systematic study of the planktonic Foraminifera
in southern Iraq, their taxonomy, morphology, phylogeny and
geographical distribution,

3. An attempt to reconstruct the past depositional and paleo-
environmental conditions during Upper Cretaceous time, using
the planktonic percentage distribution chart of Grimsdale
and Morkhoven (1955) and the bathymetric zones proposed by
Bandy (1960),



L.

5.

The zonation and correlation of the sequence in southern
Iraq with the type FBuropean Upper Cretaceous stages.
A summarized revision of the previously described strat-

igraphic succession.

12
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CHAPTER 2

STRATIGRAPHY

Aruma Group
The term "Aruma® was first applied by Steineke and Bramkamp (1952)

to a single formation of Campanian-Maestrichtian age, outcropping in the
"Al-Aramoh" plateau in Saudi Arabia, Later Steineke, Bramkamp and
Sander (1958) dated most of the Aruma formation Maestrichtian on the
basgis of its Ammonite contents.

Lithologically it is composed of dolomite and calcareocus shale,
and argillaceous dolomite with minor interbedded limestones and dolomites.

Beyord the limit of the type locality, in Kuwait and southern
Trag, a similar stratigraphic sequence was divided by Owen and Nasr (1958)
into several formations which were placed together in the "Aruma group®.

In south~eastern Kuwait the Aruma group comprises three formations
(the Gudair, Bahra and Tayarat) and in north-eastern Kuwait and south-
eastern Iraq six fommations (the Khasib, Tanuma, Sadi, Hartha, Qurna
‘and Tayarat).

In northern Iraq the Aruma group is not recognised. In Masjid
Sulaiman, Iran, the group is divided into the Gurpi and Tlam formations,
and in Dukhan, Qatar into the Laffan, Ruilat and Simsima formations
(Harth 1967).

The group is underlain by the Wasia formation in Saudi Arabia
(type section), by the Mishrif formation in southern Irag and Qatar, the
Magina formation in Kuwait and the Sarvak formation in Iran, It is
overlain by the Umm Er Radhuma formation in the type section, Iraq,

Kuwait and Qatar, and the Pebdeh formation in Iran,



15

The stratigraphic thickness of this unit at its type locality
is approximately 140 metres (Powers; Ramirez, Redmond and Elberg 1966) ;
In southem Iraq the thickness reaoheg 2,852 ft, in quq.ir v'sfgll no.8
ard 3,151 ft: in Rumaila well no;18,

Two stratigraphic sections were used tp interpret the strati-
graphy of the Aruma group ih sbuthern Irag;

1. Zubair well no,8;

2; Ruamaila well no.l18;

I. Zubair well no,8

The section in this well consists of the following formations;
the Khasib, Tanuma, Sedi, Hartha, Qumma and Tayarat formations, All
these, except the Tayarat were originally established by Rabanit (1952)
in B.P.C. well no,3, Latitude 30° 23' O1" N, and Longitude 47° 43' 29" E,
(in Lexique 1959), The Tayarat formation was established by Henson
(1940) from Jebal Tayarat, 21 miles south of Rutbah town, Latitude
32° 46' N, and Longitude 40° 17' E, The first formal reference and
detailed descriptions of these formations from their type sections were
those of Owen and Nasr (1958), These were followed by those of
Dunnington, Wetzel and Morton, in the Lexique Stratigraphique Inter-
national (IRAQ), and of Al-Nagib (1967).

No one so far has made any attempt to describe these formations
as developed outside their type localities.

It is hoped that the present work will serve as a basis for
future detailed stratigraphic investigations of facies changes amd
lateral variations of these formations, However, as a stratigraphic
study is beyond the scope of this thesis, only a summarized report is

given,



Locality and co-ordinates; Zubair field, 20 miles south of Basrah

city, in the area between Latitude 1751 E, and Longitude 932,290 W,

1, Khasib fomation

Thickness; 179 ft., drilled depths 7,230-7,410 ft,

Paleoecology; lowermost part in the Inner shelf zone.

Porcellaneous biofacies. Transgressive., The remainder of the
formation in the Outer shelf - Upper bathyal zone.

Age; Coniacian. G. renzi/H, pseudogeumbeliniformis zone,

Lithology; The formation consists of the following lithologic
units;
(a) Marl, marly limestone, greyish and pyritic. (Top)
(b) Shale, bluish—-black,'fissile and pyritic,
(¢) Marl, light grey.
(a) Shale, bluish-black and fissile.
(e) Marl, marly limestone, grey to white and buff. (Bottom)
Remarks
The basal part of this formation is the lowest unit in the Upper
Cretaceous of scuthern Irag., The underlying Mishrif formation is
characterised by the occurrence of abundant fossil Charophytes and is
devoid of Foraminifera, Owen and Nasr (1958), Dunnington et.al,(1959)
and Al-Nagib (1967) considered that the Khasib formation lies discon-
formably on the Mishrif formation., The contact is marked by the change
from fresh-water limonitic limestone with Charophyta below, to
oligosteginal shale above,
In Zubair well no.8, the Charophytes were found associated with a

marine fauna and exterded up into the lower part of the Khasib formation.

16
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However, the absence of a foraminiferal fauna from the uppermost
part of the Mishrif fommation, its near shore conditions of deposition
and the occurrence of subsidence during the deposition of the overlying
Khasib formation make it difficult to locate the contact exactly.

The Khasib formation is overlain by the Tanuma formation., The
contact is conformable,

Fossils (See benthonic fossile chart,)

Smout (1958) reported the following fossils from the type locality

at B.P,C., Zubair well no.3; Cyclammina sp,, Monolepidorbis sanctaepelae,

Inoceramus cf. inconstans, Oligostagina sp, and Bigenerina sp.

Dunnington et,al,(1958) followed by Al-Nagib (1967) recorded
G, lapparenti sub.sp. and G, leupoldi Bolli from Zubair well no,l and
G, stuarti (de Lapparent) from Nahrumar well no,l, Unfortunately none
of these specimens could be located, (According to Dr. Smout (personal
comminication) specimens were deposited with the Basrah Petroleum Company
Basrah, but were destroyed by the fire in 195779)

However, examination of samples from Zubair well no,l and Nahr Umr
well no,l reveals that; G, leupoldi Bolli belongs in G. renzi Gandolfi,

G, lapparenti sub,sp, belongs in G, linneiana linneiana anmd G, stuarti

(d'Lapparent) probably belongs in G, schneegansi Sigal,
The following planktonic forms occur only in the Khasib formation;

Heterchelix moremani (Cushman), Hedbergella gautierensis (Bronnimann),

Hd, brittonensis Loeblich and Tappan, Hd. amabilis Loeblich and Tappan,

Globigerinelloides bentonensis (Morrow), Globotruncana schneegansi

S:.gal G, ;Qseudola.nnelana Pessagno G. linneiana obliqua Herm and
' SRS UR NN

Clav:.hedbergella simplex (Morrow).

A}
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2, Taruma formation

Thickness; 112 £+, drilled depth 7,120-7,230 ft.

Palcoecology; Upper bathyal - Middle bathyal, Lower planktonic/

open sea blofacies.,
Age; Coniacian - lowermost Santonian. G, renzi/

H. pseudoguembeliniformis zone to S, carpatica zone, G, concavata

subzone.
Lithology;
(a) Shale of dark blue and chocolate colour. (Top)
(b) Oolite of creamy colour and a calcite matrix,
(c) shale, blue-grey with chocolate coloured shale at the
base. (Bottom)
Remarks
The 110 ft, thick Tenuma fommation is a dark, fissile, marine shale
with occasional thin, detrital limestone partings. It is overlain by
the Sadi formation. The contact is conformable and gradational,

showing a change from blue-grey shale below to marly limestone above.

fhe contect (7,110-7,120 £t,) is & short interval of partially
dolomitized limestone. The sample is glauconite-bearing and oolitic.,
Some sectioned ooliths show pyritic or gleuconitic intermel moulds.

The Tanuma formation is underlain by the Khasib formation, the
contact is conformable and placed at the change from grey marl and

marly limestone below to dark blue and chocolate coloured, fissile shale

above,
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The Tanuma and Khasib formations probably have their equivalents
in the lower part of the Gudair formation in Kuwait,

Fossils (See benthonic fossilschart.)

Smout (1958) reported the following fossils from southern Iraq;

Rotalia skourensis Pfender, Globotruncana lingei (d'0rbigny), Guembelina

spp. , Monolepidorbis sanctapelagica and Inoceramus cof. inconstans.

(See remark under the Khasib formation.)
The following planktonic Foraminifera occur only in the Tanuma

fomation; Guembelitria aff, harrisi Tappan, Heterchelix aff, barnardi

(Ansary), Gublerina? reniformis (Marie), Planomalina sp,A. sp.nov.

Globigerinelloides sp.aff. Gl. japanica (Takayanagi) and Globotruncana?

pura Hofker,

%, Sadi formation

Thickness; 960 ft. drilled depths 6,160-7,120 ft,

Paleoecology;

(a) Lower part, Middle bathyal - ? Lower bathyal.
Lower planktonic/open sea bicfacies.

(b) Upper part, Inner shelf - Outer shelf,
Calcareous benthonic/closed sea biofacies.

Age; Santonian - Campanian., S. carpatica zone.

Indeterminable interval to G. stuartiformis/G, stephensoni zone.
Lithology;

(a) Interval 6,160-6,770 ft. Limestone marly and chalky,
partially dolomitiZed and recrystallized with an abundance
of glauconite and with shaley intercalations, The chalk
and glauconite more specifically concentrated in upper part

of interval, (Top)
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(b) Interval 6,770-6,966 ft. Marl, soft and grey. Lower
60 ft, relatively harder with thin shale partings. The
interval 6,910-6,920 a thin pyritic and oolitic limestone.
(c) Interval 6,960-7,120 ft, Limestone, slightly dolomitized
in its lowermost portion, light grey, white, chalky and
marly. Marl soft. (Bottom)

Bemarks

The Sadi formotion is overlain conformably by the Hartha formation,
the change is very slow and gradational from marly and chalky limestone
below to soft marl with streaks of chalk above.

The same sequence was also reported by Owen and Nasr (1958),
However, Dunnington et.al.(1959) followed by Al-Naqib (1967) stated that
the contact is an erosional unconformity, corresponding with that already
noted between the Bahra and Gudair formations in Kuwait,

The formation is underlain conformably by the Tanuma formation.

Fossils (See benthonic fossils chart.)

Smout (1958) reported the following fossils from the type locality;

Omphalocyclus macropora, Monolepidorbis sactaepelagiae, Pracalvcolina sp.

Inoceramus cf. inconstans, G, linnei and Guembelina varians.

Dunnington et,al,(ITbid) recorded the presence of Cuneolina

cylindrica Henson and Pscudodomia complanata Eames and Smout, while

Al-Nagib (Tbid) listed the occurrence of G, sigali Reichel and G.
concavata (Brotzen), Examination of samples from the type section,
Zubair well nos.24, 19 and 8, Rumaila well nos.18 and 1, rcveals that,

G, linnei is actually G. linneiana linneisna (d'Orbigny), G. sigali

belongs in G, angusticarcnata Gaendolfi and the so-called Guembelina
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varians is actually a strongly compressed Heterchelix striata (Fhrenburg).

The following planktonics occur only in the Sadi formation;

Praeglobotruncana wilsoni Bolli, Globotruncana angusticarenata Gandolfi,

Biglobigerinella sp.l, sp.nov,, B, algeriana Ten Dam and Sigal , B,

multispina (Lalicker), Gublerina glsessneri Bronnimann and Brown, Gb.

sp.A., Rugoglobigerina plana Belford, and Pseudoguembelina zubairensis

sp.nov and G.contusa (Cushma'nT:ﬂ
The éssemblagcs contain, in addition to larger and smaller

Foraminifera, the following fossils; Broyozoa, Inoceramus spP.;

Brachythere spp., Cytherella spp., and Bairdia spp.

4. Hartha formation

Thickness; 500 ft., drilled depths 5,660-6,160 ft,

Palecoecology;

(a) Emb ayment, Calcareous benthonic/closed sea biofacies.
Regressive, (Lower part)

(b) Lagoonal, Non-fossiliferocus biofacies.

(¢) Middle bathyal, Upper planktonic/open sea biofacies,
Transgressive, (Upper part)

Age; Campanian - Lower Maestrichtian. G, stuartiformis/

G, stephensoni zone to non-fossiliferous interval,
Lithology;

(a) Interval 5,660-5,920. Dolamite, light brown, non-
fossiliferous with occasional evaporite stringers.
Uppermost 10 ft, buff and grey, detritol, dolomitic
limestone with an abundance of chalky streaks and plank-

tonic Foraminifera, (Top)



(b) Interval 5,920-6,100 ft, limestone, detrital, grey to
creamy, partially dolomitized, glauconitic and pyritic.
Upper portion of this interval terminated by a thin, dark
coloured, shaley parting,

(¢) Interval 6,100-6,160 £t, Marl, soft with streaks of chalk.

(Bottom)

Remarks

The Hartha formation is overlain by the Qurna formation. According

to Owen and Nasr (1958) the contact is disconformsble, Al-Nagib (1967)
stated that this contact is conformable, without further comment,

In Zubair well no.8 and all other sections studied the contact is
conformable, showing a change from marly, chalky, detrital limestone
with abundant planktonic Foraminifera below to grey marl with abundant
planktonic Foraminiferz above,

The Hartha formation is urnderlain by the Sadi formation, The
contact is believed to be conformable (sec under Sadi formation).

The Hartha formation was deposited in three different depositional
environments; shallow, lagoonal and bathyal conditions. The change
from shallow to lagoonal condition is gradational, The change from
the lagoonal to deep bathyal condition is abrupt, suggesting a sudden
subsidence due to major tectonic movement,

The Safawi formation was established by Al-Nagib (1960) to include
the evaporite facies in the Upper Campanian and Maestrichtian. In
its type section at B.P.C. well Safawi no,l, the formation was said to
consist predominantly of white, compact and hard, crystalline anhydrite,

with subordinate brown, hard, crystalline dolomite and buff to grey,
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sof't marl, No fossils have been found in it to date. So far only
rare evaporitc stringers were observed in the Zubair, Rumaila and Nahr-
unarfield sections.,

However, judging from the description given by Al-Nagib (1967),
the Saf'awi formation was deposited under very shallow and closed, near
shore conditions, and could be equivalent to the dolomitic, non-
fossiliferous interval in the Hartha fommation, Unfortunately, the
writer had no opportunity to examine samples from the type section.

Fossils (See benthonic fossils chart,)

Smout (1958) reported the following important fossils from the

B,P.C. well no.3, Basrah; Cuneolina pavonia, Monolepidorbis

sanctaepelagiae, Pseudecdomia complanata and Globotruncana stuarti

(de Lapparent).

Al-Nagib (1967) listed the following forms; Omphalocyclus

macropora (Lamark), Orbitoides media, Siderolites heracleae (Arni) and

Cuneolina cylindrica,

5. Qurna formation

Thickness; 580 ft,, drilled depths 5,080-5,660 ft.

Paleoecology; Middle bathyal, Upper planktonic/open sea biofacies.

Age; Middle Maestrichtian. G. gansseri zone.
Lithology;
(a) Interval 5,080-5,350 ft, Dolomite and limestone bands,
dark grey, increasingly dolomitized upward with streaks
of marl and sparse bands of grey chert alternating with
the dolomite in the upper portion. Poorly fossilifereous,

(Top)
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(b) 1Interval 5,350-5,660 ft, Marl, ash grey with occasional
dolomitic and limestone bands, Very fossiliferocus,
(Bottom)

Remarks

The Qurna formation is overlain by the Tayarat formation. The
contact is conformable and shows a change from poorly fossiliferous
dolomite, streaks of marl and chert nodules below, to poorly fossil-
iferous dolomite above. The change is slow and the beds involved very
poorly fossiliferous, making it difficult to recognize the exact Qurna-
Tayarat contact, However, it was found convenient to use the last
occurrence of the chert nodules for this purpose.

The formation is underlain by the Hartha foxmation., The contact
is believed to be conformable (see under Hartha formation),

Owen and Nasr (1958) stated that , "Toward south-eastern Kuwait
these marls (of the Qurna formation) seem to pass into white to grey,
dense, microcrystalline limestones, commonly with grey chert nodules,
and the unit is represented in part or whole by the Bahra fomation'.
Then they added, "the Unit (Bahra fommation) is divisible into upper
and lower members ,....... the upper member is dominantly composed of
whitish, dense, microcrystalline limestone with some chert, whereas the
basal member includes detrital and oolitic limestone and black shale",

In the section under study, the Qurna fommation can be divided into;

(a) an upper dolomite and dolonitic limestone member, with
alternating chert nodules in its upper part, and
(b) a lower marl member, with occasional dolomite or limestone

bands.
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The two members also can be separated on their planktonic fossil content.
Fossils (See benthonic fossils chart.)
Smout (1958) recorded the following important fossils from the

B.P.C, well no.3; Buliminella laevis, Textularia cretosa,.

The following planktonic Foraminifera occur only in the Qurna

fommation; Heterchelix ultimatumida (White), Pseudoguembelina palpebra

Bronnimann and Brown, Ps. punctulata (Cushman), Gublerina cuvillieri

Kikoine, Globotruncana hilli Pessagno, G, convexa Sandidge, G. aegyptiaca

duwi Nakkady, G. fareedi El-Naggar, G. leupoldi Bolli, !

P e s, ey
! oo

.7 &, subpennyi (Gandolfi) and Trinitella scotti Bronnimann.

6. Tayarat formation

Thickness; 510 ft., drilled depths 4,570-5,080 ft.

Paleoecology; Not certain, sea floor probably shallowing.

Age; :[iddle Maestrichtian - ? Uppexr Maestrichtian?

G. gansseri zone.
Lithology;

(a) Dolomite, with abundant marly intercalations and rare
evaporitic nodules, (Top)

(b) Dolomite, cream to buff, in part porous and with mollusc
fragments.

(c) Dolomite , hard and recrystallized, buff-grey and
saccharoidal with a few chalky particles and traces of
bitumenous material, (Bottom)

Remarks
The Tayarat formation is overlain by the Umm Er Radhuma formation

which is believed to be Tertiary, The contact, according to Owen
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and Nasr (1958) is conformable, They added, "the deposition in this
area was essentially continuous across the Tertiary/Cretacecus time
line®,

In the type locality this contact has been completely removed by
erosion.

In Zubair well no,8, it was found very difficult to recognize
the exact contact, (see under Rumaila field),

In the type locality at Jabal Tayarat, south Rutbah, the Tayarat
formation is underlain by the M'sad formation, The contact is an
erosional unconformity, taken at the base of a localized conglomerate,

According to Dunnington et.al.(1959) "passing northwards from
Jabal Tayarat through Jabal Thoba and towards the western rim of the
Gaara depression, the Tayarat limestone is cut out progressively by the
erosion of its upper parts. ......... In the section of "Hill 270" and
Khasm Mulussa the formation is absent, the paleocene Unm Er Radhuma
formation resting discordantly on eroded M'sad formation ....... at
Ras Semhat, the Umm Er Radhuma rests directly on Triassie Gaara sand-
stone",

The writer, who visited these areas in the field seasons of 1960,
1962/1963 and 1965, found these observations correct. . The Turonian,
Coniacian, Santonian, Campanian, Lower Maestrichtian and probably
Middle Maestrichtian also, are unrepresented in the Rutbah, Jabal Tayarat
area, and the M'sad fomation is considered of Cenomanian age according
to Dunnington and Harth (personal communication).

Regarding the paleoecology of this formation, Owen and Nasr (Ibid)

stated, "The Tayarat formation is of shallow water deposition”,
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Al-Nagib (1967) under the "Regional Sedimentary pattern and
History" stated; "Towards the end of the Maestrichtian the area
apparently underwent a regressive period whereby the neretic Tayarat
limestone migrated eastward‘’,

However, as stated above, there is a possible gradual shallowing
of the basin from the upper member of the Qurna formation towards the
Cretaceous/Tertiary contact, or to further up in the Umm Er Radhuma
fommation. This hypothesis is supported by the presence of bituminous
material and anhydrite,

Nevertheless, further palececological studies are needed if the
exact environmental conditions during the deposition of this formation
are to be reconstructed,

Fossils (See benthonic fossils chart,)

Smout (1958) recorded the following important fossils from southern

Traq; Loftusia morgani, L. minor, L. elongata, Omphalocyclus macropora,

Rotalia skourensis, Pyrgo sp. and Globotruncana stuarti.

Tn addition, Al-Nagib (1967) reported the occurrence of the

following fossils from sections other than the type; Orbitoides media,

O, opiculata, Ogivalia parisiensis, Rotalia trochidiformis, Lepidorbitoides

socialis and Globotruncana spp.

So far, non of examined sections in the Zubair or Rumaila fields
has yielded Loftusia, In a verbal communication Dr, Smout stated
that the occurrence of this form in southern Traq is doubtful,
Nevertheless, the writer has a good collection of this fossil from

its type locality at the Jabal Tayarat,
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The relatively well preserved planktonic Foraminifera from the

Tayarat formation are; Hedbergella holmdelensis Olsson, Guembelitria

cretacea (Cushman), Heterchelix striata (Ehrenmberg), H.cf. glabrans,

Pseudoguenbelina excolata (Cushman), Ps. constulata (Cushman),

__;;.Hedbérgéiié hessi Pesrségﬁ;—\, i Globotruncana gagnebini Tilev,

g_;._ gansseri Bolli, G. aegyptiaca var;l Nakkedy, G. fornicata fornicata

Flummer, G, fornicata cesarensis Gandolfi and Globigerinelloides asperum

(Ehrenberg).
The following planktonic Foraminifera occur only in the Tayarat

formation; Hedbergella holmdelensis, Guembelitria cretacea and

Globotruncana aegyptica var.l.

ITI. Rumaila well no,18

Description; as for Zubair well no.8.

Locality and co-ordinates; Rumaila field, about 40 miles south of

Basrah city, in the area between Latitude 1,730.373.80 E,, and Longitude

915.741.80 N,

1, Khasib formation

Thickness; 140 f+,, drilled depths 7,100-7,240 ¢,

Age; Coniacian, G. mnz;/_lj_g_ pseudoguembeliniformis
zone,

Lithology;

(a) Alternations of shale with rare particles and gre%r ma:;‘l.
Top

(b) Greyish-green shale and white, recrystallized and pyritic,
chalky limestone,

(c) Shale, marly and limey, dark grey to green and fissile,
(Bottom)
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Remarks (See under Zubair well no.8)
The Khasib formation is undexlain by the Mishrif formation. The
contact is drawn at the level of first appearance of the genus

Globot nmcana;

The formation is conformebly overlain by the Tanuma formation,.
Fossils (See benthonic fossils chart.)
The following planktonic Foraminifera occur only in the Khasib

formation; Hedbergella amabilis Loeblich and Tappan, Ventilabrella

cf, eggeri Cushman. The formation is also characterized by the presence

of; Lamellibranchiata, Echinoderms (?Genus Cidaris), Cythrella,

Paracytries, Cythretta and other Ostracod.

2. Tanuma formation

Thickness; 110 ft. drilled depths 6,990-7,100 ft.

Ages Coniacian, G. renz:/li.- pseudoguembeliniformis zone,

Lithology; Shale, black to grey, fissile and pyrite bearing,

The shale is partially marly and limey in its upper
portion,

Remarks (See under Zubair well no.8)

The Tanuma formation is overlain by the Sadi formation. The
contact is conformable and placed at the change from black-grey shale
below to marly limestone above, It is underlain by the Khasib formation,
the contact is conformsble and placed at the change from grey marl and
shale below to black-grey and fissile shale above,

The formation is probably equivalent to the lower part of the

Gudair formation in Kuwait,
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Fossils (See benthonic fossils chart)

3., Sadi formation

Thickness} 1,220 £+, drilled depths 5,770-6,990 ft,
Age; Santonian-Campanian., S, carpatica zone,

indeterminable interval to G, stuartiformis/G. stephensoni zone,

Lithology;

(a) Interval 5,770-6,120 £t, Limestone, chalky Pseudodomia
complanata and Lamellibranch bearing, buff, partially
recrystallized and porous with rare quartz grains and
gypsum, Uppermost 50 ft, dominently chalky to chalky
limestone, hard and slightly glauconitic at the top.
Interval very poorly fossiliferous. (Top)

(b) Interval 6,120-6,420 £t. chalk, white, pure, soft and
limestone, chalk content increasing upwards., Larger
Foraminifera and other benthonics more abundant than below,

(c) Interval 6,420-6,630 ft. limestone, marly and chalky,
grey to cream, recrystallized, porous, pyritic and
anhydritic, Chalky materials more concentrated in the
upper part of the interval,

(d) Interval 6,630-6,980 ft. lMarl soft and grey to marly,
pyritic and oolitic limestone., Interval very fossili-
ferous with abundant planktonic Foraminifera.

(e¢) Interval 6,980-6,990 ft. limestone, marly dark grey.(Bottom)

Remarks (See under Zubair well no,8)
The Sadi formation is overlain by the Hartha formation, the contact

is conformable and is placed at the change from white chalk and chalky
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limestone below to grey, marly limestone above, The marl is soft and
the limestone partly dolomitized.

The boundary is also marked by the sudden increase in the number of
larger Foraminifere and other bemthonics,

Fossils (See benthonic fossils chart.)

The following planktonic Foraminifera occur only in the Sadi

formation; Globotruncana coldreriensis Gandolfi, G, concavata concavata

(Brotzen), G. marginate (Reuss), G, linneiana linneiana (d'Orbigny),

G, coronata Bolli, G, fornicata plana var.nov., G. linneiana obliqua

Herm, G, concavats repanda (Bolli), Heterchelix planata (Cushman),

H, ef, globocarinata (Gushman), Biglobigerinella spp., Fraeglobotruncana

wilsoni Bolli, Rugoglobigerina bulbosa Belford, R. macrocephala

macrocephala Bronnimann, Ventilabrella ornatissima Cushman and Church;

Schackoina sp. and Guembelitria trilocula (Marie).

Y., Hartha formation

Thickness; 570 ft., drilled depths 5,200-5,770 ft,

Age; Campanian-Lower Maestrichtian., G. stuartiformis/

G. stephensoni zone to non~fossiliferous interval.
Lithology;

(a) Interval 5,206—5,310 ft. Dolomite, buff, dense and
crystalline, in part saccharcidal with alternations of
planktonic, chalky to marly limestone in upper 4O ft,
Dolomites completely non-fossiliferous., (Top)
Tentative ecologic study of this interval reveals the

presence of a sudden subsidance due to a major tectonic movement

which separate its non-fossiliferous, lagoonal portion from the
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highly fossiliferous, deep water upper portion. All the

micropaleontological and paleoecological evidences confirm that

this break corresponds to that already noted between the Calcareous
benthonic/closed sea biofacies and Upper planktonic/open sea
biofacies in Zubair well no,S8.

(p) 1Interval 5,310-5,540 ft. Lower 120 ft, showing limestone-
chalky limestone alternations, Upper part grey/buff,
pseudo-oolitic, partly dolomitized with evaporites;
dolomitization increasing upwards., Interval non-
fossiliferaus,

(¢) 1Interval 5,540-5,600 ft. Dolomite, brown and saccharoidal,
non-fossiliferous with evaporite particles,

(d) Interval 5,600-5,770 ft. ILimestone, grey marly partly
dolomitized with fossil debris and abundant larger
Foraminifera and other benthonics, Interval terminated
by brownish, ruby and calcitic limestone.

Remarks (See under Zubair well no.8.)

The Hartha formation is overlain by the Qurma formation. The
contact is conformable at the change from dolamite, marly and chalky
with abundant planktonic Foraminifera below to grey marl with abundant
planktonic Foraminifera above,

The formation is underlain by the Sadi formation,

Fossils (See benthonic fossils chart.)

Globigerinelloides messinae messinae (Bronnimann) is the only

planktonic Foraminifera restricted to this formation,
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5. Qurna formation

q )
Thickness; 260 ft., drilled depths 4,935=5,200 ft.
Age; Middle Maestrichtian. G, gansseri zone,
Lithology;

qO
(a) Interval 4,93%5-5,080 ft. Marly, dolomitc limestone, dark

grey in colour with light red (limonite coated) gquartz
grains increasing in gquantity upwards., Interval very
poorly fossiliferous,

(b) Interval 5,080-5,200 ft. soft, ash grey marl with occasional
dolomitic particles (probably conmtamination from younger
successions), Interval also characterigzed by the
occurrence of rare qQuartz grains amd pyrite, and abundant
planktonic Foraminifera.

Remarks (See urder Zubair well no.8.)

The Qurna formation is overlain by the Tayarat formation. The
contact is conformable at the change from dark grey, marly and poorly
fossiliferous dolomite limestone to poorly fossiliferous, buff grey and
saccharoidal dolomite above,

In Rumaila well no.18 this change is very slow and the chert
nodules, which conveniently mark the upper boundary in the Zubair field
sections, are absent from this and all other Rumaila field sections,
thus the exact Qurna-Tayarat boundary camnot be drawn with exactitude.

The writer tentatively uses the change in colour and slight

lithologic differences to differentiate between these two formations,
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Fossils (See benthonic fossils chart,)

Hedbergella holmielensis Olsson and Gublerina cuvillieri Kikoine

are the only planktonic Foraminifera restricted to this formation,

6. Tayarat formation

Thickness; 860 ft., drilled depths 4.,080-4,940 ft.

Age; Middle Maestrichtian -~ ? Upper Maestrichtian?
G, gansseri zone,

Lithology;

(a) Interval 4,080-4,160 ft, Dolomite, marly and limey,
Marly dolomite dark grey colour, in part finely saccharoidal
ard increasing in proportion upwards. Interval chara-
cterized by the occurrence of limonite coated, red quartz
grains and iron oxides, more specifically concentrated
in its uppermost portion and a great variety of debris
(mad, clay, wood particles, iron oxides and other oxidized
particles). (Top)

(Tt is suspected that the variety of debries together with
limonite coated quartz grains indicate an unconformity. )

(b) Interval 4,160-4,740 ft, Dolomite, cream to buff, in
part porous, limey and chalky with mollusec fragments.

(¢) Interval k4,740-4,940 £t. Dolamite buff/grey, dark, hard
and saccharoidal, in part limey and recrystallized with
free dolomite and calcite crystals, (Bottom)

Remarks (See under Zubair well no.8.)
The Tayarat formation is overlain by the Tertiary Umm Er Radhuma
formation, The contact is believed to be an erosional unconformity

( see a'bove) o



Fossils (See benthonic fossils chart.)

Trinitella scotti Bronnimann is the only planktonic species

restricted to this formation.
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CHAPTER 3

Micropaleontological Zonation and Age Determination

Amongst the Foraminifera, the planktonic forms are now considered
as valuable as the Ammonites for interregional correlation., Thalmann
(1932) was the first who demonstrated the significance of this bionomic
group for world wide correlation, Since this date many different
contributions dealing with the taxonomy, stratigraphic and lateral
distribution of the planktonic Foraminifera have appeared, Amongst
those worthy of mention are publications by Renz (1936), Gandolfi (1942),
Bolli (1945, 1951), Cita (1948), Sigal (1952), Bronnimamn (1952),

Marie (1936, 1937), de Klasz (1953) and Nekkady (1949, 1951).

On the basis of the destribution of Globotruncana and the benthonic

Foraminifera, Marie (1938) proposed four Campanian-Maestrichtian zones
to the Paris basin, However, it is only in the last fifteen years that
the micropaleontological studies of the Cretaceous have resulted in the
establishment of well characterized zones and horizons based entirely
on planktonies,

Dalbiez (1955) successfully introduced the first pure and full
scale Cretaceous planktonic biozones based on his studies in northem
Africa (Tunisia)., He divided the Cretaceous succession into eleven

zones based on Ticinella, Thalmanninella ard Rotalipora for the Lower

Cretaceous Albian, Cenomanian ard Iower Turonian, and Globotruncana

for the Upper Cretaceocus. He justifiably considered the single

keeled forms (Globotruncana elevata elevata and G. elevata stuartiformis)

to represent a new stage of development in the Campenian, and considered

G. elevata elevata as the zonal marker for this stage. The Turonian




38

was divided into an Upper Turonian Helvetica zone amd Lower Turonian
Rotalipora zone, It is worthy to mention here that the G, helvetica
zZone is considered to be the most stable in Upper Cretaceous zonation
history. However, Bolli (1957, 1959) used the G, inornata zone :é'or
the Upper Turonian of Trinidad, but later adopted the G, helvetica zone
of Dalbiez.

Sigal (1955) established a different scheme of zonation, Among
his proposed eight zones that of G. concavata is considered the most
stable in the Senonian stage. However, the exact age of G, cancavata
is not fixed since confusion has been introduced by misidentification,
the inclusion of G. repanda Bolli and G, ventricosa White in its
synonymy, and local facies control, (See also Van Hint 1969(67))

As a result such authors as Bolli (1957, 1959, 1966), Sigal (1955),
Lehmann(1962, 1966), Van Hint (1963) and others considered it as Lower
Santonian, Some workers went to extremes and extended its range into
the Campanian or even Maestrichtian stages, Amongst those are Hemrm
(1965). |

The writer shares with Van Hint (1969(67)) the view that the over
splitting of species and conseguent neglect of interspecific variation
is the real reason for the discrepancies between many Zonal schemes,
The presence or absence of a double keel on the last chambers, the
degree of surface ornamentation, of convexity, or the development of
many other morphologic features are probably subject to environmental
control,

Another stable zone in Senonian successions is the G, calcarata

zone, It was first established by Herm (1962 as zane (C)) in the.
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Alpine region, and was thought to represent the Upper Ca.mpania.r} stage.
This zonal marker has not been found so far in southem Traq,
In northern Iraq, G, calcarata Cushman is represented in the middle
part of the Shiranish formation (Al-Kaessab, verbal cammunication),
The writer has a feeling that the absence of this form is due to facies
control, as this part of the Aruma group (lower part of Hartha formation)
was deposited under very unfavoursble shallow-water conditions., (See
under Calcareous benthonic/closed sea biofacies.)
Elsewhere, G, calcarata occurs in N, Africa, Europe, the Caribbean,
Gulf and on the Atlantic coasts,
Recently, Ven Hinte (1965, 1966, 1967), Bolli (1966), Mohler (1966),
Sigal (1967), Bandy (1967) and Pessagno (1967, 1969) have accepted this
species as a zonal marker, "

The fourth well defined zonal marker is Abathamphalus myaroansis

(Bolli) which is restricted to the Upper Maestrichtian, The zone was
first established by Bolli (1957) in Trinidad, Most recent authors

' have accepted the validity of this zone. The species so far has not
been found in the Upper Maestrichtian of southemn Iraq. (The uppermost
Upper Maestrichtian probably is missing below an unconformity with the
Tertiary.)

Among the species of Globotruncana of Middle Maestrichtian age

deserving consideration as zonal markers is G, gansseri Bolli, The

G, gensseri zone is accepted only by a few workers, namely Van H:inte

(1965, 1966 not 1967), Pessagno (1962, 1967, 1969) and El-Naggar (1966),
In §outhem Irag G. gansseri mekes its first appearance aséociated

with Pseudoguembelina excolata (Cushman), Ps. punctulate (Cushman) and

.Globotruncana aegyptiaca duwi Nakkady,
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In the proposed zonation the species with short stratigraphic
ranges and represented by the highest number of individuals are believed
to be most significant, On these criteria the following planktonic
species mist be considered the most important "key fossils" in the

Upper Cretaceous stratigraphy of southern Iraq, Globotruncana renzi

Gandolfi, G. fornicata fornicata Plummer, G, concavata concavata (Brotzen),

G, stuarti stuarti (de Lapparent), G, stuarti stuartiformis Dalbiez,

G. gansseri gansseri Bolli, G, aegyptiaca aegyptiaca Nakkady,
Praeglobotruncana wilsoni (Bolli), Pr. inornata (Bolli), Heterchelix

pseud.oguenmboliniformis sp.ﬁov. , Pseudoguembelina excolatay (Cushman),

Ps, punctulata (Cushman) and Sigalia carpatica Salaj and Semel,

The planktonic foraminiferal successions under study are often
interrupted by beds devoid of planktonics, particularly in the upper
part of the Sadi formation, most of the Hartha and upper Qurna formations,
and throughout nearly the whole of the Tayarat formation, At these
levels benthonic Foraminifera were used whenever necessary and possible.
The sequence has been subdivided into 4 zZones and 2 subzones.
In addition, two other intervals which are either devoid of fossil or
contain rare indeterminable forms have also been recognised. The
suggested zones and subzones in ascerding order are as follows;

1. G. renzi/fi. pseudoguenbeliniformis zone,

2. S, carpatica zone
(2)
(v)

3. The Indeterminable interval

concayata subzone

kS

fornicata subzone

4. G, stuartiformis/G. stephensoni zone
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5. The Non-fossiliferous interval
6. G. gansseri zone
The term "zone" is in the sense of "concurrent range zone" as
defined in the Code of Stratigraphic Nomenclature, i,e, "a zone
defined by overlapping ranges of specific taxa from one or more of which
it takes its name", "The concurrent range zone is one of the most
useful kinds of zones, it is the principal basis of time correlation
of strata, The specific taxa are only those that form a distinctive
association because their ranges overlap; that is, some taxa range no
higher than the zone, others range no lower, and taxa maybe confined
to it.,..". (American commission on stratigraphic nomenclature 1961,
article 23,) |
Frequency curves were used to detexmine the dominant species;
where two or more species appeared in the same abundance,priority was
given to that internationally accepted as a zonal indicator,
The Buropean standard stage terminology was applied to the zonation
because it is well known and widely employed.

1., Globotruncana renzi/Heterohelix pseudoguembelinifoxmis zone

The lower unit of this zone is the lowest in the Upper Cretaceous
of southern Iraq, The Mishrif formation underlying it is devoid of
planktonic Foraminifera but it contains abundant, well preserved fossil
Charophytes., The lower stratigraphic boundary of the zone was placed
at thc depth of 7,410 £, in the lowermost Khasib formation in Zubair
well no,8, .Tt is marked by the first appearance of double-keeled

Globotruncana,.

In Rumaila well no,18 this boundary was placed at the depth of
7,240 f't,
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Hitherto, fossil Charophyta were known only from Zubair field
sections,

Out of the 24 planktonic species and varieties which make their
first appearance at the lower limit of the zone, 10 are restricted to
the zone and 1l range upward into younger ones, In addition to the
above mentioned species the zone is marked by the first appearance of
another 30 planktonics in its lower and middle pecrtions, 8 of which are
confined within it and 22 extend upward, Another 17 species appear in
its upper portion, 6 of which are confined to it.

Only 15 species of benthonic Foraminifera have been counted from
the lower part of the zone and 16 from its upper part. There is a
general increase in the number of individuals in the assemblages from
269 at its lower limit into 865 in the upper limit. The following
planktonics were selected for the upper boundary determination amd age
corrélation;

1., Globotruncana renzi Gandolfi

This form makes its first appearance in the Turonian and becomes
typically abundant in the Coniacian, It does not range higher than
the Coniacian,(Bolli (1957, 1959), Van Hinte (1965, 1966), Salaj and
Samuel (1966), Pessagno (1967, 1969) and Schebnerova (1969)).

2, Hedbergella paradubia (Sigal)

This species was deseribed by Trujillo (1960), Takayanagi (1965)

Douglas (1969) and Schebnerova (1963, 1969) as Rugoglobigerina kingi

Trujillo, and said to make its last appearance in the Coniacian stage.

3, Heterchelix moremani (Cushman)

This species does not occur higher than the upper limit of the

Coniacian according to Bandy (1967).
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4, Globotruncana concavata primitiva Dalbiez

This form makes its first appearance in the middle or upper
Coniacian and is confined within this stage according to Dalbiez (1955),
Salaj and Samuel (1966) and Schebnerova (1969).

5., Globotruncana imbricata Mornod

According to Takayanagi (1968), in the light of the present know-

ledge Globotruncana imbricata is thought to disappear at about the middle

of the Coniacian, Schebnerova (1969) stated "In the original paper
by L. Mormod (1949) the stratigraphical range of this species was not

very clear ...... » Revisional studies showed that Praeglobotruncana

imbricata occurs in the typical Coniacian locality in association with

Globotruncana concavata primitiva,

In southem Iraq these two forms are also associated;

- 6, Sigalia deflaensis (Sigal)

This species makes its first appearance in the Coniacian stage
according to Sigal (1955, not 1952), Bettensteadth and Wicher (1955),
Samuel (1962) ,0berhauser(1963) ,Alexandrowicz, Birken, Major and Geroch
(1962), Alexandrowicz (1966) and Salaj and Samuel (1966).

In southern Irag, all the above mentioned forms except Sigalia
deflaensis (Sigal), which extends up into younger beds, are confined

within the G, renzi/H., pseudoguembeliniformis zone. The combined

occurrence of these forms suggests that the zone is correlative with
the Coniacian of the European standard sequence.

Globotruncana renzi Gandolfi and Heterchelix pseudoguembeliniformis

sp.nov. show the highest number of individuals within the zonal
assemblages appear and become extinct together, are confined to the

zone and thcerefore are used to designate it,
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The same criteria are followed in the terminology of the other
zones and subzones, unless otherwise stated,
The upper limit of this zone is marked by the disappearance of

Globotruncana renzi Gandolfi, Heterchelix pulchra (Brotzen), H

pseudoguembelinifomis sp,nov, and the first appearance of Praeglobo-

truncana wilsoni (Bolli), The forms Globotruncana concavata concavata

(Brotzen) and Sigalia carpatica Salaj and Samuel were found to overlap

with the former three fomms over an interval of about 50 ft,

All the species indicated above last occur in combination at a
depth of 7,130 ft, in Zubair well no,8, In Rumaila well no,1l8, the
boundary was drawn at the depth of 6,990 ft, for the same reason,

The stratigraphic thickness of this zone is about 280 ft, in
the Zubair well, and about 250 ft, in the Rumaila well, It includes

the whole of the Khasib and Tarmuma formations,

2, Sigalia carpatica zoné

The lower limit of this zZone has already beem discussed. The
upper boundary was drawn at a depth of 6,530 ft, in Zubair well no,8,

The zone is characterized by the presence of abundant Sigalia carpatica

Salaj and Samel and Globotruucana concavata concavata (Brotzen), the

first appearance of Sigaliz decoratissima (de Klasz) and Praeglobo-

truncana wilsoni (Bolli) and the absence of Globotruncana concavata

primitiva Dalbiez, G. renzi Gandolfi, Heterchelix pulchra (Brotzen)

and Heterochelix pseudoguembeliniformis sp.nov.

(2) The Globotruncana céncavata subzone

The lower limit of this subzone has been described above, It

is marked by the first appearance of 3 planktonic forms, 2 of which
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The lower limit of this subzone has been described above, It

is marked by the first appearance of 3 planktonic forms, 2 of which
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are confimed within it, the appearance of others in its lower and
middle portions, 6 of which are confined within it and 3 extending upward
into younger beds, and the appearance of 4 foms in its upper portion
of which are confined within it,

In all, 31 planktonic species were found to die out in this subzone,
The Maximum number of individual planktonic Foraminifera found in an
assemblages was 44, from just above the middle portioni Associated
with these were 1) benthonic species., The minimum number of planktonic
individuals in any assemblage was 1), associated with 14 benthonics,
from the uppermost portion of the subzone.

There is an increase followed by a decrease in the total number
of individuals in the assemblages from bottom to top, fram 1,834 ft.
at its lower limit to 7,124 ft. at just above the middle portion, and
to 520 ft. towards the top of the subzone.

The upper limit of the subzone is marked by the abundant occurrence

of Globotruncana fornicata fornicata Plummer and the last occurrence

of Rugoglobigerina bulbosa Belford, Praeglobotruncana wilsoni (Bolli),

Globotruncana coronata Bolli and Sigalia deflaensis (Sigal).

The species Globotruncana concavata carinata Dalbiez, G. concavata

repanda Bolli and G. fornicata manaurensis Gandolfi were found to over-

lap the above mentioned species over about a 40 ft. interval. In

addition, Heterchelix cf, globocarinata (Cushman) makes its first

appearance at this limit,
A1l these species have their last combined occurrence at the
depth of 6,850 ft. in Zubair well no.8, In Rumaila well no.1l8, the

boundary was drawn at a depth of 6,690 ft,
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The stratigraphic thickness of this subzone is about 280 ft, in
the Zubair well, and sbout 300 ft, in the Rumaila well, It includes
the lower part of the Sadi formation.

The following forms were selected for the age determination;

1. Globotruncana concavata concavata ( Brotzen)

This species appears in the Upper Coniacian as a rare form but
becomes abundant in the Lower Santonian (Pessagno (1967, 1969)).
However it is said to make its last appearance in the lower Santonian
(Alexardrwicz (1966), Bandy (1967) and Sigal (1967)), and to be confined
within it. (Dalbiez (1955), Sigel (1955), Bolli (1957, 1966), Lehmann
(1963) and Mohler (1966)).

In the light of the records given above G. concavata concavata

appears to be restricted to the Upper Coniacian-Lower Santonian stages.
In southern Irag, it makes its first rare appearance in the

uppermost G, renzj.ﬂ_z_._ pseudoguembeliniformis zone and becomes abundant

to flood at its upper border.

2, Praeglobotruncana wilsoni (Bolli)

This is confined to the Lower Santonian armd makes its last appear-
ance in the middle of Santonian (Bolli (1957), Bandy (1967)).

3. G. concavata repanda Bolli

This form makes its first appearance in the Santonian (Bolli
(1957)). Judging from the range chart given by Bandy (1967) it over-

laps Pr, wilsoni Bolli and G, concavata concavata (Brotzen) just in

the middle of the Santonian.

In southemn Irag, G, concavata concavata disappears at the same

time as Pr, wilsoni, and they both overlap with G. concavata repanda
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over sbout a 40 ft, interval, The joint occurrence of the first two

forms throughout the subzone and their overlap with G, concavata repanda

in its uppermost portion suggests that the subzone is correlative with
the Lower Santonian of the European standard succession,

(b) Globotruncana fornicata subzone

The lower limit of this subzone has been described above. The
subzone is marked by the occurrence of small numbers of planktonic
Foraminifera, a decrease in their percentage amd number of individuals
in the assem'blagés. In addition, only 5 species make their first
appearance in this subzone, 2 of which are confined within it and 3
extending upward into younger beds. Moreover, 9 planktonic species
were found to die out in this subzone,

The maximum number of individuals of planktonic Foraminifera found
in an assemblages was 11, associated with 18 benthonic. The minimum
number in an assemblage was 3, associated with 13 benthonic,

There is a decrease in the total number of individuals in the
assemblages from 500 to 231 at its lower limit to 23 towards the top
of the subzone,

The upper limit is marked by the last appearance of Fraeglobo-

truncana inornata Bolli and Sigalia decoratissima (de Klasz).

Tn fact, the upper limit should be drawn at the depth of 6,570

ft, at which Globotruncana concavata corinata Dalbiez, G. fornicata

menaurensis Gandolfi, Sigalia carpatica Salaj and Samuel and Ventilabrella

ornatissima make their last appearance. However, it is prefered to

place this limit at the depth of 6,530 ft. at which Sigalia decoratissima

and Praeglobotruncana inornata last occur (each species is represented

by a single specimen). In Rumaila well no.1l8 the boundary was drawn
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at the depth of 6,390 ft,

The stratigraphic thickness of this subzone is about 320 ft. in
the Zubair well, and about 300 ft. in the Rumaila well., It includes
the middle portion of the Sadi fommation, The following forms were
selected for age determination;

1. Globotruncana fornicata fornicata (Plummer

This form makes its first appearance in the Late Turonian or
Coniacian and extend to the Campanian or Maestrichtian (Bolli (1957,
1959, 1966), Edgell (1957), Graham and Clark (1961), Barr (1962),
Pessagno (1962, 1967), Sigal (1966, 1967), Bandy (1967) ).

In southern Iraq it appears in the Late Coniacian as a rare fom
but ;taecomes typically abundant in the Upper Santonian and then extends
upwards in greatly decreased numbers.,

2, Globotruncana concavata carinata Dalbiez

Almost all recent Cretaceous workers agree that Glcobotruncana

concavata carinata can be used as an Upper Santonian index fossil,

(Dalbiez (1955), Caron (1966), Mohler (1966) and Lehmann(1963))
According to Oberhauser(1963),Schebnerova (1969) it occurs throughout
the Santonian,

In southem Iraqg it makes its first appearance 40 ft, below the
lower limit of the subzone and dies out in the uppermost portion,

3, Sigalia decoratissima (de Klasz)

This species makes its last appearance in the uppermost Upper
Santonian (Bettenstaedt and Wicher (1955), Salaj (1967), Salaj and

Samuel (1966) ).
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4. Sigalia carpatica Salaj and Samuel

This species last occurs in the uppermost Upper Santonian (Salaj
and Samuel (1966), Salaj (1967) ).

5, Sigalia deflaensis (Sigal)

This species last occurs in uppermost Upper Santonian (Bettenstaedt
and Wicher (1955), Salaj and Samuel (1966)‘, Salaj (1967) ).

6. Globotruncana fornicata manaurensis Gandolfi

This form makes its first appearance in the lowermost part of the
Upper Santonian., (Salaj and Samuel (1966) and Salaj (1967)+

7. Heterchelix cf, globocarinata (Cushman)

This form makes its first appearance in the Upper Santonian and
extends to the Campanian (Bandy (1967).)

8. Globotruncana concavata repanda Bolli

This ranges from the Upper Santonian to the Campanian, It makes
its first appearance Jjust below the lower boundary of the former,

In southern Iraq, G. concavata carinata, S. carpatica and

S. deflaensis disappear simultaneously.,
The cambined occurrence of these forms in absence of G. concavata
concavata (Brotzen) and Pr, wilsoni (Bolli) suggests that the zone is

correlative with the Upper Santonian of the European standard sequence,

3, The Indeterminable Interwval

The lower limit of this zone has already been discussed. It was
placed at & depth of 6,390 ft, in Rumaila well no.18, at the last

occurrence of Sigalia decoratissima and Praeglobotruncans inornmata.

The intervel is poorly fossiliferous and devoid of planktonic Foraminifera

except for two broken specimens.
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The upper limit is marked 'by the first appearance of single-

keeled Globotruncanae and Gavelinopsis bembix (Marsson) which was taken

from a depth of 6,120 ft. in Rumaila well no.18. In Zubair well no.8
the boundary was placed at a depth of 6,410 ft, Though the fossil
content is poor, there is a slow but remarkable increase in the number
of benthonic species and individuals towards the next younger =zone.

None of the determined benthonic forms give useful age determinators,

4. Globotruncana stuartiformis/Globotmncana stephensoni zone

The lower limit of this zone was drawn at a depth of 6,120 ft.
in Bumaila well no.l8, and at 6,410 ft, in Zubair well no,8, It is

marked by the first appearance of Globotruncana stuarti stuartiformis

Dalbiez, G. elevata (Brotzen), G. gaegnebini Tilev, G, rosetta (Carsey),

G, subcircumodifer (Gandolfi), G, contusa Cushmen and G. stephensoni

Pessagno, The first and last of these species are the most abundant
and are used to designate the zone,

The zone gives poor yields of planktonic Foraminifera but it is
rich in benthonic forms, especially in its lower part., However, many
portions were found to be devoid of fossils.

The increase in the number of species and individuals reaches its
maximum at the depth of 6,330 ft, These numbers then gradually decrease
towards the uppermost part where the zone is almost devoid of fossils.

The upper boundary is tentatively placed at the base of the non-
fossiliferous interval.

Van Hint (1965) studied the rare planktonic foraminiferal
assemblage of the type Campanian from Aubeterre, France. The following

forms were reported by him from the lower half of this stage;
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Globotruncana arca (Cushman), G, cretacea (d'Orbigny), G. fornicata

Plumer, G, linneiana (d'Orbigny), G, marginata (Reuss), G. linneiana

tricarinata (Querea), cf. G, plummerae Gandolfi, G. calciformis Vogler

ard Heterchelix elegans (Rzehak) = Pseudotextularia elegans (Rzehak),

According to his sampling schedule, G, arca occurs at localities
818 ard 819 (lowermost unit @) from the lowermost portion of the type
Campanian,

Van Hinte (Ibid) stated, "The Aubeterre fauna with its G, cretacea -

marginata - linneiana association and with early G. calciformis in the

G, fornicata population probably belongs to the G, stuartiformis zone".

This statement refers to his G, stuartiformis zone which is apparently

equivalent to the lower two thirds of the Campanian stage.
In southern Irag G. cretacea (d'Orbigny), G. fornicata Plummer
and G, arca (Cushman) are associated with the first occurrence of G,

stuartiformmis Dalbiez, G, stephensoni Pessagno, G, gagnebini Tilev,

G, rosetta (Carsey), G. subcircumodifer (Gandolfi) and G. contusa

(Cushma.n).

However, Van Hint's G, calciformis is probably G, contusa or a
highly convex G, fornicata form,

Pessagno (1969) also discussed the fauna of the type Campanian in
detail, Like Van Hint, he arrived at the conclusion that the lower

most part of this strato type is not older than the Archaeoglobigerina

blowi subzone of his G, fornicata-stuartiformis assemblage zone., This
subzone is equivalent of Lower Campanian stage. He also concludes

that G, rosetta (Carsey), G. stephensoni Pessagno, G. stuartiformis

Dalbiez and Ps. elegans (Rzehak), limit the lower boundary of this

assemblages zaone.



In southern Iraq, all the above named forms except Ps. elegans
(Rzehak), make their first appearance at the lower limit of the G.

.stuartiformis/_(}:; stephensoni zone,

Douglas (1969) correlated this part of the type Campanian with

his G, stuartiformis subzone which is equivalent of the Lower Campanian,

Moreover, the majority of recent workers (Dalbiez (1955), Pessagno
(1962, 1967, 1969),0berhauser(1963) Lehmann(1963), Van Hint (1965, 1966,
1967), Salaj and Samuel (1966), Salaj (1967(69)), Douglas (1969) and
Casati Tomai (1969) ) accepted the idea that the single-keeled species

of Globotruncana, such as G, stuarti group or G, elevata start at

the lower boundary of the Campanian., Consequently, the micropaleon-
tological evidence presented above indicates a Lower Campanian age for
this zone,

This correlation does not mean that the Upper Campanian is not

represented in southemm Iraq. The absence of Globotruncana calcarata

and other planktonic formms from the upper part of this zone is not an
indication of erosion, but is due to facies control, as discussed under
a separate chapter,

For the reasons mentioned above, the Upper Campanian portion of
the section was found very difficult to define. The well preserved
benthonic, calcareous and arenaceous forms which characterize the whole

G, stuartifonnis/g_._ stephensoni subzone, consist mainly of species

whose stratigraphic ranges are unknown,

To arrive at a satisfactory solution, samples from Nahrumar well
no.2, as well as from seven wells in the Zubair and Rumaila fields
were examined, The faunal sequences were found similar in the rare

but widely distributed occurrence of Globorotalites Brotzen, Stensioina
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Brotzen and Quadrimorphina Finlay,

The more important species of these genera and their reported
stratigraphic ranges in western Europe and the Carpathians are listed
below,

1. Globorotalites hiltermani Kaever, Upper Campanian.,

2. Globorotalites alabaminensis (Sandidge), Campanian -

Maestrichtian, (Sandidge (1932), Kaever (1961) )

3. Globorotalites michelinianus (d'Orbigny), Campanian,

(Schijfsma (1946), Hofker (1958), Witwicka (1958),
Reiss (1959, 1960, 1963), Kaever (1961) )

4, Stensioina pommerana Brotzen, Upper Campanian -

Maestrichtian, (Hagn (1953), Pozaryska (1954),
Hofker (1956, 1957), Witwicka (1958), Scheibnerova 1969) )

The genus Globorotalites Brotzen has its most common occurrence in

the Campanian of western Europe, the Carpathians and the U,S,S.R.
However, it is not restricted to this stage for it also has been recorded
from younger, as well as older sediments,

In southern Irag, the joint occurrence of the afore~named species

of Globorotalites in association with Stensioina pommerana Brotzen and

Quadrimorphina allomorphinoides (Reuss) suggests an Upper Campanian age

for the upper part of the G, stuartiformis/G, stephensoni zone. This

would include the lowermost part of the Hartha formation and probably
the uppermost part of Sadi formation.

For the sake of simplicity, the writer suggests that this zone
should not be split into subzones but correlated as a whole with the
European type Campanian, Moreover, the Campanian - Maestrichtian

boundary is not well marked. (See under succeeding zone,)
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5. The Non-Fossiliferous interval

The lower limit of this interval is drawn at a depth of 5,600 ft.
in Rumaila well no.18 and at 5,920 ft, in Zubair well no.8. It is
marked by the first appearance of samples devoid of fossils, The upper

limit is marked by the first occurrence of Globotruncana stuarti stuarti,

G. aegyptiaca aegyptiaca and other forms, Tt is drawn at a dei)th of
5,230 £t, in Rumaila well no,18 and at 5,740 ft, in Zubair well no.S8,
Tt includes the upper two thirds of the Hartha formation,

1. Globotruncana stuarti stuarti (de Lapparent)

This species was reported from the Maestrichtian stage by Vogler
(1941), Reichel (1951), Dalbiez (1955), Herm (1962), Oberhauser (1963),
Bolze and Sigal (1964), El-Naggar (1966), Casati and Tomai (1969) and
Scheibnerova (1969), from the Upper Campanian and Maestrichtian by
Bolli (1945), Cita (1948), Sigal (1952), and Ansary and Tewfik (1966)
and from the Upper Maestrichtian by Berggren (1962), Pessagno (1962,
1967, 1969), Olsson (1964), Funnell et.al, (1969),

2. Globotruncana aegyptiaca aegyptiaca Nakkady

This form makes its first appearance in the Lower Maestrichtian
according to Nakkady (1950), El-Naggar (1966) and Ansary and Tewfik
(1969).

The Joint occurrence of the above two forms suggests correlation
with the Lower Maestrichtian of the European standard succession,

The position of the non-fossiliferous interval, between undoubted
uppermost Campanian and Lower Maestrichtian indicates either an Upper
Campanian or Lower Maestrichtian age. The writer on the whole favours

a Lower Maestrichtian age,
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6. Globotruncana gansseri zone

The lower limit of this zone is marked by the first appearance

of Globotruncana gansseri gansseri Bolli, G. aegyptlaca duwi Nakkady,

Pseudoguenbelina excolata (Cushmsn) and § J}MRzehak)l)

Globotruncana linneiana tricarinata (Quereau), G, cretacea (d'Orbigny)

ard G, ventricosa White make their last appearance in the lowermost
portion of this zone; they were found to overlap with the afore-mentioned
new forms over an interval of about 40 £+, All these species appear
together at a depth of 5,670 ft. in Zubair well no,8 and at 5,200 ft,
in Rumaila well no,18,

In addition, the zone is characterized by the appearance of various
other species; from the lower boundary, one species extends upwards,
10 are found in the lower part of the zone, 2 extending upwards and 4 '
in the middle portion,

There is a sudden increase in the number of planktonic species
and individuals especially in the lower part of the Qurma fommation,

Most parts of the Tayarat formation are devoid of Foraminifera
owving to the recrystallization and dolaomitization,

1. According to the recent records, G, gansseri gansseri Bolli is

a Middle Maestrichtian zonal marker (Bolli (1951, 1957, 1959, 1966),
Nakkady and Osman (1954), Gandolfi (1955), Dalbiez (1955), Bronnimamnn
and Brown (1956), Olsson (1960), Pessagno (1960, 1967, 1969), Berggren
(1962), El-Naggar (1966), Van Hinte (1966, 1969), Bandy (1967) and
Casati and Tomai (1969) ) There are also records from the Lower to
the Upper Maestrichtian (see under systematic description),

2. Globotruncana aegyptiaca duwi Nakkady is recorded from the Middle

to Upper Maestrichtlan of Egypt and the western hemisphere (E1-Naggar
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(1966), Pessagno (1967, 1969) and Bandy (1967).

3, Guembelisdria cretacea Cushman has a Middle to Upper Maestrichtian

range (Olsson (1960), Bandy (1967), Pessagno (1962, 1967, 1969) ).

4. The zone is also characterized by the presence of Rugoglobigerina

pustulata, Ticinella scotti, Globotruncana convexa, G. leupoldi, G.

farecedi, G. aegyptiaca var.l, G, subpennyi, Heterchelix ultimatumida,

Pseudoguenmbelina palpebra, Pseudotextularia elegans, Gublerina cuvillieri

and Hedbergella holmdelensis which are restricted to it, The first

three are typical Middle to Upper Maestrichtian fossils in most parts
of the world (Bronnimenn (1952), Bronnimann ard Brown (1956), Bolli (1957),
Herm (1962), Derggren (1962), Olsson (1960, 1967), El-Naggar (1966) and
Bandy (1967).)
According to the above records, G, gansseri zone is correlative
with the Middle - Upper Maestrichtian of the Buropean standard succession,
The following species were recorded from the type Maestrichtian
(Maestricht - Holland) by Visser (1951), Hofker (1956, 1966) and

Berggren (1962); Globotruncana contusa, G. stuarti, G. havanensis,

G, petaloidea, Pseudotextularia clegans, Racimiguembelina fructicosa,

Abathomphalus intermedia, A, mayaroensis, Globigerinelloides messinae,

Rugoglobigerina rugosa and Hedbergella monmouthensis. It is thus

concluded that this association should be assigned to the Upper
Maestrichtian.

It was found difficult to define a separate Upper Maestrichtian zone
owing to the barren character of the Tayarat formation and the absence

of the typical zonal markers such as Abathomphalus mayaroensis,

Pseudotextularia fructicosa, Globigerinelloides messinae subcarinata,

Rugoglobigerina rotundata ...... etc,




The upper boundary of this zone is the top of the uppermost unit
in the Upper Cretaceous of southern Iraq, and is marked by an uncon-

formity. The top is overlain by the Umm Er Radhuma formation,
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CHAPTER L

The Foraminiferal Biofacies and Depositional Environments

The foraminiferal faunas of the Tanuma, Khasib, Sadi, Hartha,
Qurna and Tayarat formations in Zubair well no.8 are variable; specifically,
generically and in number of individuals represented. The majority are
extinet forus, hence their ecologic relationships cannot be worked out
precisely. However, measurements of planktonic pemenfages together
with other statistical data prove useful for the establishment of past-
depositional and envirommental conlitions in southern Iraq,

The majority of recent ecologists relate the distribution of
recent species to sea bed depth. Murray (1897) noted that planktonic
Foraminifera decrease shoreward and that they are generally absent
near-shore throughout the world.,

Pnleger (1954) suggested that terrestrial run off restricted the
approach of oceanic plankton to coastal areas. This phenomenon also
has been demonstrated by Lipps and Warme (1966) who suggested that the
increase in numbers of planktonic skeletons in sediements of the deeper
basins farther from shore is probably due to a lower rate of terrigenous
sedimentation and possibly a higher rate of planktonic production in
the overlying waters.

The planktonic/benthonic ratio and its relation to the depth of
deposition has becen considered by Grimsdale and Morkhoven (1955), Smith
(1955), Hay (1960) and Funnell (1964),

Nearly all ecologists agree that there is a general progressive
increase in the percentage of planktonic Foraminifera with the depth,

Generally speaking, the planktonic Foraminifera are ecologically

sensitive and they are restricted to water masses having distinct
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rhysical and chemical properties (Jahnson and Brinton (963Y), The
controlling factors suggested, include oceanic currents, turbidity,
temperature, salinity, acidity, etc.

Paleger (1960 p.102) gave the following as the most important
factors governing the depth distribution of recent Foraminifera;
temperature, salinity, food supply, water chemistry, hydrostatic pressure,
turbidity, turbulance, substrata currents and biological competition
or disease,

However, the effects of the majority of these factors are not yet
understood and many others remain undescribed,

Johnson (1960) illustrated that the death assemblages may be
altered or destroyed on or just below the sediment surface during
deposition according to the composition of the substrata,

Barr (1962) assigned the low percentage ard poor preservation of
planktonic Foraminifera in some English Upper Chalk samples to "selective
destruction"., He believed that the removal of the most fragile skeletons
was due to this process,

In southern Iraq, the poor preservation of the planktonic
Foraminifera from some deer water samples and the presence of pyritic
internal moulds and pyritized specimens indicate that "selective
destruction™ was operative.

However, other unknown processes also may be involved here.

ZoBell (1942) stated "Depending upon the number and kinds of micro-
organism present, the substrata and environmental condition (bacteria)
might increase the acidity or decrease it", He (1946) also stated,

"the PH of most sediments was fourd to increase with depth®,
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Moore and Shepard (1955) found that the PH of marine sediments
is slightly higher than neutral at the surface and increases slightly
with depth,

James Mello (1969) reported that the presence of pyrite in the
Pierre shale¢ and in the Llower part of the Fox Hills sandstone as
indicative of "reducing conditions”, and the presence of pyrite or
siliceous internal moulds in calcarecous Poraminifera of removal of
cacos’,

Tourtelot (1962) gave the following interpretation; "the bacterial
or chamical reduction of sulphate also promoted acidic as well as reducing
conditions, some Calcium Carbonate and other compounds were incrcasingly
dissolved and were either cycled back to the overlying sea water or were
segregated as diagenetic concretions in favourable microenvironments
within the zone of diagenesis®.

Kaplan, Emery and Rittenberg (1963) and Degens (1965) refering
to the benthonic Foraminifera concluded that the reducing cnvironments
are created by the decomposition of protein around a freshly imbedded
and decaying soft body in which the pyrite then precipitates as a cast
of the shell or of the wormhole,

Different interpretations of pyrite formation have becn discuséed
in grca® detail by Lﬁchaei (1968),

Destriiction of planktonic forms can also be duc to decreasing
water temperatures and pressure, facilitating carbonate solution
(Seibold (1964) ), by the hydrous solution of HpS which dissolves the
carbonates (Mosebach (1952) ), or by wave action and transportation.

The following ccologic criteria were used;
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1. Percentage of planktonic, benthonic and arenaceous (including
siliceous) Foraminifera in the fossil Foraminifera population.

Most workers confirm that in recent sediment;

(a) The percentage of planktonic forms increases with increased

distance from the shore.

(b) Abundance of planktonics is indicative of open sea corditions,

2. Foraminiferal number, i,e. the number of Foraminifera for one
gram of dry sediment,

(a) The number of Foraminifera increase with increased distance

from the shore., This reflects the rate of sedimentation,

(b) The rate of sedimentation is inversely related to the distance

from shore.
5. Number of genera and species.

(a) These are directly related to the distance from the shore

and to the increasing depth of water.

(b) Warm waters support a greater number of genera and species

but fewer individuals than cold waters.
4. The presence or absence and the abundance of arenaceous,
porcellaneous, larger Foraminifera and Bryozoa fragments,

In the paleoeccological interpretation of depth of deposition,
Grimsdale and Morkhoven (1955) have been followed, The bathymetrie
zonation used is that of Bandy (1960),

The analysis of the paleoecological curves (Fig,9 ) of Zubair
well no.8 reveals the presence of 5 foraminiferal biofacies., However,
in view of the lack of information concerning oceanographic conditions
during the Upper Cretaceous, the questionable practice of including the

Heterchelicids in the planktonic count and including only certain
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fractions (30, 60, 90), the study provides only a general approximate
picture of the conditions of deposition and depth and it is likely to
be subject to errors.

To simplify the study, each biofacies is subdivided as required.

A, Porcellaneous Biofacies

The lower limit of this biofacies is also the lower boundary of

the G. ren21/ﬂg_ pseudoguembeliniformis zone, The underlying Mishrif

formation is a freshwater Charophyte and Ostracod bearing limestone
(Owen amd Nasr (1958) ). The porcellaneous biofacies includes the
interval 7,410-7,385 ft,, and is developed as marly limestone. The
foraminiferal assemblages are charactcrized by;

(a) Low foraminiferal numbers,

(b) Low planktonic percentages (43-50 per cent).

(c) Moderate nunbers of species.

(d) Moderate numbersof genera.

(e) Relatively high numbers of porcellanecocus Foraminifera,

(£) High numbers of Charophytes, Ostracods, Lamellibranchs and

Echinoides.

The interval is also characterized by the presence of small, poorly

developed arenaceous species belonging to the genera Glomospira,

Textularia and Gaudryina, The porcellaneous forms (mainly Quenquiloclgzl;r_}g)

were observed to increase in abundance towards sample 7,385,
Some of the more common calcareous, benthonic genera are Discorbis,

Cibicides, Valvulineria, Planulina, small sized Gyroidina (including

Gyroidinoides) and small sized and smooth Rotalia and Nomnionella.

The planktonic Foraminifera gradually increase towards the upper
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limit of the interval,

lHost of the benthonic species and, to a lesser extent, the
planktonics, have small tests, This reduction in size is probably
indicative of low salinity (Myers 1943),

The presence of moderate numbers of gencra and species and low
foraminiferal numbers suggestwarmer waterconditions,

From the data summarised above it can be concluded that the
deposition of these beds was in shallow water, The presence of low
planktonic percentages suggests a restricted or narrow connection with
the open sea,

According to Bandy (1960), the association of Textularia,

Quingueloculina, Cibicides and Planulina suggest "Inner shelf condition”.
Similar conclusions were reached by Lowman (1949) who recorded the

occurrence of Rotalia and Miliolids in an "Inner neretic environment”,

Both authors report brackish water conditions,

Grimsdale and Morkhoven's (1955) depth distribution chart suggests
95-150 metres as the depth of deposition for these samples., Bandy
(1960) places this depth range within his “Central shelf zone™. This
rather deep water determination probably is due to inclusion of high
nunbers of Heterohelicidae in the planktonic count in the present work.
The fossils Charophytes were probably derived from the fresh water part

of the Cenomanion Mishrif formation, or were drifted in from the coast.

B. Lower Planktonic/Open Sea Biofacies

This bilofacies is characterized by the high percentages of
planktonic Foraminifera in its assemblages. The lower boundary is
drawn at a depth of 7 ,385 ft. just above the last occurrence of Miliolidae

and Charophytes and at a marked increase in planktonic percentages.
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The upper limit is drawn at a depth of 6,890 ft., in the middle of a
short transitional interval between the open sea and succeeding closed
sea biofacies, A marked lithologic change is noticeable at this level,

The stratigraphic thickness of the biofacies is 535 ft., including
the whole of the Khasib and Tanuma formations as well as the lower part
of the Sadi formation

1, The Interval from 7,385 - 7,305 ft,

This interval is developed as marl with lences of shale, and the
foraminiferal assemblages are characterized by;

(a) Moderate foraminiferal numbers.

(b) High planktonic percentages. (73-82 per cent.).

(c) Low numbers of genera.

(d) Low numbers of species.

(e) Negligible mumbers of arenacecus Foraminifera,

The data suggests that the deposition of this interval occured
under rather deep water conditions in direct connection with the open
sea, The low numbers of genera and species indicate a colder watcr
environment, The interval yields some samples containing low planktonic
Percentages and poorly preserved specimenSe This probably suggests
the occurrence of some destruction of the fauna,

Barr (1962) ascribed a similar phenomenon in the English upper
chalk to "selective destruction”, (See above.)

In southern Iraq destruction mainly affects the delicately con-
structed Heterchelicidae. Parker and Athearn (1959) believe that the
alteration of the test or its complete solution occurs immediately below
the sediment surface, as here the environment is acidic owing to the

presence of decaying vegetation,



70

However, the present author believes that this is not the case
in southern Irag as all the benthonic forms were found to be well
preserved,

Grimsdale and Morkhoven's (1955) depth distribution chart suggests
870-970 mctres as the depth of deposition for this interval, Bandy
(1960) places this depth range in his "Middle bathyal zone"., However,

the common occurrences of Planulina, of small-sized Epistominella and

the fairly low number of Foraminifera suggests rather the "Outer shelf
to Upper bathyal” zone.
The following genera appear for the first time in this interval;

Dentalina, Gavelinella, Lenticulina, Epistominella, Osangularia and

Bathzsighon.

Genera present in the previous interval but absent here include;

Epistomincoids, Fissoelphidium, small smooth Gyroidina, Anomalinoids,

Nonionella, Spirotecta? and Miliolidae.

2, The Interval fram 7,285 - 7,110 f%,

This interval is developed as marl, shale and in the uppermost
sample, oolite. The foraminiferal assemblages are characterized by;

(a) Moderate foraminiferal numbers.

(b) Very high planktonic percentages (85-96 per cent).

(¢c) High numbers of species.

(d) High numbers of genera.

(e) Negligible numbers of arenaceous Foraminifera,
The data suggests that the deposition of this interval occurred in
rather deeper'wate? conditions than the previous one, and in direct

connection with the open sea, The few arenaceous Foraminifera may be
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considered as exotic (Bandy 1960). The presence of considerable amounts
of oolite in samples 7,135-7,110 at the uppermost part of the interval,
is of great importance, as such oolites are abundant on shores exposed
to extensive wave action (Erdlays opinion (1931) in Twenhofel (1950),

Mr. Shearman, D.J. personal communication). The ooliths sometimes have
pyritic or glauconitic internal casts.

The interval contains abundant small particles of glauconite,
Takahashi (193%9) considered the appcarance of this mineral in strati-
graphic sections as an indication of reducing conditions, He added
that bacterial action plays a part in it. (See also Hendricks and Ross
1941).

Haddings (193%2) has emphasized that glauconite forms only when
accumulation of sediment is very slow.

A1]l these facts supggest reducing conditions and a marine origin
for this part of the Tanuma formation.

The writer can see neither a break nor any other evidence of
unconformity between the Tamuma and Sadi formations,

The foraminiferal percentages in this intexval suggest a depth
of 1,120-1,250 metres (Grimsdale ard Morkhoven, Ibid.) in the "Middle
bathyal zone" (Bandy Ibid).

However, the "Upper bathyal zone™ is proposed for most parts of
this interval because of the presence of the same eccologic indicators
as in the previous interval, and the "Middle bathyal zonc" for the upper-
most portion on the basis of the common occurrence of rounded-edged Gyro-

idina (sometimes with globular tests), thin walled Cibicides, Osangularia

and large numbers of incompletely planispiral Planulina (Bandy Tbid, ).
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The interval is also characterized by the presence of smooth and
well polished Marsonellae,

Hada (1957) found that depth plays a role in determining the form
of the arenaceous Foraminifera, Shallow water specimens were usually
found to have coarse textures, whereas the smoothly finished forms
characterize deeper water,

The following genera appear for the first time in this interval;

large sized Rotalia, Marsonella, cf. Bulbofragmium, Astocolus, Smoutina,

Trochamina and Cibiciodoides.

3, The Interval from 7,110 - 6,890 £+,

This interval consists of limestone, marly, with pure marl in the
upper portion, and terminates with oolitic limestone and pyrite,
Tts assemblages are characterized by;

(a) Very high foraminiferal numbers.,

(b) Very high planktonic percentages (96-98 per cent),

(¢) High numbers of species.

(d) High numbers of genera.

(e) Considerable numbers of smooth arenaceous Foraminifera.
The interval differs from the previous one in lithologic composition
and in having higher data values, It was deposited under very deep
water conditions and in direct connection with the open sea, This is
the deepest water biofacics found in the area under study. The plank-
tonic foraminiferal percentage suggests a depth of at least 1,300 metres,

Grimsdale and Morkhoven (1955) discussed sediments containing
more than 90 per cent. of planktonic Foraminifera and concluded in
the text that the depth should be at least 700 metres, On the other

hand, their depth distribution chart ¥n¢l,5 indicates a minimum depth
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of deposition of 1,200 metres, Hay (1960) also gives a minimum depth
of 700 metres, while Funnell (196L) proposed 650-700 metres.

According to Bandy (1960), depths of deposition of more than 1 »200
metres fall into his "Middle bathyal®™ or "Lower bathyal® zone.

The presence of pyrite suggests reducing conditions. Spiroloculina

and Marginulina are the only genera found here not represented below.

Osangularia, of, Bulbofragmium, Smoutina, Astocolus and Cibicidoides,

which are found below, do not occur in this interval.

C. Calcareous Benthonic/Closed Sea Biofacies

This biofacies is characterized by low planktonic and higher
calcareous benthonic percentages, low to moderate foraminiferal numbers,
arenaceous Foraminifera, larger Foraminifera and Bryozoa. The low
number of species and genera might be related to the absence or low
numbers of planktonics and/or unfavourable corditions for the product-
ivity of calcareous Foraminifera,

The lower boundary was drawn at the marked faunal change at a
depth of 6,890 ft. where predominently planktonic assemblages give place
to predominently benthonic ones, and there is a lithologic change from
hard, marly limestone to pure, soft marl. The upper limit falls at a
depth of 5,920 ft,, and is marked by the appearance of the first barren
samples, The stratigraphic thickness of this biofacies is about 970 ft.
It includes the middle and the upper parts of the Sadi formation and
the lower half of the Hartha formation,

1, The Interval from 6,890 - 6,760 ft,

This interval consists of marl, and the assenblages show;
(a) Very low numbers of Foraminifera.

(b) Low planktonic percentages (24-30 per cent)
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(¢) Low numbers of genera.

(d) Low numbers of species,

(e) Considerable numbers of arenaceous Foraminifera,
Since the planktonic percentages are low the deposition of this interval
occurred in shallow water. It is possible that a basin with restricted
commections with the open sea occupied the area at this time,

The cccurrence of shallow water conditions may be due to uplift
in the basin or the onset of much faster deposition. The presence of
considerable numbers of roughly finished arenaceous fomms, of larger
Foraminifera and Bryozoan fragments give weight to the hypothesis of
a shallow water origin,

The planktonic percentages suggest a depth of 30-85 metres in the
“In'ner and Outer shelf zone", This is supported by the complcte absence

of _E;laanulina and Valvulineria, In addition, the intcrval is chara-

terized by thce absence of Gaudryina and Bathysiphon, and by the first

appearance of Globorotalites, Hoglandina and Gavelinopsis.

2. The Interval from 6,730 - 6,690 ft.

These beds consist of marly limestone and the foraminiferal
assemblages show;

(a) HModerate numbers of Foraminifera

(b) Iow planktonic percentages (40-42 per cent)

(¢) doderate nurbers of species

(d) Moderate numbers of genera

(e) Considerable nurbers of arenaceous Foraminifera,
This interval differs from the previous one in showing higher data values.

The significant genera are; Anomalinoides, Gyroidina, Rotalia,

Leticulina (ineluding Robulus), Marginulina, Planularia, Cibicides,
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Gavelinella, Bathysiphon, Gaudryina and Marsonella

The planktonic foraminiferal percentage of this interval suggests
a depth of 400-500 metres,

3. The Interval from 6,650 - 6,410 ft,

This interval like the onc below, consists of marly limestone,
Its foraminiferal. assemblages show;

(2) Low foraminiferal numbers,

(b) Low planktonic percentages (2-22 per cent)

(c) Low numbers of species.

(d) Low nunbers of genecra.

(e) Negligible numbers of arenaceous Foraminifera.
This interval is more or less similar to that between 6,890 and 6,760 ft,
in its depositional environment, It was lald down under rather shallower
water conditions., This is indicated by the presence of considerable
mumbers of larger Foraminifera and Bryozoca. The absence of arenaceous
forms is probably due to destruction during burial and subsequent
campaction of the sediment, The planktonic foraminiferal percentages
suggest a depth of deposition of 25-65 metres in the "Inner shelf zone®.

. The Interval 6,370 - 5,920 ft,

This interval consists of limestone, marly and chalky, partly
dolomitized., 1lMost of samples contain considerable amounts of glauéonite.
The foraminiferal assemblages are characterized by;
(a) Moderate foraminiferal numbers, These decrease towards
the upper limit of thc interval.
(b) Very low planktonic percentages. (1-0 per cent)
(c) Moderate numbers of species,

(&) Moderate numbers of genera.
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(e) The arenacecus Foraminifera increasing moderately in number

towards the upper limit of the interval,

(f) A great increase in the number of larger Foraminifera,

Bryozoa and Rotalia and the presence of Inoceramus.
The above data suggest that the demposition of this interval occurred
in continuously shallowing water, Since the planktonic percentages
show extremely low values, it is probable that there was extremely
limited connection with the open sea.

For percentages of 0-~1 of planktonic Foraminifera, Grimsdale and
Morkhoven (1955) suggested a 0-15 metres sea bed depth., For 5% or less
planktonics, Lowman (1949) suggested 125 ft, or less water depth.

Parker (1948) shows that off the west coast of the United States,
in waters less than 150 ft, in depth, planktonic Foraminifera can be
neglected,

Bandy (1960), in his bathymetric zonations, suggested ®Inner shelf
zone® for this sea bed level.

Amongst the better represented arenaceous genera are; Bathysiphon,

Balbophragmium, Schizammina, Haplophragmoides, Marsonella and Glomospira.

The more common calcareous benthonics include; Gavelinopsis, Gavelinella,

Nodosaria, Rotalia, Rotalia (small and smooth), Epistominella, Osangularia,

Discorbis, Linticulina, Conorboides, Pararotalia,  Other genera such

as Alabamina, Yuadrimorphina, Stensicina, Globorotalites and Triloculina

are of rare occurrence and restricted to the upper portion of the
interval. The genera most abundantly represented throughout are Rotalia,

Gavelinella and Conorboides.

A gradual decrease in the foraminiferal number, in the number of

species and genera and in the size of specimens takes place towards the



upper portion of tue interval. ¥~;7

Most of the small sized forms have a very thin and delicate
shell structure;

The test size reduction was ascribed by Myers (1943) and
Gleasner (1945) to low salinity. Walton (1964) stated '*the small,
thin shelled forms appear to be limjited to bays, sounds and shelf
areas that are near the influence of large rivers, and it is
believed that they result from the increased difficulty of
precipitating calcium carbonate in waters of lower than normal
salinity".

For these reasons and the statistical data produced above, the
lower part of the interval is believed to have been deposited under
very shallow water conditions in the "Inner shelf zone!". This
contention is supported by the presence of coarsely ornamented

arenaceous forms, and the lack of Quinqueloculina and Triloculina

and arenaceous brackish index genera such as Ammobaculites,

Saccamina .....etc. Haplophragmoides, which is also represented in

brackish water assemblages, is rare and scattered in the section.
The upper part of this interval is believed to have been

deposited in an unfavourable environment. Assemblages consist

largely of Gavelinopsis, Conorboides, Rotalia and arenaceous genera.

Others, such as Alabamina, Quadrimorphina, Stensioina, Triloculina,

Quinquiloculina and Globorotalites are rare and of sparse occurrence.

This portion of the interval is also characterized By the
presence 0f large numbers of larger Foraminifera and Bryozoan
fragments.

Amongst the arenaceous Foraminifera the following were well

preserved and important; Marsonella, Bathysiphon, Dorothia,

Ammobaculites? and Trochammina.
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In samples nos, 6010-6050 the number of arenaceous Foraminifera
reaches its maximum, According to Renz (1942) and Stainforth (1948,
1952), strong turbidity is a major contributing factor in the development
of arenaceous faunas,

In the above named samples, when the percentage of arenaceous
Foraminifera exceeds 33, the numbers of calcareous benthonic specimens
decrease to their minimum values, This follows a decrease in the total
number of benthonic Foraminifera,

Thesc facts indicate rapid deposition, conditions unfavourable
for the high productivity of calcareous Foraminifera and a suitable
environment for the development of arenaceous forms.

According to Walton (19%64) a decrease in the number of calcareous
benthonic species is both off the continental shelf and towards the shore.
In the former case the decrease is offset by an increase in numbers of
planktonic specimens.

It is concluded that deposition of the upper part of the interval
occurred in an area of restricted circulation, in an abnormal environment
at moderate sea bed depth but in shallower water than below,

Summary  The statistical and other data relevant to the calcareous
benthonic/closed sea biofacies indicate a gradual shallowing during
deposition, The lower microfaunas indicate narrowing and widening of
the basin cdnnection with the open sea, The noticeable variations in
the ecologic data may result from unstable basin conditions,

The uppermost microfaunas indicate a closed sea environment in

very shallow water.



79

D, The Non-Fossiliferous Biofacies

This biofacies is completely devoid of fossils, The lower boundary
was drawn at a depth of 5,920 ft. and the upper at 5,740 ft,, where it
is followed abxuptly by the appearance of flood planktonic foraminiferal
assemblages attributed to sudden subsidence,

The stratigraphic thickness of this biofacies is about 150 ft,
it includes most of the upper half of the Hartha formation., It is
camposed of whitish, pale brown and grey dolomite and limestone containing
large numbers of sand grains and stringers of evaporites.

The presence of barren beds overlying those indicating very shallow
water is normal in the depositional enviromment. The lithological data
suggests that this biofacies was deposited under very shallow, lagoonal

corditions. (D.J. Shearman, verbal communi.cation)

E, Upper Planktonic/Open Sea Biofacies

This biofacies is characterized by the high planktonic percentages,
of its foraminiferal assemblages, by the complete absence of Bryozoa
and larger Foraminifera. Marsonella oxycana, which represents the only
arenaceous fauna in the lower part of the Qurna formation, is rare and
sparsely distributed.

The lower limit of the biofacies was placed at a depth of 5,740
t. The upper boundary could not be drawn since dolomitization and
recrystallization has damaged or destroyed the fossil fauna of the upper
part of the Qurna and the whole of the Tayarat formation. The strati-
graphic thickness cannot be estimated,

However, the biofacies definitely includes the uppermost Hartha

and the lower helf of Qurhas formation.
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1, The Interval from 5,740 ~ 5,660 ft.

These beds consist of limestone, partly dolomitized, containing
glauconite., The microfaunas show;

(a) Low foraminiferal numbers.

(b) High planktonic percentages (60-~90 per cent),

(c) Moderate numbers of species.

(&) Low numbers of genera.

The data suggest that the deposition of this interval occurred
in rather deep water in direct connection with the open sea,

The relatively low number of genera and species may be due to the
presence of cold water currents during this period. The low numbers
of planktonic forms, which are mainly poorly preserved, appears due to
selective destruction, This hypothesis is supported by the preservation
of the calcareous benthonic fomms, which is good.

Walton (1964) stated that “the zone of maximum numbers of benthonic
species of Foraminifera occurs in areas on the continental shelf where
there is relatively little dilution of population by detrital sediments®.
Then he added "Seaward of the shelf edge the number of benthonic species
decrease®,

The deposition of this interval is thought to have taken place
off the continental shelf,

The more common and well preserved benthonic genera found are;

Gavelinopsis, Stensioina, Globorotalites, Gyroidina (of large size),

Bulimina, Osangularia and Rotalia (of large size).

According to Bandy (1960) the association of the last four genera
may suggest bathyal conditions. On the other hand, for the percentages

of 60-90 planktonic Foraminifera, Grimsdale and Morkhoven (1955) suggested
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680-1,200 metres as the depth of the deposition, This falls in the
"Middle bathyal zone" of Bandy (Ibid).

At the Qurna-Hartha contact, samples 5,660 and 5,665 are of hard
recrystallized limestone, nearly devoid of fossils, except very poorly
preserved, small, juvinil, benthonic forms., The occurrence of such a
barren interval during the deposition of this deep water biofacies may
be due to an uplift in the basin.

It is believed that a second subsidence of the basin occurred
after the deposition of this barren section,

2. The Interval from 5,650 - 5,350 ft,

These beds consist of marl, soft and ash grey in colour. The
microfossil assemblages are characterized by;

(a) Low foraminiferal numbers.

(b) High planktonic percentages (69-80 per cent).

(¢) Rather low mumbers of species,

(a) Low numbers of genera,

(e) The sparse and rare occurrence of Marsonella, which is

the only arenaceocus representative,

The interval is characterized by assemblages containing relatively higher
numbers of benthonic species and individuals than the beds below,
These increases arc accompanied by small but noticeable decreases in
the numbers of planktonic species and individuals, This suggests a
shelfward movement of the basin and its continued connection with the
open sea,

For percentages of 69-80 of planktonic Foraminifera, Grimsdale
and Morkhoven (1955) sugge'sted 900~-700 metres as the depth of deposition.

This depth falls in the "Middle bathyal" environment,



The more common and well preserved benthonic genera are;

Stensioina, Globorotalites, Gavelinobsis, Gyroidina (large size),

Osangularia, Bulimina (smooth); Anomalina; Gavelinella, Lenticulina,

Bponides; Rotalia and Cibicides, Other genera occur rarely and are

sparsely distributed,

The remaining upper part of the Qumma and Tayarat formations are
composed of dolomitic rocks which are mostly recrystallized, The
planktonic Foraminifera which were sparsely distributed and rare, were
collected from less than 200 mesh fruction, For this reason it was
found very difficult to reconstruct the past depositional and environ-

mental conditions of these formations.
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CHAPTER 5

Systematic Description

The classifiication employed here, with slight modification, is
taken from the "Treatise on Invertebrate Paleontology, Part C Protista”,
Loeblich and Tappan (1964). Departures from this classification include

the recognition of the genus Sigalia Reiss (1957) and Ventilsbrella

Cushman (1928),

The identification is based principally on cemparison with
previously published figures and description, topotypes if accessible
and holotypes available at the British Museum of Natural History, London.
When the original publications were not available, reference was made
to the "Catalogue of Foraminifera", compiled by Ellis and Messina
(1940-1969).

Among the total of 4 families, 16 genera, 94 species and 26 varieties
of planktonic Foraminifera determined, 9 species and 4 varieties are
described as new,

All, except for a few poorly preserved or rare forms are described

and figured.
Order FORAMINIFERIDA Eichwald 1830
Superfamily GLOBIGERINACEAE Carpenter, Parker &
Jones 1862
Family HETERCHELICTDAE Cushman 1927
Subfamily GUEMEELITRIINAE Gallitelli 1957
Genus Guenbelitria Cushman 1933

Type species Guembelitria cretacea Cushman 1933
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Guembelitria cretacea  Cushman

pl.l, fig.l

1933 Guembelitria cretacea Cushman, pp.37 - 38, pl.4 figs.l2a-b

1938 Guembelitria cretacea Cushman. Cushman, p.19, pl,3 figs.lha-b

1946 Guembelitria cretacea Cushman. Cushman, p.103, pl.ik
figs,la~b

1957 Guembelitria cretacea Cushman, M,Gallitelli. p.136, pl.31l
figs. la-b

1960 Guenbelitria cretacea Cushman., Olsson. pp.27 - 28, pl.h fig,8

1964 Guembelitrie cretacea Cushman, Sald and Sabry. p.390, pl.3
fig.32

1965 Guembelitria cretacea Cushman, Perlmutter and Todd, p.l13,
pl.2, £ig.8

1966 Guembelitria cretacea Cushman, Ansary and Tewfik, pp.38 - 39,
pl.3, figs.l3a-b

1967 Guembelitria cretacea Cushman, Bandy. p.23, fig.12(6) (two

‘ figures

1967 Guembelitria cretacea Cushman, Pessagno. p.258, pl.87,

figs.1-3

Remarks and Occurrence. A few large, triserial and rapidly tapering

specimens with large and rapidly increasing chambers, highly arched

apertures and smooth tests are here referred to Guembelitria cretacea

Cushman, The specimens are poorly preserved and restricted to the
Middle and Upper Maestrichtian rocks of the Qurma and Tayarat formations.

Guembelitria cretacea Cushman was originally described from the

Upper Navarro group, Texas and was recorded from the same region by
M. Gallitelli (1957).

Olsson (1960) reported the occurrence of Guembelitria cretacea

in the Upper Cretaceous rocks of the Redbank and Lower New Egypt form-
ations, New Jersey; Said and Sabry (1964) in the Lower Maestrichtian of
the Gebel Aweina, Egypt; Perlmutter and Todd (1965) from the Late
Cretaceous of the Monmouth group, New York; and Ansary and Tewfik from the

Campanian-Maestrichtian of the Ezzel Orban Calk, Egypt. However their specime
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from the Campanian need checking, Pessagno (1967) reports it from the
Middle Maestrichtian of Corsicana marl, Escondido formation, Texas and
in the Arkadelphia marl, south western Arkansas. All feligble records
show that the present species ranges throughout ‘the Maestrichtian and

is largely confined to the Middle and Upper Maestric¢htian,

Guernbelitria aff, harxisi Tappen

1940 Guembelitria harrisi Tappan, p.115, pl.19, figs.2a-b
1954 Guembelitria cretacea Cushman, Stelck and Wall, p.68, pl.2
' figs.23 - 24
1967 Guembelitria harrisi Tappan. Bandy, p.22, 23, (no figure)
1967 Guembelitria harrisi Tappan. Pessagno. p.258, pl.48, figs.l2-
13

- Remarks and Occurrence. A few triserial, small, thin, elongate and

slowly tapering specimenrs with low, slightly arched apertures and smooth

tests are here assigned to-Guembelitria harissi Tappan., These characters

serve to differentiate it from Guembelitria cretacea Cushman,

The few specimens of this species found in the uppermost Khasib
formation are believed to have been reworked from the eroded Genomanian
or Turonian part of the Mishrif formation.

The evolutionary history of Guembelitria harrisi is not clearly

understood, It might be a triserial offshoot of Heterchelix moremani

(Cushman) although no direct evidence of this was recorded,

Guembelitria harrisi was originally described by Tappan (1940) from

the Lower Cretaceous rocks of the Crayson formation, Texas. Stelck and

Wall (1954) also described Guembelitria cretacea Cushman from the Lower

Turonian of the middle Kaskapau formation, western Canada., Pessagno
(1967) encountered specimens of this species in the Cenomanian and Albian

rocks of the Eagle Ford group end the Crayson formation.
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Guembelitria trilocula (Marie)

pl.1l, fig.2.

1941 Pseudotextularia trilocula Marie, p.186, pl.28, figs., 278a-d
QOccurrence, Rare, in the Tanuma formation. The upper part of the

Globotruncana renzi/Heterohelix pseudoguembeliniformis zone,

Previous records of occurrence; The Campanian of Paris Basin,

Subfamily HETERCHELICINAE Cushman 1927
Genus Heterchelix Ehrenberg 1843
Type species Spiroplecta americana Ehrenberg 184l
Heterchelix aff, barnaxdi (Ansary)

pl.l, fig.3.

1955 Guembelina barmardi Ansary. p.77, pl.2, fig.26
Remarks ard Occurrence. A single, biserial, roughly triangular specimen

with the whole test, except for the last pair of chambers, ornamented by
well separated, coarse striae with slightly indented sides, a rounded
axial periphery, a zigzag median line and wider than high apertures, is
here assigned to H, barnardi (Ansary). The species has 14 biserially
arranged, globular chambers with the last pair greatly inflated and
enllarged. It was found in the Tamma formation.

It differs from the holotype in its compressed initial stage, pointed
apical end and roughened last peir of chambers,

H. barnardi was originally described from the Upper Eocene of Wady

Waseiyif', Sinai, Egypt.
Heterchelix cf, glsbrans (Cushman)

pl.27, fig.10.

1938 Guembelina glabrans Cushman. p.15, pl.1l3, figs. 1, 2
1960 Heterohelix glabrans £Cushman . Olsson. p.26, pl.hk, fig.h
1967 Heterchelix glabrans (Cushman

. Pessagno, p.259, pl.88, figs.,1l, 2,
6. 1% ' ’ ’
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Remarks and Occurrence. H, glabrans was first described as Guembelina

glabrans by Cushman (1938) from the Navarro group (Campanian - Maestriche
‘tian) of Texas. Pessagno (1967 p.259) stated that H. glabrans has
possibly evolved from H, pulchra (Brotzen) during early Maestrichtian
time. However, as stated elsewhere, this writer feels that there is no
rhylogenic relation between these two species, as the true reniform
chambers in H, pulchrs are unique among the known species of Heterohelix.
It is likely that H. glabrans has evolved directly from H. planata by
developing a true keel on the early part of the periphery and increasing
the height of the aperture. The rudimentary apertural flaps of H.
planata are clearly visible in some specimens of H. glebrans,

The species occurs rarely in the Middle and Upper Maestrichtian

rocks of the Qurna and Tayarat formations, Globotruncana gansseri zone,

Cushman (1946) noted its occurrence in Alsbama and Tennessee.
Olsson (1960) réported it from New Jersey; Pessagno (1967) from Mexico,

Texas and Arkansas and Ansary from Egypt,

Heterchelix cf. globocarinata (Cushman)

pl.1, fig.h
1938 Guembelina globocarinata Cushman, pp.10-11, pl.2, figs.ha-b,5.
1957 Heterohelix globocarinata (Cushman) M,Gallitelli, p.137,138,
: pl.3Ll, fig,l1l7
1967 Heterchelix globocarinata (Cushman) Pessagno. p.259,260, pl.86
figs.5,6

Remarks and Occurrence. According to Pessagno (1967) who examined the

holotype and the two paratype slides, H. globocarinata (Cushman) is

characterized by its inflated, final chambers, carinate periphery in the
early portion of the test, large, lowly arched aperture and by the

Tinely striate nature of its test.
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The specimens encountered in this study exhibit all the above
characters except the early peripheral keel, However, the initial
portion of the best preserved specimens are strongly compressed and the
periphery of this part is entire, giving the test a carinate appearance,

H. globocarinata was originally described by Cushman (1938) from

the Upper Taylor marl of Texas. He later (1946) reported it from
Alabama, Arkansas and Mississippi, ranging through beds of Austin to
Navaro age.

In southern Iraq, H. cf\. globocarinata. of author was found
rarely and sparsely and found to be confined to the Upper Santonian

rocks of the Sadi formation.,

Heterohelix moremani (CGushman)

pl.l, figs.5,6

1929 Guembelina globifera EReuss; Carman. p.311, pl.34, fig.3
1934 Guembelina globifera (Reuss) Morrow. p.194, pl.29, figs lba-b
17
1937 Guembelina globifera (Reuss) Loetterle. p.34, pl.5, figs.3
1938 Guembelina movemani Cushman p.10, pl,2, figs.la-b, 2 (not 3)
1946 Guembelina moremani Cushman Cushman., p.103, pl.44, figs 15,
16 (not fig.17)
1948 Guembelina moremani Cushman Kikoine. p.18, pl.l, figs.ha-c
1951 Guembelina globulosa (Ehrenberg) Young. p.63, pl.ly, £ig.23
1952 Guenmbelina moremani Cushman Bolin. p.38, pl,2, fig,l7
1953 Guembelina moremani Cushmen Shew. p.48, pl.1l, figs.24, 25
1954 Guembelina moremani Cushman Frizzell p,109, pl.l15, figs.28,
30 (not fig.29
1956 Guembelina moremani Cushman Bolin., p.290, pl.38, figs.l5a~b
. 1962 Heterohelix moremani (Cushman) Petri. pp.88 - 89, pl.1l
figs.1l, 2a-b
1967 Heterchelix moremani (Cushman) Pessagno. p.260, pl.89, figs.l,
2 (not pl.48, figs. 10-11)
1969 Heterchelix moremani (Cushman) Noel, K., Brown. pp.35 - 36,

. pl.1l, fig.8
Remarks. Cushman (1938) first discovered this species. In his

description he pointed out that the surface of H, moremani is smooth.

This is confirmed by Pessagno (1967). Noel, K. Brown (1969) showsvery
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faint longitudinal costae in H, moremani. He stated "All Heterchelicids
have striae on their test with a possible exception of the most primitive
H. washitensis (Tappan) late Albian-Cencmanian form", It is possible
that all Pessagno's H, moremani specimens were from Cenomanian strata
as were Cushman's holotype and paratypes. Actually, Pessagno (Tbid)
himself stated, "it is conceivable that specimens of H, moremani occurring
in the Turonian portion of the Eagle Ford group have been rewarked from
Cenomanian Eagle Ford strata®,

Carman (1929), Morrow (1934) and Loetterle (1937) described as

Guembelina globifera (Reuss) forms which belong in H. moremani (Cushman).

They show slow tapering, slender and parallel outlines, Similarly, the
form described by Young (1951) as Guembelina globulosa (Ehrenberg) is
actually H, moremani (Cushman), On the other hand, the species
described and figured by Cushman (1938. fig.3, 1946. fig.1l7) and by
Prizzell (195). fig,59) as B, moremani show an @berrant chamber between

the last two; they most probably belong in Ventilabrella ventilabrelli-~

formis (Ven der Slus),
None of the formms figured by Pessagno (1967. pl..48, figs.8-11)
are similar to Cushman's holotype, and may well belong in H,

pseudoguembeliniformis sp.nov,

Occurrence. Rare, only found in the Khasib formation, Globotruneana

renzi/Heterchelix pseudoguembeliniformis zone.,

Previous record of Occurrence: Texas, Late Cenomanian; Mississippi,

Coniacian-Santonian; Gulf Coast, Turonian; Brazil, Turonian,
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Heterohelix nakkadyi Sp.nov

pl.1, figs.7-8; pl.2, figs,1=3

Description. Test medium sized, biserial, moderately compressed,
gradually expanding; periphery initially slightly and later strongly
indented; axial periphery narrowly rounded; chambers initially
planispiral, followed 4~5 pairs of biserially arranged, inflated and
reniform chambers which increase slowly in size as added; ultimate and
penultimate pairs of chambers nearly of the same size and shape, partially
separated by narrow, deeply depressed median area; sutures straight to
slightly curved and depressed, much deeper in the last portions; wall
calcareous, densel_';r perforate; peripheral margins coarsely and constantly
striated; lateral surface only finely striated or with perforation
arranged in longitudinal lines; aperture a high and narrow opening at
the inner margin of the last chamber with prominent, well pronounced and
thickened lips extending down to the penultimate chambers.
Remarks. Although the median line in its adult portion is deeply
depressed giving the specimens a Gublerina-like appearance, the separation
remains incomplete and the two chambers retain their direct connection,

H. nakkadyl sp.nov. is distinguished by its compressed test, early
planispiral, later biserial chambers, a tendency to develop diverging
adult chambers and its surface ornament,

It is morphologically similar both to Ventilabrella compressa

Van der Slus (1950) and Qublerina cuvillieri Kikoine (1948). It is

distinguished from both by its gradually tapering test, striated surface R
early reniform later as wide as high chanbers and by the absence of a

true chamber divergence,
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Occurrence. Rare in the Tanuma formation, abundant in the lowermost

Sadi formation. Globotm:ncaha renzi/Heterohelix pseudoguembeliniformis

zone - Globotruncana concavata subzone.

Heterchelix mattalli (Voorwick)

pl.2, figs.4=9

1937 Guembelina nuttalli Voorwick. p.192, pl,2, figs.l-9
1966 Pseudotextularia nuttalli (Voorwick) Salaj and Samuel. p.232,
tab.37, fig.l1l0

Remarks. H. nuttalli was originally described by Voorwick (1937) from

Habana, Cuba, He depicted nine poorly drawn specimens, but gave neither
a definite type locality, type species nor the location of their depository.
All his figures were drawn to show the marginal and lateral views and

thus the apertural characters remain uncertain,

H, nuttalli differs both from Pseudotextularia elegans (Rzehak)
and Pt. plummerae (Loetterle) in its smaller-sized test, the restriction
of the compression of the chambers to one side only and the lack of the

Pseudotextularia-type reniform chambers in peripheral view,

Occurrence. Rare in the lower part of Sadi fommation, Sporadically
found in the middle and upper parts of the Sadi formation, in the Hartha
formation and the lower part of the Qurna formation. Upper part of the

Globotruncana concavata subzone to Globotruncana gansseri zone.

Previous recoxd of Qccurrence. Selaj and Samuel (1966) resord it from

the Campanian-Maestrichtian rocks of West Carpatian, Slovakie,

Heterchelix planata (Cushman)

pl.3, figs.1,5

1938 Guembelina planata Cushman. p.l2, figs, 13,14

1940 Guembelina planata Cushman, Cushman. p,10, pl.2, fig,20

1946 Guembelina planata Cushman, Cushman, p,105, pl.45, figs.6-7
1954 Guembelina planata Cushman. Frizzell., p.109, pl,15, figs,32a-b

71960 Heterchelix pulchra (Brotzen) Olsson. p.27, pl.y, fig.6
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1962 Heterchelix pulchra (Brotzen) Pessagno. p.358, pl.l, fig.3
1967 Heterchelix planata (Cushman) Bandy, p.23, tf.11(12), fig.8
1967 Heterchelix planata (Cushman) Pessagno. p.261, pl,86, figs.3,kL,

pl.B89, figs.6,7

Remarks, The supplementary apertures which are clearly cbservable in
most specimens of H, planata are not _%%vered by apertural flaps, and the

species does not belong in Pseudoguembelina, H, planata (Cushman) is

moxyphologically similar to Pseudoguembelina costulata (Cushman), Ps,

palpebra Bronnimann and Brown and Ps. excolata (Cushman)., It differs
by its finely striated surface, more compressed test and in lacking the
prominent apertural flaps covering the accessory apertures, However,
the morphological characters and stratigraphic distribution of these
spec...s suggest that H, planata might possibly have evolved into the

above species of Pseudoguembelina. On the other hand, H, planata is

believed to have evolved from H, reussi (Cushman) by the development of
a compressed test with chambers wider than high, further increase in the
surface ornamentation and the development of rudimentary apertural flaps.
Occurrence, Abundant in the Khasib, Tamuma and lowermost Sadi formations.

Globotruncana renzi/Heterchelix pseudoguembeliniformis zone to

Globotruncana concavata subzone.

Previous record of Occurrence: Texas, Lower Campanian; Gulf Coast,

Upper Campanian.

Heterchelix pseudoguembeliniformis sp.nov.

pl.3, figs.2-h

1967 Heterchelix sp. of . Heterchelix moremani (Cushman) Pessagno
T pL.48, figs.7-8 (not fig.9)

Description. Test small, biserial, moderately compressed, about as long

as broad, rapidly tapering, maximum breadth at the last pair of chambers;

median axis not straight; periphery indented throughout; axial periphery
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rounded; chambers initially planispiral, followed by 6 pairs of inflated
wider than high chambers which increase rapidly in size as added; sutures
strongly depressed, staight oblique; wall calcareous, perforate; surface
smooth; aperture a low arch on the inner margin of the last chamber bor
bordered by well developed apertural flap.

Remarks., H, pseudoguembeliniformis sp.nov. is morphologically similar

to H, pulchra (Brotzen), but differs in having a lesser campressed and
thicker test, inflated, non-reniform chambers and straight, oblique
sutures. It differs from H, moremani (Cushman) in its smaller size,
sutural characters, arrangement and shape of chambers which increase
regularly in size and in the possession of an apertural flap.

The small specimens described by Pessagno (1967, pl.i8, figs.7-8)
as having low arched apertures, probably belong in the present species.
They have inflated, wider than high chambers, straight oblique sutures
and low apertures with flap-like extentions,

H., pseudoguembeliniformis may represent the transitional stage

through which H, pulchra evolved from H, moremani.

Occurrence., Abundant in the Khasib and Tanuma formations. Globotruncana

renzi/Heterchelix pseudoguembeliniformis zone.

Heterohelix pulchra (Brotzen)
pl.3, figs.6-9; pl.4, figs.l-h

1936 Guembelina pulchra Brotzen. p.l2l, pl,9, figs.2a-3b

1956 Guembelina pulchra Brotzen. Hofker. p.77, pl.9, fig.69

1957 Heterohelix pulchra éBrotzen M.Gallitelli, p.l134, pl.31l, fig.20
1960 Not Heterchelix pulchra (Brotzen) Olsson. p.27, pl.k, fig.6

1964 ? Heterchelix pulchra (Brotzen) Martin, p,85, pl.1l, fig.2

1965 Heterohelix pulchra (Brotzen) Takayanagi. p.197, pl.20, figs.3a-b
and synonymy.

1965 Heterohelix cf. planata (Cushman) Takayanagi. p.197, pl.20, fig.2

1965 Heterohelix pulchra EBrotzeng Perlrutter & Todd. p.1li(no fig)

1966 Heterohelix pulchra (Brotzen) Ansary and Tewfik, p.40, pl.3,

figs.8a~b
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1967 Heterohelix pulchra (Brotzen) Bandy. p.23, tf.12, fig.7
1967 Heterbhelix pulchra (Brotzen) Pessagno. p.262, pl.87, fig.h
1969 Heterchelix pulchra (Brotzen) Douglas. p.158, pl.11, figs.3,l

Description. Test small to medium sized, moderately to strongly
compressed, one and half time as long as broad, rapidly tapering;

maximum breadth at the last pair of chambers; median line usually zigzag
and deeply depressed; periphery lobate throughout; axial periphery
rounded; chambers in 5-6 pairs, reniform, regularly inflated, wider

than high, increasing in width towards the upertural end, the last pair
of chambers 3—3-} times wider than high, constricted near the aperture;
sutures slightly curved, depressed in the early part, curved and strongly
depressed in the last growth stages; wall calcareocus, perforate; surfase
smooth; aperture a high arch on the inner margin of the last chamber,

Main Variation:

1. Test moderately to strongly compressed, one and half times
as long as broad.

2, Periphery either moderately, slightly or non-lobate, axial
periphery either broadly, narrowly or acutely rounded.

3. Median line can be slightly, moderately or strongly depresc..
and, in rare cases show a Gublerina-like appearance.

4, Chambers in 6-8 pairs, reniform to roughly rectangular and
inflated, 1%-2 times as wide as high, increasing rather
rapidly to very rapidly in size, either biserially arranged
throughout or the last one or two pairs of chambers show

a Ventilabrella~like appearance.

5. In well developed specimens, the later chambers usually are
distinctly set apart by large, depressed, triangular areas

and ia some rare cases the chambers show flap-like
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projections to cover these triangular depressions.
Remarks, The constant characters of this species are; the reniform
wider than high and inflated chambers; compressed test; depressed sutures;
margins indented throughout; high arched aperture and smooth surface,

H, pulchra was first described by Brotzen (1936) as Guenbelina
pulchra, from the lowermost Senonian of Eriksdel, Sweden. He (Ibid)
clearly illustrated both the regularly arranged biserial chambers and the
Gublerina-like appearance of the last one or two pairs in the microspheric
forms., So far, no subsequent authors have recorded forms showing such
a peculiar Gublerina-like character,

Takayanagi (1965 p.197) was the first to realize that such a
tendency can be used for phylogenetic purposes and he stated "this species
appears to be close to Gublerina in morphological characters ....ee..
further research on its variation may furnish a key to the genetical
interrelationship between Heterchelix and Gublerina”,

Following Takayanagi, Pessagno (1967 p.262) assigned this

microspheric H, pulchra form to the gemus FPlanoglobulina Cushman without

further comment.

In southern Iraq, rare specimens shwoing proliferation of three
reniform chambers at the final stage were found, and considered abnormal
growths of H. pulchra (Brotzen).

Cushman (1938) noted small , depressed, triangular areas ‘between the

chambers of H, reussi, H, planata and Guembelina pscudotessera = H, pulchra.

He (Ibid) also mentioned the presence of lateral flanges in the latter
two species which run out onto the preceding chambers in H, planata, and

are restricted to the aperture in the G. pseudotessera,




Bronnimann and Brown (1953) interpreted these triangular areas
as the flaps covering accessory apertures. Pessagno (1967) rejected
this interpretation.

In the section under study, forms with triangular, depressed areas,
flap-like projections and a strongly deepened Gublerina-like median line
were found and considered different transitional stages in H, pulchra's
development but still within the limits of the genus Heterchelix,

Recently Noel, K. Brown (1969) in a "Heterchelicidae Cushman 1927,
Amended" removed many of the ambiguities regarding the above features.
He came to the conclusion that, "the depressed areas are merely the
imperforate flaps of the primary apertures extending down both its sides.

Later, in Campanian time in a descendant H, pseudotessera (Cushman), the

flaps become relatively enlarged and elongated forming depressed panels
or gussets®, He added, "by tension at the front on faces of the
Primary chambers a divergent biserial arrangement of primary chambers
is produced".

H, pulchra differs from H, planata (Cushman) in its well developed,
reniform, much wider than high chambers and smooth test.

The form described by Stenestad (1969) as H, dentata n.sp. is
probably a synonyw of H, pulchra, It was said to differ from the latter
species in the less coupressed nature of its test, the shape of its early
and late chambers, the slightly keeled to almost straight initial margins
and in its surface ornamentation.

The writer considers that the degree of campression has neither
specific nor taxonomic importance. The initial coiling is induced by
Physical rather than genetic factors, thus certain species of Heterchelix

and Pseudotextularia may or may not have initial coils (see also Hofker

99
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1957. Noel, K. Brown 1967). For this reason Guembelina Cushman is
considered a junior synonym of Heterohelix. Furthermore, in some
varieties of H, pulchra it is almost usual to find tests showing the last
one or two pairs of chambers lying over each other and inclined to the
direction of the biseriality, giving the test margins a serrate or (as
used by Stenestad) dentate appearance. Such aberrant forms are at
their extreme limit of variability and occur in various Heterochelix
species.

In spite of the fact that the keel is not a stable character in
H. pulchra and the surface ornamentation considered in isolation is not
enough for the specific separation, the figured holotype of H. dentata
Stenestad lacks surface markings and its sides are clearly indented
throughout.

The specimen described by Olsson (1960) as H, pulchra has a striate
surface, lacks the characteristic reniform chambers and belong in H,
planata (Cushman)., The specimen figured by Pessagno (1962) may belong
in a different species.

Forms described by Cushman (1932), Jenning (1936) and Loetterle

(1937) as Guembelina tessera (Ehrenberg) and by Cushman (1938, 194, 1946).

Schijfsma (1946}, Hamilton (1953), Prizzell (1954) and Bolin (1956) as

Guembelina pseudotessara Gushman belong in H, pulchra (Brotzen),

Heterohelix pulchra-form pseudotessara (= Guembelina pseudotessera

Cushman) appears to be the sole descendent, so far known, of H, pulchra
(Brotzen) formatypica, which seems to have been developed from the

H. washitensis -- H, moremani lineage through H, pseudoguembeliniformis

ancestor,

Occurrence. Abundant in the Khasib, Tenuma formations, Globotruncana
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renzi/Heterchelix pseudoguembeliniformis zone,

Previous record of Occurrence: Gulf Coast and Western Interior of United

States, Coniacian - Maestrichtian, Southern Limburg, Campanian.
Italy, Campanian - laestrichtian, France, Maestrichtian., Sweden,
Coniacian - Santonian, Denmark, Upper Maestrichtian, Mid-Facific,
Coniacian - Maestrichtian, Fuerto Rico, Santonian - Maestrichtian.
Mexico, Campanian -~ Maestrichtian.. U,A.R., Maestrichtian.

Heterchelix punctulata  (Cushman)
pl.4, fig,b

1938 Guembelina punctulata Cushman, p.l3, pl.2, figs.1l5,16

1966 Heterchelix punctulata (Cushman) Ansary and Tewfic. p.40, pl.3
figs.ba~b

1967 Heterchelix punctulata (Cushman) Pessagno. pp.262-263, pl.86,
figs.7-10 and synonym

1967 Heterohelix punctulata (Cushman) Bandy. p.24, t.f.12(4)

Remarks. Heterchelix punctulata was first described by Cushman (1938)

from the Taylor marl of Texas as Guembelina punctulata. He mentions

in his description, “aperture a low, broad, arch with a slight lip; the
sides continuing in a flange on to the preceding chambers".

The species was placed in Pseudoguembelina by Bronnimann and Brown

(1953, p.154) owing to its supposed frequent possession of sutural
supplementary apertures, inspite of their statement "in our specimens ....
the flaps which shield the accessory apertures are danaged, or developed
only as delicate arched rims”,

Judging from their depicted holotype and the description given, the
so called "flaps” are slightly thickened rims and they do not represent
the true, elongated tube-like projection to cover the supplementary
apertures. To correct their error, they later added, "Cushman (1938)

stated 'aperture a broad, low arch with a slight 1lip, the sides continuing
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in a flange onto the preceding chambers', This flange probably
represents a flap of an accessory aperture”,

However, no true apertural flaps were cbserved in H. punctulata
(see also the synonymy in the Catalogue of Index Smaller Foraminifera,
1969, part 1.). In addition, accessory apertures were occassion{a.lly
found in some other species of Heterchelix, such as I, striata (Ehrenberg),
H, planata (Cushman), H. pulchra {Brotzen) etc., (see also Pessagno 1967,
P.262). Finally, as stated by Gallitelli (1957) "It is restricted to
include anly these forms with strong modification in the shape of the
terminal basal part of the chambers and ~f the apertures ...", and
amended by Pessagno (Ibid), "it is only the possession of such distinctive

apertural flaps that separate Pseudoguembelina from Heterchelix.

In southern Iraq, the majority of the specimens were found poorly
preserved but two specimens found possess supplementary apertures, each
with a single opening.

Occurrence. Rare in the lower part of the Qurna formation.

Globotruncana gansseri zone,

Previous record of Occurrence: Texas, Campanian - Maestrichtian.

Cuba, Late liaestrichtian. Puerto Rico, Campanian -~ Maestrichtian.

Mexico, Campanian - Maestrichtian. U,A.R., Campanian - Maestrichtian.

Heterchelix reussi (Cushman)

pl.4, figs,6-9; pl.5, fig.l

1938 Guembelina reussi Cushman. p.11, pl.2, figs.6a-b, 7-8, 9a-b

1946 Guembelina reussi Cushman,Cushman plO6,pl.4l, figs.l8a-b, 19

1956 Not Guembelina reussi Cushman, Said and Kenawy. p.139, pl.3,
figs.32a~b

1966 Heterchelix reussi (Cushman) Ansary and Tewfik. pp.4O,41,
figs.3, ba-b

1967 Heterohelix reussi gCushmang Bandy. p.22,23 fig.12(2)

1967 Heterchelix reussi (Cushman) Pessagno. p.263, pl.85, figs.1-9,

pl.86, figs.1-2
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Remarks, H, reussi is distinguished by its slightly compressed chambers,
the presence of triangular depressions between the adult chambers and
its finely striated surface.

It was first described by Cushman (1938) from the lower Austin
Chalk, Texas and the Flener marl, Bohemia. He stated that its surface
. is smooth and finely perforate, but Pessagno (1967) who examined the
holotype and paratypes, demonstrated the presence of fine costae.

In southern Irag, as in Texas, Arkansas and Mexico (Pessagno
(op.cit.)), H. reussi possesses fine costae wherever it has been observed
in the Zubair and Iumaila fields, except in places where preservation was
poor. Only this character differentiates this species from H. striata
(Ehrenberg). (See also under H, moremani and H. striata.)

Heterchelix reussi (Cushman) may represent the basic stock from

which H, planata (Cushman), H. ultimatumida (White) and H, globocarinata
(Cushman) evolved, It is believed to have arisen from H, moremani stock,
Occurrence, Abundant in the Khasib and Tanuma formations, the lower

part of Sadi and lowermost part of Qurna formations, Rare in the upper
part of the Sadi and Hartha formations.

Globotruncana renzi/Heterchelix pseudoguembeliniformis zone -

Globotruncana gsnsseri zone,

Previous records of Occurrence: All reliable records fram Texas, Arkansas,

Mississippi, Bohemia, Mexico and Egypt show that H, reussi ranges from

Turonian to Maestrichtian.

Heterchelix robusta Stenestad

pl.5, fig.2

1967 Pseudoguembelina palpebra Bronnimann and Brown. Pessagno,
p.267, pl.89, figs.3-l4 (not pl.78,
figs.1-3)
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1967 Pseudoguembelina sp. aff.P, palpebra Bronnimann and Brown.
Pessagno, Ibid., figs.5,12-1lL
1967 Heterchelix robusta Stenestad. pp.658-659, t.f,l3a~c, pl.l,

fig.1l7, pl.2, fig.3
Remarks. A few biserial, thick specimens with early slightly and later

moderately, depressed sutures, large, globular chambers increasing
rapidly in size and coarse longitudinal coastae are here assigned to
H. robusta Stenestad. These specimens differ from the holotype only
in their small size,

Pessagno (1967) described as Ps. palpebra and Ps, sp. aff. P.
palpebra (see synonomy) forms which most probably belong in this species.
They show no trace of supplementary apertures or apertural flaps, but
have large, globular chambers which increase rapidly in size as added
and coarse, longitudinal costae.

Heterchelix robusta Stenestad originally was described from the

Upper Campanian and lowermost Maestrichtian of the white chalk of the

Danish Embayment.

Occurrence. Rare in the Khasib, Tanuma and lower part of Sadi formations.

Globotruncana renzi/Heterohelix pseudoguembeliniformis zone -

Globotruncana concavata subzone,

Heterohelix ? semicostata (Cushman)

pl.5, fig.3

1938 Guembelina semicostata Cushman. p.l6, pl.3, fig.6

1946 Guembelina semicostata Cushman. Cushman, p.107, pl.46,
figs,la-b

1967 Heterchelix semicostata (Cushman) Pessagno., p.263, pl.98,
fig.21

1968 Heterohelix sp. cf, H, semicostata (Cushman) Rasheed and
Govindan. p.80, pl.8, figs.
10-11

Remarks and Occurrence. Heterohelix scmicostata (Cushman) easily is

distinguished by its compressed test, widely spaced, strongly limbate
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sutures, well developed curved costae at the peripheral margins and
smooth or finely costate lateral parts. However, the present forms show
no trace of a pe;iphera.l keel in their early growth stages. The septal
character on the median line link this species with those of Gublerina,

H. ? semicostata was first described by Cushman (1938) from the
Upper part of the Taylor marl., Pessagno (1967) recorded it from the
Mendexz shale of Mexico and the Neylandville marl, Rasheed and Govindan
(1968) have it from the Virdhachalma of south India.

In southern Irag, it occurs rarely in the Khasib, Tanuma and lower

part of Badi formation. Globotruncana renzi/Heterchelix pseudoguembelini-

formis zone - Globotruncana concavata subzone.,

Heterchelix ultimatumida (White)

pl.5,ffigs.8,10; pl.6, figs.2-3

1929 Guembelina ultimatumida White. p.39, pl.4, figs.l3a-b
1938 Not Guembelina ultimatumida White. Cushman., p.13, figs.17-18
1953 2 Guembelina ultimatumida White., Hamilton. p.235, pl.31, figs,1l-4

1962 Heterchelix ultimatumida (White) Petri. pp.89-90, pl.11,
figs.3,4,?5 (not figs.6,7,8)

1963 Heterohelix ultimatumida (White) Kavary and Frizzell. pp.62-63,
pl.13, fig.>

1966 Heterchelix ultimatumida (White) Ansary and Tewfik. pl.3,
figs.la=-b

1966 Heterchelix ultimatumida (White) Salaj and Samuel, p.225, tab.37,
fig,19

1967 Heterohelix ultimatumida (White) Pessagno. p.264 (no figure)
and synonym.

Remsrks. H, ultimatumida (White) differs from H, striate (Ehrenberg)

in the greatly inflated and globular nature of the last one or two pairs
of chambers; and from H. striata form globulosa (= H. striata) in having
faint but well developed striae,

The morphologically similar H, cf, globocarinata {Cushman) is

distinguished from H, ultimatumida by its compressed, initial portion,

compressed and wider than high chambers and in its larger and relatively
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higher apertural opening, On the other hand H, trinidadensis (Cushman

and Renz) described from the Eocene of Trinidad was sadd to have a
laterally compressed, small test, straight sutures, smooth or slightly
hispid surface and high, narrow apertural opening.

The writer agrees with Pessagno (1967) in considering H, ultimetumida

(Wnite) of Cushman (191;,.6, pl.46, figs.ba-b, 7) belongs in another species,

but not in Pseudoguenbelina palpebra Bronnimann and Brown.

The specimen described by Pessagno (1962) as H, ultimatumida has

a broader than long test and larger, higher apertural opening, It

probably belongs in H, striate var, aegyptica Ansary and Tewfik (1966).

Occurrence, Rare in the lower part of the Qurna formation.

Globotruncana gansseri zone,

Previous record of Occurrence: According to the above references, H.

ultimatumida is restricted to the Campanian -~ Maestrichtian beds of U,S.A,

South America, Caribbean, Europe (West Carpathian), U.A.R., Iran and

the Mid. Pacific,

Heterohelix striata (Ehrenberg)

pl.5, figs.4=7,9

1840(a) Textularia striata Ehrenberg. p.135, pl.k, fig.l alpha,

1 alpha prime, 2 alpha, 3 alpha

18,0(b)  Textularia glcbulosa Ehrenberg. p.135, pl.k, figs.2 beta,

4 beta, 5 beta, 7 beta, 8 beta

1899(1900)?Guembelina striata (Enrenberg) Egger. p.33, pl. 1y, figs. 5-7,
10-11, 37—39

1935 Cuembelina striata (Enremberg) Jedlitschke, p.42, fig.1l,12

(not figs.1l3 14,17)

1936 Not Guembelina striata (Ehrenberg) Cushman, p. L.J_8 , pl.1, fig,1lla-b

1937 Guembelina striata EEhrenberg) Kalinin . pp.37-38, pl L, fig,56
1937 Not Guembelina striata (Ehrenberg) Voorwijk, p.19%4, pl 1, fig,9-10
1941 Guembelina globulosa var. striatula Marie, p.182f, pl.._8

f:.gs. 273%a,b,c, 27Z+a b, 275a,b
194 Not Guembelina striata (Ehrenbergg Cushman, p. 91, pl. llg., flg.b.
1946 Not Guembelina striata (Ehrenberg) Cushman, p.7, pl.3, fig.2h
1953 Not Guembelina striata (Ehrenberg) LeRoy. p.3k4, pl.5, figs.13,1l4
pl.6, figs.6-7
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1953 Pseudoguembelina striata (Ehrenberg) Bronnimann and Brown.
P'15h' tof06

1956 Not DPseudoguembelina striata (Ehrenberg) Said and Kenawy. p.l139,
pl.3, fig.37

1957 Pseudoguenmbelina striata (Ehrenberg) Said and Barakat. p.77,
pl.1l, figs.17a-b
1958 Guenbelinz striata (Ehrenberg) Ansary and Fakhr . pp.122-123,
pl.1l, figs,24a-b
1959 Guembelina striata EEhren'berg; Hofker. p.95, t.f.8
1959 Heterohelix striata (Ehrerberg) Olvera, p.71-72, pl.2,figs.4,8

1960 ? Pseudoguembelina striata (Ehrenberg) Belford, pp.60-61, pl.l15,
figs. 12,13

1960 Guembelina striata {(FEmcenberg) Tollman, p.181, pl,18, figs.2,3
1961 Guembeline striata (Fhrenberg) Hofker. pp.570-571, t.f.58,59
1962 Gueribelina striata (Ehrenbergz Haake. p.46, pl.4, fig.ly
1962 Guembelina striata (Fhrenbere) Hofker, p.1063, t.f.8c, p.1067,
' t.f.12¢c
1962 Not Guembelina striata gEhrenbergg Pessagno. p.358, pl.l, fig.5
1962 Heterchelix striata (Ehrenberg) Skinner, p.39, pl.5, fig,l1l0
1962 Heterohelix navarrcensis Leoblich. Pessagno. p.358, pl.l, fig.4
1964 Pseudoguembelina striata (Ehrenberg) Said and Sabry. p.39%,
Pl.j’ fig.21
1965 Heterchelix striata (Bhrenberg) Takayanagi. pp.198-199, pl.20,

figs.ha-b (including additional

synonymy in T, striata, .
Guembelina striata and H.striata)

1965 Heterchelix globulosa (Ehrenberg) Takayanagi. 1bid, figs.la-b,
(and synonymy)

1966 Heterchelix striata (Ehrenberg) Ansary and Tewfik. p.4l, pl.3,
figs, 3a-b

1967 Heterchelix striata (Ehrenberg) Pessagno. p,26k4, pl.78,
figs.4~5, pl.88, figs,3-7

1969 Heterohelix striate (Ehrenberg) Douglas. pp.159-160, pl.ll,
Pigs.l,7-8

1969 Heterchelix striata (Ehrenberg) Funnell, Friend and Ramsay,
.21, pl.1l, figs.3,4, t.f.2a-b

1969 Heterchelix striata (Bhrenberg) Stenestad. pp.653-654, pl.l,
fig.4, pl.2, figs,l,la,lb,
t.,f.la~c

19€7 Heterohelix globulosa (Ehrenberg) Douglas. pp.l57-158, pl.ll,
figs.l1l2a-b

Description. Test small to medium sized, one and a half times as long
as broad, expanding moderately; maximum breadth at the last pair of
chambers; median line straight to slightly bent; periphery moderately
indented throughout; axial periphery broadly rounded; chambers in 6
pairs, early small, subglobular, later increasingly inflated; sutures

deeply depressed, almost straight; wall calcareous, perforate; surface
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ornamented by well developed, fine and curved striae; aperture a lunate
opening on the inner margin of the last chamber,

Main variation

1. Test small to large, increasing slowly to rather rapidly
in width, 1% - 21 times as long as wide.

2, Periphery either slightly or moderately lobate.

3, median line straight or curved, slightly or moderately
deepened,

4, Chambers in 6-9 pairs, either globular throughout or early
subglobular and later globular, The ultimate pair of
chambers is either well developed and constitutes % - &
of the test size or reduced to egual to or smaller than the
penultimate pairs.

5. Megalospheric forms have a large proloculus, small test and
maximum of . chambers in the adult test,

6. Sutures either straight or slightly curved but always deeply
depressed,

7. The striation of the surface either moderate, fine or very
delicate and sometimes thickened giving to the test a

Pseudoguembelina costulata - like appearance. Ornamentation

confined to the early part of the test or throughout and
sometimes the ultimate pair of chambers is exceptionally
smooth,

Remarks. Heterchelix striata was first described by Ehrenberg (182;0) as

Textularia striata, His type specimens came from four different

geographical locations in the Northern hemisphere;

l. Puszkary Grodno gegenuber, am ufer der Memel, in Poland
(Figures 1 alpha, 1 alpha prime),
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2, Jutland in Denmark (Fig,2 alpha)
3. Insel Rugen in Pommern, Germany (Fig,3 alpha)

4. Gebirgsmasse Van Hamam Farun, in Sinaitischen, Arsbia,
(Fig.9 alpha)

Neither the type locality nor the type specimen were designated.
Pessagno (1967) selected Fig,2 alyhaand the corresponding specimen as

lectotype figure, and lectotype specimen of Textularia striata Ehrenberg

respectively, and figs,lalpha, lelpha prime, 3alpha and their corresponding
specimens as paralectotypes. Thus Jutland, Denmark automatically becomes
the type locality,

Pessagno (op.cit.) regarded the specimens figured by Berggren
(1962, figures la-5b) from the Kjolby Gaard marl, Jutland, Denmark as
topotypes of H, striata (Ehrenberg). Thus the Kjolby Gaard is the type
lithic unit.

Ehrenberg (1854 1856 ) and his followers Tutkowskiy (1887, 1925)
and Yakovlev (1891 ), despite his own description of the genera Heterohelix
(1843) and Spiroplecta (184)) continued placing this species in Textularia
d'Orbigny.

Ehrenberg's T, striata is much closer to H, americana than to any
other species. Both show similar chambers and sutural characters, and
parallel stristion perpendicular to the septa. The only noticeable
difference is the lack of early coiling in T, striata. However, the
early coiling is itself not sufficient for specific descrimination.
Moreover, even amongst individuals of the same species, specimens both
with early coiling and lacking it are present.

The form figured by Yakovlev (1891) as T, striata belongs in

H, striata.
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Egger (1899(1900)) described Gumbelina as a new gemis to include
T, striata Ehrenberg, but later M. Gallitelli (1957) affirmed the

synonymity of Gumbelina with Heterohelix. As Heterohelix has periority

over Guembelina she retained the former (in opposition to Hofker (1957),
who considered Heterchelix the junior synonym), In fact, the name
Guemb. .ina Egger was itself found a junior homonym of Guembelina Kuntz
(1895) and thus doubly invalidated., (Loeblich and Tappan (1961).)

Forms figured by Egger (Tbid) as G. striata have widely spread,
thickened and less massive striae and are probably transitional from

Pseudoguembelina costulata (Cushman) to Ps. excolata (Cushman). They

are here questionably assigned to H, striata (Ehrenberg).

Ehrenberg (1840) described as Textularia globulosa, five other

specimens similar to H, striata, again neither the type locality nor

the type specimen was designated. His specimens came from five different
geographical locations; Demmark, Poland, England, France and Egypt.
Judging from the description and figures (pl.k, figs.2B, 4B, 5B, 7B, 8B)
the only noticeable difference between H, striata and this species is in
the lack of surface ornamentation of the latter,

The presence of ornament in H, globulosa was later announced by
MoGugan (196L4) who found some of the H. globulosa specimens to have
traces of longitudinally arranged costae or lineation,

Takayanagi (1960, 1965) found the same features on the wall of
specimens of H. globulosa from Hokkaido and California, Berggren (1962)
reported specimens of H, striata from Jutland, Denmark with moderately
developed striae as well as specimens with no apparent striae, Pessagno
(1967) confirmed the presence of striae on the early part of the test of

H. globulosa from Arkansas, Texas and Mexico.
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However, none of those authors attempted to demonstrate the
synonymity of the two species.
Noel X, Brown (1967) stated, "Any ornamentation, fine or coarse,

exhibited on the Heterohelicid test is herein referred to as striae®,

This means that any specimen of Heterchelix of H, globulosa - type with
either fine or coarse stxigte ornamentation is H, striata. Moreover,
specimens showing different strengths of striation were illustrated
under H, striata in the “Catalogue of Index Smaller Foraminifera, Part 1,
Ellis, Messina .. et,al (1969)".

Stenestad (1967) in "The Gemmus Heterchelix Ehrenberg (1843)" found
very few Danish specimens of Heterchelix completely smooth., He stated,
"The Danish specimens called H. globulosa are actually faintly and
indistinctly striate specimens of H, striata ...." He (Ibid) also
examined a few hypotypes of H, globulosa from the Kemp clay, Texas and
found that they all are slightly striate,.

However, the morphological similarity and the stratigraphic ranges
of these two species throughout the stratigraphic sequences of southern
Irag strongly suggest their synonymity. If entirely smooth forms are
actually present in sequences younger than the early Coniacian they most
probably represent the primitive stages in the lineage leading to H, striata.

One the other hand this writer, so far favours the view put forward
by Noel K, Brown (op.cit) "intensification of stria on the whole is

an evolutionary trend in the Heterohelicidae family", but finds in

practice that variations in environment during life and secondary changes
on fossilisation (i.e. dolomitization, etc.) so modify surface ormament

that it loses much of its taxonomic and stratigraphic importance,
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Cushman (1936, 1944), Voorwijk (1937) and LeRoy (1953) described

as Guembelina striata Fhrenberg forms which are actually Pseudotextularia

elegans (Rzehak). Germeraad (1946) and Pessagno (1962) figured as
G. striata forms which probably belong in H, punctulata (Cushman). The

form figured by Said and Kenawy (1956) as Pseudoguembelina striata

(Ehrenberg) belongs in a different species.
Nakkady (1949, 1950) recorded the occurrence of G, striata (Ehrenberg),
G. striata var. compressa n,var, Nakkedy and G. globulosa (Ehrenberg) from
the iaestrichtian - Danian succession of six widely separated sections
in Egypt. The examination of these specimens in the British Museum of
Natural History, Loﬁdon, showed that;;
1. The slide labeled G, striata (Ehrenberg) contains 15 specimens

of Heterchelicidae belonging in 4 different species; H, striata

(Ehrenberg), H, ultimatunida (White), Ps. excolata (Cushman) and Ps.

palpebra Bronnimann and Brown.
2. The slide labeled G, striata var, compressa n,var, contains 16
specimens belonging in 6 different species; H, striata (Ehrenberg),

H. ultimatumida (White), Ps. excolata (Cushman), Ps, costulata (Cushman),

Ps. palpebra Bronnimann and Brown and Pt. elegans (Rzehak),

3. The slide labeled G. globulosa (Ehrenberg) contains 20 specimens
belonging in 2 different species; H, striata (Ehrenberg), with faint
surface striation and H, reussi (Cushman) with proncunced triangular
openings between the adult chambers,

Occurrence, Abundant in the Khasib and Tarnuma formations and the lower
half of the Sadi formation, Rare in the Hartha, Qurna and Tayarat

formations, and the upper half of the Sadi formation, Globotruncana

renzi/Heterchelix pseudoguembeliniformis zone — Globotruncana gansseri
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zone,

revious records of Occurrence: According to the above references,

H. striata ranges from Campanian to Maestrichtian in various parts of
Burcpe, North America, the Caribbean region, the West Indies, Australia,
Asia, North Africa; from Santonian to Maestrichtian in the U.S8.8.R.,
Denmark, Iren; from Coniacian to Maestrichtian in the Gulf Coast and
the Westem interior region, the U.S,A., Egypt; from Turonian to

Meestrichtian in California; eand from the Cenomanian of Egypt and the

(Tertiary?) of Moravea of Czechoslovakia,

Genus Gublerina Kikoine 1948
Type species Gublerina cuvillieri Kikoine 1948

Gublerina cuvillieri  XKikoine

pl.6, fig.8; pl.27, fig.9

1948 Gublerina ouvillieri Kikoine, p.26, pl.2, figs. 1lOa-c

1953 Gublerina cuvillieri Kikoine, G&eKlasz., p.246, pl.8, figs.la-t

1953 Gublerina aff, cuvillieri Kikoine. deKlasz. Ibid. p.248.

footnote 1, pl,8, figs.2a-b

1955 Gublerina cuvillieri Kikoine, Bettenstaedt and Whicher, p.502,
pl.2, fig.15

1957 Gublerina ornatissima (Cushmen and Church) Gallitelli. p.lLO,
pl.32, fig.6 (not figs.1-5)

1963 Gublerina ornatissima (Cushman and Church) Bronnimann and
Rigassi. p.l7, fig.4

1966 Gublerina cuvillieri Kikoine. Wille-Janoschek, p.1l1l7, t.f.8,
fig.ll

Remarks  Gublerina cuvillieri was first described by Kikoinc (1948) from
the Maestrichtian of the French Pyrenees.

Kikoine's figured holotype, analysis of all other figured and
described hypotypes and the samples here studied show the main diagnostic
characters of this species to be;

1. Chamber divergence starting in the early portion of the test,

2. Proliferation of chambers (if present) occurring between divergent
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chambers and sometimes extending up to the top pair (not starting from
the top pair).

3. Reniform shape of biserial chambers,

L, The non-septate median portion compressed below the level of the
lateral surfaces of the biserial chambers.

Occurrence. Rare in the Qurna fommation.  Globotruncana gansseri zone.

Przvious_records of Occurrence. Maestrichtian of Austria, Baveria,

rorthwestern Germany, France and Cuba,

Gublerina glaessneri  Bronnimann and Brown

pl.6, fig.6

1953 Gublerina glacssneri n,sp. Bronnimenn and Brown, pp.155-156
t.f. 13-1)

1957 Gublerina glaessneri Bronnimann and Brown, M,Gallitelli. p.1h41
pl.32, fig.7

1967 Gublerina glaessneri Brommimann and Brown, Pessagno. p.265
(no figure)

Remarks, A single specimen showing compressed, early closely appressed
and later diverging chambers is assigned to Gb, glaessneri Bronnimann and
Brown. The outline is sharply lorate, and six pairs of subrectangular,
reniform, angled, biserial chambers enclcse chambers which are compressed
below the level of those ocutside. The sutures are thick and limbate;
the aperture is not seen, The uniserially arranged median chambers are
difforent from those of the holotype but simila to that of the figured
paratipe. A similer Gublerina was also figured by M, Ga.ll'itelli (1957).
Gb. glaessneri was first described by Bronnimenn and Brown (1953)
frcm the Maestrichtian of Cuba, together with Gb. hedbergi n.sp. They
later (195L) suggested that the latter species is a junior synonymy of

Gb. acuta rubosta deKlasz (1953).
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Occurrence. Lower part of the Sadi formation. Globotruncana concavata

subzone,

Previous record of Occurrence. Originally described from the

Maestrichtian of Cuba. Elsewhere, this epcies has only been found in

the Gulf Coast area at the type locality of the Mendez shale (Maestrich-

tian),
Gublerina ? reniformis (Marie)
pl.6, fig.7
1941 Ventilabrella reniformis Marie. p.185, fig.277a-b

Remarks. A single specimen referable to this species is characterized
by its small, rapid expanding and triangular test; early entire and later
very slightly lobate sides; rapidly increasing chambers which become
reniform and diverge into two series with a simple proliferation tendency
in the adult stages. The test as a whole is laterally compressed but
chambers individually retain their inflation, Two apertures were seen
in top view, one on each side of the median extra chamber,

The present species differs from Marie's holotype in not having
early diverging chambers,

Occurrence. In the lower part of the Tanuma formation. Globotruncana

renzi/Heterchelix psecudoguectbeliniformis zone.

The species was originelly described by Marie (1941) from the

Senonian of the Paris Basin as Ventilabrella reniformis,

Gublerina sp.A
pl.6, fig.9; pl.7, fig.2.
Remarks. A single specimen of a species with a regularly tapering and

laterally compressed test, lobulate periphery and biserially arranged,
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slightly divergent and inflated chambers was found. One single chamber
occupied the whole central space between the last two pairs of chambers and
protrudes strongly on both _sides of the test, The sutures are slightly
curved, strongly oblique and depressed. The wall is calcareous and
perforate. The peripheral margins are heavily striated, the lateral
surfaces less strongly so and the last adult chambers are almost smooth,

The species differs from the similarly compressed Ventilabrella

compressa Van der Slus (1950) from the Maestrichtian of eastern Seran,
Indonesia, mainly in the lack of limbate sutures, in having the aberrant
chamber not compressed below the level of the test and in possessing

surface markings (striation), It differs from Gublerina omatissima

Takayanagi (1965) (not Cushman and Church 1929) from the Upper Coniacian -
Campanian of the Puta Greek subsurface section, in the same characters.

From Ventilabrella ornatissima Cushman and Church (1929, pl.39, fig.5

and paratypes) it differs in exhibiting inner protruded chambers and the
absence of proliferation of chambers at the top of the test.
Occurrence, The species was found in the upper part of the Tanuma

formation. Globotruncana renzi/Heterchelix pseudoguembeliniformis zone,

Geris Pseudoguenbelina Bronnimann and Brown 1953

Type species Guembelina excolata Cushman 1926

Pseudoguembelina costulata (Cushman)

pl.7, fig.l; pl.8, figs.h=5

1938 Guembelina costulata OCushman. p.1l6, pl.3, figs.7-9

1937 Guembelina excolata Cushman. Voorwijk. p.19%, pl.l, figs.7-8

1953 Guembelina costulatsa Cushman, Hamilton. p.234, pl.30, fig,l12

1953 Pseudoguembelina costulata (Cushman) Bronnimann and Brown
Pp.153-15k, tex.fig.b

1958 Pseudoguenbeling excolata (Cushman) Ansary and Fakher, p.119,

pl.1, fig.23
1959 Pseudopuenbelina costulata (Cushman) Haque, pp.10-11 (no figure)
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1961, Pseudoguembelina costulata (Cushman) Said and Setry. p.392,
pl.3, fig.19

1965 Pseudoguembelina costulata (Cushman) Perliutter and Todd,
P-llll-, pl.2, fig;lll'

1966 Pseudoguembelina costulata (Cushman) Ansary anmd Tewfik. p.42,
pl.3, figs.%9a~b

1967 Pseudoguembelina costulata (Cushman) Pessagno. p.266, pl.79,

fig.l, pl.88, figs.8-9,
pl.905 fig.3 and synonym

1967 Pseudoguembelina excolata costulata (Cushman) Bandy. p.2,
t,£.12(11)

1969 Pseudoguembelina costulata (Cushman) Douglas. p,160, pl.l1l,
fig.6

1969 ?  Pseudoguembelina costulata (Cushman) Funnell, Friend and
Ramsay, pl.l, figs.1ll-12,
t.£f.1 (not t.f.6)

Remarks.,  Pseudoguembelina costulata was first described by Cushman

(1938) as Guembelina costulata, He redescribed this species in 1946

without further comment, Bronnimann and Brown (1953) described

Pseudoguembelina as a new genas and distinguished it from the genus

Guembelina Egger (see under H, striata) by its distinctive, supplementary
apertures along the median line in the lobate stage, and to lesser extent,
by the nature of its costae, They included in this genus four already
described species of Guembelina, including G. costulata Cushman and the
newly described Ps. palpebra Bronnimann and Brown,

In southern Iraq, Ps. costulata at its first appearance is
distinguished from Ps. excolata (Cushman) in having a compressed test,
both fine and massive costae and an early entire and later strongly
lobated periphery. It differs from Ps. palpebra Bronnimann and Brown
in having less inflated, slightly lobated or entire chambers in lateral
view.

Pessagno (1967) distinguished Ps. costulata from Ps. excolata by
its narrow outline and the possession of fine rather than coarse costae,

However, forms with coarse costae and a narrow or small, rapid
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tapering, wide test and fine costae were found in this study,

The foms described by White (1929) and LeRoy (1953) as Guembelina
excolata Cushman, and by Said and Kenawy (1956) as Psw excolata (Cushman)
are good examples.

The spccimens described by Said and Sabry (1964) as Ps. excolata
showing a compressed test, fine and massive costae are identical with
Ps. costulata.

Occurrence, Abundant in the lower part of the Sadi, uppermost part of
Hartha and the lower part of Qurna formations. Rare in the upper part
of the Sadi, lower part of the Hartha and throughout the Tayarat formations,

Globotruncana concavata subzone - Globotruncana gansseri zone,

Previous record of Occurrence. In the United States it is known from

the Campanian of Texas, Mississippi, Alabama, Tennessee and the Campanian-
Maestrichtian of southwestern Arkansas anmd California, In the Caribbean,
it occurs in the Maestrichtian of Cuba and Campanian - Maestrichtian of
Peurto Rico and Mexico. In Europe it is kncwn from the Campanian -
Meestrichtian of western Spain. DPs. costulata is also found in the

Campanian - Maestrichtian of west Pakistan and the U.A,R,

Pseudoguenbelina excolata  (Cushman)

pl.8, figs.1

1926 Guembelina excolata Cushman., p.20, pl,2, fig.9
1926 Textularia costata Carsey. p.26, pl.l, fig.h
1931 Guembelina excolata Cushman, Plummer, pp.176-177, pl.8, fig,1l0

1937 Not Guembelina excolata Cushman, Voorwijk. p.194, pl.l, figs.7-8
1938 2 Guenbelina excolata Cushman. Cole. pl.3, fig.h

1938 Guembelina excolata Cushman. Cushman. p.17, pl.3, fig.2

1941 Guembelina excolata Cushman, Cushman and Hedberg. p.92, pl.46,
fig, 1y

1947 Guembelina excolata Cushman, Cushman and Renz., p.44, pl.l11,

figs,11-13



1953
1954
1956
1957 Not
1958 Not
1959 %
1959
1960 Not
1964 Not
1966
1967

1967

1969

Remarks.

Guembelina excolata Cushman, IeRoy.

Guembelina excolata Cushman, Prizzell.

Pseudoguembelina excolata (Cushman)

Pseudoguembelina

excolata

Pseudoguembelina

excolata

Pseudoguembelina

excolata

Pseudoguembelina

excolata

Pseudogueiibelina

excolata

Pseudoguembelina

excolata

Pseudoguembelina

excolata

excolata

(Cushman)
(Cushman)
(Cushman)
(Cushman
ECushman
Cushman
(Cushman)

excolata

Pseudoguembelina

Pseudoguenmbelina

excolata

Pseudoguembelina

excolata

(Cushman)
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P‘Bll" p]--7’ figs. 21{-—25
p.108, pl.15, fig.20

Said and Kenawy. p.139,
pl.3, fig.36
Gallitelli. pp.l39-140,

pl.31, fig.23

Ansary and Fakher, pp.l24-125.
pl.l, figs.28a~b

Olvera, pp.75-76, pl.2,
figs.2=3

Haque, pp.10-11 (no figure)
Olsson. p.28, pl.k, fig,1ll
Loeblich and Tappan. p.656C,
£ig,525,5,6 .
Ansary and Tewfik. p.42,
pl.3, figs.10a-b

(Cushman) Bandy. t.f.12
(10,not 11)

Pessagno. pp.266~267, pl.68,
figs.4-5 (not pl.90, fig.5)
and synonym,

(Cushman) Funnell, Friend end Ramsay,

pl.2, figs.1,2, t.f.7

Pseudogucmbelina excolata was first described by Cushman (1926)

as Guembelina excolata from the Upper Cretaceocus of San Luis Potosi,

Mexico.

Bronnimann and Brown (1953) in their observations on some

planktonic Heterohelicidae from the Upper Cretaceous of Habana, Cuba,

found that certain specics of the striate Heterchelicidaec possess minute

supplementary apertures developed at the base of each chamber on both

sides, and covered by tiny valves or flaps.

apertures do not appear until the lobate stage.
established the gemus Pseudoguenmbelina,

Bronnimann andé Brown's observations.

They also noted that these

On this basis they

The present study confirms

M, Gallitelli's statement that

the supplementary apertures are developed from the very first stage is

in error,

The form which has fine costae, more inflated chambers

(especially the last pair) and is nearly as wide as high, figured by

the latter author (1957) as Ps. excolata (Cushman) is assignable to Ps.

palpebra Bronnimann and Brown,

Casey (1926) figured as Textularia
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costata a specimen which belongs in Ps. excolata (Cushman),  Specimens

possessing fine, massive costae and compressed tests, described by

Voorwijk (1937) as Guembelina excolata and by Ansary and Fakher (1958)

as Ps, excolata are related to Ps. costulata (Cushman).

The specimen figured by Olsson (1960) as Ps. excolata also should
be assigned to Ps. costulata, That depicted by Leoblich and Tappan in
the Treatise of Invertebrate Palaeontology (196L) as representative of

the genus Pseudoguembelina (’]ig. Eal;gebz,'_a) shows the same characters as

the one figured by M. Gallitelli (op.cit.).

Ps. excolata (Cushman) is distinguished from species of Heterchelix
by the possession of elongate, tube-like, apertural flaps, It differs
from Ps. palpebra Bronnimann and Brown in its less inflated chambers
(although some Ps, palpebra specimens exhibit compressed chanbers in the
last stage (see under Ps. Ealp_ebra) ), slightly coarser but less massive
costae and, as mentioned by Pessagno (1967), but the flat or gently
arched flaps covering the supplementary sutural apertures.

In this study Ps. costulata was found to exhibijt some characters
of Ps. excolata in late Santonian time. Some forms have a small test
but coarse costae, others a large test and fine to medium costae or
coarse costae and a narrow outline. Nevertheless, there still remain
the striking characters of Ps, excolata, namely the few, widely spaced
coarse, adult costae and smooth, slightly costate early portion,

Further investigations may demonstrate the synonymy of these two
morphologically similar species,

Occurrence, Abundant in the Qurna formation, Rare in the Tayarat

formation., Globotruncana gansseri zone,
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Previous record of Occurrence. The Maestrichtian of Texas, Arkansas,

Colombia, Mexico, Trinidad, Habana, Farfara Oasis of U,A.R., west Spain;
the Maestrichtian - Danian of north Sinai, the U.A,R; and the Campanian

to Maestrichtian of west Pakistan, the Gulf of Suez, U.A.R.

Pseudoguembelina palpebra  Bronnimann and Brown

pl.6, figs.10-12; pl.8, figs.ll-13

1953 Pseudoguembelina palpebra Bronnimann and Brown. p.155, t.f.9a-b
10a-b

1959 ?  Pseudoguembelina cornuta Seiglie, pp.60-61, pl.k, figs.la-b

2a-b 3a-b La-b 5a-b 6, 7

1967 Pseudoguenbelina palpebra Bronnimann and Brown. Pessagno.

p.267, pl.78, figs.1l-3 (not pl.89,

figs.3,4,5) and additional synonymy

Remarks. Ps. palpebra Bromnimann and Brown is distinguished by its as

long as broad, compressed test; its large, as high as wide penultimate
adult chambers which increase in height towards the last pair and by the
usual compression of the final one or two chambers.,

Although Bronnimann and Brown (1953) stated "In many specimens, the
ultimate pair of chambers display strong lateral compression", their
test figure 10b shows only one chamber of the final pair displaying this
character.

In the present study both variations were observed and these are
not considered to have any taxonomic importance.,

A few specimens having fine surface striation, very slowly tapering
adult stage and a small and compressed ultimate chamber were found,

These are identical with the form described by Seiglie (1959) as Ps.

cornuta n,.sp, No striking differences were found between this species
and Ps. palpebra, and, following the study of Pessagno (1967 p.267) BEs.
cornuta Seiglie is included in the synonymy of Ps. palpebra Bronnimann

and Brown.
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Ps. palpebra morphologically is closely related to both Ps., costulata
(Cushman) and Ps. excolata (Cushman). Tt differs in having an inflated
test as long as broad, as high as wide chambers in the adult stages and
costae intermediate in character between those of Ps. excolata and FPs.
costulata,

Pessagno (Ibid) suggested that "the arched, tube like apertural
flaps covering the supplementary apertures” serve as another criterion
distinguishing Ps. palpebra from Ps. excolata or from the other related
forms., Such a feature seems unsatisfactory and is not used for specific
differentiation in this study. Moreover, none of Pessagno's figures
shows such a distinctive feature.

Tt is believed that both Ps. palpebra and Ps. costulata have

evolved from the Heterchelix reussi stock through H, planata by increase

in the coarseness of the surface ormamentation and the development of
apertural flaps which cover the supplementary apertures., The morphologic
similarity between these two species is probably due to the parallel
dgvelopment,

The specimens figured by Pessagno (1967 pl.8 figs.3,4) as Ps.
palpebra and (pl.89, figs.,5,12-14) as Ps, aff, palpebra are referable
to H., robusta Stenestad. They have robust, coarsely striated surface
ornamentation and lack the Psecudoguembelina-type supplementary apertures
(see under H, robusta),
Qccurrence. Abundant in the Qurna formation. Rare in the Tayarat

formation. Globotruncana gansseri zone,

Previous records of occurrence, It was originally described by Bronnimann

and Brown (1953) from the Upper Maestrichtian of Cuba, and from the liddle

Macstrichtian to Upper Masstrichtien of Mexico, Texas and Arkansas.
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Pseudoguembelina zubairensis sp.nov.

pl.8, figs.8-10
Description. Test medium sized, compressed, twice as long as broad
moderately to strongly tapering; median line deep and wide in its adult
stage; periphery in early stage entire, later slightly lobate; axial
periphery rounded; initial chambers smail s compressed, 5-9 pairs,
followed by large, inflated and overlapping chambers, slightly wider
than high and increasing in height towards the apertural end; the
ultimate pair are inflated ard much higher than wide; the biseriality
of the test is terminated by the ai)pearance of single, elongated chamber
between the last pair with two accessory chambers, one on its each side,

giving to the test Ventilabrella-like appearance; sutures deeply

depressed, strongly curved, especially in the adult stages; wall
calcareous, perforate; surface ornamented by well developed striae; a
tiny primary aperture was seen at the inner margin of the last central
chamber bordered by a narrow lip; the flaps extending along to the
previous chambers and some paratypes show more than one aperture;

sutural supplementary apertures along the median line of the adult stages
covered by arched and elongated flaps.

Remarks, Pseudoguenmbelina zubairensis sp.nov. is distinguished by its

overlapping and inflated chambers, elongated and much higher than wide
last pair of chambers, the presence of a single central and two small
marginal aberrant chambers, the presence of multiple primary apertures
and the supplementary sutural epertures which are covered by elongated
and arched flaps,

These characters differentiate Ps. g_uba,irensisAfrom the morphologic-

ally related Ps. palpebra Bronnimann and Brown, and from other members
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of this genus. It differs from Ventilabrella carseyae Plummer in having

compressed test, in the shape and arrangement of the adult chambers, in
the surface ornamentation and in possessing sutural supplementary apertures
and apertural flaps,

Occurrence. Abundant in the lower part of the Sadi formation,

Globotruncana concavata subzone.

Pseudoguembelina pseudocarinata  sp.nov.

pl.9, figs.l-3
Description. Test small; biserial, laterally compressed, almost as long
as wide, rapidly tapering; maximum breadth at the last pair of chambers;
periphery in very early stages entire, later slightly indented with keel-
like thickening of chambers margins; axial periphery subiruncated;
chambers initially planispiral, minute and not inflated, followed by 5
pairs of rapidly increasing chambers; last L4-5 chambers large, slightly
wider than high, subrectangular and inflated, in cross section perpen-
dicular to the axis of growth chambers narrow, rhomboid, margins acute
and thickened; Ilateral sides slightly curved; sutures initially flush,
later deeply depressed and straight; wall calcareous, finely perforate;
surface ornamented by faint striae equally distributed over the test
suiface; primary aperture a moderate sized opening at the base of the
final chamber; supplementary apertures in the adult stages along the
median line sometimes covered by elongated thin apertural flaps,

Main variation:

1. Test small to medium sized, moderately to strongly compressed.
1- l% times as long as wide, increasing moderately or rapidly

in width,
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2. Pseudo kcel either partially developed or covering the whole
margin of the test,

3. Chambers in 5-6 pairs, either slightly wider than high, or
equal in width and height, biserial throughout or with the
initial portion planispiral.

4. Early chambers and/or last chambers either symmetrical or
twisted.

5. Primary aperture high, either wide or narrow and sometimes

of Chilloguembelina~type due to twisting.

6. Supplementary apertures either closed by elongated, thin,
apertural flaps or remaining open (this later condition possibly

more apparent than real and probably due to poor preservation),

Remarks. FPseudoguembelina pscudocarinata sp.nov, is distinguished by
its moderately to strongly compressed test; keel-like marginal thickening
and entire early part; subtruncate axial periphery; chambers sub-
rectangular in lateral view and rhomboid in sectioned top view,

It is morphologically similar to each of the following Heterohelix
species, all of which appear at a stratigraphically younger level except
the first which is older ; H. plenata (Cushman), H? garinata(Cushman),

H. pachymarginata Stenestad, H, globocarinata (Cushman) and H. glsbrans

(Cushman).

Compressed specimens of Ps. pseudocarinata sp.nov. resemble 1,7

carinata (Cusl'unan), but differ in having striae covering the whole surface
of the test, keel-like marginal thickening rather than a true keel and
supplementary apertures between the adult chambers, However, since
Cushman (1938) description of H? carinata no one has made a detailed

study of the type specimen. If the holotype is examined and found to



127

have & wholly striated test surface, thickened peripheral marg:l.ns and
supplementary apertures, then it might be possible to include the present
new fom in its synonymy.

Both H, planata (Cushman) and H., globocarinata (Cushman) are

morphologically related to Ps. pseudocarinata; they differ in having

less compressed and larger tests, rounded rather than rhomboid chanbers
in apertural view, The keel if present, restricted fo the early portion.

However, H. globodarinata has a strongly inflated and enlarged

last pair of chambers, a larger primary aperture and has longer
stratigraphic range.

H. pachymarginata Stenestad shows limbate, raised sutures at least

in its early stages; a marginal, keel-like, thickening restricted to
the initial portion, formed by the extension of its raised limbate sutures

along this part of the test, Furthermore, H. pachymarginate lacks the

characteristic supplementary apertures and the subtruncated axial
periphery,

.I;’_s_. pseudocarinata sp.nov, is more closely related to H, glabrans

(Cushman), The species agree in the apertural characteristics and to
a lesser extent, in those of the supplementary apertures, However, they
have a different surface ormamentation and keel character, In addition,
H, glabrans has a smaller width to length ratio and a less compressed
test,

The writer has the feeling that H. glabrans (Cushman) and Ps.

pseudocarinata are from the same ancestral stock. This is suggested

by their close morphological characters and stratigraphic distribution
(see Cushman 1938). On the other hand, by smoothening the test surface R

developing the marginal thickening into a true keel and development



123

of supplementary apertures, Ps. pseudocarinata might possibly have

evolved into H.? carinata. However, contrary to Pessagno's statement
(1967), there is little or no relationship between this species and
either H, pulchra (Brotzen) or H. glabrans, The reniform chambers in
H. pulchra, especially the last one or two pairs, are unique among the
known species of Heterchelix, For the same reason, one cannot place
H. planata in the synonymy of H, pulchra (see Douglas 1969).
Occurrence. Abundant in the Tarnuma formation,

Globotruncana renzi/Heterchelix pseudoguembeliniformis zone,

Genus Pseudotextularia Rzehak 1891

Type species Cuneolina elegans Rzehak 1891

Pseudotexularia elegans Rzehak

pl.27, fig.ll

1891 Cuneolina elegans Rzehak. p.2, m

1895 Teeudotextularia varians Rzehak. p.217, p.'l). .7, fig.la~b (not
figs.2,53

1929 Guembelina elegans (Rzehak) White, pp.Bll-,35, pl.k, fig.8

1938 Guembelina plummerae Loetterle, Cushmen, pp.15-16, pl.3, figs.
3a~b,4,5a~b

1943 Guembelina plummerac Loetterle, Wessem, p.145, pl.l, figs,37-38

1952 Guembelina plummerae Loetterle, (()1vr1eu:z):. p.270, pl. 6 fig.,lla-b
not 12

1956 Guenbelina plummerae Loetterle, Said and Kenawy., p.139, pl.3,
fig.33a~b

1956 Bronnimannella plummerae (Loetterle) Gallitelli. p.35, pl.7,

figs.1l,2
1957 Pseudotextularia elegans (Rzehak) Gallitelli. p.138, pl.33,
figs.6ba—c
1959 Guembelina plummerae Loetterle, Nagappa. pl.7, figs.5, 6a-b
1966 Pseudotextularia elegans (Rzehak) Salaj and Samuel. p.232
tab.37, fig.ll
1967 Pseudotextularia elegans elegans (Rzeha.ks Bandy. p.2kh, t.£.12(12)
1967 Pseudotextularia elegans ZRzEL_ ) Pessagno. pp.268-269, pl.75,

figs,12-17, pl.85, figs.10~11,
pl.88, figs,lh=16 (not pl.89,
figs. lO-ll = Pt, _Elumnerae)
And additional . Synonymy
except Pt. elongata Seiglie
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Also see under H. striata (Ehrenberg).

Remarks. Pseudotextularia elegans (Rzehak) was originally described

as Cuneolina elegans Rzehak. White (1929) designated the specimen

figured by Rzehak (1895, pl.7, fig.la-b) as Pt. varians Raehak the
lectotype of Pt. elegans Rzehak.

The species is very closely related to Pt, plummerae (Loetterle);
its separation from the latter depends on the intensity of the surface
striation and the length/breadth ratio of the test,

Many authors, including Cushman, confused this species with H.
striata (Ehrenberg). (See under H, striata Ehrenberg)

Pessagno (1967) examined the two paratype slides of H, globocarinata

(Cushman) in the Cushman's collection, United States (National Museum),
and found that the slides contain specimens which not only belong in

H. globocarinata but also Pt. elegans (Rzehak).

From the above study it can be concluded that;

1. Both H, gldbocarinata (Cushman) and Pt. elegans (Rzehak)

probably occur together in the same sample worked by Cu§hman (1938).

2. Cushman has included in the synonymy of H. globocarinata all

specimens having a greatly enlarged and inflated last pair of chambers
regardless of the surface ornamentation. This is confirmed by the
occurrence of H, globulosa (Ehrenberg) (= H, striata in this study.) in
the same paratype slides,

Ds. elegans (Rzehak) is distinguished from H. gldbocarinata

(Cushman) by having chambers strongly compressed in the direction perpen-
dicular to the axis of growth (perj.phery), a heavily and coarsely striated
surface, reniform chanbers which are much wider than high in the

peripheral view and in the lack of early peripheral keel or entire margin.
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Cushman (1936, 1944), Voorwijk (1937) and LeRoy (1953) described

as Guembelina striata (Ehrenberg) forms which are actually Pt. elegans

(Rzehak).

It is believed that Pt. elegans has evolved from H, striata stock
through Pt, plummerae by further increase in the intensity of the surface
striation and renification of the chambers in peripheral view.
Occurrence, Occurs rarely in the Qurna and Tayarat formations,

Globotruncana gansseri zone,

Previous record of Occurrence, The Campanian and Maestrichtian of

Texas, Arkansas, Mexico, Peurto Rico, Cuba, Venezuela and west Carpathians,
From its stratigraphic occurrence Pt. elegans seems to be a good
Campanian - Maestrichtian index fossil in the Tythyan regions although

there are records from the Boreal regions also,

Pseudotextularia plummerae (Loetterle)

pl.9, figs.5-6

1937 Guembelina plummerae Loetterle. p.33, pl.5, figs.1l,2

1967 Pseudotextularia elegans (Rzehak) Pessagno. pp.268-269, pl.89,
figs.10-11 (not pl,75, figs.l2~
17, pl.85, figs,10-11, pl.88,
figs,14-16) A
1969 Pseudotextularia plumerae (Loetterle) Noel XK. Brown. pp.56,57
pl.4, figs.6,7

Remarks. The specimens here described as Pt. plummerae (Loetterle) are

similar to the holotype described as Guembelina plummerae from the

Niobrara formation of south Dakota, They differ from Pt., elegans
(Rzehak), (the lectotype of Pt. elegans (Rzehak) was designated by Vhite
1929, J. pal. v.3. no,l, p.34,35) in having faint surface striation

and a low length/breadth ratio of the test.
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Occurrence, Abundant in the Tanuma and lowerhalf part of the Sadi

formations. Globotruncana renz%/Heterohelix pseudoguembeliniformis zone -

Globotruncang fornicata subzone.

Previous record of Occurrence. According to Noel and Brown (1969) this

speciles ranges from Coniacian to Santonian.

Genus olgalia Reiss 1957

Type species Guembelina (Guembelina Ventilabrella) deflaensis Sigal 1952
p.36, fig.ld (top figure)

Diagnosis., Test slightly to moderately laterally compressed, periphery

moderately to strongly lobate or serrate; axial periphery subrounded or
truncate, The last two or more chambers with depressed band which often
extends along both sides of the test, joining the sutural extension and
giving the test a marginally serrate appearance; chambers biserially
arranged almost to the top of the test. Mature individuals show more
than two chambers added in a single plane on the last pair, or an abundant
proliferation of rounded, compressed chambers, The latter formm frequently
has larger test size but shorter biserial chamber arrangement (five pairs
maximum as opposed to nine in the non-proliferated form). The early
Guembelina-type chambers are followed by rectangular to subrectangular or
reniform, flat or slightly inflated chambers; sutures slightly curved
distinct, slightly depressed or flush in the early portions, raised,
slightly curved, moderately to strongly thickened, limbate or covered

by prominent granulated beads in the last stages; wall calcareous,
perforate, except for the imperforate gramulated parts and truncated
margins; surface coarsely ornamented, nodose or faintly to moderately
striate in the early part, less rough to nearly smooth in the adult stage;

aperture a low opening, single in biserial forms, two or more in



132

proliferated ones.

Discussion., Sigalia deflaensis was originally described by Sigal (1952)

from the Coniacian of northern Algeria as Guembelina (Gumberlina

Ventilabrella) deflaensis. He depicted two forms in figure 41 without

designating the holotype. Later (1955) he accepted that these two

forms belong in the two different genera, Guembelina and Ventilabrella.

Bettenstaedt and Wicher (1955) considered this species, together

with S, decoratissima (de Klasz) ard S, alpina (de Klasz) to belong in

Ventilabrella Cushman. They also figured as V, deflaensis (Sigal) two

other forms which are probably synonymous with Sigalia carpatica Salaj

and Samuel, The same authors (1957) described and refigured Sigalia
carpatica and a second form which also probably belongs in it.

Reiss (1957) examined Sigals topotype material from the Santonian
(Coniacian, Sigal 1952) of north Africa, assemblages containing G. (G.V.)

deflaensis Sigal from the Globotruncana concavata zone of Palestine ard

from various deposits of the eastern Tethys region including Europe.

He concluded that G, (G.V.) deflaensis shows certain characters different

from those of all the other genera of Heterohelicidae and is distinctive
enough to be placed in a new genus for which he proposed the name Sigalia
in honour of J. Sigal,

Although Reiss was quite justified in erecting Sigalia, unfortunately
he did not state which of Sigal's two figures represents the type species,
However, Salaj and Samuel (1962) selected one of the specimens figured
by Sigal (1952) (fig..l (top figure) p.36) as lectotype of S, deflaensis;
this automatically becomes the type species of Genus Sigalia,

Sigalia Reiss is distinguished from Ventilabrella Cushman by the

shape of the chambers, the surface ornament and the sutural and peripheral
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characters (see under diagnosis),

It is differentiated from Gublerina Kikoine by the absence of
divergence of the chambers, the presence of proliferated chambers at
the top of the test and the raised, limbate and granular sutures,

The status of Gublerina acuta deKlasz is doubtful, its chambers

show no divergence with growth and it possibly belongs in the

Heterchelix pulchra group,

S. deflaensis (Sigal) possibly evolved from H, striata through
an as yet unknowvn species of Heterchelix during early Coniacian time,
by the development of compressed chambers, slightly limbate, thickened
sutures and a slight development of early striate ornamentation. The
serrated lateral periphery and truncated apertural margins were not well
developed at this stage. On the other hand S. deflaensis is believed

to have evolved into Sigalia carpatica during very late Coniacian time

by the development of more regularly flattened, subrectangular chambers,
strongly raised, limbate, granular sutures, serrated margins and coarse
ornamentation in the early part. S. carpatica evolved into S,

decoratissima through 8. carpatica var.l var.nov. during early Santonian

time by the development of 1 - longitudinal, more strongly granulated
ornamentation covering the early and mid part of the test, 2 - the
characteristic early biserial chambers of S. deflaensis, 3 — a series
of semi-circular, subrounded and compressed chambers following the
additional chambers on the top of some specimens of S, carpatica var.l
which are thought to be transitional with proliferated chambers.

It is not certain if S, decoratissima is the ancestor S, algina

the latter species is missing from southern Irad.
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Sigalia carpatica Salaj and Samuel

pl.2, figs,10-11; pl,10, figs.l,k;
pl,1l, figs.2,4; pl.27, fig.l2

1955 Ventilabrella deflaensis (Sigal) Bettenstaedt and Wicher.

p.11, pl.1l, fig.2
1957 Ventilabrella deflaensis (Sigal) Wicher and Bettenstaedt.

p.30, t.f.3a-c
1957 Sigalia deflacnsis (Sigal) Reiss. pp.242-24)
1966 Sigalia carpatica Salaj and Samuel. tab,37, fig.2 (two figures)
1966 Sigalia deflaensis (Sigal) Wille-Janoschek. pp,123-125,

t.f.8, figs.5 (not fig.6)

1969 Gublerina deflaensis (Sigal) Scheibnerova. pp.55-56, pl.6,

figs,.6a~b (not fig.5)
Description. Test medium-sized, compressed, flattened; sides tapering

towards the initial end; apical portion sharply pointed, followed by
rapid expansion in breadth giving a fairly broad triangular outline;
peripheral outline in early stage entire, later serrated; axial peri-
phery truncated; chambers in 7 pairs, biserially arranged, increasing
rapidly but showing no divergence, occasionally with a third chamber on
the top of last pair; first 3 pairs rather appressed, followed by
subangular, subrectangular chambers; sutures flush to slightly raised
in early portion, becoming more strongly raised,llimbate and granular
in later development with prominent beads; wall calcareous, perforate,
except on the granulated parts and truncated margins; surface in early
stage coarsely ornamented; aperture, a low opening on the inner margin
of the last chamber.

Remarks, Sigalia carpatica morphologically resembles both S, deflaensis

(Sigal) and Sigalia carpatica var,l var.nov, It is distinguished from

the first by its much more compressed test, flat, subrectangular chambers
(as against the moderately inflated chambers of Se deflaensis), serrated
margins, truncated axial periphery, heaview ornamentation in the early

portion and strongly raised beaded sutures, It differs from the second

in lacking the third chamber between last pair, in its much more triangular
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test shape and rapid increase in chamber breadth, in its less coarse
early costate ornamentation and less thickened and curved sutures.

Sigalia carpatica has possibly evolved from S. deflaensis, This

is suggested by their stratigraphical distribution and by the occurrence
of several transitional forms,
Occurrence. Abundant in the Tanuma formation and in the lower partof

of the Sadi formation, Globotruncana renzi/Heterohelix pseudoguembelini-

formis zone -~ Globotruncana fornicata subzone.

Previous records of Occurrence., The Coniacian - Santonian of Tethyan

Austria, Bavaria, France and Morocco. The Santonian of Palestine,

north Africa, and west Carpathian.

Sigalia carpatica var.l var.nov

pl.10, figs.2-3
Remarks. Variety differing from the typical in having 3 chambers in
the last growth stage; much more oblique, strongly raised, beaded sutures
and much more strongly serrated margins.

It differs from Ventilabrelle tricamerata sp.nov. in having raised,

limbate, beaded sutures, serrated periphery and flat, subrectangular
chambers,
Occurrence. Abundant in the upper part of Tanuma and lowermost part

of Sadi formations., Globotruncana renzi/Heterohelix pseudoguembelini-

formis zone - Globotruncana concavata subzone,

Sigalia sp.A
pl.10, fig.6
Occurrence, Rare in the uppermost part of Tanuma and lowermost part

of Sadi formations. Globotruncana renzi/Heterbhelix pseudoguembelini-—

formis zone - Globotruncana concavata subzone.
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Sigalia decoratissima (de Kiasz)

pl.10, figs.7-9,11; pl.1l, fig.3

Ventilabrella decoratissima deKlasz. p.228, pl.k, figs.5a-b
Ventilabrella decoratissima deKlasz, Bettenstaedt and Wicher.
pl.l, fig.3

Gublerina decoratissima (deKlasz) Gallitelli, pp.140-141, pl.32,
fig.8

Ventilabrella decoratissima deKlasz, Reiss. pp.242-2L5, (no

figure)

Gublexina decoratissima (deKlasz) Bandy. p.25, t.f.11(4)

Gublerina decoratissima (deKlasz) Pessagno, p.265 (no figure)

Gublerina decoratissima (deKlasz) Esker. p.212, pl.l, figs.7,8

Planoglobulina glabrata (Cushman) Ibid, pl.2, fig.l0

Gublerina deflaensis (Sigal) Schneibnerova. pp.55-56, pl.6,

figs.5a-b (not £ig.6)

Main variation. The truncated axial periphery shows cither a slightly,

moderately, or strongly depressed band. The ornamentation either in

the early part or throughout the whole of the biserial stage, can be

slightly to heavily costated,

Remarks,

Sigalia decoratissima was first described by Klasz (1953) as

Ventilabrella decoratissima. He noted its close relation to S, deflaensis

(sigal) and stated that S. decoratissima differs from the latter in having

knobs arranged longituﬁndly on the sutures of the biserial stage and

in lacking stxipes on the chambers., However, according to Esker (1969),

who had opportunity to examine topotypes of S. decoratissima, specimens

of this species have rather large nodes (knobs) or costae, while S,

deflaensis shows finer costae or striae.

The present work suggests that the final chamber proliferation,

raised, strongly thickened or beaded, well developed sutures, serrated

latcral margins, and truncated axial and equatorial peripheries supply

further criteria for distinguishing this species from S. deflaensigs and

other similar forms. The proliferation of chambers begins early in
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S, decoratissima whereas in S, deflaensis there is biserial chamber

arrangement but not proliferation. The "rare proliferated forms (1-2
additional chambers in last pair)" mentioned by Esker (op.cit.) either

are transitional to S. decoratissima or to a yet undescribed form,

Bettenstaedt and Wicher (1955) considered S. decoratissima together

with 8. alpina as synonymus with S. deflaensis (although their figured

forms carried the name Ventilabrella decoratissima deKlasz). They

stated "In 1953, deKlasz designated two species from the same stratigraphic

range in Bavaria as V, decoratissima amd V, alpina ,...., in reality the

correct name of these species is V. deflaensis”,

To date all described and figured Bavarian and Austrian specimens
of S, deflaensis are synonymus with S, carpatica Salaj and Samuel (see
under genetic description).

Gallitelli (1957) placed this species in the germs Gublerina,.

Her figured paratype, from the Santonian of Bavaria is actually different
from deKlasz's original figures (holotype, pl.k, figs.5a-b), and thus is

assigned to S, decoratissima with same doubt; it shows no perfect and

complete proliferation of chambers or any other diagnostic character.
The test is thick rather than compressed and its final growth stage does
not seem in a single plane. This form is transitional between S,

carpatica and either a S, decoratissima-shaped, undescribed variety or

to another form, Gallitelli (op.cit.) herself remarked on the difference
in the character of the chambers and surface ornamentation of this paratype,

The form figured by Bandy (1967) as Gublerina decoratissima is the

same as the paratype figured by Gallitelli (1957). Those figured by
Sigal (1952, fig.4l, lower) Bettenstaedt and Whicher (1957, fig.l0) and

by Loeblich and Tappan (1964, pl.525, fig.3) are probably transitional
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from S, carpatica to S, decoratissima. Fomms of this type have been

found in the present work.

The specimen figured by Esker (1969) as Planoglcbulina glabrata with

raised, limbate sutures, subrectangular chambers and serrated edges
should be placed in Sigalia. The smooth early portion and proliferated
stage place it in a transitional position with an as yet unknown, smooth

'S. decoratissima'-type formm already alluded to.

Occurrence, Abundant in the lower half of the Sadi formation, decreasing

gradually in nunbers upwards and becoming rare. Globotruncana concavata

subzone - Globotruncana fornicata subzone,

Previous record of Occurrence. S. decoratissima originally was described

by deKlasz (1953) from the lowermost part of the Santonian Bucheck beds
of southereastern Germany. DBettensteadt and Wicher recorded it from
the Bavarian and Austrian Santonian, It also has been recorded from
Palestine by Riess (1957), Mexico by Pessagno (1967) and from the late

Coniacian to early Santonian of Jamaica by Esker (1969) (see synonymy).

Sigalia deflaensis (Sigal)

pl.9, figs.7-8; pl.ll, fig.l

1952 Guembelina (Guembelina, Ventilabrella) deflaensis Sigal.
DP.36,37, t.f. LL top, %not below)
1955 Ventilabrella deflaensis (Sigal) Bettensteadt and Wicher,

p.11, pl.1l, fig.,l (only first

and second figures)

1957 Not Ventilabrella deflaensis (Sigal) Wicher and Bettensteadt. p.30,
t.f. 3a-c

1964 Not Gublerina deflaecnsis (Sigal) Loeblich and Tappan

1966 Not Sigalia def'laensis (Sigal) Wille—~Janoschek. pp.l23-124,

tab,8, figs.5,%6

1966 Sigalia deflaensis (Sigal) Salaj and Samuel, p.227, tab.37,
fig.1l
1969 Gublerina deflaensis (Sigal) Isker. p.213, pl.2, figs.4-5

1969 Not Gublerina deflaensis (Sigal) Scheibnerova. pp.55-56, pl.6,
figs.5a-b, 6a-b
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Description. Test small, compressed, biserial; equatorial periphery
lobate, slightly serrate; axial periphery subrounded, or subacute;
sutures curved, flush to slightly raised, limbate; chambers in about
7 pairs, increasing rather rapidly in size, wider than high, roughly
rectangular, last pair more compressed than the early pairs; wall
calcareous, finely perforate; surféce in early stages striated, later
smooth; aperture on the inner side of the last chamber,
Remarks. The distinguishing characteristic of S, deflaensis as given by
Riess (1957) actually refer to S.carpatica Salaj and Sammel, The rare
specimens which are said to have more than one chamber per row in mature
forms mentioned by the same author most probably belong to transitional
forms,

Specimens figured as V. deflaensis (Sigal) by Wicher and

Bettenstaedt (1957) and a Gublerina deflaensis (Sigal) by Loeblich ahd

Tappan (1964) belong in S, carpatica Salaj and Samuel, and to the tran—
sitional form respectively. However, as noted by Esker (1969) s S.
deflaensis is distinguished by the presence of fine ornamentation on the
early part of the test, small size, limbate and flush to slightly raised
sutures, and the Guembelina type early portion of the test and aperture,
Occurrence., Abundant in the Khasib, Tanuma and lower part of Sadi

formations, Globotruncana renzi/Heterchelix pseudoguembeliniformis zone -

Globotruncana concavata subzone,

Previous record of Occurrence. The Coniacian of Algeria, The Coniacian -

Santonian of Austria, Bavaria, France, Morocco, West Carpathian and
Jamaica, All other ranges given by different authors refer to S, carpatica

or to transitional forms with it.
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Genus Ventilabrella Cushman 1928

Type species Ventilebrella eggeri Cushman 1928

Ventilabrella cf . eggeri Cushman

pl. 12, fig.9

1928 cf. Ventilabrella eggeri Cushmen, p.2, pl.l, figs,10-12

Remarks. The specimens here described as Ventilabrella cf. eggeri

differ from the holotype in having strongly appressed chambers in the
proliferation stage and in lacking surface ornamentation. Cushman's
holotype shows globular chambers in the proliferation stage and a faintly
striated surface.

V. cf. eggeri differs from V, carseyae Plummer in having a smooth
test and only small apertural openings, as against well defined striae
and large, lunate apertural openings (in Plummer's holotype).

The forms of V, cf, eggeri from southern Irag probably represent
juviniles of V, carseyae or are transitional with it.

Occurrence, Globotruncana renzi/Heterohelix pseudoguembeliniformis zone -

Globotruncana concavata subzone.

Ventilabrella glabrata Cushman

pl.12, figs.5,7-8

3938 Ventilebrella eggeri Cushman var, glsbrata Cushmen. p.26,
pl.h, figs.,15-17

1946 Ventilabrella eggeri Cushman var, glebrata Cushman Cushman.
p.111, pl.47,
figs. 20-22

1954 Ventilabrella aggeri Cushman var, glabrata Cushmen, Frizzell
p.111, pl.16, figs.
11-12

1957 Planoglohuline glabrata (Cushman) Gallitelli. p.l142, pl.32,

figs,10-127 11
1960 Planoglobulina acervulinoides (Egger) Olsson. pp.28,29, pl.k
fig,11
1966 Ventilabrella glgbrata Cushman, Salaj and Samuel. p.231, teb.37,

fig.7
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1967 Planoglobulina acervulinoides glabrata (Cushman) Bandy. p.25,
t.£.12(7)
1969 Not Planoglobulina glabrata (Cushman) Esker. p.213, pl.2, £ig.10

Remarks. Ventilabrella glabrata was first described by Cushman (1938)

from the upper part of Taylor marl, Texas, as a variety of V, eggeri
Cushman., He stated that this variety differs from V, eggeri in having
only slightly costate early growth stages and is smooth in the adult.

He added that the perforations sametimes appear in lines whereas V, eggeri
has longitudinal costae which are heavier on the biserial portion. In
southern Iraq, forms of V, glsbrata either with faint or strong costae

on either the early chambers or over the whole surface of the test were
found.

The specimen figured by Olsson (1960) as Planoglobulina acervulin-

oides (Egger) belongs in V, glabrata., It possesses large numbers of
small chambers and a fan-shaped, compressed test.
Occurrence, Abundant in the upper part of the Tanuma and lower part of

Sadi formationa. Globotruncana renzi/Heterchelix pseudoguembeliniformis

zone — Globotruncana concavata subzone,

Previous record of Occurrence. The Coniacian — Campanian of Texas,

Arkansas. The Santonian of Jamaica., The Santonian-Campanian of Puerto
Rico, The Campanian of the west Carpathians and the Coniacian-

Maestrichtian of west Pakistan.

Ventilabrella ornatissima Cushman and Church

pl.12, figs.l-4

1929 Ventilabrella ornatissima Cushman and Church, p.512, figs,l2-14
(not 15)
1938 Ventilabrella ornatissima Cushman and Church, Cushman. p.27,

pl.h, figs.lla-b
1948 Not Ventilabrella oratissima Cushman and Church. Kikoine. pp.25-26
pl.2, figs.Ba-c
1957 Gublerina ornatissima (Cushman and Church) Gallitelli, p.140,
pl.32, fig.6(not figs.1l-5)
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1962 Gublerina ornatissima (Cushman and Church) Graham, p.105, pl.19,
figs.léa-c
1963 Gublerina ommatissima (Cushman and Church) Grabam and Church,

p.61, pl.7, figs.1l0a-b

1963 Not Gublerina ornatissima (Cushman and Church) Bronnimann and Rigassi
p.17, fig.L

196l. Gublerina omstissima (Cushman and Church) Martin. p.86, pl.l1l,
figs,.3a-c

1965 Not Gublerina omatissima (Cushman and Church) Takayanagi. p.200,
pl.20, figs.6-8

1967 Not Gublerina ornatissima (Cushman and Church) Bandy. p.25, t.f, 11(3)

1969 Planoglobulina ornatissima (Cushman and Church) Douglas p.160,
pl.2, figs.1-2

Description. Test medium-sized, compressed, early biserial stage

folluwwad by rapid expanded, rhomboid adult proliferated stage; early
periphery entire, later moderately lobulate; axial periphery rounded;
chambers added in a single plane, initial 3 pairs of chambers small,
appressed, followed by distinct, inflated, subglobular chambers, increasing
gradually in size as added, proliferating on top of the last pair,
alternating in position, globular to subglobular; early sutures flush,
later very deeply depressed, limbate, in rare cases flush throughout;
wall calcareous, perforate; surface striate, ornament heaviest on the
two margins amd fading out towards the last chambers,

Remarks, V, ornatissime was first described by Cushman and Church (1922)
from the Upper Cretaceous of Fresno county, California, Kikoine (1948)

described the new genus Gublerina from the Maestrichtian of the French

Pyrences, with Gublerina cuvillieri as type species. He distinguished

the latter by the broad, nor-septate area between the diverging rows of
chambers. "..... s'etageant des deux cotés du t..t a la peripherie et
laissant vide l'espace inter calaire de prime ,.,..."., Kikoine (op.cit)

in the same publication figured as Ventilabrella ornatissima a form

which possibly belongs elsewhere.
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Gallitelli (1957) considered V., ornatissima Ctishiman ard Church as
a junior synonym of G, cuvillieri Kikoine, Dougla;s .('1969) in a revieion
of V; ornatissimi from northern California Upper dmtééeﬁas state "In
complete adult specimens of V. ornatissima (the holotype and paratypes
are broken) the fan-shaped portion of the test is composed of numerous
small , giobul;ar chambers, The test freguently broke at a line of
we‘aknéSS just above the ‘;aiserigl po;'tion, the damage producing a form
which supeificially resembles G. _cy_g;_]_.}_}rewz_n; The species is, l;mwér,
completely multichambered ,...., exhibits a rapid increase in width
following the early biserial portion which gives the test a distinct
flare®.

The present study sv™stantiates Donglas?! observations in part,

The V-shaped V. ormatissima forms showing aslow increase in width was
found, although rarely, in the area studied. Fowovor, G. covillieri
showing a rapid increasc in width was illustratod by Gellitelld (1957,
pl.32,.figsh). Nevertheless, the present work suggests that the
proliferation of chambers at the top of the test and not the divergence
between the two rows of initial chambers is the best criterion in
distinguishing this species from G. cuvillieri Kikoine,

V. ornatiss’ma differs from V., glebrata Cushman and other sinﬁ.lar'
forms in its comparatively long, biserial stage, globular to subglcbular,
moderately inflated, similarly~sized chorbers ard decoply &epresse&,'
limbate sutures in the proliferatioa /;v,i;age. Foms described and figurcd
by Grabham and Church (1963) and Martin (1964) as Guble:ina ornatissima
belong in the genus Ventilabrella Cushman., The chambers in these
specimens show no divergence with growth, Foums described by Bronmimann
and Rigassi (1963) and by Band‘j' (1967) as Gublerin:. on atissima show

diverging chambers anl belong in G. gwillieri Kikcine. Those figured
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and described by Takayanagi (1965) are quite different from the species
in question.
Occurrence. Abundant in the Tanuma and lower part of the Sadi formations.

Rare in the middle part of the Sadi formation. Globotruncana renzi/

Heterohelix pseudoguenmbeliniformis zone - Globotruncana formicata subzone,

Previous record of Occurrence. The Santonian - Maestrichtian of

California,

A1l other ranges given by different authors refer to G, cuvillieri.

Ventilabrella tricamerata sp.nov

pl.12, fig,.6
Description. Test small, compressed, triangular; early stages of
Guembelina type, biseral, adult chambers tending to become triserial in
adding en extra, third chamber between the last pair; periphery slightly
lobate; axial periphery narrowly rounded; median line straight, slightly
depressed; chambers 13 in number, moderately inflated, arranged in
biserially, last pair with a third chamber which is rounded, compressed
level with the other two in lateral as well as apertural views;
individual chambers moderately inflated, slightly wider than high;
sutures nearly straight, depressed, slightly oblique to median line
except the last pair which seems more curved and less oblique; wall
calcarecous, perforate; surface coarsely striate except in last three
chambers, mch more strongly so on peripheral margins, the striation
fading out gradually towards apertural end; aperture multiple.
Remarks. V, tricamerata sp.nov. differs from V, glabrata Cushmen in
having three compressed chambers in the last portion instead of a
proliferation of inflated chambers and a blunt, longer rather than short

apical end.
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It differs from V. ef, gggg;_i.Cushma.n in having a mdre compressed
test, and a striate rather than a merely roughened surface (although
Cushman (1928) mentioned the presence of costae, his figured forms show
only a roughened surface),

V. tricamerata is distinguished from the morphologically similar
V. ornatissima Cushman (paratype, fig.1l5) in having a more compressed
test, three chambers in the adult stage and coarser surface ornament.

Doughes (1969) stated "..... however, the species is multicamerate
and cannot be assigned to Gublerina®, If this statement is true (there
are no further records of V, ornatissima from the type locality) the only
significant differcrece remaining between V, glabrata and V. ornatissima
is the degree of proliferation of the chambers in the adult stages.
Hence, both the above mentioned species are placed under the same genetic
name. On the other hand, V. tricamerata might include in its synonymy
Cushman's paratype spceimen (Fig.15).

V. tricamerata differs from Gublerina comoressa (Van der Slus) in
lacking diverging chambers of Gublerina-~type, in having the surface
covered with medium to coarse striae, especially on the peripheral edges
(Van der Slus did not mention the surface character of his specimens but
his figured form shows it smooth). Furthermore, G. compressa has an
aberrent chamber indeperdently occupying the central, non-septate area,
while the third chember in V. tricamerata is a normal unit in a triserial
stage.

Forms of V. tricamerata with limbate sutures were found in younger

beds while those with non-linmbate sutures occur at lower levels.
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As suggested by its morphologic features, V, tricamerata sp.nov.
possibly evolved from S, deflaensis (Siga.l), later passing into V.,
ornatissima on one side and V, cf. eggeri on the other
QOccurrence. Rare specimens were found in the upper part of the Khasib
formation and abundant in the lower part of the Tammma formation,

Globotruncana renzi/Heterohelix pseudoguembeliniformis zone,

Family DIANOMALINIDAE  Bolli, Loeblich & Tappan 1957
Genus FPlanomalina Loeblich and Tappan 1946
Type species Plananalina apsidostroba Loeblich and Tappan 1946
Planomalina sp.A Sp.nov.

pl.13, figs.7-9
Description. Test small, biumbilicate, planispirally coiled, partially
evolute, laterally compressed; equatorial periphery subcircular, lobate,
with a faint, keel-like, marginal thickening on the last few chambers;
axial periphery sharply angled; chambers 13, increasing slowly in size
as added; the early whorls composed of 6 small, subglobular to globular,
inflated chambers which can be made clearly visible by wetting the specimen;
the last whorl is composed of 7 comparatively large chambers, early ones
slightly compressed, subovoidal and slightly inflated, while the last
few are strongly compressed and distorted; sutures gently curved,
depressed in the early part, straight and radial in the later part;
urnbilicus small, shallow; wall calcareous, finely perforate; surface
finely hisped; aperture a low interiomarginal, equatorial, opening,
extending into both unbilical areas; +the apertures of previous chambers
remain open in the umbilical region as relict supplementary apertures.

Main variation, The main variation observed is in the degree of
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development of marginal keel, and degree of compression of chambers,

Remarks., Planomalina sp.A sp.nov, is distinguished from the similarly

campressed Globigerinelloides messinae subcarinatae (Bronnimann) by the

possession of a marginal keel, small, low aperture and in its greater
number of chambers which increase slowly in size,

The writer has examined the holotype of G, chrembergi (Barr) at
the British Museum of Natural History, London, and has found this species
to be morphologically different from Planomalina sp.A. G, ehrenbergi
(Earr) has a more tightly coiled, thicker test; rounded axial periphery
and non-keeled peripheral margin,

Planomalina sp.A morphologically is very close to G, ultramica
(Subbotina) described from the Cencmanian - Turonian rocks of the
Caucasus, U.S.S.R; they have the same type of equatorial periphery and
coiling, and similar sized tests., They differ in the character of the
axial periphery and marginal keel,

Occurrence. Abundant, in the upper part of the Tarmuma formation.

Globotruncana renzi/Heterohelix pseudoguembeliniformis zone,

Gernus Biglobigerinella Lalicker 1948

Type species Globigerinella multispina Lalicker 1948

Biglobigerinella algeriana Ten Dam and Sigal

pl.15, figs,9-10

1949 Biglobigerinella algeriana Ten Dam and Sigal. p.234, t.f,la-d,
2,3,

Remarks, Tnis writer believes that this form which appears in

association with other speciecs of Biglobigerinella is a direct derivative

of Globigerinelloides cushmani (Tappan). Tt is distinguished from this

latter in having a lesser number of chambers; a less tightly coiled
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test and by the development Biglobigerinella-type adult chambers and

apertures. This supposition is supported by the occurrence in the
material of several transitional specimens.

Occurrence. It was originally described from the Upper Senonian of
Algeria, In southern Irag B, algeriana occurs rarely in the lower part

of the Sadi formation,

Bigloblgerinella multispina Lalicker

pl.15, fig.6

1948 Biglobigerinella multispina ILalicker, p.624, pl.92, figs.la-c,
2a-c, 3a-c

1957 Biglobigerinella multispina Lalicker, Bolli, p.25, pl.l,
figs.11,12a-b

1962 Biglobigerinella multispina Lalicker, Herm, p.53, pl.3,.fig.8
(3 figures)

1962 ? FPlanomalina multispina (Lalicker) Barr. pp.563-56i, pl.69,
figs,b5a-b

1964 Biglobigerinella multispina Lalicker. Subbotina. pp.253-25.,

pl.54, figs.lla—c,

Lia-c (not figs.lOa-c,
15a-d), pl.55, figs.la-c?
2a-c? 3a-c, La-c, Ha-c?
ba-e, 7a-c, 8a-d

196} Biglobigerinella multispina TLalicker., Loeblich and Tappan,
p.c656, fig.526,7L,
5a-b

1967 . Globigerinelloides multispina (Lalicker) Pessagno. pp.276-277,

pl.70, figs.1,2, pl.82,
figs.10~11? (not pl.91,
figs,l-2 = G, biforaminita
(Hofker) )

1969 Not Globigerinelloides multispina (Lalicker) Douglas. pp.l61-162,
pl.9, figs.ba—c

Description. Test medium-sized, biumbilicate, planispirally coiled,
involute to partially evolute; equatorial periphery roughly quadrate,
lobate; chambers L4-6 ih the last whorl, of which the early ones are
small, globular, while the last few are broad and compressed perpendicular
in direction to the equatorial periphery; the fimal chamber (in rare

cases also the pemultimate one) is divided into two, subglobular, smaller
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chambers; sutures straight, radial or gently curved, depressed; umbilicus
small and similar to that of G. pinguis (Herm); wall calcareous, perforate,
surf'ace very finely hisped to smooth; aperture double, each in a low
extraumbilical opening at the base of the bipartite chamber, and in well
preserved specimens each aperture extending along the umbilical margin;

only few specimens show relict apertures.

Main variations

1. The final chamber (rarely the penultimate) shows cither a
trace of constriction on its peripheral margin, partial
division or complete division into two separate chanbers.

2. The bipartite pair of chambers are either globular, sub-
spherical or compressed.

3. The apertural facc varies as in G, pinguis (Hemm).

L. The surface is either finely hisped, finely pitted or smooth.

Remarks. The gems Biglobigerinella was first described by Lalicker

(1948) with B, multispina as a type species. Bammer and Blow (1959)
considered this genus to be a junior synonym of the genus Globigerine-
lloides Cushman and Ten Dam, and later a subgenus of Planomalina Loeblich
and Tappan, Berggren (1962) accepted the taxon subgenus and the
synonymy given by Banner and Blow {(op.cit.)., He regarded taxon
"Biglobigerinella’® as artificial since in a single fossil population

various stages of development leading to a Biglobigerinella stage occur.

He stated, "the holotype (cc 51898), figured paratypes (cc 5189, 51900)

and numerous unfigured paratypes (cc 51897) of Biglobigerinella multi-

spina Lalicker, represent the subjectively chosen adult stages of a

species belonging to the Planomalina (Globigerinelloides) group®,




He added "P,(G) multispina ...... is probably the ancestor of P,(q)
messinae.

On the other hand, Berggren (Ibid) contradicted his own statement
by describing G, messinae as having globular chambers, a tendency to
develop biserial chambers and bipartite, primary apertures.

The present writer considers Globigerinclloides T biforaminata

(Hofker) represents the final stage of development of G, asperum

(Ehrenberg) through G, messinae messinae (Bronnimann), On the other

hand B. multispina is believed to have evolved from Globigerinelloides

sp.A sp.nov, through G, pinguis (Hemm),

The writer has examinéd specimens of G, multispina Lalicker from-
the Isle of Wight described by Barr (1962) and deposited at the British
Museum of Natural History, London. These represent the final mature
stage of this species, The latter is chiefly characterized by

possessing the final three chambers of complete Biglobigerinella-stage

shape.
Occurrence, Abundant in the lower part of the Sadi formation.

Globotruncana concavata subzone,

Previous record of Occurrence. The Campanian of England, The

Campanian — Middle Maestrichtian of Texas, Arkansas, Mexico., The
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Upper Maestrichtian of the Austrian - German border and the Maestrichtian

of West Siberia U.S5.5.R,

Biglobigerinella sp.l1  sp.nov,

pl.1l6, figs.,1-3
Description. Test small, thick, biumbilicate, planispirally coiled

and tigntly involute; equatorial periphery nearly circular, lobate;

axial periphery broadly rounded; chambers 6 in the last whorl, strongly
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appressed, early ones sligh%ly later g%rongly compressed in a direction.
perpendicular to the.equatorial periphery and increasing moderately in
size as added; in apertural view the chambers arec ovoid, 2-3 times as
wide as high; sutures straight, radial and aepresse&; umbilical very
small, shallow; wall calcareous, perforate; surface finely hisped;
aperture interiomerginal and equatorial with slight constriction in the
middle.

Remarks. The holotype is not a mature specimen and was chosen chiefly

to show the immature Biglobigerinella-stage of the ultimate chamber and

primary aperture, The paratype, on the other hand, show the different
stages of development. They are distinguished from the holotype in
having bipartite ultimate chambers, double aperturcs and 6-7 chambers
in the final whorl,

Biglobigerinella sp.l sp.nov. is distinguished from Globigerinelloides

sp.A sp.nov, in its much more tightly involute test; its strongly
appressed and peripherally compressed chambers; and its double, extra-
umbilical, primary aperture. Tt differs from B, multispina Lalicker
in its nearly circular peripheral outline; its small, globular to sub-
globular and narrowly spaced ultimate pair of chambers; its smaller
number of chambers which are strongly appressed and in its bightly
involute test,

Biglobigerinella sp.l is believed to have evolved from G, cushmani

(Tappan) through Globigerinelloides sp.A by the decrease in the number

of chambers, the development of final biserial chambers and double
apertures,
Occurrence. Restricted to the lower part of the Sadi formation.,

Globotruncana concavata subzone.




Biglobigerinella sp,

pl.12, figs.10-11

Remarks and Occurrence., A few specimens similar to G, messinaec voluta

(White)butwjt?zBiglobigerinella—type final chambers are here described

as Biglobigerinella sp, Although it is clearly different from the

known species of Biglobigerinella, it is not ascribcd to a new species

because of its rarity.

The species may have evolved from G, messinae voluta (White).

I% occurs as a rare form in the lower part of the Sadi formation. The

lower part of the Globotruncana fornicata subzone.

Genus Globigerinelloides Cushman and Ten Dam 1948

Type.species Globigerinelloides algerianas Cushman and Ten Damn 1948

Globigerinelloides asperum (Ehrenberg)

pl.1l3, figs,2-3

1854 Phanerostomum asperum Ehrenberg. p.23, pl.30, figs.26a-b
(not pl.32,(group 1) fig.2l,
pl.32,(group 2) fig.42)

1529 % Globigerinella aspera (Ehrenberg) Carmen, p.315, pl.3k, fig.6

1932 Globigerinella voluta (White) Sandidge. p.28L, pl.hl, figs.l,2
1936 Globigerinella aspera (Ehrenberg) Brotzen., p.170, pl.l3,
figs.2a-c, t.f.62
1937 Globigerinella aspera (Ehrenberg) Loctterlc. p.45, pl.7, figs.4
a-c
1951 Globigerinella aspcra (Ehrenberg) Band, p.508, pl.75, figs.3a-c
1951 Globigerinella aspcra (Ehrenberg) Visser. p.285, pl.8, figs.l5
a~b
1953 Globigerinella aspera (Ehrenberg) Hamilton. p.266, pl.30, fig.5
1960 slobigerinella aspera (Ehrenberg) Belford. p.9l, pl.25, figs.h-6
1961 Globigerinella aspera (Fhrenberg) Graham and Clark, p.113, pl.5,
] figs.ba-c
1962 Planomalina aspera (Ehrenberg) Barr. pp.361,362, pl.69, figs.k
a-b
1963 2 Globigerinella aspera (Ehrenberg) Graham and Church, p.64, Dl.7,
figs.l7a~-c
1963 Planomalina (Globigerinelloides) aspera aspera (Ehrenberg)

Van Hinte p.97, pl.12, figs.2,3
5, t.£.15(a-b)
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196
1964, Globigerinella (?) sp. of. G, aspera (Ehrenberg) Kavary and
Prizzell, p.48, pl.9, figs,
Ta-c
1965 Globigerina (Biglobigerinella) biforaminata Hofker. '
Perimutter and Todd, p.118, pl,5,
figs.2a-b (not fig.3)
1965 Globigerinelloides aspera (Fhrenberg) Takayanagi, p.201 , pl.20,
figs.%a~c
1965 Planomalina (Globigerinelloides) aspera aspera (Ehrenberg)
Van Hinte p.85, pl.l, fig.2
1967 Globigerinelloides aspera aspera (Ehrcl(qbserg) Bandy. p.l2,
t.0,5(8
1967 Globigerinelloides asperus (Ehrenberg) Pessagrno. pp.274-275

pl.60, figs.l,5

Remarks. Globigerinelloides asperum was first described by Ehrenberg

(1854) as Phanerostomum asperum, but he failed to designate both a

definite type locality and a type depository. His specimens of Gil.
asperum came from three different geographic localities;

1. Insel, Rugen, Pommern, Germany (Figs.26a-b)

2. Missouri - Gebiet, North America (Fig.24)
and 3., Mississippl ~ Gebiet, North America (Fig.42).

Pessagno (1967) selected the syntipic specimen (pl.30, figs.26a~b)
as lectotype. This clearly shows an equatorial aperture.

Ehrenberg (185,) described as Rotalia aspera another form which all

later workers considered a senior synonym of Fh. asperum Ehrenberg.

None of the specimens of R, aspera figured by Ehrenberg (185,
pl.23,27,28 and 31) showed more than one side, and his description was
not clear enough for generic determination,

This writer considers Rotalia aspera Ehrenberg to be an uncertain

form and should be rejected in favour of the name "aspexum” (not "asperus®
as mentioned by Pessagno 1967).
According to Cushman (1927) who selected and examined the type

species and its unpublished original drawing in Berlin, Phanecrostomum

Ehrenberg 1841(1843) included.Ph, integerrimum Ehrenberg (the selected
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type species) and Ph. ocellatum Ehrenberg. Both of these are assignable

to genus Discorbis. Thus Phanerostomum Ehrenberg becomes a junior

synonym of Discorbis Lamarck 1804, Globigerinelloides was established

by Cushman and Ten Dam (1948) with G. algeriana Cushman and Ten Dam as
type species. This gerus was amended by Loeblich and Tappan (1961, 1964.)
to include forms having planispiral, biumbilicate and involute to
partially evolute tests; perforate, non-carinate peripherys and inter-
iomarginal, equatorial aperture, This places Fh. asperum in the synonym
of this gemus. G, asperum (Ehrenberg) is distinguished from Gl. messinae
messinae Bronnimann and Brown in having a thicker test, a circular to
subcircular peripheral ocutline, a greater number of chambers and in the
character of the aperture which is comparatively lower,

Gl, asperum is morphologically closely related to Gl. messinae
voluta (White), but differs in its rougher surface ornament and in having

a higher apertural opening. Gl. messinae voluta was originally described

as having a smooth surface and low apertural opening. G, prairiehillensis

was said by Pessagno to have a large test-size, a low apertural opening,
deep umbilicus, and chambers increasing rapidly in size as added and
compressed in a direction perpendicular to the periphery.

Occurrence. Appears in the lower part of the Khasib formation. It
gradually increases in nunbers upwards in the Tanuma and lower half of
the Sadi formations. Rare in the upper half of the Sadi formation and

dyingY out completely in the Tayarat formation. Globotruncana g‘re?nag__}/

Heterohelix pscudoguembeliniformis zone - Globotruncana gansseri zone.

Previous record of Occurrence. All reliable records from llississippi

Texas, Missouri, Wyoming, Kansas, California, Alabama, New York, Mexico,

Australia, Mid-Pacific, Germany, Switzerland, Sweden, England (Isle of
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Cretaceous stratigraphy,

Globigerinelloides bentonensis  (Morrow)

pl.13, fig.l

1934 Anomalina bentonensis Morrow, p.201, pl.30, figs.la-b

1961 Globigerinelloides bentonensis (Morrow) Loeblich and Tappan,
p.267, pl.2, figs,8-10

1964 Globigerinclloides bentonensis (Morrow) Low. p.123, pl.3

1967 Globigerinelloides bentonensis (Morrﬂwg Bandy. p.l2, t.£.5(7)

1967 ? Globigerinelloides bentonensis (Morrow) Pessagno. p.275, pl.76,

figs,10-11

Remarks. Globigerinelloides bentonensis was first described by Morrow

(1934) from the Greenhorn Limestone formation of Kansas as Anomalina
bentonensis, The planktonic nature of this species was first recognized
by Loeblich and Tappan (1961) who re-examined the holotype and other
topotypic materials and recorded its possession of all the generic

characters of Globigerinelloides. They figured three different speci-

mens of Gl, bentonensis (Morrow) clearly showing the wide range of
variation of this species, The variation especially concerns the
number, size, appression and rate of increase of the chambers and the
development of supplementary relict apertures.

In the present study, Gl. bentonensis usually shows 6 chambers in
the last whorl and which increase rather rapidly in size as added. The
increase in Loeblich and Tappan's specimens is more gradual, but the
features shown by thc specimens from Irag coincide well, (See Loeblich
and Tappan 1961, pl,2, figs.8a-b.)

Low (1964) stated that the degree of involution, number of chambers
and umbilical character are sufficient criteria to distinguish Gl.
bentonensis from Gl, caseyi (Bolli, Loeblich and Tappan). On the

other hand Esker (1965) failed to separate them.
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This writer agrees with Esker (Op.cit) and Douglas (1969) regarding
the close morphological resemblance and similar stratigraphic distri-
bution of Gl. bentonensis and Gl, caseyi and difficulty of separating
the two species. Both “species” would be expected to occur in the
material under discussion.

According to Bolli Loeblich and Tappan (1957), Loeblich and Tappan
(1961), Low 196, Douglas (1969) and the writer's study of material
from Irag, Gl. bentonensis is distinguished from G. caseyi from the
Upper Gault (L. Cretaceous) of England in having a thicker and larger
test, less evolute, less exposed early chambers, few chambers in the
last whorl, a distinctly hisped surface in the early part of the test
and a less hisped to smooth last few chambers,

Gl. bentonensis differs from Gl, asperum (Ehrenberg) in its larger
test size, its grecater number of chambers in the last whorl and its lower
apertural opening.

The writer had no opportunity to examine the type of Anomalina

eaglefordensis Moreman, but according to Low (Op.cit.) it is a benthonic

specics., This statement was recently reaffirmed by Pessagno (1967) who

added "..there is no question about A. eaglefordensis Moreman being a

benthonic species. The assignment of Gl. caseyi (Bolli, Loeblich and
Tappan) to this species by Loeblich and Tappan (1961) (1964) and by
Ayala (1962) is incorrect®,

Occurrence, 4Abundant, in the lower part of the Khasib fommation.

Globotruncana renzi/Heterohclﬂi:}_g pscudoguembelinifomis zone.

Previous record of Occurrence, The Latc Cenomenian of Kansas and Bahama

Island, The Cenomanian of Texas and Mexico.
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Globigerinelloides cushmani (TaPPan)

pl.1l4, fig.2

1943 Globigerinella cushmani Tappen. p.513, pl.83, figs.5a-b
Remarks., The hypotype is chosen chiefly to show the early immature

stage of the last chamber and the aperture which tend to become bipartite.
This writer considers Gl. cushmani (Tappan) to be transitional to

Biglobigerinella algeriana Ten Dam and Sigal. The morphological

characters and stratigraphic distribution of the two species strongly
favour this supposition.
Occurrence. In the Khasib and lower part of the Tanuma formations.

Globotruncana renzi/Heterohelix pseudoguembeliniformis zone. It was

originally described from the Lower Cretaceous of the Washita group,

Oklahomna,

Globigerinelloides sp. aff. GL., japanica (Takayanagi)

pl.ly, fig.l

1960 cf. Globigerinella japanica Teakayanagi. p.13l, pl.9, figs.,l2a-b,
t.f.22a~e
1965 of, Globigerinelloides japanica (Takayanagi) p.202

Remarks, & few specimens from the Late Coniacian of southern Irag are
tentatively described here as Gl. sp. aff, Gl. japanica Takayanagi.

The specimens from Iraq have a much larger test size than the holotype
of Gl. japanica Takayanagi. They also have spherical to subspherical
chambers, and less exposed early chambers in the umbilical region.

Gl, Japaniga was first described from the Santonian to Upper Campanian

of Hokkaildo, Japan.
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Globigerinelloides messinae messinae (Bronn:unam)

pl.1y, fig,12

1952 Globigerinella messinae messinae Bronnimann, pp.42-44, pl.l,
figs.6,7, t.f.20a-q
1959 ¢ Planomalina messinac messinae (Bronnimann) Bolli, p,.261

1962 Globigerinella messinae messinae Bronnimann, Herm. p.51, pl.,3,
fig.5
1962 Planomalina (Globigerinelloides) messinae (Bronnimann)

Berggren. pp.44-49, t.f.6,
figs.la-b, 3a-b,
La-b, 6a-b, t.T.7,
figs.la-b, ?2a-b,
?3a-b, 5a-b (not pl.
8, figs.4-3, t.f,6,
figs.2a~-b, 5a-b,
t.£,7, Figs.ha-b
6a~b, 7a-b, Ba-b)
1962 ? FPlanomalina messinae messinae (Bronnimann) Pessagno. p.358.

1963 Planomalina (Globigerinelloides) messinhae messinae (Bronnimann)
Van Hinte pp.100~101, pl.l2,
fig.6

196l Not Globigerinelloides messinae (Bronnimann) Olsson. pp.174-175,
pl.7, figs.6-8

1966 Not Globigerinelloides messinae (Bronnimann) Ansary and Tewfik.

. p.45, pl.L, figs,7a-Db
1967 ? Globigerinelloides volutus (White) Pessagno. pp.278-279, pl.62
figs.10-11 (not fig.95
1969 Globigerinelloides multispinata (Lalicker) Douglas. pp.161-162,
pl.9, figs.ba-c

Remarks. Gl. messinae messinae (Bronnimann) is characterized by its

small, laterally compressed test; its L5-5 chambers in the last whorl
hisped surface; small umbilicus and high apertural opening.

It is morphologically similar to both Gl. asperum (Ehrenberg) and

Gl., messinae voluta (Wnite). It is distinguished from the former by

its smaller and latcrally compressed test, lesser number of chambers in
the last whorl and ovoid peripheral outline. Tt differs from GL.

messinae voluta in the compressed nature of its test, hisped surface

and higher apertural opening.  The morphologically similar Gl. messinae
subcarinata (Bronnimann) was originally described to have a strongly

compressed test, angled periphery and rougher surface ornament.
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Forms described by Berggren (1962) (see synonymy) from the
Maestrichtian of Denmark as Planomalina ('grl._ .) messinae show the combined

characters of Gl. messinac messinac and Gl. messinae voluta. They

probably represent transitional specimens,
Forms described by Olsson (1964, pl.7, figs.6-8) from the Late
Campanian and Barly Maestrichtian of Delaware and New Jersey as Gl.

messinae belong in two different species; Biglobigerinella multispina

Lalicker and Gl, biforaminata (Hofker). That described by Douglas

(1969, pl.9, figs.ba-c) as Gl. multispinata (Lalicker) is referrable to

Gl, messinae messinae; it shows a compressed test, hisped surface

orament and a high apertural opening.

Pessagno (1967) considered Gl. messinae messinae to be a junior

synonym of Gl. messinae voluta (White) originally described as Globigerina

voluta. He (Op.cit.) stated "Although White's drawings of Gl. volutus
are not accurate, it seems obvious from a comparison of the topotypic
material with the holotype and paratypes of G, messinae s.s (Bronnimenn)
(U.S.N.M.) that G. voluta (White) is a senior synonym of G. messinae s.s
(Bronnimann)®, Unfortunately this statement cannot be checked, since
(according to Dr., John Imbrie of Colombia University) White's types are
missing frou the Colombia University Paleontology Collection (see
Pessagno 1967, p.278). However, as can be seen from the original
description and figures of Bronnimann (1952) and that of White (1928)
and from the samples herc studied, the two forms should be separated.

Occurrence. Rare, in the lower and middle part of the Sadi fommation.

Sigalia carpatica zone, Globotruncana concavata subzone to Globotruncana

fornicata subzone.
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Previous record of Occurrence, The Maestrichtian of Trinidad, Denmark

the Austro-German border and Switzerland. The Campanian - Maestrichtian

of Texas? Arkansas? Mexico? and Califormia.

Globigerinelloides messinae voluta  (White)

pl.1lk, figs,10-11

1928 Globigerina voluta White pp. 197—198 pl.28, figs.5a~b
1967 Not Glob1ger1q61101des volutus (Whlte) E@suagno. Pp.278-279, pl.62,
figs.,9~-11, pl,100, fig.9

Reunarks, As stated under Gl. messinae messinae (Bronnimann) the types

of this species arc missing from the Colombia University Paleontology
Collection., Thus a neotype will have to be erected from the Mendez
station material,

Specimens figured by Pessagno (1967) as GL, volutus (Whitc) which
show compressed tests, indistinct (hisped?) surface ornament and high,

apertural opcnings belong in Gl. messinae messinae.

The writer suggests that all specimens of Globigerinelloides
exhibiting; 1 - more than 5, globular or rather globular, inflated
chambers which increase rather rapidly in size; hisped or papillate
surface ornamentation and rather high apertural openings are referrable
to Gl. asperum (Ehrenberg). 2.- % - 6 globular or rather globular
inflated chambers increasing rapidly in size; a smooth or've:y finely
ornamented surfacej;and low apertural openings are referrable to Gl.
messinac voluta (Vhite), 3 ~ small ovoid, moderately compressed tests;
with 4% - 5 compressed, slightly inflated chambers which are elongated
and elliptical in apertural view; a hisped surface and high apertural

openings are referrable to Gl, messinee messinse (Bronnimann).

4 - similerity with (3) but with much more strongly compressed tests

and with distinctly acutely angled axial peripheries are referrable to
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Gl, messinac subcarinata (Bronnimann)
Occurrence. Abundant in the lower part of the Sadi formation. The

upper part of the Globotruncana concavata subzone to Globotruncana

fornicata subzone.

Previous record of Occurrence. It was originally described from the

Mendez shale and base of the Velasco of lMexico,

Globigerinelloides pinguis (Herm)

pl.14, figs.7=9

1962 Globigerinella voluta (White) sub,sp., pinguis Herm., p.bh2,
pl.1l, fig.4 (three figures)

Description. Test small, biunbilicate, planispirally coiled, compressed
in a direction perpendicular to the equatorial periphery; equatorial
periphery subcircular to ovoid, slightly to moderately lobate; axial
periphery rounded; chambers 5~7 in the last whorl, the carly ones of
which are comparatively very small, globular or subglobular, while the
last two or three are large, ovoid, elongated in the direction perpen-
dicular to that of coiling, 11 - 2 times as wide as high in apertural
view, increasing rapidly in size; sutures straight, radial to gently
curved and depressed on both sides; umbilicus very small canpared with

those of other species of Globigerinelloides owing to strong marginal

compression, shallow and irregular in shape; wall calcareous, finely
perforate; surface finely to modcrately hisped, the hispidity gradually
decreasing towards the last chamber; primary aperture interiomarginal,
equatorial, a medium to rather low arch. The majority of specimens show
no lip or lip-like projection but often relict supplementary apertures

are present,
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Main variations

1. The equatorial periphery is either subcircular, ovoid or
subrectangular,

2, The test can be moderately to strongly compressed in a
direction perpendicular to the equatorial periphery, and
sometimes 80 strongly that it looks much thinner laterally
than peripherally,

3., The apertural face is either flat, concave or slightly
inflated. Tts upper margin is either angled or narrowly
rounded.

L4, The aperture in very strongly compressed specimens is rather
highly arched, but niether bipartite chambers nor a
biapertural stage has been observed.

Remarks. Gl, pinguis was first described by Herm (1962) from the Lower

Maestrichtian of the Austro — German border as Globigerinella voluta

(White) sub.sp. pinguis. However, it is thought here that Globigerinella

should be included in Hestigerina Thomson 1876 as a junior synonym.
(See the amended definition of Loeblich and Tappan (1961, p.267).)
Gl, pinguis is morphologically rather ¢close to each of the

following species of Globigerinelloides, all of which, except GL,

asperum, appear in stratigraphically younger strata;

1. Gl. messinae messinae (Bronnimann)

2. Gl. messinae voluta (White)
3. Gl. asperum (Ehrenberg)

However, it differs in the shape of its test; the character of the axial
periphery; the character of the last two or three chambers; the size

and shape of the umbilicus; the apertural face and the character of its



upper margin.

Occurrence. Abundant in the upper part of the Tanuma and lowermost

part of the Sadi formations. Globotruncana renzi/Heterchelix pscudo~

guembeliniformis zone to Globotruncana concavata subzone.

Previous record of Occurrence. The Lower Maestrichtian of the Austro-

German border,

Globigerinelloides prairiechillensis  Pessagno

pl.1lk, fig.3

1967 Globigerinelloides prairiehillensis Pessagno, pl,60, figs,2-3,
pl.83,?fig,1l, pl.90, figs.1l-2,
754
’ L[]

Remarks and Occurrence. The writer has examined toptypic and hypotypic

materials of Gl. yaucoensis (Pessagno) from the Rio Yauco fommation of
Puerto Rico and the Taylor formation of Texas respectively., He has also

examined topotypic materials of Gl, prairiehillensis Pessagno from the

Taylor formetion of Texas and has found that there is little significant
difference between them,

Gl. prairiehillensis is distinguished by its large and rapidly

increasing chambers; its wider than high chambers, ovate in apertural view
finely hisped surface ornamentation, straight and deep sutures and low
apertural opening.

Occurrence, Rare in the uppermost part of the Khasib formation, the

Tarmma formation and the lower half of the Sadi formation. Globotruncana

;enzi/ﬁ_gte;oheli:g pseudoguenbeliniformis zone to Globotruncana fornicata

subzone.

Previous record of Occurrence. Campanian~Maestrichtian of Texas, south-

western Arkansas, Mexico and Puerto Rico (Pessagno (Op.cit.) ).
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Globigerinelloides tururensis (Bronnimann)

pl.13, figs. -6

1952 Globigerinella tururensis Bronnimann, pp.51-52, pl.l, figs.4-5
t.f.27, figs.a~b,c-d,e~f,
g=h,i-k,l-m

1959 Planomalina tururensis (Bronnimann) Bolli, pp.262-263
(no figure)

Description. Test small, thin, biumbilicate, planispirally coiled,
partially evolute and laterally compressed; equatorial periphery ovoid,
weakly lobate; axial periphery narrowly rounded; chambers 6-8 in the
last whorl, Compresséd s early nearly ovoid and obliquely arxanged, later
laterally compressed, slightly ellipsoidal in péripheral view and trap-
izoidal in lateral view; as a general rule, chambers increase moderately
in size as added; sutures straight, oblique in the early part, straight
and more strongly depressed in the later part; umbilici medium, shallow;
wall calcareous, perforate; surface smooth or very finely ornamented;
aperture interiomarginal equatorial, a low arch, In well preserved
specimens, the apertures of previous chambers remaining open in the
umbilical region as relict supplementary apertures.

Main variation: The main variation observed in Gl, tururensis is

in the degree of test compression (especially in the last portion) and
in the degree of exposure of the carly chambers in the umbilicus.
Remarks,  All the characters given for Gl. escheri (Kaufrann) by
Bronnimann (1952) coincide with those given for Gl. tururensis
(Bronnimann) by the same author (Op.cit.,). Both species show nearly
the same test size, partially evolute coils, early inflated and later
less inflated and laterally compressed chambers which increase gradually
in size as added, elongate, ellipsoid last chambers in peripheral view,

shallow umbilici, smooth surface and low apertural openings, Thus



167

Gl. escheri (Kaufmann) of Bronnimann (1952) (not Kaufmann 1885) is a
synonym of Gl. tururensis (Bronnimann),

When Kaufmann (1865) figures N, escheri he failed to designate
either a definite type locality or a type specimen, TIn 1952, Bronnimamn
selected the specimen represented by Kaufmann's figure 110 a
(1865) as the lectotype. However, the selected lectotype is unfortunate
choice as neither the surface ornamentation nor the apertural character
is identifiable. For this reason Gl., tururensis is considered separately.
Occurrence. Abundant in the uppermost part of the Tamuma end the lower-

most portion of the Sadi formation.  ?@lobotruncana renzi/Heterchelix

pseudoguembeliniformis zone to Globotruncana concavata subzone,

Previous record of Occurrernce, The Cenomanian ~ Lower Turonian of

Trinidad.

Globigerinelloides sp.B SP.Nov.

pl.15, figs.4-5
Description., Test small, biumbilicate, planispirally coiled and partially
evolute; equatorial periphery circular, slightly lobate; axial periphery
rounded; chambers8 in the last whorl, small and globular even in the
very mature forms, increasing so slowly that they all appear to be equal
in size; sutures distinct, straight, radial and depressed on both sides;
umbilici rather large, circular; wall calcareous, finely perforate;
surface hisped; primary aperture an interiomarginal, equatorial, low
arch with a bordering lip extending as a circular rim into both umbilical
areas; the apertures of previous chambers remain open in the umbilical
region as relict supplementary apertures.

liain variation: The main variation observed is in the size of the

last chamber which sometimes is smaller than the pemultimate one.
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Remarks., Globigerinelloides sp.B. sp.nov, differs from Gl. escheri

(Kaufmann) (the lectotype selected by Bronnimann 1952) in its greater
number of chambers which are small, globular and increase very slowly
in size as added; its fine but well defined, hisped surface, and the
distinct, interumbilical, circular projection of the apertural lip.
Judging from its figured lectotype, Gl. escheri (Kaufmann) is character-
ized by the 6 (rarely 5 or 7) rapidly increasing chambers, the early
ones of which are subglobular, while the last are laterally compressed
with an ellipsoid outline in apertural view and smooth surface. In
addition, no interwibilical lip projection or other similar features are
seen, The description given by Bronnimann (1952) for Kaufmann's species
needs correction as neither definite apertural characters nor surface
ornamentation can be seen. Its chambers are polygonal and increase
rather rapidly in size as they are added; they are not globular and
slowly increasing in size as stated by Bronnimann.

Globigerinelloides sp.B is morphologically similar to Gl., bentonensis

(Morrow) originally described from the late Cenomanian rocks of the
Greenhorn limestone of Kansas, but differ from it in its smaller test
and chambers size; straight, radial sutures and partially exposed early
whorls. In addition GlL. bentonemsis possess's early spinose, closely
appressed and later smooth chambers which increase rather rapidly in
size as added, It differs from Gl. caseyi loeblich and Tappan, originally
described from the Gault clay of Arlesey, England, in its smaller test
size, small to minute chambers which increase very slowly in size as
added and its hisped surface.

Gl. bollii Pessagno was defined as having 6-7 spherical to ovoid

chambers, smooth surface and high apertural opening.,



165

Bolli (1959) followed by Bardy (1967) described as Planomalina
escheri (Kaufmann) and Gl, escheri (Kaufmann) respectively, specimens

which probably belong in Globigerinelloides sp.B sp.nov.

The writer has examined the holotype and paratypes of Planomalina
rowi Barr at the B.M,(N.H,) and has found it to be a junior synonym of

Gl. escheri clavata (Bronnimamn).

Occurrence. Rare in the Khasib and Tanuma fomations, abundant in the
lowermost part of the Sadi formation immediately above which it dies out

completely., Globotruncana renzi/Heterchelix pseudoguembeliniformnis

zone - Globotruncana concavata subzone.

Globigerinelloides sp.A  sp.nov.

pl.ly, figs.L-6
Description., Test small, thick, biumbilicate, planispirally coiled;
equatorial periphery ovoid, moderately lcbate; axial periphery broadly
rounded; chambers 7 in the last whorl, the early ones of which are small
globular, slightly appressed, while the last two are ovoid, strongly
appressed, strongly compressed in a direction perpendicular to the
aperturél face, increasing regularly in size as added; sutures straight,
radial and depressed, umbilici small and shallow; wall calcareous,
perforate; surface finely hisped, the hispidity gradually decreasing
towards the last chamber; aperture interiomarginal, equatorial, a rather
low opening; relict apertures hardly seen in the holotype, but in saome
well preserved specimens théy remain open in dhe umbilical region as
supplementary apertures.

Mein variation: The last two or three chambers usually are so strongly

compressed that they fuse and give the appearance of a single chamber,
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Remarks, Globigerinelloides sp.A sp.nov. is distinguished from Gl.

asperum (Ehrenberg) by the character of its last two or three chambers;
the slow increase in chamber size and the low arched apertural opening.
The writer has examined the holotype of Gl. ehrenbergi (Barr) at

the B.M,(N,H,) and has found that it differs fram Globigerinelloides

sp.A in having a partially evolute test; a greater number of chaubers
in the last whorl; a nearly circular outline and curved sutures., In
addition its last two chambers are neither ovoidal nor appressed and
compressed.,

Globigerinelloides sp,A is similar to Gl. aissana (Sigal) originally

described from the Cenomanian of north Algeria as Globigerinella aissana.

However, as the type description contains no information about the surface
ornamentation and chamberscharacter and as 1ts sutures seem distinctly
curved, this writer considers the two speciles to be distinct.

Occurrence.  Rare in the upper part of the Khasib formation, rare to
abundant in the Tamuma and lower part of the Sadi formations.

Globotruncana renzi/Heterohelix pseudoguenbelinifomis zone - Globo-

truncana concavata subzone,

Globigerinelloides sp.A var.l var,nov,

pl.15, figs.1-3

Remarks, Globigerinelloides sp.A var.l is distinguished from the

typical form of the species by its smaller and thinner test; its very
small, minute, distinctly globular early chambers in the last whorl which
increase comparatively rapidly in size as added; its larger and deeper
umbilici and its ultimate chamber which is sometimes smaller than the

pemiltimate one,
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sp.nov, because of similarity in shape of the test, the character of the
last two or three chambers and in the hisped surface ornament, The
two forms have different stratigraphic ranges.

Occurrcnce., Abundant, in the Tanuma and the lower part of the Sadi

formations, 7Globotruncana renzi/Heterchelix pseudoguembeliniformis

zone - Globotruncana concavata subzone.

Family ROTALTPORTDAE Sigal 1958
Subfamily HEDEERGELILINAE Loeblich and Tappan 1961
Genus Clavihedbergella Bamnner and Blow 1959
Type species Hastigerinella subcretacea Tappan 1943

Clavihedbergella cf. simplex (Morrow)

pL.16, fig.6
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1934 Hastigerinella simplex Morrow. p.198, pl.30, fig.6

1961 Clavihedbergella simplex (Morrow) Loeblich and Tappan. pp.279-280
pl.3, figs.lla-c (not figs.
12-1la-b

1962 Clavihedbergella simplex (Morrow) Ayala. pp.25-26, pl.l,

figs.2a-c,3a-c (not fig.l)
pl.5, figs.la-c

1964 Clavihedbergella simplex (Morrow) Todd and Low, pp.403-L4Ol,
pl.l, figs.la-c
1969 Clavihedbergella simplex (Morrow) Douglas. p.l63, pl.5, figs.

Sa-c  (not fig.l)
Remarks. A few specimens here described as Clavihedbergella cf, simplex

(Morrow) probably belong in different species. They differ from the
holotype in having a less strongly lobate equatorial periphery.
According to the latest records, the stratigraphic range of

Clavihedbergella simplex (Morrow) is Cenomanian to Coniacian, (Loeblich

ard Tappan (1961), Pessagno (1967) and Douglas (1969).)
In southern Irag it occurs as a rare form in the Coniacian of the

Khasib formation,
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Genus Hedbergella Bronnimann and Brown 1958
Type species Anomalina lorneiana da'Orbigny
var, trocoidea Gendolfi 1942,

Hedbergella amabilis Loeblich and Tappan

pl.16, fig.6

1961 Hedbergella amabilis Loeblich and Tappan p.274, pl.3, figs.l1-10
1967 Hedbergella amabilis Loeblich and Tappan. Pessagno. pp,281-282,

pl.52, figs,6-8

Remarks., Hd. amebilis is distinguished by its compressed, flattened
and low trochospiral test; strongly lobate equatorial periphery; sub-
clavate chambers and deeply constricted sutures which are radial to
gently curved, Hd. planispira (Tappan) has more chambers per whorl,
less constricted sutures and less radially elongated chambers.

Loeblich and Tappan (1961) illustrated the range of variation of

this species and its close relation to Clavihedbergella simplex (iMorrow).
However, the later species has perfect clavate chambers.

In general, Hd. amabilis Loeblich and Tappan differs from other
species of Hedbergella in the subclavate nature of its chambers.
Occurrence., Only a few specimens were found in the Khasib formation,

Globotruncana renzi/Heterohelix pseudoguembeliniformis zone,

Previous record of Occurrcnce, The Cenomanian of Georgia, U,S.4,,

Puerto Rico and Trinidad, The Cenomanian -~ Coniacian of Texas and

lexico (see Pessagno 1967, p.282)

Hedbergella brittonensis  Loeblich and Tappan

pl.16, figs.h~5

1961 IHedbergella brittonensis Loeblich and Tappan, pp.274-275,
pl.l, figs,1-8
1962 Hedbergella brittonensis Loeblich and Tappan, Ayala, pp.23-2k4,

pl.3, figs.la~c, pl.8,
figs.3a~b
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1966 Hedbergella delricensis (Carsey) Butt. pp.1l73-174, pl.2
figs.8a-c (not figs.l—75
1967 Hedbergella brittonensis Loeblich and Tappan. Pessagno. p.282,

pl.52, figs.9-12
Remarks. Bandy (1967) considered Hd. brittonensis Loeblich and Tappan

to be a junior synonym of Globigerina portsdownensis Williams - liitchell

(1948) because of the similar apertural characters, surface ornament
and stratigraphic range (Cenomanian). However, this is to be doubted

since Hd,. brittonensis in this study was found at stratigraphically

younger levels, In addition, Hd. portsdownensis was originally described
to have a cancellate surface ornament, a lesser number of chambers and
strongly constricted suturcs, According to M, Hart (personal commun-
ication) the types show two weak peripheral keels and the specics does
not belong in Hedbergella.

Butt (1966) described from the type Turonian as Hd. delrioensis

(Carsey) a form which probably belong in Hd. brittonensis (sec synonoqy).

Occurrence. Rare, in the Khasib and Tanmma formations. Globotruncana

renzi/Heterohelix pseudoguembeliniformis zone.

Previous record of Occurrence., The Cenomanian of Kansas and Georgia.

The Turonian of the Paris basin, The Cenomanian - Turonian of Mexico

and the Cenomanian - Coniacian of Texas.

Hedbergella crassa  (Bolli)

pl.18, figs.5-6

1959 Pracglobotruncana crassa Bolli. p.265, pl.2l, figs.l,2

1962 ?  Pracglobotruncana crassa Bolli, Pessagno. p.358, pl.6, figs.
5-6

1965 Hedbergella crassa (Bolli). Takayanagi. 7p.203, pl.2l,
figs.2a-3c

1969 Hedbergella crassa (Bolli). Douglas., p.165, pl.5, fig.2

Remarks, The main variation observed in Hd. crassa is in the degree

of flattening of the spiral side, which in some specimens may even become
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concave,

Hd. crassa was first described by Bolli (1959) as Praeglobotruncana

crassa n.sp. He (ITbid) remarked that the species differs from Hd.

gauticrensis (Bronnimann) in the possession of only 5 chambers in the

last whorl, less compressed chambers and a smaller, deeper umbilicus,
Because the lack of imperforate peripheral margin or kecel, Hd4.
crassa (Bolli) is here assigned in genus Hedbergella,

Hd. prachalvetica (Trujilla) described from the middle Turonian

of California differs from Hd. crassa in having the chambers in the last
whorl increasing rapidly in size, a large umbilicus and slightly sharpened
periphery.

Occurrence. Abundant in the Khasib, Tanuma and the lowermost part of

the Sadi fomuations., Globotruncana renzi/Heterchelix pseudogucibelini-

fomis zone - Globotruncana concavata subzone.

Previous record of Occurrence, The Turonian -~ Maestrichtian of California

The Turonian - Lower Santonian of Naparima Hill formation, Trinidad.

The Turonian - Lowcr Campanian of Puerto Rico,

Hedbergella delrioensis  (Carsey)

pl.1l7, figs.8-10

1926 Globigerina cretacca d'Orbigny. var. delrioensis Carsey,
Pl inoAfiguréj
1943 Globigerina cretacea d'Orbigny. Tappan., p.512, pl.82, figs,16,
17.
1954 Globigerina delriocensis Carsey. Frizzell, p.127, pl.20, fig.l
1959 Pracglobotruncana (Hedbergella) delrioensis (Carsqy) Banner

and Blow, p.8
1960(a) Globigerina crctacea d'Orbigny. Tekayanagi. p.137, pl.10,

figs.8a-c
1960(b)  Globigerina cf, delrioensis Carsey, Takayanagi. p.138, pl.10,
figs.%a-c
1961 Hedbergella delrioensis (Carsey) Loeblich and Tappan. p.275,
) ) pl.2, figs,11-13
1962 Hedbergella delrioensis (Carsey) Takayanagl and Iwamota., p.190,

pl.28, figs.l0a~12c
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1963 Hedbergella delrioensis (Carsey) Renz Luterbacher and Schneider
P.1083, Pl-9, figs- 58.—0

196, Hedbergella trocoidea (Gandolfi) Taylor. p.593~594, pl.8.L,
figs.h,5(not Tig.6), 27

1965 Hedbergella delrioensis (Carsey) Takayanagi. .204-205, pl.21,
figs,La=c

1966(a) Hedbergella delriocensis (Carsey) Salaj and Samuel. p.167, pl.S,
figs,ba-c

1966(b) Hedbergella infracretacea {Glaessner) Salaj and Samuel, Ibid.
p.163, pl.8, figs.lOa~c

1966 Hedbergella delrioensis (Carsey) Butt. pp.173-174, pl.2, figs.3,
i 4,6,7 (not figs,1,2,5,8)
1967 Hedbergella delriocnsis (Carsey) Pessagno. p.282-283, pl.4y8,

figs,3-5 (not figs,l,2)
Remarks. Hd, delrioensis (Carsey) is distinguished by its Lk - 5,

rarely 6, rather rapidly increasing chambers, the nature of last chamber
which usually bcnds towvards the umbilicus, flush to slightly raised
initial chambers, hisped, papillose surface and straight to gently curved
suturcs, The writer suggests that all Hedbergella exhibiting;

1. Low trochospiral to nearly planispiral test, chambers slowly to
rather rapidly increasing in size and gently curved suftures at least in
the early portions of the last volution, should refer to H4, planispira
(Tappan).

2, As in (1) but with a rapid increasc in the size of the chambers,
and a lesser number of chambers, should refer to Hd. monmouthensis Olsson,

3. As in (2) with compressed, ovate and elongated chambers, should

refer to Hd, holmdelensis Olsson,

Hd. delrioensis was originally described by Carsey (1926) as a

variety of Globigerina cretacea d'Orbigny, but he failed to figure it

and designate the depository of the typc specimens. According to Pessagno
(1967) the location of the type specimens which are assumed to be
deposited in the Carsey collection at the University of Texas is doubtful,

Frizzell (1954) elevated Globigerina cretacea var. delrioensis Carsey to

specifiic rank.
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Banner and Blow (1959) placed it in the subgemus Pracglobotruncana

(Hedbergella) and Loeblich and Tappan (1961) in the genus Hedbergella.
Owing to its apertural character and the perforate peripheral margins,
the species is here placed in Hedbergella,

QOccurrence. Appears in the lower part of the Khasib fomation. Tt
increascs gradually upwards in the section and dies out completely in
the middle part of the Sadi formation.

Globotruncana renz;/Heterohelix pseudoguembeliniformis zone - Globotruncana

fornicata subgone.

Previous record of Occurrence. The Cenomanian of Trinidad. The

Cenomanian to Coniacian of California and Europe. The Aptian ~ Campanian

of Texas, Mexico, West Carpathian and Hokaido (Japan).

Hedbergella gautierensis (Bronnimann)

pl.1l6, figs,7-8

1952 Globigerina gautierensis Bronnimann., pp.ll-14, pl.1, figs.1-3,
t.f. 2a-m

1940 Globigerina cretacea d'Orbigny. Tappan. pp,.121-122, pl.11,
figs.lla-c

1959 Not Praeglobotruncana gautierensis (Bronnimann)Belli, pl.21, figs.3-
o 6 = Hd. trocoidea, p.265.
(Gandolfi

1960 Praeglobotruncana gautierensis (Bronnimerm) Jones. p.102, pl.l15,

figs.la-c,2a~c,3-6,

(not figs.7-8)

1960 Praeglobotruncana gautierensis (Bronnimann) Pessagno. p.98

' (no figure)

1962 ?  Praeglobotruncana gautierensis (Bronnimann) Pessagno. p. 358,
pl.6, fig.lh

1962 Praepglobotruncana gauticrensis (Bromnimenn) Petri, pl.17,
figs.,la-c,2a~c

Remarks, Hd. gautierensis was first described by Bronnimann (1952) from

the Cenomanian ~ Turonian of the Gautier formation of Trinidad as

Globigerina gautierensis. Inspite of its unkeeled, perforate peripheral

margins and apertural character, no one has yet placed this spccies in
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Hedbergella,
Loeblich and Tappan (1961), followed by Takayanagi (1965) and

Pessagno (1967), considered Hd. gautierensis (Bromnimann) to be a junior

synonym of Hd, delriocensis (Carsey). However, as can be seen from the
original description, the figured holotype and paratypes and from the
samples here studied, the morphological features of the two species
strongly warrent their separation in spite of their apparent similarity,

Hd. gautierensis is distinguished by its loosely coiled test,

depressed early chambers, compressed last chamber, small umbilicus and
by the nature of its aperture which extends also to the spiral side,

Forms described by Bolli (1959) as Praeglobotruncana gautierensis

lack the above-mentioned characters and have 2-3 coils which are highly
trochospiral, They possibly belong in Hd, trocoidea (Gandolfi).
Occurrence. Abundant in the lowermost part of the Khasib formation,

Globotruncana renz;/ﬁeterohgigx pseudoguembeliniformis zone. -

Previous record of Occurrence. The Cenomanian of Trinidad. The

Cenomanian — Middle Campanian of Texas, The Cenomanian - Maestrichtian

of Brazil, The Coniacian — Campanian of South-Central Puerto Rico.

Hedbergella hessi (Pessagno)

pl.17, fig.ll

1962 Praeglobotruncana hessi Pessagno. pp.358-360, pl.5, figs.B8-12
1966 ? Hedbergella hessi (Pessagno) El-Naggar., p.151 (no figure)
1966 Hedbergells hessi hessi (Pessagno) Ansary and Tewfik, p.L7,

) pl.L, figs.8a-c
1967 Loeblichella hessi (Pessagno) Pessagno. p.288, pl.i8, figs.17-

19 (not pl.61, figs.6-11)

Remarks., In southern Iraq several specimens were observed similar to
Hd. hessi (Pessagno), The holotype was described by Pessagno (1962)

from the Rio Yauco formation of Puerto Rico, and was said to have a
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flattened to gently convex spiral side, 5-6 chambers in the last whorl
which increase rapidly in size as added, radial to slightly curved and
depressed sutures on both spiral and umbilical sides, an early spinose
and later smooth surface, a broad umbilicus and an intericmarginal,
extraumbilical-umbilical aperture.

In the redescription of Hi. hessi, Pessagno (1967) added "spiral
side flattened, last whorl with 5-6 subtrapizoidal to trapizoidal chambers,
chambers coarsely rugose". He (1962) remarked that the holotype differs

from Pr. hessi compressiformis Pessagno (= Pr. coarctata Bolli) in its

less compressed chambers and lack of a keel, and, in 1967, only in the
absence of an angled periphery.

In spite of this confusion, Pessagno was trying to insist mainly
on three characters; 1 - the elongate, subtrapizoidal to trapizoidal
chambers of the last whorl, 2 - the low trochospiral to nearly flat
spiral side, and 3 -~ the random surface ornamentation. However, these
characters, in fact are the main diagnostic features of Pr. coarctata,
originally described by Bolli (1957).

The writer has examined topotype specimens of Hd. hessi (Pessagno)

Pr. hessi compressifonnis Pessagno and Pr. coaretata Bolli Kidely presented

by Dr. E. Pessagno.
Occurrence., Abundant in the Tamuma formation, rare in the Sadi, Hartha,

Qurna and Tayarat formations, The upper part of the Globotruncana

renzi/ﬁeterohelix pseudoguembeliniformis zone - Globotruncana gansseri

zone,

Previous record of Occurrence. The llaestrichtian of Puerto Rico, the

Upper Cenomanian to Santonian of Mexico, the Upper Cenomanian to Maest-—

richtian of Texas, the Campanian of Arkansas and the Campanian to
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flattened to gently convex spiral side, 5-6 chambers in the last whorl
which increase rapidly in size as added, radial to slightly curved and
depressed sutures on both spiral and umbilical sides, an early spinose
and later smooth surface, a broad umbilicus and an interiomarginal,
extraumbilical-umbilical aperture.

In the redescription of Hi. hessi, Pessagno (1967) added “spiral
side flattened, last whorl with 5-6 subtrapizoidal to trapizoidal chambers,
chambers coarsely rugose”. He (1962) remarked that the holotype differs

from Pr. hessi compressiformis Pessagno (= Pr. coarctata Bolli) in its

less compressed chambers and lack of a keel, and, in 1967, only in the
absence of an angled periphery.

In spite of this confusion, Pessagno was trying to insist mainly
on three characters; 1 - the elongate, subtrapizoidal to trapizoidal
chambers of the last whorl, 2 - the low trochospiral to nearly flat
spiral side, and 3 - the random surface ornamentation., However, these
characters, in fact are the main diagnostic features of Pr. coarctata,
originally described by Bolli (1957).

The writer has examined topotype specimens of Hd. hessi (Pessagno)

Pr. hessi compressiformis Pessagno and Pr. coaretata Bolli Kidely presented

by Dr. E. Pessagno.
Occurrence. Abundant in the Tanuma formation, rare in the Sadi, Hartha,

Qurna and Tayarat formations. The upper part of the Globotruncana

renzi/Heterohelix pseudoguembeliniformis zone - Globobtruncana gansseri

zone,

Previous record of Occurrence. The Haestrichtian of Puerto Rico, the

Upper Cenomanian to Santonian of Mexico, the Upper Cenocmanian to Maest-

richtian of Texas, the Campanian of Arkansas and the Campanian to
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Maestrichtian of Egypt, U.A.R.

Hedbergella holmdelensis Olsson
Hedbergella holmdelensis Olsson

1964 Hedbergella holmdelensis Olsson. pp.160-161, pl.l, figs,1-2

Remarks. In southern Iraq all specimens of Hd. holmdelensis were poorly

Dreserved.

Hd. holidelensis is very close to Hd, planispira (Tappan) and
further investigations may prove their synonymity. However, in this
study Hd. holmdelensis was found to differ from Hd, planispira in having
compressed, subspherical chambers and a large and shallowecr umbilicus,
Occurrence, Rare in the lower part of the Tayarat formation.

Globotruncana gansseri zone,

Previous record of Occurrence. The Maestrichtian of the Navesink

formation, New Jersey.

Hedbergella aff. paradubia (Sigal)
pl,17, figs,1-3

}

1952 Globigerina paradubia Sigal, p.28, fig.28 (three figures)
1962 Praeglobotruncana ¢ paradubia (Sigal) Lehmann. p.:h0,154,
pl.2, fig.3
1966 Praeglobotruncana ? paradubia (Sigal) Caron. pl.3, figs.5a-c
1966 Hedbergella delrioensis (Carsey) Butt. pp.173-174, figs.la-c
S5a=-c (not figs.2,3,4,6
7,8)

Remerks, Hd. paradubia was originally described by Sigal (1952) from
the Cenomanian rocks of the northern Algeria, but he failed to designate
the exact type locality. Moreover, neither the apertural character nor
the surface ornawentation were illustrated and his type description was
s0 brief and vague that most later authors assigned similar forms to
different species.

However, judging from figure 28, it shows an interiomarginal extra-
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umbilical -~ umbilical aperture, a medium sized umbilicus, 2% rather highly
coiled whorls, subspherical, moderately inflated chambers and a narrowly
rounded axial periphery.

Comparison with a similar form from norther Algeria in Mr. Carter's
personal collection, shows that the Iragi materials have a rugose and
hisped surface ormament, as opposed to a smooth test and less strongly
compressed chambers in the last whorl.

The writer has fourd that there is little significant difference

between the holotype of Rugoglobigerina kingi Trujillo and the figured

type of Globigerina paradubies Sigal. The former should be regarded as
a junior synonym of the latter.
Three of the specimens (pl.3, figs,5a-c, pl.k, figs.7,8) figured

by Subbotina (1953) as Rotundata ordinaria are referrable to Hd, paradubia.

Likewise, the specimens figured as Hd, delrioensis (Carsey) by Butt (1566)
(see synonymy) from the type Turonian arc referrable to Hd, paradubia
(Sigal).

Occurrence, Rare in the Xhasib and Tamums forxmations, Globotruncana

rgnzi/He‘teroheliX pseudoguembeliniformis zone.

Previous record of Occurrence. The Cenomanian of Algeria, Turonian of

Switzerland, F'rance and horocco, It was also recorded as Pugoglobig-
erina kingi Trujillo from the Cenomanian - Coniacian of California

(Trujillo 1960, Takayanagi 1965 and Douglas 1969).

Hedbergella planispira (Tappan)

pl.16, figs,10-12; pl.17, figs.h-7

1940 Globigerina planispira Teppan. p.12, pl.19, fig,12
1952 Globigerina planispira Tappan. Colom, p.269, pl,l, figs,1-12
1953 Globigerina planispira Tappan., Crespin. p.35, pl.6, fig.1l6

1959 Praeglobotruncana modesta Bolli. p.267, pl.22, figs.2a—c
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1960 Prasglobotruncana hansbollii Trujillo. p.339, pl.49, figs.7a-c
1962 Praeglobotruncana planispira (Tappan) Petri, pp.121-122, pl.16,
. figs,B8a-c (not figs.7a~c)
-~ 1963 Hedbergella planispira (Tappan) Rasheed, pp.238-239, pl.k,
. figs.8-10
1964 Hedbergella planispira (Tappan) Olsson. pp.161-162, pl.l,
figs.,5a-c,(not figs.ka-c)
1965 Hedbergella planispirs (Tappan) Escher. p.905, pl.106, figs,
la-c
1965 Hedbergella planispira (Tappan) Takayanagi. pp.205-206, pl.2l1,

figs,ba—c,7a-c, pl,22,
figs.la-c (including
additional synonymy up

to 1961)
1966 Hedbergella planispira (Tappan) Marianos and Zingula. p.335,
pl.37, figs.ba-c
1967 Hedbergella planispira (Tappan) Bandy., p.10-11, t.f.4(3)
(lower)
1967 Hedbergella planispira (Tappan) Pessagno. p.283, pl.51, fig.l
P1055, figsol,2,5 ,)—I-
1969 Hedberpella planispira (Tappan) Douglas. p.168, pl.5, fig.l

Remarks. HA. planispira (Tappan) was originally described as Globigerina
plenispira; later Loeblich and Tappan (1961) placed it in the geﬁus
Hedbergella, Tappan (Op.cit.) compared her species with Globigerina
cretacea d'Orbigny. In fact, Hd, planispira (Tappan) is much more

closely related to Hd. trocoidea (Gandolfi) than to Globigerina cretacea,

It differs in having chambers arranged in two whoxls as opposed to 3-l
in Hd. ftrocoidea and in its low trochospiral to nearly planispiral test.
Bolli (1959) described from the Albian and Cenomanian rocks of

Trinidad as Praeglobotruncana modesta, a form which only differs from

Hd. planispira in having 7-8 chambers in its last whorl as opposed to
5-6. The writer has found thet there is little if any significant
difference between the two hplotypcs. Hence Pr, modests Bolli is
regarded as a junior synonym of Hd, planispira (Tappan).

Trujillo (1960) described from the Coniacian of California as

Praeglobotruncana hansbollii a form which is not significantly morpholog-

ically different from Hd, planispira, both species are characterized by
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having small, low trochospiral test, straight radial to gently curved
sutures and a wide umbilicus,

Regarding Pr. hansbollii Trujillo stated “"they are considerably
flatter and do not have such a depressed umbilical area a&s does Hd.
planispira®™ and "it appears that the aperture of FPr. planispira does not
extend as a low slit on to the peripheral margin®,

In southern Iraq, both the above characters fall within the range
of variation of Hd. planispira; moreover, this\latter exhibits either
a slow or a rather rapid increase in the chambers size. Hence FPr.
hansbollii Trujillo is also regarded as & junior synonym of Hd, planispira
(Tappan).

The forms described by Olsson (1964) in pl.l, fig.Lk as Hd. planispira

(Tappan) and in pl.l, fig.3 as Hd. monmouthensis should be referred in

Hd. holmdelensis Olsson.
Occurrence, Abundant in the Khasib and Tanuma fommations.

Globotruncana renzi/Heterohelix pseudoguenbeliniformis zone,

Previous record of Occurrence. Texas, Cenomanian - Coniacian,

California, Albian - Campanian, New Jersey, Upper Campanian, Trinidad,
Lptian -~ Campanian. Mexico, Albian ~ Coniacian, Brazil, Aptian -
Lower Cencmanian, West Australia, Cenomanian - Campanian, Spain,
Cenomanian - Turonian, Rumania, Albian. Germany, Cenananian.

England, Aptian, U.8.8.K., Aptian - Cenomanian and Egypt, Coniacian -

Santonian,
Hedbergella prachelvetica (Trujillo)
pl.17, fig.12
1960 Rugoglobigerina prachelvetica Trujillo. p.340, pl.49, figs.6a-b
1966 Praeglobotruncana praehelvetica (Trujille) Marianos and Zingula.

p.338, pl.38, figs.9a-e
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1969 Hedbergella prachelvetica (Trujillo) Douglas. p.168, pl.k, fig.3

Remarks. Hd, prachelvetica is rare to rather abundant in the Coniacian

rocks of the Khasib formation and the lower part of the Tanuma formation.

The writer has examined a topotype specimen of Praeglobotruncana

helvetica (Bolli), kindly presented by Dr. Bolli and found a close link

between this species and Hd, praehelvetica.

Occurrence, Globotruncana renzi/Heterchelix pseudoguembeliniformis zone.

Previous record of Occurrence. Known only from the Turonian of

California,
Genus Praeglobotruncana  Bermudez 1952
Type species Globorotalia delrioensis Flummer 1931
Praeglobotruncana coarctata Bolli
rl.19, figs,1-2
1957 Praeglobotruncana coarctata Bolli. p.55, pl.l12, figs.2a-c,

3a-~c
1960 ? Praeglobotruncana mattsoni  Pessagno. pp.98-99, pl.2, figs.l-3

1962 Praeglobotruncana hessi compressiformis FPessagno, p.360, pl.5,
figs.,1-7
1967 Loeblichella coarctata (Bolli) Pessagno. pp.288-289, pl.L8,

figs.14,16,20, pl.6l,
figs.4,5, pl.62,
figs,1-3,6-8, pl.76,
figs.7-9

1967 Loeblichella hessi (Pessagno) Pessagno., Ibid. p.288, pl.61,
figs.6-8,9-11, pl.100,
figs.1-2? (not pl.;8,
figs,17-19)

Remarks. ..Pr. coarctata Bolli is distinguished by its compressed, thin

test, with 5-6 (rarely L4}) ovate to subtrapizoidal chambers in the last
whorl, its carinate equatorial periphery and angled axial one,

Pessagno (1962) described Pr, hessi compressiformis as a new sub-

species and remarked that it differs from Pr, coarctata Bolli in its

more elongate chambers in the last whorls and in the coarsely spinose
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nature of all but last two chambers. He later (1967) considered it to
be a junior synonym of the latter,
On comparing the type description, the figured holotype and para-

types of Pr. hessi campressiformis with those of Pr. coarctaeta and

examining topotypic material kindly sent by Dr, Pessagno, it was found
that the morphological features of the two speciecs strongly favour their
synonymity. Both species are characterized in having compressed, thin
tests, low trochospiral, slightly convex to nearly flat spiral sides,
carinate last two chambers, angled axial peripheries and elongate to
oveid or subtrapizoidal chambers in the last whorls,

The writer also has examined topotypic material of Pr, mattsoni
Pessagno. This species is regarded as a junior synonym of Pr, coarctata
Bolli,

Occurrence. Abundant in the upper part of Khasib formation, the Tanuma
formation and the lower part of the Sadi formation, Rare in the uppcr
part of the Sadi formation, the Hartha fommation, the Qumna formation
and the lowezrmost part of the Tayarat formation, Upper part of the

Globotruncana renzi/Heterohclix pseudoguembeliniformis zone - lower part

of the Globotruncana gansscri zone,

Previous record of Occurrence, The Lower Campanian of the Naparima Hill

formation of Trinidad, the Campanian of Arkansas, the Cenomanien -
Turonian, Campanien and Maes*trichtian of Texas, the Turonian of Mexico
and the Lower Maestrichtian of Puerto Rico. There are also unconfirmel

records from north Afirica.
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Praeglobotruncana inornata  (Bolli)

pl.18, figs.l-

1957 Globotruncana inornata Bolli, pp.57-58, pl.13, figs.5-6

1962 GLlobotruncana (Globotruncana) inornata Bolli, Pessagno. p.362,
pl.6, figs.7-9

1967 ? Vhiteinella inomata (Bolli) Pessagno. p.299, pl.71, figs.3-5

1967 Whiteinella archaeocretacea Pessagno. pp,298-299, pl.51,

figs,2-l (not figs.19-21,

22-2l, 25)

1969 Hedbergella archaeocrctacea (Pessagno) Douglas. p.165, pl.l

figs.5a—-c (not pl.6,

figs.7a-c)

Remarks. Pr. inornata was first described by Bolli (1957) from the

Turonian Lowver Campanian rocks of Trinidad. It is distinguished from
other similar species by its slightly compressed test, with 4=~5 large,
ovate chambers in the last whorl, the early on=s of which are subspherical
in peripheral view and the last two laterally compressed, a narrowly
rounded or carinate or only sharpened periphery and a wide umbilicus,

Pr. inornata is morphologically similar to Pr. wilsoni (Bolli) but
differs from it in having the early chambers of the last whorl rounded
on the periphery rather than with a double keel (see also Bolli 1957,
p.58).

Pessagno (1967) in the type description remarked that Whiteinella

archaeocretacea n,sp., differs from W, inomata (Bolli) in having a

rounded rather than an angled periphery, but he did not mention which
par: is rounded and whether it is narrowly or broadly rounded. He also
stated that he has noted no true carinae on Bolli's type specimens or
on the specimens encountered during the courseoof his study and that the
sectioned specimens of W, inomata (Ro1li) show a campletely perforate
peripheral band, However, his figured specimens of W. inornata (pl.7,
figs.3-5) show distinctly thickened carinae all round the periphery.

The examination of topotypic materials belonging to both species revealed
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the presence of a close relationship in their peripheral character,
chambers shape, surface ornamentation and the umbilicus,

Inspite of this fact, this writer hesitates to postulate their
complete synonymity, mainly because Pessagno's typec description does
not coincide with the figured holotype.

Specimens described by Douglas (1969, pl.5, figs.5a~c) as Hd,

archacocretacea (Pessagno) are actually of Pr, inornata (Bolli); one

of his forms (pl.6, figs.?a—c) probably belongs in Hd. amabilis Loeblich
and Tappan,
Occurrence. Abundant in the Khasib, Tanuma and the lower half of the

Sadi formations, Globotruncana renzi/Heterohelix pseudoguembeliniformis

zone - Globotruncana fornicata subzone,

Previcus record of Occurrence., The Turonian - lower Campanian of the

Naparima Hill formation of Trinidad. It was also recorded from the
Turonian to Lower Santonian of Texas and Mexico and the Turonian -

Coniacian of California,.

Praeglobotruncana wilsoni (Bolli)

pl.18, figs.7-9

1957 Globotruncana wilsoni Bolli, pp.58-59, pl.l4, figs.ha-c
1967 Praeglobotruncana wilsoni (Bolli) Bandy., p.l7, t.T.8(5)

Remarks, Pr. wilsoni was first described by Bolli (1957) from the Lower

Santonian of the Naparima Hill formation of Trinidad as @lobotruncana

wilsoni. He remarked that this species differs from G, lapparenti

bulloides Vogler in having an ovate test, two more closely spaced keels

which often reduce to one and in having only 4 chambers in the last whorl,
Pessagno (1967), who examined the types of G. wilsoni Bolli

(= Pr. wilsoni (Bolli) ) at the U.S., Natural Muscum, noted that the
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holotype is closely rclated to Marginotruncana marginata (Reuss) (= G.

marginata (keuss) ), but shows depressed sutures both spirally and
umbilically., He added that the paratypes from the Maestrichtian portion
of Guayare formation show rugosities aligned in a meridional pattern and

are clearly referrable to Rugotruncana subcircumodifer (Gandolfi) (= G.

subcircumodifer (Gandolfi) ).

Howcver, as can be judged from the figured holotype, the figured
paratypes, the type description of Pr, wilsoni (Bolli) and from the
specimens here studied, Pr. wilsoni is distinguished from G, subcircum-
nodifer by its qQuadrelobate perivhery; its poorly developed, faint keels;
its lesser number of chambers in the last whorl (4 chambers as opposed
to 5 plus) and less rough to nearly smooth surface. In addition, Pr.
wilsoni appears in stratigraphically older strata than G. subcircum-
nodifer.

It differs from G, marginata (Reuss) in its poorly developed, faint
keels; its lesser number of chambers in the last whorl and in having
depressed subtures on both sides of the test.

Occurrence, Abundant, restricted to the lower part of the Sadi formation.

Globotruncana concavata subzone,

Previous record of Occurrence. The holotype was described from the

lower Santonian of the Naparima Hill formation; the paratypes were

from the Maestrichtian of the Guayaguayare formation, Trinided,
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Family GLOBOTRUNCANIDARE Brotzen 1942
Genus Globotruncana Cushman 1927
Type species Pulvinulina arca Cushman 1926

Globotruncana acgyptiaca aegyptiaca Nakkady

pl.19, figs.7-9

1950 Globotruncana aegyptiaca Nakkady. p.690, pl.90, figs.20-22

1954 7 Globotruncuna aegyptiaca Nakkady. Nakkady and Osman, pp.75-76,
pl.20, fig.20

1956 Not Globotruncana aegyptiaca Nakkady. Said and Kenawy. p.150, pl.5,
figs.l9a-c

1963 Not Globotruncana aegyptiaca Nakkady. Kavary and Frizzell, p.51,

pl.9, figs.26-28

1963 Not Globotruncana (Globotruncana) aegyptiaca Nakkady, Van Hinte
pp.87~-89, pl.8, figs.la-2c

1966 7 Globotruncana aegyptiaca Nakkady, Ansary and Tewfik. p.49, pl.6

figs.8a-c

1966 Globotruncana aegyptiaca aegyptiaca Nekkedy. El-Naggar. pp.76-
80, pl.3, figs.ha-d, pl.lL,
fig.l

1967 Globotruncana aegyptiaca Nakkady., Pessagno. pp.319-321, pl.83,

figs.8-10 (not pl.79, figs.
2-l; pl, 9k, fig.6; pl.95,
figu8_9)

1967 Globotruncana duwi Nakkady, Pessagno., Ibid. pp.333-336, pl.83,
f:;.gs.Z—l,., (not pl.83, figs.5-
7

Remarks. G. aegyptiaca aegyptiaca was originally described by Nakkady

(1950) from the Maestrichtian rocks of western Sinai. Berggren (1962),
followed by Van Hinte (1963) and Pessagno (1967) considered G, gagnebini
Tilev to be a junior synonym of G, aegyptiaca Nakkady, while Bandy (1967)

included it in the synonymy of G. asegyptiaca duwi Nakkady.

G. gagnebini Tilev differs from G. aegyptiaca aegyptiaca in its

moderately lobatc, ovate test and its greater number of chambers in the
last whorl which are elongated and increase rapidly in size as added,

Bronnimann and Brown (1956) described as Rugotruncana skewesae

a fom which Van Hinte(1963) and El-Naggar (1966) included in the

synonymy of G, aegyptiaca aegyptiaca Nakkady, Olsson (196L) in that of
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G, gagnebini Tilev and Pessagno (1967) with G, aegyptiaca duwi Nakkady,

As can be seen from the original description and figures of Rugotruncana

skewesae and from sample here studied it is more closely related to
G. gagnebini than to any other species, It has neither the triangular

peripheral outline of G, aegyptiaca duwi nor the quadrilobate one of

G. aegyptiaca aegyptiaca. In addition, its last whorl is composed of
a greater mumber of chambers which differ from those of the above two
species and increase moderately in size as added.

El-Naggar (1966 pp.78-79) stated "forms of G. aegyptiaca aegyptiaca

with a distinctly spinose periphexy and spinose early chambers on the
ventral side mentioned by Nakkady (1950), were observed amongst his
paratypes (B.M,N,H., no.Py1774)."

- Inspite of this statement, Nakkady (195C) did not mention the
presence of such spine-like features in his specimens. This writer
has examined the holotype and the paratypes of the species in question
at the British Museum (Natural History) and has found they also lack the
spinose ventral chambers and spinose periphery.

When the morphological similarity between the G, bulloides austin-

ensis Pessagno (not Gandolfi) and G. aegypuiaca groups, their vertical
stratigraphic distribution and the general evolutionary tendencies of

species of Globotruncana are considered, G, bulloides austinensis appears

to represent the ancestral stock of Nakkady's two species., By flattening
of the spiral side, decreasing the number of the chambers in the last
whorl and by development of equal sized, petaloid chambers, G, bulloides

austinensis might possibly have evolved into G, aegyptiaca aegyptiaca

Nakkady, probably through a yet unknown species (see under G, aegyptiaca

duwi) .
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Occurrence, Abundant in the uppermost part of the Hartha formation, and
the lower part of the Qurna formation., Rare in the upper part of the
Qurna and throughout the Tayarat formation. The uppermost paxrt of the

Lower laestrichtian- - Globotruncana gansseri zone.

Previous record of Occurrence. The Maestrichtian of Egypt, Mexico,

Trinidad and south-western Arkansas,

Globotruncana aegyptiaca duwi  Nakkady

pl.19, figs,10-12

1950 Globotruncana asegyptiaca Nakkady var, duwi Nakkady. p.690,

pl.90, figs,17-19

1964 % Globotruncana aegyptiaca var, duwi Nakkady, 8Said and Sabry.
p.387, pl.3, figs.2a~c

1966 Globotruncana duwi Nakkady. Ansary and Tewfik, p.49, pl.6,
figs.Lha-b

1966 Globotruncana aegyptiaca duwi Nakkady. EL-Naggar. p.80, pl.81,
figs.5a~c

1967 Globotruncana duwi Nekkady., Pessagno. pp.333-336, pl.8, figs,5b-

7 (not figs.2-L)
Remarks., G. aegyptiaca duwi was originally described by Nakkady (1950)

from the Upper Cretaceous chalk of Jebel Duwi of the U.A.R, Berggren
(1962) and Van Hinte(1963), considered it as a junior synonym of G,

aegyptiaca aegyptiaca Nakkady. However, an examination of the holotype

and paratypes of Nakkady (1950) and the hypotypes of El-Neggar (1966)
from the Esna - Idfu section of Egypt, at the British Museum (Natural
History) and the samples here studied, suggests that the two species
represent distinct morphologic types and shéuld be considered as separate

species, In addition, G, aegyptiaca duwi occurs in stratigraphically

younger beds,

G, aegyptiaca duwi Nakkady is distinguished from G, aegyptiaca

aegyptiaca Nakkady by its small test size, nearly triangular peripheral

outline especially in the umbilical view, much less lobate equatorial
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periphery, more protruded umbilical side and the rapidly increasing
chamber size in the last whorl, It is morphologically close to G,

fornicata cesarensis Gandolfi, described from the Campanian - Maestrich-

tian of Colombia, Both have a roughly similar test shape and an equal
muber of chambers with a similar rate of increase, However, G,
fornicata cesarensis has its chambers distinctly inflated spirally and

in some specimens, the last chamber shows a G. fornicata type appearance,
Nevertheless, both species are considered to be valid as the latter
appears in stratigraphically older strata. On the other hand, El-Naggar

(Op.cit) mentioned the occurrence of G. fornicata cesarensis with a

smooth test and non-inflated spiral side., The writer has examined the

specimens of G, fornicata cesarensis Gandolfi in El-Naggar's collection

at the B.MN,H,, and has found that there is no significant difference

between G, fornicata cesarensis with a flat spiral side and G, aegyptiaca

duwi. The form is considered a junior synonym of the latter.
Berggren (1962) and Pessagno (1967) suggested that G, aegyptiaca

duwi has evolved from G, rosetta (Carsey). However, inspite of the

fact that G, rosetta appears in stratigraphically older strata than

G, aegyptiaca duwi (see also El-Naggar 1966, Bandy 1967), this writer

does not agree with the above author's use of a reverse direction of
development. The two species show the following contradictory evolut-
ionary trends;

1. A tendency towards the partial or complete reduction of the lower
(ventral) keel leading to G. rosetta, then the redevelopment of the
reduced keel leading to G, aegyptiaca.

2, A tendency from petaloid chambers increasing slowly to moderately

in sizZe as added towards the development of crescentic, elongated and
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rapidly increasing chambers leading to G, rosetta. This would be
followed by the redevelopment of the petaloid, slowly increasing chambers
leading to G, aegyptiaca aegyptiaca.

3. A tendency towards the repetition of the crescentic, elongated,

rapidly increasing chambers in G, aegyptiaca duwi which is said to have

evolved from G. rosetta,
El-Naggar (Op.cit) suggested the evolution of G. aegyptiaca
aegyptiaca from G, ventricosa White through G, gagnebini Tilev and into

G, aegyptiaca duwi, but he also stated that it is related to G, tricarinata

colombiana Gandolfi which may possibly represent the ancestral stock.
Pessagno (Op.cit) also proposed the development of G, aegyptiaca

aegyptiaca and G. aegyptiaca duwi from the G, stuarti group, while his

phylogeny chart (t.f,35) shows their possible evolution from G, gansseri
Bolli, However, this writer could see no direct relation between these
forms and G, aegyptiaca group,

Two main evolutionary tendencies were suggested to occur in

G. bulloides austinensis Pessagno (not Gandolfi);

1. G. bulloides austinensis - G.? - G. aegyptiaca aegyptiaca

Globotruncana ? possibly appeared in a short interval during late

Campanian or early Maestrichtian times, and is characterized by having
flattened spiral chambers showing a slow to moderate rate of increase,
L% - 5 chambers in the last whorl and a planoconvex test. Unfortunately
planktonic Foraminifera of this age are very rare and poorly preserved
in the southern Iraqi samples.

Nevertheless, by reduction in the number of chambers in the last
whorl, the development of a strongly lobate periphery, a quadrilobate

outline, Globotruncana ? might possibly have evolved into G. aegyptiaca
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aegzg‘ciaca.
2, G. bulloides austinensi§_ - G, gagnebinj - G, aegyptiaca duwi

By reduction in the size of the test, in the number of chambers
in the last whorl, by development of chambers increasing very rapidly
in size as added, with flattening of the spiral surface, develupment of

a triagular peripheral outline, G, bulloides austinensis probably could

have evolved into G, aegyptiaca duwi through G. gagnebini. The present

writer believes that G. aegyptiaca duwi Nakkady and G. formicata

cesarensis Gandolfi are closely related,

Occurrence. G. aegyptiaca duwi appears in the basal part of the Qurna

formation as an abundant form, increase upward in the formation. Rare
in the upper part of the Qurna formation and dies out in the basal part
of the Tayarat formation.

Globotruncana gonsseri zone. g

Previous record of Occurrence. The Campanian - Maestrichtian of the

U.A.R. and the Middle to Late Maestrichtian of Texas, Arkansas, Mexico

and Trinidad,

Globotruncana aegyptiaca var.l  Nakkady

Plo 27 ’ figs rli-""6

1950 Globotruncana aegyptiaca var,l Nakkady. p.690, pl.90, figs.
27-28

Remarks and Occurrence. The writer has examined the holotype and para-

type of G. aegyptiaca var,l Nakkady in the collections of the British
Museum (Natural History) London, from the Upper Cretaceous of the Gebel
Duwi chalk of the U.A.R. It is distinguished from G. aegyptiaca
aegyptiaca by having a single keeled, equatorial periphery and an angled

axial one and chambers rather rapidly increasing in size with growth.
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The species is not closely related to G. aegyptiaca duwi Nakkady although

they are found associated in the sections studied,

Globotruncana cf, angusticarenata Gandolfi

pl.20, figs.3,6

1942 cf.Globotruncana linnei angusticarenata Gandolfi. pp.126,150,153,

- t.f. 46, figs.3a-c, pl.h,
figs.17,30

1952 Globotruncana angusticarenata Gendolfi., Sigal. p.34, fig.37

Remarks. The two specimens described here as G. cf. angusticarenata

Gandolfi are distinguished by having a highly convex spiral side, greater
nunber of chambers (about 23) and 3—12- ~ 4 whorls, Campared with the
original figures, the latter has a lesser convex spiral side and 14
chambers arranged in about 2% whorls,

G, cf, angusticarenata is morphologically close to G, tarfayensis

Lehmann described from the Coniacian of Tarfaya, Morocco, but because
of the absence of type material the writer did not include it in the
above synonym,

G. angusticarenata (not G. angusticarinata, see Ellis and Messina

Catalogue Foram, Supp.(1958) ) was first described by Gandolfi (1942)
as a variety of G, linnei (a'orbigny) in syntypic series. Pessagno
(1967) designated one of Gandolfi's specimens (1942, t.f.46, figs,3a-c)
as the lectotype. Caron and Iuterbacher (1969) stated that the holo-

type of G. angusticarenata Gandolfi has been lost, but they did not state

which of the original specimens was the holotype.

Occurrence, In the lower part of the Sadi formation. Globotruncana

concavata subzone.

Previous record of COccurrence, The Turonian of Switzerland and Texas,

The Turonian -~ Coniacian of Algeria, the Turonian - Campanian of Italy
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and Germany, the Senonian of France, the Coniacian -~ L, Santonian of

Mexico and the Coniaclan -~ Campanian of California.

1926
1927
1946
1951

1951
1955

1958
1964
1964

1965

1965(a)
1965(b)

1966
1966
1966
1967

1968
1969

1969
1969

Remarks,

Papagallos shales (Mendez shale) of Mexico as Pulvimulina arca.

Globotruncana arca

pl.20, figs,11-12

Pulvinulina arca Cushman,

Globotruncana

arca (Cushman)

Globotruncana

arca (Cushman)

Globot runcana

arca (Cushman)

Globotruncana

arca (Cushman)

Globotruncana

arca

Globotruncana

arca

Globot runcana

(Cushmang
(Cushman

Globotruncana

arca (Cushman)

Globotruncana

arca (Cushman)

Globotruncana

arca (Cushman)

Globotruncana

arca (Cushman)

Globotruncana

arca (Cushman)

Globotruncana

arca (Cushman)

Globotruncana

Globotruncana

arca (Cushman
arca (Cushman

Globotruncana

Globotruncana

(Cushman;
(Cushman

arca

Globotruncana

arca

(Cushman)

Globotruncana gavdkofi

Martin,

(Cushman)

p.23, pl.3, figs.la-c

Cushman,
Cushman,

p.169, pl.28, figs.lba-c

p.150, pl.62, figs.ha-c

(not figs.5a~c)

Nakkady. p.56, pl.l, figs , ,B-E
not LA

Tilev. p.57, t.f.18a-c, 19a-d

arca (Cushman) Gandolfi. pp.63-64, pl.5,

figs.?2a-c, 3a-c, ?ha-c

Bieda., p.61l, t.f.24a-c

Martin. p.79, pl.9, figs.la-c

Olsson. pp.162-163, pl.4, figs,la-
3ec.

Takayanagi. pp.207-211, pl.22,
figs. ?6a-c, pl.23,
figs.la-2c (including
additional synonymy upto
1963)

Van Hinte. p.20, pl.3, figs.3a-c

Van Hinte., Ibid. p.83, pl.1l,

figs,3a-c

Christadoulou and Marangoudakis.

p.303, pl.l, figs.5,7

El-Naggar, pp.83-86, pl.l,

figs.la-c,2

Lehmamn. p.313, pl.l, fig.5

Pessagno. pp.321-323, pl.79,

figs,5-8, pl.90, figs.6-8
pl.96, figs.7,8,17

Barr. p.315, pl.39, figs,3a-c

Funnell, Friend and Ramsay., p.28,

pl.2, figs,11-13, pl.8,
figs.l-3, lla-c

Douglas. p.176, pl.9, figs.l-3,

pl.10, figs.4-7

Douglas. pp.l79-180, pl.S8,

figs.3a~-c

G, arca was originally described by Cushman (1926) from the

He

later (1927) designated it as the type species of Globotruncana Cushman,

G, arca (Cushman) is characterized by its unequally biconvex, spirally



197

more convex test, its large number of chambers which are crescentic and
increasing slowly in size; and its two, well developed, widely spaced
keels of which the lower one is ventrally shifted,

Cushman (1931, pl.1ll, fig.6) described as G. arca a clearly
different form, and later (1938) renamed it as G. cretacea new species.

Banner and Blow (1960) considered G. cretacea Cushman to be a
junior homonym of G, cretacea (d'Orbigny) (see under G. mariei).

Bronnimann and Brown 1956(1955) described the specimens figured
by Plummer (1931, figs.7,8) as belonging in G, cretacea Cushman and the
specimens (figs. 9,11 Op.cit.) as belonging in G, rosetta (Carsey).
An examination of Plumer's figures reveals that the first two specimens
have planoconvex tests and two closely spaced keels which become more
closely spaced on the last chamber; the second two specimens have
planoconvex, umbilicoconvex tests and two closely spaced keels becoming
single on the last chamber, Thus this writer substantiates the above
authors observations (see also Banner and Blow 1956, pl.546 , regarding
characters of the keels).

Cushman (1932, 1946) described as G. arca distinctly planoconvex,

s

umbilicoconvex, single-keeled specimens, Cita (1948) considered this
form to belong in G. rosetta (Carsey). Bolli (1951) assigned it to the
G. stuarti group, while Dalbiez (1955) followed by Berggren (1962) and

Van Hinte (1963) placed it in G. elevata stuartiformis Dalbiez; and

Pessagno (1967) considered it to be synonym of G, elevata (Brotzen),
However, the figured specimens show a nearly planoconvex, only slightly
spirally convex test, single keceled peripheral margins, nearly triangular
chambers on the spiral side and strongly curved, roughly angled sutures

on the umbilical side. These characters coincide with the description
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and the figures of G, elevata stuartifomis given by Dalbiez (1955) and Van

Hinte (1963).

The specimen figured as G, arca caribica n.sp. by Gandolfi (1955)
is referrable to G. gagnebini Tilev, It shows a flattened, slightly
raised, spiral side with L rapidly increasing chambers, a wide umbilicus
which is surrourded by elongated chambers and two widely spaced, parallel,
marginal keels., Pessagno (1967) suggested its relation to G. rosetta
(Carsey), However, the form does not show chambers strongly protruding
umbilically, or two closely spaced keels which reduced to a single one
on the last chamber,

The specimens figured as arca by Said and Kerdany (1961) and
Said and Sabry (196L) is quite differsnt from the species in question.

G. arca is believed to have evolved from G, linneiana tricarinata

(Quercau) by increasing the spiral convexity, the development of more
pitalliform chambers and an umbilically shifted umbilical keel, ©On
the other hand G, stephensoni Pessagno is believed to represent the
direct descendent of G. arca as suggested by their close morphological
relationship.

Two topotypic specimens belonging in G. arca Cushman were examined
during the course of this study.
Qccurrence. Rare in the Sadi and Hartha formations, Abundant in the
lower half of the Qurna formation. Very rare in the upper half of the

Qura and the lowermost of the Tayarat formations. Globotruncana

concavata subzone ~ Globotruncana ganssexri zone,

Previous record of Occurrence., The Turonian ~ Maestrichtian of Algeria,

the Twronian - Campanian of Alaska, the Turonian - Santonian of Switz-

erland, the Coniacian - Maestrichtian of Austria, the Santonian
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Campanian of California, the Santonian - Maestrichtian of Poland and
Iran, the Campanian of Germany, Isle of Wight (England), Arkansas,
Colombia and Tanganyika; the Campanian - Maestrichtian of Italy, France,
N. Ireland, the Caucasus (U.S.S.R.), Texas, Mexico, Trinidad, Haiti and
W. Australia and the Maestrichtian of Denmark, New Jersey, Cuba, Turkey

and Egypt.

Globotruncana bulloides cf, austinensis Pessagno

pl.19, figs.h-6

1967 Globotruncana austinensis Gandolfi. Pessagno. pp.323-32L,
pl,82, figs.12-15, pl.9k,

fig.9 (not G. marginata
austinensis Gandolfﬂ

Remarks, Gandolfi (1955) described G, marginata austinensis from the

Colon formation of Colambia, Pessagno (1967) raised it to specific
rank, although his described specimens are different from the holotype
of Gandolfi,

G, bulloides cf, austinensis is distinguished from Gandolfi's fomm

by its planoconvex, distinctly umbilico-convex test and its two widely
spaced, spirally shifted marginal keels, It differs from G, bulloides
bullioides Vogler in its planoconvex test, spirally shifted keels which
sometimes merge on the last chamber into one, curved, initially raised,
later depressed sutures on the spiral and umbilical sides and the
depression of its early whorls below the level of the last.

By the development of these features, G, bulloides cf, austinensis

is believed to have evolved from G. bulloides bulloides.

Compared with Pessagno's (1967) figured specimens, those from
Traq have two rather narrow keels and the surface is less roughly orna-

mented., However, the other features coincide.
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Occurrence. Rather abundant, in the lower part of the Sadi and Qurna
formations, rare in the upper part of Sadi and Hartha formations, very

rare in the upper part of the Qurna formation. Globotruncana fornicata

subgone - Globotruncana gansseri zone.

Pessagno (1967) described this species from the Upper Santonian -

Lower Maestrichtian of Mexico, Texas and Arkansas,

Globotruncana bulloides bulloides Vogler

pl.20, figs.4~5

1911 Globotruncana linnei (d'Orbigny) sub.sp. bulloides Vogler
PP-285"287, Pl-3, figs,jj,jl;.,
36 (not figs.32,35,38,37,39)

1945 Globotruncana Lapparenti bulloides Vogler, Bolli, pp.231-232,
%.£,17,18, p.234, pl.7, fig.12

1951 Globotruncana lapparenti bulloides Vogler, Bolli. pp.194,190,
t.f,.1

1955 Globotruncana lapparenti bulloides Vogler. Hagn and Zeil.
pPP.45-46, pl.2, fig.5, pl.7
fig.L

1962 Globotruncana marginata (Reuss) Barr. pp.574,575, pl.70,
figs.3a~c, pl.72, figs.7,8a~c

1965 Globotruncans marginata (Reuss) Van Hinte, pl.2, figs.2a-c

1966 Globotruncana marginata (Reuss) Salaj and Samuel, p.210, pl.20,

. figs.3a~b-c, ba-b-c
1967 Globotruncana bulloides Vogler. Pessagno. pp.324-326, pl.67,

figs,1-3, pl.73, figs.9,10,
pl.75, figs.4-8, pl.97,
figs,14,15 (not pl.6k, figs.1l5-
17). Including additional
synonymy upto 1957

Remarks. G, bulloides bulloides Vogler was originally described from

eight thin-section profiles as G, linnei bulloides. Neither the type

locality, the type level nor the type specimen were designated, His
type specimens came from 4 different localities in Indonisiaj
1. BEast Indonisia, sample 65 (figs. 35-3k)
2. Central Misol, sample 85a (figs.38-39) and sample 85 (fig.32)
3. Island Monjagana, sample 316 (fig.35-36)

4. Semocket Islard, sample 327 (fig.27).
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Owing to the inadequacy of Vogler's original description and figures,

the morphological characters of G, bulloides bulloides were later much

confused and the species lost its taxonomic status, To avoid further
confusion and to put its taxonomy on a firm basis, Pessagno (1967)
selected the specimen from sample 65 s Tig.33 (Vogler 191;1) as the
lectotype and the specimen from sample 65, fig.3L (Vogler 1941) as the
paralectotype, Thus the area southeast of the village of Pawo, West-
central part of the Island of Misol (Misocel), East Indonisia automati-
cally becames the type locality.

The specimen illustrated in fig.32 is referrable to G, cretacea
(a'Orbigny), likewise the specimen shown in figs. 35,38 and 39 are

referrable to G, linneiana linneiana (d'Orbigny). The specimen illus-—

trated in fig.37 has a planoconvex test with two widely spaced keels
reduced to a single keel on the last chanfber and might possibly belong
in an as yet undescribed speciés. The specimen shown in fig,36 is the
only one similar to that shown in the paralectotype figure,

Edgell (1957), Barr (1962), Van Hinte (1956) and Salaj and Samuiel

(1966) considered G, bulloides bulloides to be a junior synonym of G,

marginata (Reuss). However, although both have similar stratigraphic
distributions, the present study showed clearly that the two forms are
morphologically different and show different evolutionary trends.

G, bulloides bulloides is similar to G, cretacea (d'Orbigny)

(lectotype) but differs in having a very campressed test, less inflated
chambers which increase rapidly in size as added, raised, curved sutures
on both sides and well developed marginal and periumbilical keels.,

G, bulloides bulloides is believed to have evolved from G. cretacea

by increasing its lateral compression, the de?relopment of raised, curved,
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thickened sutures, spirally and umbilically and intensification of
the two marginal keel and periumbilical ridges.
Occurrence. Abundant in the Khasib, Tanuma and the lower part of the

Sadi formations, Globotruncana renzi/Heterchelix pseudoguembeliniformis

zone - Globotruncana concavata subzone,

Previous record of Occurrence. It was originally described from the

Maestrichtian of Indonisia, Owing to the state of confusion it is
difficult to ascertain the exact stratigraphic range of this species,

However, according to the above-mentioned synonymy G. bulloides bulloides

occurs in the Turonian to Maestrichtian of various parts of Europe, the
Caribbean region, West Indies, Gulf Coast (U.S.A.) and the Santonian

of West Australia.

Globotruncana coldreriensis Gandolfi

pl.20, figs,1-2

1942 Globotruncana renzi Gandolfi., p,124, pl.3, figs.la-c, pl.l,
figs.16,28,29 (not pl.k, fig.l5
not t.f.45a-c)

1942 Globotruncana renzi Thalmann. p.8

1945 Globotruncana renzi Thalmann, Thalmann, (type fig.of Renz 1936)

1957 Globotruncana coldreriensis Gandolfi. new name. p.64, pl.9,
figs,.7a-c

1960 Globotruncana renzi Gandolfi, Trujillo. p.343, pl.5, figs.3a-c
(not fig.h

1963 Globotruncana coldreriensis Gandolfi. Lehmann, p.lik, pl.3,
£igs.3,3]

1963 Globotruncana cf, sigali Reichel Lehmann, Ibid. p.ldd, pl.3,
figs.ba-c

1966 ? Globotruncana coldreriensis Gandolfi. Salaj and Samuel,
pr.201-202, pl,18,

figs.2a,b,c

1967 Globotruncana renzi Gandolfi. Bandy., p.l9, t.f.8(8)

1969 Marginotruncana renzi renzi (Gandolfi) Esker. p.216, pl.l,
Pigs.,12-1)

1969 Globotruncana renzi Gandolfi, Caron and Iuterbacher, pp.27-29,

pl.9, figs.l2a-c (not
pl.9, figs.11,1la-c)

Remarks. G. coldreriensis was first described by Gandolfi (1957)., The
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erection of this species resulted from Gandolfi's belief that Thalmann's
(1942) use of the name G, renzi had periority over his own (see under
G. _;_gan_zn_i). The holotype (pl.3, fig.la-c, Gandolfi 1942) was chosen
from the syntypic series of G. renzi Gandolfi. Thus the specimens
(pl.k, figs.16,28,29 Op.cit) can be included in the synonym of G,

coldreriensis Gandolfi. They show similar morphological characters

and stratigraphic distribution.

G, coldreriensis differs from G. angusticarinata Gandolfi in its

lesser number of chambers in the last whorl (4—5 chambers opposed to
6-8) and its less convex spiral side, It differs from G. renzi Gandolfi
in having a biconvex test, chambers on the spiral side which are not
petaloid and increase more slowly in size as added and a much less convex
umbilical side.

G. sigali Reichel was described as having only a single keel
throughout its periphery.

G. coldreriensis is believed to have evolved from G, sigali Reichel

by the development a narrowly spaced double keel in the early portion
of the last whorl. On the other hand, by a tendency to increase the

size of the test, the number of chambers and the spiral convexity,

G, coldreriensis might possibly have evolved into G. cf. angustirarinata.

The morphological characters and stratigraphical distribution of the
two specles are in favour of this hypothesis.
Occurrence. Abundant in the Khasib and Tanuma formations, rare in the

lower part of the Sadi formation. Globotruncana renzi/Heterohelix

Pseudoguenbeliniformis zone - Globotruncana concavata subzone.

Previous record of Occurrence, Turonian to Coniacian (Gandolfi 1957,

Lehmann 1963, Salaj and Samel 1966).
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Globotruncana concavata carinata Dalbiez

pl.21, figs,7-8

1950 Globotruncana ventricosa White. Mornod, Pp.590-591, t.f.12
(2a~c) (not la-c)
1955 Globotruncana (Globotruncana) ventricosa White, sub.sp.

carinata Dalbiez, pp.161-171, t.f,8a-d
1962 ?  Globotruncana concavata (Brotzen) carinata Dalbiez. Edgell.
pp.41-50, pl,l, figs,1-5
1963 Globotruncana concavata (Brozen) var. carinata Lehmann, pp.l47-
148, pL.6, Pig.kb (not figs.
2a~c, 3a~c) p.139, t.f. 2g-r

not 2n-p)
1965 Globotruncana concavata concavata éBrotzen Loriga and
Mantovani. p.ll4, fig,8
1969 Globotruncana carinata Dalbiez, Casati and Tomei. pp.25-340,

pl.1y, fig.l, pl.13, fig.h4
Remarks. G. concavata carinata was first described by Dalbiez (1955)

from the Upper Santonian rocks of northwestern Tunisia as a variety of
G. ventricosa White, In his systematic description he adopted the
subgeneric classification which had been introduced by Reichel (1950).
Bolli (1957) followed by El-Naggar (1966) considered G. concavata
carinata (Dalbiez to be a juaior synonym of G, ventricosa Vhite, while

Pessagno (1967) included it in the synonymy of Marginotruncana concavatca

(Brotzen). Esker (1969) stated his doubt regarding the validity of
this form,

G. concavata carinata can be distinguished from G. concavata

concavata by its well developed, thickened periumbilical keel, the shape
of chambers on the spiral side, their shape and geometrical position
umbilically and by the character of the spiral side which is more strongly
sloping towards the central area,

The morphologica’ features and stratigraphical distribution of

this group suggest that G. concavata carinata Dalbiez evolved from G,

concavata concavata (Brotzen).
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Occurrence, Abundant in the middle part of the Sadi formation, The

uppermost part of the Globotruncana concavata subzone - Globotruncana

fornicata subzone.

Previous record of Occurrence. The Upper Santonian of Tunisia, Morocco;

the Santonian of northwestern Australia, Switzerland and the Upper

Santonian - Campanian of Italy.

Globotruncana concavata concavata (Brotzen)

pl.21l, figs.10-11

1934 Rotalia concavata Brotzen. p.66, pl.3, fig.6 (three figures)

1955 Globotruncana (Globotruncana) ventricosa ventricosa, White,
Dalbiez., p.l168, t.f.7a~d

1952 ? Globotruncana asymetrica Sigal. p.35, t.f.35 (three figures)

1952 Globotruncana ventricosa White., Carbonnier, pp,112,116,120,
. pl.6, figs.,la—c
1957 Globotruncana concavata (Brotzen) Bolli. p.57, pl.l3,
figs,3a-c
1962 Globotruncana concavata (Brotzen) Barr. p.569, pl.71,
figs.ha-c
1963 Globotruncana concavata (Brotzen) Lehmann. pp.l47-148, pl,6,

figs.2a-3c (not fig.4b)
p.139, t.f. 2n,0,p (not
figs,2q and 2r5
1965 Not Globotruncana concavata (Brotzen) Takayanagi. p.211l, pl.23,

figs.3a-c

1966 Globotruncana ventricosa concavata (Brotzen) Salaj and Samuel
pp.218-219, t.f.17a-b

1967 Marginotruncana concavata (Brotzen) Pessagno. pp.304-305, pl.58

figs.1-2,3-6 (not figs.7-9)
pl.95, figs.6? 7

1969 ? Marginotruncana concavata (Brotzen) Esker. pp.213-214, pl.l,
figs.4—6

1969 Globotruncana concavata (Brotzen) Casati and Tomai., pp.30-340,
pl.13, fig,273

Remarks. G, concavata concavata was originally described by Brotzen

(1934) as Rotalia concavata. Dalbiez (1955) included it in the synonymy

of G, ventricosa White, He described G, (gé) ventricosa carinata and

G, (gé) ventricosa primitiva as two new subspecies, thus changing the

name G. ventricosa (White) to G, (g;) ventricosa ventricosa, His range

chart clearly shows that these three new forms replace each other in
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stratigraphic order; each have a short range restricted to the Upper
Coniacian, Lower Santonian and Upper Santonian parts of the lower,
middle and upper G, ventricosa faunal zone respectively. (See Dalbiez
(1955), chart 2, p.167.)

In southern Irag, the ranges of the three forms distinctly overlap.

Bolli (1957) regarded G, (G.) ventricosa ventricosa as G, concavata,

G. (G.) ventricosa carinata as probably G, ventricosa and G, (G.)

ventricosa primitiva as G, renzi Gandolfi

El-Naggar (1966), who examined the types of the above three forms,
confirmmed Bolli's statement concerning the first two, but he considered

G. (G.) yentricosa primitiva also as junior synonym of G. concavata

(Brotzen)., He (Op.cit) remarked that although the figures were

published under the G, ventricosa ventricosa, the slide carried the name

of G. ventricosa concavata (Brotzen).

However, the remarks made by the above author are not unexpected
since Dalbiez (Ibid) himself stated that "if G. ventricosa as defined
here is shown to be different from G. ventricosa White (1928) after
revision of the type, the three subspecies proposed above will have to
be called G. concavata (Brotzen) sub.sp. primitiva Dalbiez, G. concavata
concavata (Brotzen) and G, concavata sub.sp. carinata Dalbiez, according
to the rules of nomenclature”. |

Pessagno (1967) on the other hand, included G, (G,) ventricosa

ventricosa and G. (G.) ventricosa carinata in the synonymy of Margino-

truncana concavata (Brotzen), but made no comment on the third form.

As can be seen from the original description and figures of Dalbiez
(1955) and from the samples here studied, the morphological features of

the three forms and their vertical distribution strongly support the
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acceptance of Dalbiez's subspecific separation,

As stated by Bolli (1957), G. concavata concavata (Brotzen) is

distinguished from G. ventricosa White by its concavoconvex test;
slightly curved, thinner and less raised sutures on the spiral side;
narrover peripheral band and less thickened keels; larger size of
chambers in the last whorl which are only slightly petaloid and increase
rapidly in their size; greater umbilical convexity with chambers which
are strongly protruding and stand nearly perpendicular and larger and

deeper umbilicus, On the other hand G, concavata concavata is related

to G, ventricosa in the general shape of the test and globigerine initial
stage which extends to the early chambers of the last whorl,

Pessagno (1967) stated 'whereas M, concavata shows a ¥. inornata
nepionic stage, G. ventricosa shows a G, linneiana (a'0rbigny) nepionic
stage". This writer has the feeling that Pessagno's work needs revision,
The present study dealt with hundreds of well preserved specimens, and
threse clearly support the opposite view, The writer considers that
the initial globigerine chambers which extend sometimes to the first
or second chanmbers of the last whorl are the best morphologic character
by which the two species are linked phylogenically, (See Pessagno (Op.
cit.) p.30L.)

The specimens figured by Takayanagi (1965),in present writers
opinion, belongs in a different species and perhaps a new one., Its'!
nepionic and adult chambers, sutures, test shape, mimber of chambers
and their rate of increase are different from those of the holotype and
the specimens figured by Bolli (1957). Rare specimens similar to this
form were found in the Zubair and Rumaila fields, but it was decided

not to describe them at the present time. Pessagno (Op.cit) (see
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synonymy) figured as M, concavata specimens which are actually referrable

to G. concavata repanda Bolli,

G. concavata concavata is believed to have evolved from G, ventri-

cosa by the development of a2 concave spiral side and more convex umbilical
side, the development of strongly inflated, protruded chambers umbilically
and a decrease in their numbers with growth,

G. concavata concavata probably evolved .into G, concavata carinata

'by’ the increase in the concavity of the spiral side, a development of
strongly carinate, umbilical shoulders and of further vertically situated
umbilical chambers,

Occurrence, Rare in the Tanuma formation, very abundant in the lower

part of the Sadi formation, The upper part of the Globotruncana renzi/

Heterchelix pseudoguembeliniformis zone - Globotruncana concavata subzone,

Previous record of Occurrence, The Coniacian of the Isle of Wight

(Engla.nd), Cuba; the Upper Coniacian -~ Santonian of Algeria, Jamaica;
the lower Santonian of Tunisia, Italy; the Santonian of Trinidad,
Switzerland, France, West Carpathian, Madagascar and the Campanian -
Santonian of Palestine.

As stated by Esker (1969), other reports concerning the occurrence
of G. concavata (Brotzen) in younger beds (Campanian or Maestrichtian)

need re-—examination.

Globotruncana concavata dentata var.nov.

rl.21, figs.1-3
Description. Test small, planoconvex, coiled in a very low trochospire,
spiral side flat, umbilical side strongly convex; equatorial periphery
quadrilobate, moderately lobate with two closely spaced, delicately

beaded, marginal keels, the lower keel diverges umbilically at the
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last chamber and forms delicate umbklical ridges, the upper keel diverges
onto the spiral side of the test at the late portion of each chamber
and is embedded in the sutural depressions; axial periphery truncate;
chambers on the spiral side 11, arranged in 2% whorls, the initial
chambers are small, very slightly protruding,globigerine, followed by
slightly larger chambers; the last whorl is composed of 4 larger,
crescentic-shaped, slightly inflated, slightly overlapping chamﬁers,
increasing rather rapidly in size as added; each chamber has an angular
extension of the peripheral margin resembling a spine which is usually
well developed on the first and last chambers of the last whorl; only
chambers of the last whorl visible from the convex umbilical side,
strongly protruding, inflated and trunco-conical in shape; sutures on
the spiral side distinct, slightly curved, depressed; on the umbilical
side the sutures are limbate, radial and depressed; umbilicus small,
shallow, surrounded by delicately beaded ridges; wall calcareous,
pexrforate except for the imperforate keels, peripheral band and tegilla;
surface finely hisped on both the spiral and the umbilical sides;
primary aperture interiomarginal, umbilical; tegilla with accessory
apertures only poorly presexrved,

Main variation

1. The spiral side is either flat, very slightly raised or
even concave,

2., The periumbilical keel is either slightly or moderately
developed.

Remarks., Concave specimens of G, concavata dentata var.nov, resemble

G, concavata repanda Bolli in the test shape, number of chambers and

the surface ornamentation, but differ in having a smaller test size, a
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small umbilicus, spine-like marginal projections and chambers in the
last whoxrl which are elongated and increase rather rapidly in size;

Moreover, the early chambers of the last whorl in G, concévata repanda

are strongly inflated, spherical to subspherical in shapes and strongly
sloping towards the central area,

By decreasing the size of the test, flattening the spiral side; the
development of spine~like marginal projections and a small umbilicus

G. concavata concavata (Brotzen) might possibly have evolved into Q.'

concavata dentata,

Occurrcnce. Abundant in the lower part of the Sadi formation. The

upper half of the Globotruncana concavata subzone,

Globotruncana concavata primitiva Dalbiesz

pl.20, figs,7-10

1948 Globotruncans ventricosa White. Cita. pp.162-163, pl.k, figs.9a-c
1955 Globotruncana (Globotruncana) ventricosa primitiva Dalbiez:
Pp.161-171, t.f.6
1963 2 Globotruncana primitiva Dalbiez. Lehmann. pl.4, fig,l, t.£.31
1966 Globotruncana ventricosa primitiva Dalbiez. Salaj and Samuel,
p.220, pl.20, figs.ha~b-c

Remarks, The most noticeable features in G. concavata primitiva are;

the slightly raised oxr flat spiral surface, number and shape of chambers
on the spiral side (15-18 arranged in 22-3 whorls), the geametrical
position of the last chamber umbilically, which shows a roof-shaped
appearance, the wide and deep umbilicus and curved and sigmoidal sutures
on the umbilical side. Compared with G. indica Jacob and Sastry, G.:

concavata primitiva has a larger umbilicus, curved and sigmoidal sutures

on the umbilical side and greater ventral convexity. However, the holo-

type figured by Jacob and Sastry (1950) does not agree with their type



211

description.

G, concavata primitiva is rather similar to G, cretacea Cushman
(= G, mariei Banner and Blow), but this latter has greater dorsal
convexity, a biconvex test (see Olsson 1964), a finely ornamented to
nearly smooth surface and strong convergence of the marginal keel on

the last chamber,

The writer has correlated his G, concavata primitiva with the type

deseription rather than the type figure, the latter shows only a peri-
pheral view,

Specimens figured by Lehmann (1963) as G. ventricosa primitiva

Dalbiez show raised lapparenti-type sutures on the umbilical side and
probably belong in the G. renzi group. The specimens figured by Esker

(1969) from the late Coniacian of Jamaica as Marginotruncana sp. cf,

M, primitiva (Dalbiez) are similar to Lehmann%,
Occurrence. Abundant in the Khasib and Tanuma formations.

Globotruncana renz:‘/Heterol'ﬁ;‘jg pseudoguembeliniformis zone.

Previous record of Occurrence. G. concavate primitiva was originally

deseribed from the Upper Coniacian of the Leket — Mellegue, northwestern
Tunisia. The species is also reported from the Upper Coniacian of the

West Carpathian, Bratislava,

Globotruncana concavata repanda Bolli

pl.21, figs.4-6

1957 Globotruncana repanda Bolli, p.56, pl.13, figs.,2a-c
1967 Praeglobotruncana repanda (Bolli) Bandy. p.18, t.£.8(4)
1967 Marginotruncana concavata (Bolli) Pessagno. pp.304-305, pl.58,

figs.7-9 (not figs.1-2,3-6)

Remarks. G, concavata repanda was first described by Bolli from the

Upper Santonian - Lower Maestrichtian of the Naparima Hill formation
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as G, repanda, This form, which is described here as a variety of
G. concavata differs from Bolli's in its larger test size, slowly increa-
sing chambers and lesser inflated last two chambers., However, specimens

of G. concavata repanda of small test size and with moderately inflated

chambers were also found in the Iraqi material,

Judging from the figured holotype, G, repanda shows slowly
increasing chambers in the last whorl and its last two chambers are
nearly flat in spiral view,

G, concavata repanda Bolli is morphologically rather similar to

G. concavata concavata (Brotzen), but differs from it in its quedrate,

peripheral outline, less inflated and lesser number of chambers in the
last whorl and which increase slowly in size and slope more strongly
towards the central area, and in the character of sutures on the spiral
side which are depressed and almost straight, radial, Nevertheless,

in some specimens of G. concavata repanda the last chamber shows only

a trace of keels, and the axial periphery becomes rounded, In addition
some small (probably juvinile) specimens show initially raised and later
depressed sutures,

The specimens figured by Pessagno (1967, pl.58, figs.7-9) as

Marginotruncana concavata (Brotzen) show a quadrilcbate peripheral out-

line, a small number of chambers in the last whorl, The first two of
which are inflated and subspherical, straight depressed sutures on both
sides and a roughened, almost rugose surface, especially on the umbilical

side, They are referrable to G, concavata repanda Bolli,

G, concavata repanda is believed to have evolved from G, concavata
concavata in late Santonian times by reduction in the size of the test,

in the number of chambers, by increasing the spiral concavity, the
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inflation of chambers and development of straight radial sutures.
Occurrence. Rare to rather abundant in the lower part of the Sadi

formation., The uppermost part of the Globotruncana concavata zone —

Globotruncana fornicata subzone,

Previous record of Occurrence. The Upper Santonian - lowermost

Maestrichtian of Trinidad; (the Santonian of Texas).

Globotruncana contusa (Cushman)

pl.27, figs.7-8

1926 Pulvinulina arca Cushman var., contusa p.23 (no figure)
1527 Globotruncana arca (Cushman) var. contusa (Cushman) Cushman,
T p.169 (no figure)
1946 Globotruncana arca (Cushman) var. contusa (Cushman) Cushman,
Pp.150-151, pl.62,
figs.6a-b
1966 Globotruncana contusa contusa (Cushman) El-Naggar. pl.7,
figs.2a~3c, pl,1l1,
figs.la-b including
synonymy upto 1962

Remarks and Occurrence., Only four specimens of this index species are

recorded from socuthern Irag,

Cushman (1926, 1927, 1946) mentioned its occurrence in the Maestr-
ichtian of Mexico. Cita (1948) recorded it from the Maestrichtian of
northern Italy and Bolli (1951) from the Maestrichtian of Trinidad,

Maestrichtian occurrences of G, contusa (Cushman) are also known
from the U.S,8,R., Denmark, Belgium, Holland, Austria, France, Switzerland,
Tunisia, the United Arab Republic, Texas, New Jersey, Mexico and Cuba,.

In southern Irag G. contusa was found in the| Sadi kforfnatlon,‘e

Globotruncana stuartiformis/Globotruncana stephensone zone

Two topotypic specimens belonging in G. contusa (Cushman) were

examined during the course of this study,



1932 Globotruncana
1966 Globotruncana cf, convexa
Occurrence.

Globotruncana convexa

Sandidge

convexa Sandidge. p.285, pl.ih, figs,.9-11

Sandidge. El-Naggar. p.97-98, pl.l,

figs.,ba-c

The species occurs rarely in the Quma formation, the

lower part of the Globotruncana gansseri zone,

Previous recorc of Qccurrence,

It was originally described from the

Maestrichtian Ripley formation of Alabama.

El-Naggar (1966) recorded

it from the Maestrichtian of the Esna - Edfa region of U,A.R.

Globotruncana coronata Bolli

pl.22, figs.1-3

l9l;.5(l9ld.|.)Globotmnca_n_‘a‘ lapparenti Brotzen. sub.sp, corpnata Bolli.

1948
1950
1951

1953
1954

195
1962
1963(a)
1963(b)

1965

1966
1966

1967
1967

1969
1969

p.233, t.f.1,21,22

pl.9,
fig.15 (not fig.145

Globotruncana lapparenti coronata Bolli, Cita, p.156, pl.i,
fig.3

Globotruncana lapparenti coronata Bolli, Mornod. p.591,
t.f.1%a-c

Globotruncana

coronata Bolli, Sigal, p.34, fig.36

Globotruncana

coronata Bolli, Subbotina. p.180, pl.8, fig.l

Globotruncana

coronata Bolli. Hegn and Zeil. pp.43-ik, pl.3,

Globotruncana

figs.ha-b, pl,7, £ig.3
(not figs,l,2)
lapparenti coronata Bolli, Ayala., pl.8, fig.l

Globotruncana

coronata Bolli. Herm. pp.76-77, pl.6, fig.5

g-}lobot runcana

coronata Bolli. Lehmann. p.150, pl.8, figs.?2a-c

Globotruncana

Globotruncana

3a—c

cf, coronata Bolli., Lehmann. Ibid. fig.2m, pl.lk,
fig.3, pl.5, fig.3

coronata Bolli. Takayanagi. p.212, pl.24, figs.l-

Globotruncana

2 including additional
synonymy fram 1960 - 1963
coronata Bolli, Salaj and Samuel, pp.203-20L4,

Globotruncana

pl.19, figs.5a~b-c
lapparenti coronata Bolli, Caron. p.80, pl.k,

Globotruncana

fig,la-c
linneiana coronata Bolli, Bandy, p.l19, t.f.8(10)

Globotruncana

coronata Bolli, Pessagno. pp.305-306, pl.65,

Globotruncana

figs.11-13, pl,100, fig.6
coronata Bolli, Douglas. pp.1l77-178, pl.3,

Globotruncana

figs.6~8 (not fig.5)
coronata Bolli, Douglas and Rankin,. pp.202-203,

figs,13A-C
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Remarks. Globotruncana coronata was originally described by Bolli (1945)

in syntypic series from the Turonian - Coniacian and Santonian of
Scewerkalk, Switzerland as a variety of G. lapparenti Brotzen.
Pessagno (1967) designated one of Bolli's specimens (1945, pl.9,
fig.15) as lectotype and the others (t.f.l, figs.21,22) as paralectotypes.
The Iragi specimens referred to this species have relatively small,
thin and strongly compressed tests; slightly convex to nearly flat sides;
two keels becoming narrow on the last few chambers; a greater number
of chambers and a wide umbilical cavity.

G. coronata morphologically is very similar to G, angusticarenata

Gandolfi, but differs from it in its compressed, flattened, low biconvex
test and in having the two keels which are distinctly widely spaced.
Nevertheless, by the development of a laterally compressed, thin

test, and widely spaced two keels, G, angusticarenata might possibly have

evolved into G. coronata, However, in the section studied, typical

G, angusticarenata Gandolfi is absent, while Globotruncana cf, angusti-

carenata appears in stratigraphically younger beds.
Occurrence., Abundant in the Khasib, Tanuma and lower part of the Sadi

formations. Globotruncana renzi/Heterohelix pseudoguembeliniformis zonecr

- -

Globotruncana concavata subzone.

Previous recoxd of Occurrence. Most of the records are restricted to

the Turonian, Uoniacian and Santonian, It is known from the Turonian
of Bavaria, Germany; the Turonian - Coniacian of the U.S.S.R.; the
Turonian ~ Santonian of Italy, Switzerland, California, Texas, Mexico;
the Turonian - Campanian of Algeria; the Coniacian of the Isle of Wight
(England); the Coniacian - Santonian of West Carpathian (Bratislava)

and the Coniacian ~ Campanian of Morocco, Austria, The Maestrichtian
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occurrence of this species was reported by Tollmann (1950) from Austria,

Globotruncana cretacea (d'Orbigny)

pl.22, figs.4=5

1840 Globigerina cretacea d'Orbigny. p.34, pl.3, figs.l2-14
1925 Globigerina cretacea d'Orbigny. var. saratogaensis Applin, in
' Applin, Ellisor and Kniker. p.98, pl.3,
fig.8
1928 Globigerina voluta var., White., p.284, pl,38, fig.h
1936 Globotruncana globigerinoides., Brotzen. p.177, pl.l2, figs.3a-c
P1.13, fig-B

1956 Globotruncana saratogaensis (Applin) Bronnimann and Brown,
P.5hy, pPl.21, figs,1-3

1960 Globigerina cretacea d'Orbigny. Bamner and Blow (= Globo-

truncana cretacea (d'Orbigny))
p.8-10, pl.7, figs.la~c

1960 Globotruncana japanica Takayanagi, pwl35, pl.l0, figs.ha-c
1965 Globotruncana cretacea (d'Orbigny) Takayanagi. pp.213-21%,
pl.24, figs.3a~c including
additional synonymy upto

1963.
1967 Archaeoglobigerina cretacea (d‘Orbigny) Pessagno. pp.317-318
pl.70, figs.3-8
1967 Rugoglobigerina cretacea (d'Orbigny) Bandy. p.21, t.f.10(1)
1969 Globotruncana cretacea (d'Orbigny) Douglas and Rankin.

Pp.200-202, fig,12

Remarks, G, cretacea (a'Orbigny) is believed to have evolved from the

Hedbergella trocoidea stock in very early Upper Cretaceous or possibly

Middle Cretaceous times, by a slight increase in the lateral campression
of the test, the development of faint marginal keels, an imperforate
peripheral band and tegella. G, cretacea (a'0Orbigny) might possibly

have evolved into G, bulidides bulloides Vogler,

Occurrence. Rare in the Khasib, Tanuma, Sadi, uppermost Hartha and

lowermost Qurna formations. Globotruncana rensi/Heterohelix pseudo-

guenmbeliniformis zone - Globotruncana gansseri zone,

Previous record of Occurrence, So far as the records of the species

which are included into the synonymy are concerned G. cretacea occurs

in the Upper Turcnian - Lower kaestrichtian of Europe, North America
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1931,
1955

1956(a§
1956(b
1957 °
1960 2
1963
1964
1966

1966 ?

1967 ?
1969

Globotruncana elevata (Brotzen)

pl.28, figs,l-

Rotalia elevata Brotzen. p.66, pl.3, fig.c

Globotruncana (Globotruncana) elevata elevata (Brot zen) Dalbiez,

p.169, t.f,9a~-c
Marginotruncana elevata gBrotzen) Hofker. pp.53,54,55, t.f.6
Marginotruncana elevata (Brotzen) Hofker. p.B229, fig.70

Globotruncana (Globotruncana) elevata elevata (Brotzen) Edgell,

D112, pl.b, Tigs.l-6
Globotruncana (Globotruncana) stuarti elevata (Brotzen) Pessagno

p.101, 1l.5, figs.1,8
Globotruncana elevata elevata (Brotzen) Graham and Church.

p.63, pl.7, figs.13a-c
Globotruncana stuarti elevata (Brotzen) Blsson. p.169, pl.5,

figs.7a-c
Globotruncana stuarti elevata (Brotzen) Ansary and Tewfik.
p.50, pl,6, figs,2a-c
Globotruncana elevata elevata (Brotzen) Wille-Janoschek, pl.81
fig5-9"1ll-, P1093, fj—gsol-5,
t.f.l}l}., PP-102_103, Pli7, figs-1_3
Globotruncana elevata (Brotzen) Pessagno. pp.336~338, pl.80,
Pigs,1-2, 3-6
Globotruncana elevata (Brotzen) Douglas, p.179, pl.1, figs,ba-d

Occurrence. Very rare, in the Sadi, Hartha, Qurna and Tayarat formations.

Globotruncana stuartifommis/Globotruncana stephensoni zone - Globotruncana

gansseri zone,

FPrevious recoxrd of Occurrence. The Upper Campanian of New Jersey; the

Upper Campanian - Maestrichtian of Panama, Haiti, Puerto Rico, the

Austro-Gemman border, California; the Campanian - Maestrichtian of Austria

Bavaria, France, Ttaly, Palestine, Tunisia, Australia, Colombia, Mexico,

the U.S.S,R, and the Maestrichtian of Arkansas, Belgium and Trinidad,

1966

Remarks,

Globotruncana fareedi El-Naggar

pl.30, figs,1-2

Globotruncana fareedi El-Naggar. pp.100-102, pl.9, figs.ha-d

The holotype and two paratypes in the El-Naggar's collection

at the British Museum (Natural History) were examined.,
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Occurrence, The species occurs rarely in Middle Maestrichtian of the
Qurna formation, Its types are from the Lower Maestrichtian, Middle
Maestrichtian and the basal part of the Upper Maestrichtian of the Esna-

Idfu region of U.A,R.

Globotruncana fornicata cesarensis Gandolf'i

pl.22, figs.6-8, 10-11

1955 Globotruncana fornicata cesarensis Gandolfi. p.45, pl.2,
figs.10a-c
1966 Globotruncana fornicata cesarensis Gandolfi. El-Naggar,

pp.103-105, pl.1l3,
figs,3a-hec, pl,14,
figs.6a-c

Remarks and Occurrence, Abundant specimens of G, fornmicata cesarensis

Gandolfi was found associated with the other varieties of G, fornicata
Plummer in the Scntonian — Maestrichtian rocks of the Southern Iraq,

The form of G, fornicata cesarensis Gandolfi with a non-inflated

spiral side recorded by El-Naggar (1966 pl.l3, figs.3a-c) is also
recorded in the present study. The hypotype, deposited at the British

Museum of Natural History, London, is referrable to G. aegyptiaca duwi

Occurrence, Globotruncana concavata subzone - Globotruncana gansseri zone.

Previous record of Occurrence. The variety was originally described

by Gandolfi (1955) from the Campanian — Lower Maestrichtian of the Colon
shale of northeastern Colombia., El-Naggar (1966) recorded it from
the Lower Maestrichtian - Middle Maestrichtian of the Esna-Idfu region

of the U,A,R,

- Globotruncana fornicata fornicata FPlummer

pl.22, fig.9; pl.23, figs.5-6, 9-10

1931 Globotruncana fornicata Flummer. p.198, pl.l3, figs.ha-c,5,6
1951 Globotruncana fornicata Plummer. Drooger. p.7, pl.1l, figs,9a-c
1953 Globotruncana fornicata Flummer., Hagn. p.98, pl.8, figs.8a-c

t.f.22,23
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1953 Globotruncana fornicata FPlummer, Subbotina. pp,184~185, pl.8
figs.3a~c,ha~5c
1955 Globotruncana formicata fornicata Plummer. Gandolfi, p.4O0,
pl.2, figs.2a-c
1961 Globotruncana fornicata Plummer, Graham and Clark. p.112, pl.5
\ figs.1l0a-c
1962 Globotruncana (Globotruncana) fornicata Plummer, Pessagno.
p.362, pl.h
figs.h4,5,11
1963 Globotruncana fornicata Flummer. Lehmann. p.148, pl.7,
figs,la~2c,3a~4c, t.f,2v,w,
3n,r,i
196k Globotruncana fornicata Plummer, Olsson, p.l6k, pl.2, figs.3,.4,
pl.3, figs.7a-8c
1966 Globotruncana fornicata fornicata Flummer, El-Naggar. pp.l105-

108, pl.13, figs,ba-
c,6, pl.1ly, figs.la-
c

1967 Globotruncana fornicata Plummer, Pessagno. pp.338-341, pl.63,
figs.1-9, pl,80, figs.7-9,
pl.96, figs.2,)4

Remarks and Occurrence, The species is rare and sparsely distributed

in the Coniacian and Lower Santonian rocks of the Khasib and Tanuma
formations and the lower part of the Sadi formation; abundant in the
Upper Santonian part of the Sadi formation and rare through the rest

of the succession. Globotruncana renzi/Heterchelix pseudoguembelini-

formis zone - Globotruncana gansseri zone,

Previous record of Occurrence. G. fornicata fornicata was originally

described by Plummer (1931) from the Campanian of the Upper Taylor
formation of Texas. Bronnimann and Brown (1956 p.54k) listed its
geologic range as Conlacian to Campanian, possibly Maestrichtian,
Apparently, this species has as world-wide Turonian - Maestrichtian
distribution, TFor details see Ellis, lessina, et.al, 1969, Catalogue

of Index Smaller Foraminifera, Part 1,
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Globotruncana fornicata manaurensis Gandolfi

pl.23, figs.7-8

1955 Globotruncana fornicata manaurensis Gandolfi. p.4l, pl.2,
figs,la-c, t.f.9
(la-c,2a-c)

1966 Globotruncana fornicata manaurensis Gandolfi. El-Naggar.
pp.109-110, pl,13
figs,2a~c

1966 Globotruncana fornicata manaurensis Gandolfi, Salaj and Samuel

) p.206, pl.21,
figs.la,b,c

Remarks and Occurrence, Although the variety possibly falls within

the range of variation of G, fornicata fornicata, it is separated mainly

because of its distinct stratigraphic position. It occurs as a vexry
rare form in the uppermost Lower Santonian and throughout the Upper

Santonian of the Sadi formation, the uppermost part of the Globotruncana

concavata concavata to the Globotruncana fornicata subzone.

Previous record 6f Occurrence, G. fornicata manaurensis Gandolfi was

originally described from the Coniacian - Santonian of the Manaure shale
of northeastern Colombia, El-Naggar (1966) recorded it from the Lower
Maestrichtian of the Esna-Idfu region of the U,A.R, and Salaj and Samuel

(1966) from the Santonian of the west Carpathians, Batislava,

Globotruncana fornicata plana wvar.nov,

pl.27, figs.1=3
Remarks, The variety differs fram the typical G, fornicata Plummer in
possessing a comparatively smaller and thin and flattened test. The
two keels are well developed, beaded and occupy a narrow peripheral
band, in some specimens they are reduced on the final chanbers.
The writer has been informed by Al-Kassab (personal communication)
that the same compressed type of G. formicata was found in the Shiranish

formation of northern Iraq,
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Occurrence. Abundant specimens of this form was found restricted to

the Coniacian of the Khasib and Tanuma formations of southern Iraq.

Globotruncana gagnebini Tilev

pl.28, figs,.8-10

1951 Globotruncana gagnebini Tilev. pp.50-56, figs.lha-17d, pli3,
figs,2a-5a

1955 Globotruncana ventricosa ventricosa White. Gandolfi, pp.22-23,

pl.l, figs.5a-c
1955 Globotruncana arca caribica Gandolfi. Ibid, p.6k, pl.5,
figs.ba~c
1956 Rugotruncana skewesae Bronnimann ard Brown, pp.550-551, pl.23,
figs 4-6

1557 Globotruncana gagnebini Tilev, Bolli. p,59, pl.lh, figs,5a-c

1962 Globotruncana gasnebini Tilev. Herm, p.79, pl.7, fig.5

1963 Globotruncana aegyptiaca Nakkedy. Van Hinte, pp.87-89, pl.8,

figs.la-2c

1964 Globotruncana gagnebini Tilev. Olsson. p.165, pl.k, fig.h

1966 Globotruncana gagnebini Tilev, El-Naggar. pp.l12-113, pl.2,
figs.1,2?,3,4, p1.3, figs.1,3,6

1967 Globotruncana aegyptiaca Nakkady. Pessagno. pl.79, figs.2-4

(not pl.83, figs.8-10)
Remarks. G, gegnebini was originally described by Tilev (1951) from

the Maestrichtian rocks of Turkey, who gave a number of figures showing

different variations. It differs from G, aegyptiaca duwi Nakkady in

its higher mumber of chambers in the last whorl and which increase less

rapidly in size. In addition, G. aecgyptiaca duwi has a nearly triangular

outline in umbilical view,

Gandolfi (1955) described as G. arca caribica a new form which

possibly belongs in G. gagnebini Tilev, The specimen described by

Bronnimann and Brown (1956) as Rugotruncana skewesae is possibly also

referrable to this species.
G. gagnebini is believed to have evolved from G. bullpides cf,

austinensis Pessagno (not G. marginata austinensis Gandolfi (1955) )

by a flattening of the spiral chambers and an increase in their rate

of enlargement.
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In the Iraqi material, specimens with inflated spiral chambers
were found at the lowest stratigraphic limit of the species, These
are considered to be transitional specimens between G, bulloides cf.
austinensis and G. gagnebini,

The writer has examined the hypotypes of G. gagnebini Tilev
described by El-Naggar (1966) from the Maestrichtian of the Nile valley,
U.A.R. and found them identical both with the type figures and the Iragi
form, He also examined G, cf, gagnebini Tilev, described by El-Naggar
(Op.cit.) and found it is referrable to G, arca (Cushman).

Occurrence, Rare in the upper part of the Sadi formation and in the
Hartha, Quma and Tayarat formations.

Globotruncana stuartiformis/Globotruncana stephensoni Zone - Globot run~-

cana gansseri zone,

Previous record of Occurrence. The Maestrichtian of Turkey, Texas,

Alabama, New Jersey, Trinidad, Bavarian Alps, KarnTen and the U.A.R.
Gandolfi (1955) recorded it from the Campanian - Maestrichtian of north-

eastern Colombia as G, ventricosa ventricosa and G. arca caribica,

Globotruncana gansseri gansseri Bolli

pl.28, figs.5-7

1931 Globotruncana arca (Cushman) Plummer, pp.195-198, pl.l3, fig.9,
(not figs.7,8-11)

1951 Globotruncana gansseri Bolli, pp,.196~197, pl.35, figs.l-3

1955 Globotruncana gansseri gansseri Bolli. Gandolfi. ppP.69-70,

pl.6, figs.?5a~c,ba~c,
8a~c, t.f.11b

1956 Rugotruncana gansseri Bolli, Bronnimamnn and Brown. pp.549-550,
pl.23, figs,7-9, t.f.23
1966 Globotruncana gansseri gansseri Bolli. El-Naggar. pp.117-119,
pl.5, figs.la-d
1966 Globotruncana gansseri gandolfii El-Naggar. pp.115-117, pl.5,

figs.2a-d
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Remarks, G. gansseri was originally described by Bolli (1951) from
the Maestrichtian of the Gauyaguayare formation of Trinidad. Gandolfi

(1955) described G. gansseri subgansseri as a new subspecies changing

the name of G. gansseri to G, gansseri gansseri Bolli. Pessagno (1960)

described G, gansseri dicarinata as another new subspecies but his

figured holotype appears different from the type description., El-Naggar
(1966) separated G. gansseri Bolli into four subspecies. He described

G, gensseri gandolfii as a new subspecies. The writer has examined the

holotype of G. gansseri gandolfii in the El-Naggar's collection at the

British Museum of Netural History and has found it similar to G, gensseri
gansseri Bolli. It is regarded herein as a junior synonym of the latter,

The writer has also examined the hypotypes of G. gansseri gensseri Bolli,

G. gansseri subgansseri Gandolfi and G, gansseri dicrainata Pessagno in

the same Museum.

G, gansseri gansseri is believed to have evolved from G. rosetta

(Carsey) as previously suggested by El-Naggar (Op.cit.) and Bandy (1967).
QOccurrence, Abundant in the lower half of the Qurna formation; wrare
in the upper part of the Qurna and in the Tayarat formations,

Globotruncana gansseri zone,

Previous record of Occurrence, Apart from the type locality it was

described from the Maestrichtian of Cuba, Puerto Rico, Haiti, Mexico,
Texas, Arkansas, Alabama, New Jersey, the Austro-Gemrman border, Italy,
Denmark, Bavaria, the U,A,R., Tunisia, India and Australia, From the

Campanian - Maestrichtian of Colombia (Gandolfi 1955),
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Globotruncana gansseri pettersi Gandolfi

pl.2), figs,10-12

1955 Globotruncana rosetta pettersi Gandolfi, p.68, pl.6, figs.3a-
Lo, t.f.11a
1961 Globotruncana cf, rosetta pettersi Gandolfi. Comminboeuf,
pp.113-11L4, pl.1,
figs,3a-c
196L Globotruncana gansseri Bolli, Said and Sabry, p.387, pl.3,
fig.3
1966 Globotruncana rosetta pettersi Gandolfi, El—l\'faggar. pp.127-128,
(no figure)

Remarks. A few small, planoconvex specimens with a nearly quadrilobate
equatorial periphery and singlc well developed marginal keel, are here

referred to G, gansseri pettersi Gandolfi; originally described from

the lower Colon shale of Colombia as G, rosetta pettersi. Its last

whorl is composed of L-L+ comparatively large chambers s Which increase
slowly in size.
El-Naggar (1966) has examined topotypic material belonging in

G, rosetta pettersi Gandolfi. He stated the presence of forms with

two keels on the early part of the last whorl, becoming single keeled on
thie later ochambers; and others with an entirely single keeled last

whorl, Forms with two very close keels on the early stages fusing to

a single keel on the last chambers were found in this study and considered

transitional from G, rosetta to G. gansseri gansseri.

Gandolfi (1955) separated G, rosetta (Carsey) into three sub~

species, describing G, rosetta insignis and G, rosetta pettersi as two

new forms,

Van Hinte (1963) considered G, rosetta insignis Gandolfi to be a

junior synonym of G. rosetta falsostuarti-Sigal, while El-Naggar (Op.cit)

included it in the synonymy of G, fareedi El-Naggar, although the former

has the periority. Pessagno (1967) placed it in synonymy with G,
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elevata (Brotzen).
Berggren (1962) was the only worker after Gandolfi (Op.cit) to

refer to G, rosetta insignis as a separate form,

G. gansseri pettersi is morphologically very close to G, gansseri

e

gansseri and possibly the direct descendant of it, However, the former
has a smaller test size, smooth surface, nearly quadrilobate peripheral
outline and its chambers increase slowly in size as added.

Occurrence., Rare in the upper half of the Qurna and in the Tayarat

formations, Globotruncana gansseri zonc,

Previous record of Occurrence, The Campanian of Colon shale, Colonbia,

the Maestrichtian of Switzerland and the U,A.R.

Globotruncana hilli FPessagno

1967 Globotruncana hilli Pessagno. pp.343-34k, pl.6k, figs.9-1k4,
21-23, pl.9k, fig.l
1969 Globotruncana hilli Pessagno. Douglas., p.180, pl.7, figs.7a-8c

Remarks and Occurrence. Only three specimens of this small, parallel

sided species, with its widely spaced, delicately beaded two keels, early
spherical and later laterally compressed chambers in the final whorl,

are recorded from the Middle Maestrichtian of the Qurna formation.
Compared with the figured holotype, the type description and the topo-~
typic material kindly forwarded by Dr, Pessagno, the Iraqi specimens
have a truncated equatorial periphery throughout.

G. hilli was originally described from the Cempanian - Maestrich-
tian of the Upper Taylor marl member of Texas. Pessagno (Op.cit) also
reported its occurrence in Mexico and Alaska, Douglas (1969) reported
this species from the Late Campanian of the Sacramento valley of northcrn

California.
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Globotruncana imbricata Mornod

pl.28, figs,11-12

1950 Globotruncana imbricata Mornod. p.589, t.f.5(2a-3d), pl.15,
figs,21-34
1961 Pracglobotruncana imbricata (Mornod) Scheibnerova, p.62, pl.l0,
figs.3a-c
1965 Globotruncana imbricata Mornod. Takayanagi. pp,215-216, pl.2k,
figs.5a-c, pl.25, figs.la-2c
1969 Globotruncana imbricata Mornod. Douglas. pp,180-181, pl.Zz,
figs.4-7
1969 Praeglobotruncana imbricata (Mornod) Scheibnerova, pp.59-60,
pl.8, figs.ka-c, pl.9,
figs.la-7c

Qccurrence, G, imbricata is restricted to the Coniacian rocks of the
Tanuma formation and associated with G, ventricosa ¥White, G, concavata
primitiva Dalbiez and G, renzi Gandolfi.

Globotruncana renzi/Heterohelix pseudoguembeliniformis zone

Previous record of Occurrence. The Turonian - Coniacian of California

and the west Carpathian of Bratislava; the Lower Turonian of Bavaria

and the Upper Turonian of Spain,

Globotruncana leupoldi Bolli

pl,29, figs.1-2

1945 Globotruncana leupoldi Bolli. pl.9, fig,17, t.f.l, figs.25,26
1966 Globotruncana leupoldi Bolli, El-Naggar., pp.l21-122, pl.1,
figs ha-c

Occurrence. Very rare in the Qurna formation. Globotruncana gansseri

azone,

Previous record of Occurrence. G, leupoldi was originally described

from the Upper Campanian - laestrichtian of the Wangschichten limestone

of Switzerland, It is also known from the Maestrichtian of Egypt.
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1918
1936
1942

1952
1953

1956

1957
1957

1959
1961

1962

1962
1963
1963
1964
1964
1965

1965
1966
1966
1967
1968
1968

Not

Not
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Globotruncana linneiana limneiana (d'Orbigny)

pl.2L, figs,1-3

Rosalina linneiana d&'Orbigny. p.10l, pl.5, figs,10-12 (in Ellis

Rosalina linnei d'Orbigny.

and Messina (1940) given as
Rogalina linnei in plate explan-
ation)

de Lapparent, pp.1-17, t.f.2, fig.g

Globotruncana

linnei (d'Orbigny) Renz. pl.6, figs.32-34

Globotruncana

Tinnei (d'Orbigny) Gandolfi. pp.125-130, pl.3,

. Globotruncana

fig.3, pl.4, figs.18,32,33
lapparenti Brotzen. Sigal. p.35, fig.38

Globotruncana

linneiana (d'Orbigny) Subbotina, p.176, pl.5,

Globotruncana

figs.7a~-9¢c, pl.6, figs.la-he
linneiana (d'Orbigny) Bronnimann and Brown,

Globotruncana

rp.340-542, figs, 13-17
(figs.13-15 = neotype)
linnei (d'Orbigny) Sacel and Debourle. p.6l, pl.26,

Globotruncana

figs,7,28,9,710,14-15,216-18
majzoni Sacal and Debourle, Ibid. p.6l, pl.26,

Globotruncana

figs.6,21-22
linneiana (d'Orbigny) Naggaba, pl.6, fig.G

Globotruncana

linneiana (d'Orbigny) Grahanm and Clark. p.113,

Globotruncana

pl.5, figs.lla-c
linneiana linneiana (d'Orbigny) Barr. pp.571-572,

Globotruncana

pl.72, fig.5
lapparenti linneiana (d'Orbigny) Pessagno. p,360,

Globotruncana

pl-B, figs~7-9

linneiana (d'Orbigny) Bromnimann and Rigassi,

GLobotruncana

pl.17, figs.ba-c

linneiana (d'Orbigny) Lehmann. pp.149-150, pl.8,

Globotruncana

figs.4-5

linneiana (d'Orbigny) Martin. p.81, pl.l10,

Globotruncana

figs.3a~c

linneiana (d'Orbigny) Olsson. pp.l66-167, pl.7,

Globotruncana

figs.6a~8c

Takayanagi. pp.217-218,

linneiana (d'Orbigny)

Globotruncana

pL.25, figs.ba-c, pl.36,
figs.?la-c,2a-c

linneisna linneiana (d'Orbigny) Van Hinte. p.8k,

Globotrgpcana

pl.2, figs.ha-c

linneiana (d'Orbigny) Ansary and Tewfik. p.53,

Globotruncana

pl.7, figs.2a—c

linneiana Caron. p.83, pl.5, figs.3a~c

Globotruncana

(d'Orbigny%
linneiana

(d'Orbigny) Pessagno. pp346-349, pl.72,

Globotruncana

figs -1—2,3_4’7-9 32 P1'97 3
figs,11,12,13

linneiana (d'Orbigny) Rao, Mamgain and Sastry.

Globotruncana

Pp.24-25, pl.k, figs.10-12

linneiana (d'Orbigny) Rasheed and Govindan., p,82,

pl.7, figs.10-12
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1969 Globotruncana linneiana (d'Orbigny) Douglas. pp.181-182, pl.3,
figs.la~-c
1969 Globotruncana linneiana (d'Orbigny) Esker. p.216, pl.2, figs.1l-3

Remarks. G, linneiana linneiana was originally described by d'Orbigny

(1839) as Rosalina linneiana, In his plate explanation d'Orbigny (Op.

cit) used Rosalina linnei while in the text Rbsalia linneiana, However,
the latter name is accepted here as valid according to Iﬁtemational Code
of Zoological Nomenclature (1961 Appendix D, Part 3, No,1l6a).

Bronnimann and Brown (1956) considered Habana Bay (Bahia de la Habana),
at which the only Cretaceous strata crop out in the area, as a tentative
type locality, Among the topotypic specimens a neotype (pl.20, figs.l3-
15, Bronnimamn and Brown 1956) was selected by them,

Bronnimann and Brown (Op.cit) considered G, canaliculata (Reuss)

to be a junior synonym of G. limmeiana d'Orbigny. According to Pessagno
(1967) who selected the neotype (pl.7k, figs.5~8 Pessagno (Op.cit) ) of

G, canaliculata from the lower part of the Gosau beds of Edelbachgraben,

Austria, the depository of G, canaliculata is unknown and it seems

probable that the type specimen is lost.
As can be seen from the original type figures, type description
(in Trujillo 1961, p.34l) neotype's figures and description G.

canaliculata (Reuss) is a fairly distinct species. It is distinguished

from other similar forms by its low and nearly equally biconvex test;
its wedged-shaped chambers and straight, radial, depressed sutures on
the umbilical side and by its small umbilicus.

Bolli (1945) followed by Subbotina (1953) Bronnimann and Brown
(1956) Edgell (1957, Takayanagi (1960, 1965), Janoschek (1966) and
Pessagno (1967) treated G, lapparenti Brotzen as separate species, while

Trujillo (1960) Graham and Clark (1961), Barr (1962), Lehmann (1963),
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Van Hinte (1963) reparded it conspecific with G, linneiana linneiana

(atorbigny). In fact G, lapparenti Brotzen was originally described
in syntypic series and several of de Lapparent's (1918) figures were

used as syntypes. It was separated from G, linneiana linneiana (d'Orbig

(a'0rbigny) on the basis of having a convex spiral side and narrowly
elongated chambers, strongly convex on the umbilical side. Pessagno
(1967 p.34k) designated a lectotype (test-figure 2, fig.n, p.5, de
Lapparent (1918) ).

Douglas (1949) who examined materials from the type section for
G, lapparenti Brotzen, did not recognise Pessagno's selections of a
lectotype and paralectotype. He stated, "a lectotype of G, lapparenti
has been designated by Pessagno (1967) v.veves o However, several of
the species present in the topotype material will yleld a thin section
profile very similar to these figures", thus he suggested that G,

lapparenti and G, linneiana linneiana are only partly synonymous.,

Subbotina (1953, p.177) remarked that G, lapparenti is very
similar to G, linneiana but differs from it in its reniform chamber
shape and sigmoidal ventral sutures.

It can be seen from the above discussion that the differences
between these two species are very small and entirely based on the degree
of development of the spiral convexity of the test and the shape and
convexity of the chambers on the umbilical side. On the other hand,

both G. linneiana linneiana and G. lapparenti share in having slightly

to moderately convex spiral sides, two widely to medium spaced well
developed kecls, petaloid to subpetaloid chambers on the spiral side

and subrectangular ones on the umbilical side,
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However, until isolated specimens from the type section of de
Lapparent are carefully examined, it is not possible to decide the valid-

ity of G. lapparenti.

G. pseudolinneiana (Pessagno) is distinguished fram G, linneiana

linneiana by its perfectly planiform, subcrescentic, elongated chambers
on the spiral side; its thinner test and by its two, thickened, smooth
or faintly beaded keels and sutures.

The specimens figured by Pessagno (1967) (see synonymy) as G.
linneiana are different from the figured neotype and topotypes and

possibly belong in G. pseudolinneiana (Pessagno), while that figured

by the same author (pl.71, figs.6-13) as G, lapperenti Brotzen are

referrable to G, angusticarenata Gandolfi.

The writer has found no significant difference between this species
and G, majzoni Sacal and Debourle, hence this latter is regarded as a

Jjunior synonym of G. linneiana linneiana (a'orbigny).

Occurrence. Abundant in the Khasib, Tanuma and the lower part of the
Sadi formations, rare to very rare throughout the rest of the succession.

Globotruncana renzi/Heterohelix pseudoguembeliniformis zone —~ Globotruncana

gansseri zone.,

Previous record of Occurrence, The species is almost limited in range

to the Coniacian to Campanian of North America, Europe and the Caribbean
region, However, Subbotina (1953) reported it fram the Turonian -
Maestrichtian of the Soviet Union while Bronnimann and Brown (1956) gave
its range as Turonian to Campanian, It is also known from the Cempanian -

Maestrichtian of North Africa and Campanian of India and Pakistan.
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1968
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Remarks,
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Globotruncana linneiana tricarinata (Quereau)

pl.2h, figs.h-5

Pulvinulina tricarinata Querean. pl.5, fig.3a (not figs,3b,c,d)

Rosalina linnei type 2 de Lapparent. p.h4, figs.lb,d-f, p.5,

t.f.2d,n

Globotruncana linnei (d'Orbigny) Renz. p.19, pl.6, figs.28-30,

Globotruncana

pl.
33,

8, fig.7 (not pl.6

figs.
3, pl.7, figs.2,3)

linnei tricarinata (Quereau) Vogler. p.287, pl.33,

Globotruncana

figs,22-31

lapparenti tricarinata (Quereau) Bolli, p.232,

Globotruncana

t.£.1(19,20),
pl.9, fig.13

tricarinata (Quereau) Hofker. p.295, t.f,20a-c,

Globotruncans

27a~-c

lapparenti tricarinata (Quereau) Pessagno. p.100

Globotruncana

linneiana tricarinata (Quereau) Graham and Clark

p.112, pl.5,
figs.8a-c

linneiana tricarinata (Queraeu) Barr. p.573, pl.70

Globotruncana

Globotruncana

figs,2a-c

(Globotruncana) linneiana tricarinata (Quereau)

Globotruncana

Van Hinte. p.79,
pl.6, figs,la-c

linnciana tricarinata (Quereau) Martin. p.8d,

Globotruncana

tricarinata (Quereaun)

Globotruncana

pl.10, figs.2a-c
Takayanagi, pp.225-226,
pl.27, figs.ha-c. Including
additional synonymy upto
196L..

(Globotruncana) tricarinata (Quereau) Van Hinte.

Globotruncana

tricarinata (Quereaun)

Globotruncana

P.k, pl.2,

figs.la-c
Van Hinte, Ibid. p.23, pl.3
figs.2a-c

tricarinata tricarinata (Quereau) Salaj and

Globotruncana

Samuel, p,218, pl.l9,
figs,3a-c

lapparenti tricarinata (Quereau) Wille-~Janoschek

Globotruncana

tricarinata (Quereau)

Globotruncana

tricarinata (Quereau)

t

Globotruncana

tricarinata (Quereau)

G, linneciana

tricarinata (Quereau)

pp.110-111, pl,2,
figs.,1-11
Barr, p.319, pl.37, figs.8a-
c, pl.38, figs.la-c
Rao, Mamgain and Sastry.
Pp.26-27, pl.3, figs,10-12
Rasheed and Govindan., Ibid.
P. 83 s Plc7 s fig8013—15

was originally described

from the Campanian - Maestrichtian of Calcites des Gauches Rouges des
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Prealpes and Prealpes fribourgeoes of Switzerland, on thin-sections
and a syntypic series,

Gandolfi (1955) followed by Berggren (1962) and El-Naggar (1966)
stated their doubts -regarding the morphological characters, identity
and the stratigraphical distribution of this species, So does this
writer,

Pessagno (1967) designated the sectioned specimen figured by
Quereau (1839) on plate 5, fig.3a, as the lectotype of Pulvinulina
tricarinata Querean., He stated, "the rcmainder of Quereau's figured
specimens (3b-d) are poor and fragmental, For this reason paralecto-
types have not been selected", then, referring to his "Fomm analysis
data” presented in text figures 50, 5L (Op. cit) he added, "the reader
can see that the lectotype of P, tricarinata falls well within the limits
of G, linneiana®.

Although the writer agrees that Quereau's figures are misleading
and probably generalized, he disagrees with the method followed by
Pessagno (Ibid) in selecting a lectotype and solving taxonomic problems.
A1l the specimens figured by Pessagno (1967) as G, linneiana d'Orbigny

belong in different species (see under G. linneiana linneiana). In

cases where the type figure (or figures) are very poorly drawn, selection
of them for lectotype will fail to fulfil the morphological requirements
of the taxon,

G, linneiana tricarinata (Quereau) was originally described and

figured as having a pronounced, well developed umbilical flange, which
is formed by the umbilical extension of the ventral keel, a slightly
raised spiral side, a strongly raised umbilical one and two moderately

spaced carinae,
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Tt is morphologically similar to @, linneiana linneiana (d'Orbigny),

but differs in its flat to slightly raised spiral side and convex
umbilical one, its strongly thickened, beaded periumbilical keel and
more strongly developed marginal ones and its rapidly increasing chambers,

By the development of these characters, G, linneiana tricarinata is

believed to have evolved from G. linneiana linnciana.

Occurrence. Abundant in the Tanuma and the lowermost part of the Sadi
formation, rare in the rest of the Sadi formation, the uppermost part
of the Hartha formation and the lowermost part of the Qurna formation,

Globotruncana rensi/Heterchelix pseudoguembeliniformis zone — the lower—

most part of the Globobtruncana gansseri zone.

Previous record of Occurrence. The Turonian - Maestrichtian of North

America and Europe; the Coniacian - Maestrichtian of North Africa, Asia

and Australia,

Globotruncana marginata (Reuss)

pl.21l, fig.9; pl.23, figs.11-12

1845 Rosalina marginata Reuss. p.36, pl.8, figs.54a-b,74a-b, pl.3,
figs.68a-b
1854 Rosalina marginata Reuss. Reuss. p.69, pl.26, figs.la-c
1937 Globigerina marginata (Reuss) Loetteril P. h4r45, pl.7,
figs.3a-c
1939 Globotruncana marginata (Reuss) Morozova. pp.79-80, pl.l1,
figs.,7-9
1943 Globotruncana marginata (Reuss; Majzon. pl.l, figs.8a-c
1944 Globotruncana marginata (Reuss) Cushman, p. 340 pl.53, figs.29a-b
1946 Rosalinella marginata (Reuss) Schijfsma. pp. 97-98 rl.7,
figs.10a-c
1950 Globotruncana marginata (Reuss) Asano. p.162, pl.l, figs.2a-c,
ha-c
1953 Globotruncana marginata (Reuss) Gauger. p.82, pl.9, figs.27-29
1953 Globotruncana marginata (Reuss) Hamilton, pl.29, le‘S 235=25
1956 Marginotruncana marginata (Reuss) Hofker. p 323, t.f.8a-d
(not page 322 t.fs.6a4b,7,
p.315, t.£,2)
1956 Globotruncana marginata (Reuss) Jirova, pp.248-249, pl.l,

figs.la-c, pl.2, flgs la-c
2a-c (not pl.2, flgs 3a-c, pl 3,
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figs.la~c = G, cretacea
(a'Orbigny) )~

1957 Globotruncana marginata (Reuss) Smitter, p.200, figs;22a-b
1958 Globotruncana marginata (Reuss) Witwicka. pl.17, figs.34ha-c
1960 Not Globotruncana marginata (Reuss) Tollmann. pp.194-195, pl.21,

fig.3

1962 Not Globotyuncana marginata (Reuss) Barr. pp.574-575, pl.70, figs.
3a-c, pl.72, figs.7,8a-c

1962 Globotruncana marginata éReussg Hemm, pp.85-86, pl.5, fig.5

1963 Not Globotruncana marginata (Reuss) Lehmann, p,151, pl.10, figs.
3a~c, p.139, t,f.72x

1965 Globotruncana (Globotruncana) marginata (Reuss) ¥an Hinte., p.23,

pl.l, figs.2a-c

1565 7 Globotruncana marginata (Reuss) Takayanagi, PP.218-219, pl.26,
figs,?3a-c,Tha~c including
additional synonymy upto 1963

1966 Globotruncana globigerinoides Brotzen, Ansary and Tewfik. p.55,
pl.8, fig.2
1966 Globotruncana marginata (Reuss) Echer. p.29, pl.6, figs.5a-c,
ba-c
1967 Marginotruncana marginata (Keuss) Pessagno. pp.307-310, pl.5k,

figs.7-9,10-12,16-18 (not
pl.6, figs.10-12)

1967 Globotruncana bulloides Vogler. Pessagno. pp.324-326, pl,6lL,
figs,15-17 (not pl.67, figs.1-3,
pl.73, figs.9,10, pl.75, figs.
lf"~8, Plo97, figsollF,l5)

1969 Globotruncana marginata (Reuss) Douglas. pp.182-183, pl.S,
figs.ha-c (not figs.5a~c)

Remarks. G. marginata was first described by Reuss (1845) fram the

Cretaceous of Bohemia as Rosalina marginata. He gave six figures showing

only spiral and umbilical sides. Although he failed to show the
marginal view and his figures are small and possibly generalized, (see
also Bolli 1957), the type description clearly states the presence of
the perpendicular truncate margin., Reuss (185L) described from the

Cretaceous of Austria as Rosalina marginata, another specimenswhich

clearly shows all the diagnostic features of G, marginata (Reuss).
Dana Jirova (1956) designated the neotype (pl.l, figs.la-c, pp.248 -

249) of Rosalina marginata Reuss (1845) from the Emscherian (Goniacian)

marls of Czechoslevakia, the marl cropping out near the village Luzice

in northern Bohemia. Bolli et.al (1957), on the other hand, selected
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the specimen illustrated in Reuss figs.68a-b (1845) as the lectotype

of Rosalina marginata Reuss, However, the selection of the neotype

has periority over Bolli's lectotype.

According to Douglas (1969) who examined topotypes, these corres-
pond with the neotype and with the specimen figured by Cushman (1946 s
pl.62, figs,1-2).

Compared with those from the southern Irag, the neotype shows a
greater number of chambers on the spiral side and has a wider umbilicus,
They coincide well with the specimens of G, marginata (Reuss) figured
by Reuss (1854), Schijfsma (194L), Hagn and Zeil (1954) and Van Hinte
(1955) (see synonymy).

G, marginata (Reuss) is morphologically close to both G, bulloides
bulloides Vogler and G. cretacea (d'0Orvigny). It is distinguished from
the former by its slightly compressed chambers which increase gradually
in size as added, its closely spaced, less developed marginal keels and
by its radial to slightly curved, depressed sutures on the umbilical
side. It differs from G. cretacea in having laterally compressed
chambers, depressed sutures only on the umbilical side, rather well
developed marginal keels and delicate umbilical rides. The specimens
described by Barr (1962), Lehmann (1963%) and Douglas (1969) (see synonymy)
as G. marginata (Reuss) lack the characteristic depressed sutures on the
umbilical side and the chambers on the spiral side are vaulted and

increase rapidly in size as added, These specimens are referrable to

G. bulloides bulloides Vogler. The specimens figured by Pessagno (1957
pl.6L4, figs.,15-17) as G, bulloides Vogler are referrable to G, marginata
Reuss.
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G, marginata (Reuss) is believed to have evolved from Praeglobo-

truncana delrioensis, by the development of two marginal keels, raised

sutures on the spiral side, by retained the compressed nature of its
chambers and the depressed sutures on the umbilical side,

Examination of the holotype and two paratypes of G. culverensis
Barr, in Barr's collection at the British Museum of Na‘l‘;ural Historxy,
suggests that it represents a distinct morphologic type and should be
considered a valid species,
Occurrence. Abundant in the Khasib, Tanuma and the lower half of the

Sadi formations. Globotruncana renzi/ﬁet erohelix pseudoguembeliniformis

zone - Globotruncana fornicata subzone.

Previous record of Occurrence, The Cenomanian - Turonian of Holland,

Colorado; the Turonian - Coniacian of Czechoslovakia, Bohemia; the
Turonian - Santonian of Mexico; the Turonian ~ Campanian of Bavaria,
Germany; the Turonian - Maestrichtian of the U,S,S,R, Texas, Alabama,
Mississippi, California; the Santonian of Poland, West Australia; the
Senonian ~ Campanian of France and the Campanian of North Australia,
South Africa, the Austro-Gemrman border, Austria,

G, marginata is also know from the Upper Cretaceous of Nebraska,

Colombia, Switzerland, Hungary, the Netherlands and Egypt,

Globotruncana mariei Bammer and Blow

pl.29, figs.8-10

1931 Globotruncana arca (Cushmang Cushman. p.59, pl.1ll, figs,6a-c
1931 Globotruncana arca (Cushman) Plummer. pp.195-198, pl,13, fig.8
(not figs.7,9,11)

1938 Globotruncana cretacea Cushman, p.67, pl.ll, figs,ba-c

1960 Globotruncana mariei Banner and Blow, p,8

1962 Globotruncana (Globotnmca.na) mariel, Banner and Blow. Berggren.,
PP-51F°56, Plo9’ figS,Ea—c

1964 Globotruncana mariei Banner and Blow, Olsson. pp.167-168, pl.lh

figs,8a-c,10a-c
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1966 Globotruncana mariei Bamner and Blow, El-Naggar. pp.l24-125,
including additional
synonymy .

1966 Not Globotruncana mariei Banner and Blow, Caron. pp.85-87, pl.6,
figs.la-c (= G, renzi
Gandolfi)

1967 Globotruncana rosetta (Carsey) Pessagno. p.352-354, pl.70,
figs.9-12, pl.73, figs.
5-8, pl.98, fig.,14

Remarks. Cushman (1931) described as G. arca (Cushman) (pl.1l, figs.6a-c)

a clearly different specimen, but later (1938) renamed it G. cretacea

new species, Banner and Blow (1960) in "Revision of Globigerina cretacea

d'0Orbigny (1840)" proved that this species possess two marginal keels,

enclosing an imperforate peripheral band, thus they considered it to be

a true Globotruncana. Consequently G, cretacea Cushman became a junior

homonym and the specimen was redescribed as Globotruncana mariei nom,nov.

G. mariei Banner and Blow has possibly evolved from G, arca
(Cushman) as suggested by their morphological similarity and strati-
graphical distribution,

An examination of the specimens of G, cretacea Cushman described
by Nakkady (1951) from the Upper Cretaceous of Duwi, Egypt, in the
British Museum (Natural History) showed that they include G. stuarti

stuartiformis Dalbiez, G, aegyptiaca aegyptiaca Nakkady and G, gagnebini

Tilev,

The writer has also examined the specimens of G, pseudocretacea

Nakkady at the same museum and has found that there is little significant
difference between this epcies and G, mariel Banner and Blow, However,

G, pseudocretacea was mentioned by Nakkady (1951) without description

or remarks, thus it does not fulfil the taxonomic requirement of species,
ard in this study it was considered to be invalid.

Occurrence. Rare in the middle and upper parts of the Sadi formation,
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the Hartha formation and the lower part of the Quma formation,

Globotruncana fornicata * '. subzone - the lower part of Globotruncana

gansseri zone,

Previous record of Occurrence. G, mariei was originally described from
the Upper Campanian, Selma chalk of Tennessee, It is alsoc known from
the Campanian - Maestrichtian of Texas, Denmark, and the U,A R, and the

Maestrichtian of New Jersey,

Globotruncana obligqua Herxm

pl.19, fig.3

1962 Globotruncana sp. Hemm, p.85, pl.h, fig.6
1965 Globotruncana linneiana (d'Orbigny) obliqua Hexm, pp.236-238,

pl.8, figs,l-4, t.f,14
1967 2 Globotruncana loeblichi n.sp, Pessagno. pp.349-350, pl.73,
figs,i-4, pl.97, fig.l1l0
1968 Globotruncana obligqua Herm, Barr, pp.316-318, pl.39, figs,5a-d,
6a-d

Remarks, A few low, trochospiral, parallel-sided specimens with two well

developed marginal keels, a lobate equatorial periphery and a truncate
axial one are here referred to G. obliqua Herm, originally described as
veriety of G, linneiana (d'Orbigny). Its last whorl is composed of
L% large chambers s, Which are obligue to the axis of coiling and increase
moderately in size as added.

Pesgagno (1967) described as G. loeblichi n.sp. a form which most
proba'blysllongs in G, obliqua Herm.
Occurrence, In the uppermost part of the Khasib formation,

Globotruncana renzi/Heterohelix pseudoguembeliniformis zone.

Previous record of Occurrence. It was originally described from the

Lower Maestrichtian of northern Spain. It was also reported from the
Upper Campanian of southern England and the Paris Basin; the Upper

Campanian and Lower Maestrichtian of Libya and Tunisia and the Campanian
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of Texas and lexico,

Globotruncana pseudolinneiana (Pessagno)

pl.29, figs,11-12

1928 cf. Globotruncana canaliculata (Reuss) White. pp.282-287, pl.38,
figs,.3g-c

1967 Marginotruncana pseudolinneiana Pessagno. p.310, pl.65, figs.24~

27, pl.76, Tigs.1~3

1967 Globobtruncane linneiana (d'Orbigny) Pessagno. pp.346-349, pl.72,
figs,1-2,3-k4,7-9, pl.97,
figs,11,12,13

1969 Globotruncana pseudolinneiana (Pessagno) Douglas. p.185, pl.3,

figs,2-4

1969 Globotruncana pseudolinneiana (Pessagno) Douglas and Rankin,

pp.207-209, figs,16A-C,

figs.17A-C

Remarks. The specimens described here as G, pseudolinneiana (Pessagno)

are distinguished by having a thin test, parallel sided, 6 crescentic
to subcrescentic, elongated chambers in the last whorl, two widely
spaced, delicately beaded or only slightly thickened keels, delicately
beaded or only slightly thickened sutures and smooth chamber vralis.

In the Iragi material, only three specimens belonging in this
species were found in the Khasib formation.

Previous record of Occurrence, It was originally described by Pessagno

(Ibid) from the Coniacian -~ Lower Santonian of Mexico, Texas and from
the LaterTuronian of California. Douglas (1969) reported its occurrence
in the Upper Turonian - Lower Campanian of northern California, while
Douglas and Rankin (1969) had it from the ?Coniacian — L. Santonian of

Bormholm, Denmark.

Globotruncana ? pura Hofker

pl,30, fig,l0

1956 Globotruncana pura Hofker, p,327, t.fs.l6a~d
1965 Globotruncana pura Hofker. Takayanagi. p.221, pl.27, figs.la-c




Occurrence.

Rare in the upper part of the Sadi formation.
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The lower

part of the Globotruncana stuartiformis/Globotruncana stephensoni zone.

Previous record of Occurrence.

G.?pura Hofker was originally described

from the Campanian of Hannover,

It vias also reported from the Campanian

of the Netherlands and the Upper Santonian of California,

pl.23, figs,1-4
1942 Not Globotruncana renzi Thalmann, p.8, nomen nudum
1942 Globotruncana renzi Gandolfi. p.124, t.fs.L5a-c, pl.k, fig.l5
(not pb.3, figs.la-c, pl.hL,
figs.,16,28,29, pl. lO fig.2
=G, coldreriensis Gandolfl)
1945 Not Globotruncana renzi Thalmann. Thaimann. p,405 (type figure of
Renz 1936 Op,cit. pl.8, fig.2)
1945 Globotruncana renzi Gandolfi, Bolli. p.225, pl.9, fig.5
1946 Not Globotruncana renzi Gandolfi, Thalmann, pp.128-129
1947(a) Globotruncana renzi Gandolfi and Thalmann. pp.385-386
1947(b )NotGlobotruncana renzi Gandolfi and Thalmann, Thalmann, p,311-312
1954 Globotruncana renzi Thalmann and Gandolfi,. Hagn and Zeil.
PP037—39’ PlOB,
figs.2a~c
1955 Globotruncana aff, cretacea Cushman. Gandolfi, p.62, pl.lk,
figs,.7a-c
1957 Globotruncana renzi Gandolfi, Bolli, p.58, pl,lh, figs,3a-c
1960 Globotruncana renzi Gandolfi, Trujillo. p.343, pl.5, figs.ka-c
(not figs.3a-c)
1963 Globotruncana (Globotruncana) renzi renzi Gandolfi. Van Hinte
p.66, pl.2, figs,1-2
1966 Globotruncana renzi Gandolfi. Caron. pp.77-79, figs. a ,b,c,cC
(not figs.S5a~c, pl.k, figs.ha-c)
1966 Globotruncana renzi Gandolfi. Salaj and Samuel p.211 pl.18,
' figs.la,b,c
1967 Not Globotruncana renzi renzi Gandolfi. Bandj. .19, t.£.8(8)
1967 Marginotruncana renzi (Gandolfi) Pessagno. pp,310—313, pl.55,
figs.4-7c, pl.65, figs, 920—23
1969 27 Globotruncana renzi Gandolfi. Casati and Tomai. pp.248,253-255,
pl.13, fig.l
1969 Globotruncana renzi Gandolfi, Caron and Imterbacher. pp.27-29,

1969 Not Praeglobotruncana renzi (Gandolfi) Douglas.

Globotruncana renzi Gandolfi

pl.9, figs.1l,lla-c (not figs.
12a-c)
pp.172-173, pl.2,

figs,8a-c

1969 Not Marginotruncana renzi (Gandolfi) Esker, p.216, pl,l, figs.l2-14
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Remarks. Caron and Luterbacher (1969) restudied the specimens of G,
renzi Gandolfi, in the Gandolfi's collection at the Museum of National
History, Basle and found that they belong to three morphologically
different species;

1. The specimen corresponding to test-figure 45a-c, C25559 represents

an inteimediate foim, possibly belonging in G. praeconcavata; however,

it could be a juvenile specimen of G, concavata (Brotzen).

2. The specimen corresponding to pl.3 figure la~c C25560, represents
a real G, renzi because, "the main features which characterize G. renzi
as a well defined and independent species are well represented",

3. The sectioned-specimen corresponding to pl,l0 figure 2, belongs

probably in the Praeglobotruncana stephani group.

At the time of description of G, renzi, Gandolfi (1942) failed to
designate the holotype. But, according to the above two authors, the
specimen illustrated in pl.3 fig,l (C25560) was labelled as the holotype.
However, labelling of a specimen in a collection does not constitute
publication, unless all information that appears on the 1abel(s)
accampanying the specimen has been published, (Int. Code of Zool, Nomen.
1961, Art.9, no.5, p.9)

Caron and Luterbacher (Op.cit) considered the specimen (pl.j, fig.l
a=-c, 025560 Gandolfi 1942) as the lectotypé of G, renzi Gandolfi, for
the following reasons; 1 - the main features are well represented;

2 - the majority of other authors describing G. renzi have referred to
this specimen, and 3 - Gandolfi (1957) designated this specimen as the

holotype of G. coldreriensis.

Since this specimen (see rl.3 fig.l) had previously been designated

holotype of G, coldreriensis by Gandolfi (1957, p.6L) its reselection
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by Ellis and Messina (1958) as type of another taxonomic species violates
Article 61b of the Code of Zoological Nomenclature, 1961, Moreover,

in the present writer's opinion, once a specimen in syntypic series
designated as holotype of a taxon, it should be permanently removed fram
that series. Consequently, selection of the specimen (pl.3, fig.1l) by
Ellis and Messina (Op.cit) as lectotype of Q. remzi Gandolfi, and its
redescription by Caron and Imterbacher (Op.cit) again violates the code
of Zoological Nomenclature, but this time Article 74a(l). The desig-
nation by Pessagno (1967) of the specimen illustrated by Gandolfi (1942,
test figure Lba-c, p.124) as lectotype of G, renzi Gandolfi, is considered
valid in this study,

The name "G. renzi' was first used by Thalmann (1942 April) in
the "Programme of an Annual Convention" and later by Gandolfi (1942,
August 31 in "Riv,Ital, Pal."), The first name was considered invalid
according to the Code of Zoological Nomenclature, 1961 (Art.9 no.L) as
it appeared in an invalid publication,

Although Thalmann (1945) redescribed G. renzi Thalmann (not G,
renzi Gandolfi) in the Journal of Paleontology and chose G, appeninica
linnei Renz (pl.8, fig.2 1936) as the type of his species which is
considered here as holotype, (Code. Zool. Nom, 1961, Art.73a,73b, p.77),
his specific name canmnot be regarded valid as it already was occupied
by G. renzi Gandolfi (nomen,nudum.), G. renzi Gandolfi is distinguished

from the morphologically rather similar G, concavata primitiva Dalbiez,

which possibly evolved from the same ancestral stock, by its smaller
test size, its generally compressed last chamber, its elongated, kidney-
shaped chambers on the umbilical side; its angled axial periphery; its

two closely spaced keels which became single on the last chamber and by
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its raised, curved umbilical sutures.
Occurrence., Abundant in the Khasib and Tanuma formations.

Globotruncana renzi/Heterohelix pseudoguembelinifiormis zone,

Previcus record of Occurrence., So far as the records of the species

which are included into the synonymy are concerned, G, renzi cccurs in
the Turonian of Bavaria, California; the Upper Turonian - Coniacian of
Czechoslovakia; the Upper Turonian - Lower Santonian of Texas, Italy;
the Upper Coniacian of Austria and the Coniacian - Lower Santonian of
Trinidad,

Candolfi (1942) did not designate the type locality., His figure
45a-c (p.124) and pl.h, fig.lh were recorded from Coldrerio, northwest

of Balerina, Cauto Ticino in southeastern Switzerland.

Globotruncana rosetta (Carsey)

rl.29, figs,5~7

1926 Globigerina rosetta Carsey. p.bk, pl.5, figs.3a-c

1931 ? Globotruncana arca (Cushman) Plummer, p.195, pl.13, fig.1ll

(not figs.7a~c = G, stephensoni;

not fig,8 = G. mariei; not fig.9

= G, gansseri gansseri)

1953 Globotruncana rosetta (Carsey) Subbotina. PpP.197-200, pl.l1l3,

figs.ba—cC

1955 2 Globotruncana rosetta rosetta (Carsey) Gandolfi. pp.66~67, pl.6,

figs.la=c (not t.f.10)

1956 Globotruncana rosetta (Carsey) Bronnimann and Brown. p.545,

pl.21, figs.11-13

1960 ? Globotruncana (Globotruncana) rosetta (Carsey) Pessagno. p.100,
pl.3, figs.4~7,
pl.5, figs.6,9

1962 Globotruncana rosetta (Carsey) Barr. pp.575-576, pl.70, figs.h4
a-c
1962 Globotruncana (Globotruncana) rosetta (Carsey) Berggren. p.56,
rl.10, figs.la~c
1962 Globotruncana (Globotruncana) rosetta (Carsey) Pessagno. p.362,
‘ T pl.h, figs.6-8
1963 Globotruncana (Globotruncana) rosetta rosetta (Carsey)

Van Hinte, pp.89-91, pl.9, fig.3
(not fig.1l,2, not pl.10, fig.l =
G, falsostuarti Sigal)




244

1964 Globotruncana rosetta (Carsey) Olsson. pp.l68-169, pl.l,
figs.ba-c, 7a~C
1966 Globotruncansa rosetta rosetta (Carsey) El-Naggar, pp.128-130,
pl.8, figs.3a~d
1966 Globotruncana rosetta (Carsey) Ansary and Tewfik, pp,55-56, pl.8
figs.3a~c

Remarks. G. rosetta was originally described by Carsey (1926) from the

Cenomanian - Maestrichtian of Central Texas as Globigerina rosetta.

White (1928) removed it to the gemis Globotruncana.

Most carlier workers erroneously included all single-keeled

Campanian ~ Maestrichtian species of Globotruncana either in G, stuarti

(de Lapparent) or in @. rosetta (Carsey), partly because G, stuarti
was the earliest name applied to single-keeled Campanian - Maestrichtian

species of Globotruncana and partly because of the failure of all workers

to note the two closely spaced keels reducing to a single keel on the
last one or two chambers. G, rosetta is a planoconvex species with
depressed, nearly radial sutures on the ventral side (Carsey 1926, pl.5
figs.3a-c). G. rosetta is believed to have evolved from G. mariei
Banner and Blow, as previously suggested by Berggren (1962) by further
development of the umbilical convexity, flattening of the spiral side
arnd by reduction of the lower keel on the final chambers into a single
one.

El-Naggar (1966) followed by Bandy (1967) and Pessagno (1967)
suggested the evolution of G. rosetta from G, ventricosa White, This
writer believes that there are at least two noticeable characters in

most of the species of Globotruncana which show similar evolutionary

tendencies;
1. The development of petaloid or crescentic shaped chambers,

2. A tendency towards the reduction of the lower keel leading to



the development of a single keeled group, (In G, rosetta the lower
keel is only partially reduced because of its transitional position

between G, mariei and @, gansseri gansseri Bolli,)

G. ventricosa has two equally developed, thickened, beaded keels
which shows no tendency towards the reduction of the lower keel, Its
chambers are perfectly petaloid and strongly lobate. Moreover, most
of the Middle Maestrichtian specimens of G, ventricosa show slight spiral
convexity and well developed umbilical ridges similar to that of G,

linneiana tricarinata (Quereau).

Hypotype specimens of G, rosetta (Carsey) in Berr's (1962) col-
lection and that in El-Naggar's (Op.cit) collection at the British
Museum of Natural History were examined by this writer,

Occurrence. Rare in the upper part of the Sadi, the Hartha, the Quma

and the Tayarat formations., Globotruncana stuartiformis/Globotruncana

stephensoni zone - Globotruncana gansseri zone,

Previous record of Occurrence. This species appears to be almost

restricted in range to the Campanian to Maestrichtian.

G. rosctta (Carsey) was originally described from the Upper Taylor
marl (Upper Campanian) of central Texas. Carsey (Op.cit) also reported
it from the Del Rio (Cenomanian, Austin (Coniacian - Santonian) and
Navaro formations., However, Bromnimann and Brown (1956) denied the

occurrence of this species in Del Rio formation of Texas.,

Globotruncana schneegansi Sigal

pl.24, figs,6-7

1952 Globotruncana schneegansi Sigal. p.33, t.f.34 (3 figures)
1957 Globotruncana schneegansi Sigal. Bolli. p.58, pl.l4, figs.la-c
1960 Globotruncana schnecegansi Sigal. Trujillo. pp.343-34k, pl.h9,

figs,%a-c
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1967 Marginotruncana sigali (Reichel) Pessagno. pp.313-314, pl.56,
figs,1-3 (not pl.5k4; figs.L-6,
not pl.57, figs.l,25

Remarks. The specimens described here as G, schneegansi Sigal are

characterized by having a low biconvex test, lobate equatorial periphery,
curved raised sutures on the spiral side and nearly sigmoidal, thickened
sutures on the umbilical side.

Compared with the figured holotype, the Iragi specimens have two
very closély spaced keels on the first one or two chambers of the last
whorl, a single keel on the rest and more strongly overlapping chambers,
Occurrence. It was found rare in a single sample from the Khasib

formation. Globotruncana renzi/Heterohelix pseudoguembeliniformis

zone,

Previous record of Occurrence. The species was originally described

by Sigal (1952) from the Turonian rocks of northern Algeria. Trujillo
(1960) reported it fram the Middle Turonian of California. It was also

known from the Turonian and Coniacian of Germany, Switzerland, Tunisia

and Trinidad,
Globotruncana stephensoni Pessagno
pl,2h, figs.8-9
1967 Globotruncana stephensoni Pessagno. pp.354-356, pl.69, figs,

1-7, pl.96, figs.5-6
Remarks., G, stephensoni was originally described by Pessagno (1967)

from the Taylor formation (Upper Taylor marl member) of Texas, It is
distinguished by its convex spiral side; sharply angled axial periphery;
umbilically shifted lower keel which is poorly developed and reduced on
the last chambers; trapizoidal to subtrapizoidel, pitalliform chambers

on the spiral side and unconnected or absent umbilical flanges,
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In the type description, Pessagno (Op.cit) did not compare G,
stephensoni with other morphologically similar species., An examination

of the holotype and the descriptions both of G, rosetta insignis Gandolfi

and G, goudkoffi Martin shows that the fomer has very low spiral
convexity, is entirely single keeled and has a small umbilicus, while

the latter has chambers elongated and crescentic on the spiral side and
two keels throughout the equatorial periphery, the lower of which is so
strongly shifted umbilically that it appears in the middle of the chambers.

El-Naggar (1966) examined the type specimens of G. falsostuarti

Sigal and states that the holotype have an unequally biconvex test and
a strongly protruding umbilical side. This is the only significant

difference differentiating G, stephensoni from G, falsostuarti, the

other characters such as keels, sutures and umbilical flanges being
similar, The writer has examined the figured holotype of G, falso-
stuarti as well as the specimens figured by FPumnell et.al (1969) and
has found only small . difference between Sigals species and G,
stephensoni Pessagno.

G, stephensoni is different from G, conica White in having a less
convex spiral side, two keels in the early stages, reduced to a single
one on the last chambers and a convex umbilical side, However, it
should be noted that Funnell et,al (Op.cit) figured a G, conica White
with traces of second keel, from western Spain, It is distinguished
from G, arca (Cushman) by its angled axial periphery, two weak, narrowly
spaced keels which are unequally developed and in having trapizoidal to
subtrapizoidal chambers,

The holotype and three paratypes of G, orientalis El-Naggar (1966)

was examined by the writer at the British Museum (Natural History).
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Two of the paratypes are referrable to G. stephensoni (Pessagno) while
the holotype shows a more convex spiral side, a flat umbilical side, a
less lobate periphery, a weaker lower keel and well developed, continuous,
umbilical flanges.

G. stephensoni Fcssagno is believed to have evolved from G, arca
(Cushman) by decreasc of the unbilical convexity, the weakening of the
two keels, the reduction of the lower keel on the last chambers and the
development of trapizolidal to subtrapizoidal chambers. G, stephensoni
probably evolved into G, conica White through G. orientalis El-Naggar
by the flattening of the umbilical side and the complete reduction of

the lower keel. (See under G. stuarti stuarti (de Lapparent).)

Occurrence., This species is rare in the upper part of the Sadi formation
and continues up to thc uppermost part of the Hartha and the lower half

of the Qurna formations, where it is rather abundant. It dies out
completely in the lower part of the Tayarat formation.,

Globotruncana stuartiformis/Globotruncana stephensoni zane - Globotrun-

" cana gansseri zone,

Previous recoxd of Occurrence. It is known from the Campanian - Lower

Maestrichtian of Mexico, Texas and Arkanses (Pessagno 1967).

Globotruncana stuarti stuarti (de Lapparent)

pl.30, figs.3=~4

1918 Rosalina stuarti de Lapparent. p.12, t.f.4 (6 figurces)

1928 Globotruncana rosetta %Carsey) Wh:l.te p.286, pl.39, figs.la~c

1937 Not Globotruncana stuarti (de Lapparent) Glacssner. Pp.39-40, pl.l,
figs.l3a-c

1943 Globotruncana stuarti (de Lapparent) Majzon, pp,167-168, pl,l,

figs.l0a-c, pl.2, :f':Lgs 3a—o
1951 Not Globotruncana stuarti (de Lapparent) Bolli. p.l96 pl. 34,
figs,10-12
1951 Not Globotruncana (Globotruncana) stuarti (de Lepparent) Noth. p.78,
pl.8, figs.,12a-c
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1953 Not Globotruncana stuarti (de Lapparent) Subbotina. pp.201-203,
pl.15, figs,3%a~c,La-c,5a-c
1955 Not Globotruncana stuarti stuarti (de Lapparent) Gandolfi. pp.6h~6§,
pl.5, figs.ba—
1956 ? Globotruncana stuarti (de Lapparcnt) Said and Kenawy. p.151,
pl.5, figs.22a-c
1959 Not Globotruncana stuarti (de Lapparent) Olvera. pp,120-122, pl.8,

figs.7-9
1959 Globotruncana stuarti (de Lapparent) Nagappa., pl.7, figs.la-c,
1962 Globotyuncana stuarti (de Lapparcnt) Berggren. pp.60-64, pl.l10,
figs.2a-c
1963 Globotruncana stuarti (de Lapparent) Kavary and Frizzell, p.56,
pl.11, figs,9-10
1964 Globotruncana stuarti stuarti (dc Lapparent) Olsson, pp.169-170,
pl.5, figs.9a~c
1966 Globotruncana stuarti stuarti (de Lapparent) El-Naggar. pp.,l33-

136, pl.8, figs.
ha-d, pl,9, figs.
la-d including
additional synonymy
\ upto 1962
1966 Globotruncana stuarti stuarti (de Lapparent) Ansary and Tewfik.
i PP-LI-9~50, Plo?,
figs.ha-c
1967 Globotruncana stuarti (de Lapparent) Pessagno. pp.356-357, pl.81
figs,1-6
1969 Globotruncana stuerti (de Lapparent) Funnell, Friend and Ramsay,
Pp.33-34, pl.h, figs.7-9
t.f. 17

Remarks, G, stuarti stuarti was ordiginally described by de Lapparent

(1918) in syntypic series, from the Maestrichtian of Hendaye, France,

as Rosalina stuarti. Armi (1933) removed it to the genus Globotruncana

although his two figured sections hardly show the diagnostic characters
of this species. Pessagno (1967) designated the specimen illustrated
in the three lower figures of Text-figure ), on page 12, as the lecto-

type of Rosalina stuarti de Lapparent.

G, stuarti stuarti is distinguished fxtmigi_stuaxti stuartiformis

Dalbiez by its large, biconvex test, non-lobate equatorial periphery,
quadrangular, subtrapizoidal chambers and by the absence of a central

cone. G, elevata (Brotzen) issomewhat similar to G, stuarti stuarti
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but is characterized by having depressed sutures on the umbilical
side, a strongly lobulate periphery and distinctly patelliform chambers
in the last whorl, G, conica VWhite has very strong spiral convexity,
while its umbilical side is perfectly flat and sometimes even concave,
It is suggested here that G, conica developed from two separate
lineages;
1. The G, arca - G, stephensoni - G, orientalis - G. conica lineage.

2, The G, stuarti stuartiformis -~ G. stuarti stuarti - G, conica

lineage,
Both lineages share in increasing the spiral convexity of the test, in
developing trapizoidal or subtrapizoidal chambers and a non~lobate
peripheral outline and flattening the umbilical side, 1In addition,
the G, arca group shows clearly a tendency towards complete reduction
of the lower keel,

This writer feels that if one could definitely prove the synonymity

of G, conica White, G, falsostuarti Sigal and G. esnahensis Nakkady on

the one hand and the synonymity of G, arca (Cushma.n), G, orientalis
El-Naggar and G. stephensoni Pessagno on the other, then G, stuarti

stuartiformis Dalbiez will represent the ancester of G, conica via G,

stuarti stuarti and G, arca will represent an independent lincage devel-

oped from G, linneiana linneiana (d'Orbigny) through G. linneiana

tricarinata (Quereau) during Late Santcnian time,
The evolutionary trend of parallelism in the development of the

umbilical cover-plate in the G, stuarti lineage and in Rugoglobigerina

rugosa, mentioned by Berggren (1963) is not demonstrated in this study
because of the poor preservation of most of the Campanian and

Maestrichtian specimens,
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The writer has examined the holotype and paratypes of G. arca var,
esnahensis Nakkady, and the hypotypes of G, arca (Cushman) Nakkady, in
Nakkady's collection at the B,M., (N.H,) London., One of the paratypes
shows two keels, the lower keel shifted towards the umbilicus; weakly
developed and reduced on the last two chambers, This specimen is
referrable to G, orientalis El-Neggar, Two of the hypotypes show a
nearly planoconvex test-shape, a single keel, a protruding umbilical
side with depressed sutures arﬁ perfectly petaloid chambers in the last
whoxrl., These possibly belong in G, elevata (Brotzen)., Another hypo-

type specimen has all the G, stuarti stuarti characters and definitely

belongs in that species,

The writer also has examined the holotype and paratype of G,
youssefi El-Naggar, G, arabica El-Naggar and the hypotype of G, lugeoni
Tilev in El-Naggar's collection at the same museum and has found no
significant reason to separate them. All show a planoconvex, strongly
umbilicoconvex test shape, a slightly lobate, nearly ovoid equatorial
periphery with a well developed, beaded, single keel shifted towards
the spiral side and subcircular to roughly crescentic chambers which
increase slowly in size, The so called "peculiarly shaped last chamber"
in G, youssfi is deformed and represented only in the holotype. All
have the same stratigraphic distribution.

Occurrence, Rare in the Hartha, Qurna and Tayarat formetions, Upper

paxrt of the Lower Maestrichtian - Globotruncana gansseri zone.

Previous record of Occurrence. G. stuarti stuarti (de Lapparent) was

originally described from the Meestrichtian of Hendaye, southwestern
France, It was also recorded from the Upper Campanian - Maestrichtian

of Italy, the Maestrichtian of the East Indies, Hungary, Switzerland,
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Turkey, West Parkistan, Iran and Tunisia and from the Upper Maestrichtian

of Denmark, west Spain, Trinidad, New Jersey, Texas and Mexico. It

was also reported from the Campanian of Algeria and the Campanian -

Maestrichtian of Egypt.

1932
1937

1946
1953

1955 %
1955

1955

1959

1962 ?

1963
1964
1965
1966

1966 7
1966

1966

1966 ¢

Globotruncana stuarti stuartiformis Dalbiez

pl.30, figs.5~7

Globotruncana

arca (Cushman) Cushman. p,343, pl.51, figs.l3a-c

Globotruncana

stuarti (de Lapparent) Glaessner. pp.39-40, pl.l,

Globotruncana

figs.l3a-c
arca (Cushman) Cushman. p.150, pl.62, figs.5a-c

Globotruncana

(not figs.4a-c
stuarti (de Lapparent) Subbotina. p,201, pl.l15,

Globotruncana

figs.3a-5c
stuarti parva Gandolfi. p.65, pl.5, figs.7a-c

Globotruncana

stuarti stuarti (de Lapparent) Gandolfi. pp.64-65

pl.5, figs.ba-c

Globotruncana (Globotruncana) elevata stuartifommis Dalbiez,
pp. 169 ,171,
t.f.10a-c

Globotruncana stuarti (de Lapparent) Olvera. pp.120~122, pl.8,

figs.7-9

Globotruncana (Globotruncana) stuarti subspinosa Pessagno.

p.362, pl.2, figs,7-9

Globotruncana stuartiformis Dalbiez, Lehmann., p,151, pl.10,

figs.2a-c

Globotruncana stuarti stuartiformis Dalbiez. Olsson. p.170, pl.b
figs.6a-c,8a~c

Globotruncana stuartiformis Dalbiez, Van Hinte. p.85, pl.2,

figs.3a-c

Globotruncana elevata stuartiformis Dalbiez, Wille-Janoschek,

Globotruncana

pp.103-104, pl.7,
figs.6-8 including
additional synonymy
except G, stuarti
(de Lapparent

Sigal (1952)

stuarti parva Gandolfi, El-Naggar. pp.131-133, pl.9

Globotruncana

figs.2a-b
stuarti stuartiformis Dalbiez. El-Naggar. Ibid.

Globotruncana

pp.136-139, pl.9,
figs,3a-c
stuarti subspinosa Pessagno., El-Naggar. Ibid.

Globotruncana

pP.139-140, pl.l10,
figs.2a~c,3a~¢c
stuarti stuartiformis Dalbiez. Ansary and Tewfik.

p.50, pl.6, figs,
7a-c
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1967 Globotruncana stuartiformis Dalbiez, Pessagno. pp.357-359, pl.80
figs.3-6, pl.90, figs.l-3,
P1093’ figs'6-7, t.f.L}-L}-,

fig,17

1968 Globotruncana stuarti stuartiformis Dalbiez., Rasheed and Govindan
p.83, pl.7, figs.1-3

1969 Globotruncana stuarti stuartiformis Dalbiez. Funnell, Friend and
Ramsay. pp.34-35,
pl.4, figs,10-12,
t.f.,18a-c

Remarks, G. stuarti stuartiformis was originally described by Dalbiez

(1955) from the Campanian - Lower Maestrichtian rocks of Tunisia, as

G. (G.) elevata subsp. stuartiformis. He (Op.cit) compared it with the

closely related G. elevata (Brotzen) and G. stuarti stuarti de Lapparent;

he separated it from the former by its less convex umbilical side,
triangular shaped chambers of the last whorl and its central cone, whereas
the latter has a less convex umbilical side, non-lobate periphery, trap-
izoidal chambers on the spiral side and no central cone,

Dalbiez (1955), Berggren (1962) and Olsson (196L4) suggested the

evolution of G, stuarti stuartifommis from G. elevata into G, stuarti

stuarti, while El-Naggar (1966) favoured the development of G, stuarti

stuarti from G. stuarti stuartiformis through G, stuarti subspinosa.

The writer has examined the hypotypes of G, stuarti parva Gandolfi,

G, stuarti subspinosa Pessagno and G. stuarti stuartiformis Dalbiez, in

the El-Naggars collection at the B,M,(N,H.) and found them all assignable

to G, stuarti stuartiformis Dalbiez

Pessagno (1967) considered this species forms the basic stock from
which other species of the G, stuarti lineage group evolved and suggested
two directions of evolution;

1. G. stuartiformis - G, elevata - G, subspinosa - G. calcarata

2, G. stuartiformis - G, stuarti - G. conica




In southern Iraq, G, elevata is rare and accompanies G, stuarti

stuartiformis upwards from the level of its first appearance.

Occurrence. Rare in the upper part of the Sadi, Hartha, Qurna and the
lower part of the Tayarat formations.

Globotruncana stuartifoxmig,/Globot.Iuncana stephensoni zone.~ Globotruncana

gansseri mone.

Previous record of Occurrence. G. stuarti stuartifommis appears to be

limited in range from Campanian to Maestrichtian. It is known from

the Campanian of Morocco, Germany, Colombia; the Campanian - Maestrich-
tian of Tunisia, Ttaly, Austria, the U.S.S.R., Texas, Arkansas, Mexico,
Puerto Rico, Panama, Cuba, Trinidad, Hispaniola, and the Upper Campaniaz.l -
Lower Maestrichtian of New Jersey. It was also reported from the Upper
Santonian - Maestrichtian of Switzerland, the Lower Maestrichtian of

the Austro-German border, the Lower Maestrichtian - Middle Maestrichtian

of Egypt and the Upper Maestrichtian of west Spain.

Globotruncana subcircumnodifer Gandolfi

pl.30, figs.8-9

1955 Globotruncana (Rugoglobigerina) circumnodifer subcircumnodifer
 Gandolfi. p.4k, pl.2, figs.8a-c
1962 Globotruncana (Rugotruncana) subcircumnodifer ?Gandolfi)
Berggren. pp.67/-69, pl.l1l0,
figs.ha-c
1965 Globotruncana subcircumnodifer (Gandolfi) Takayanagi. pp.224~
: 225, pl.28, figs,la-
Le
196l Globotruncana subcircumnodifer Gandolfi. Olsson, pp.l70-171,
pl.8, figs,1-2,4-~6
1967 Pugotruncana subcircumnodifer (Gandolfi) Pessagno. pp.369-370

pl.62, figs, 14-16,

Pl .7)'}" figs . 1-3
1969 Globotruncana subcircumnodifer Gandolfi. Barr,

Remarks, The poor development of the rugosity in the Iraqi specimens

is probabiy due to ecologic factors and dolomitization.
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Qccurrence. Three specimens found in the upper part of the Sadi form-

ation, Globotruncana stuartiformis/Globotruncana stephensoni zone.

Previous record of Occurrence. G. subcircumnodifer was originally

described by Gandolfi (1955) from the Campanian of the Colon shale of
northern Colombia, It was also reported from the Maestrichtian of
Denmark and New Jersey; the Campanian of California and the Late

Campanian - Maestrichtian of Texas, Arkansas, Mexico and Libya.

Globotruncana subpennyi Gandolfi

1955 Globotruncana (Rugoglobigerina) pennyi subpennyi Gandolfi,
) P~73s Pl'7: figs-7a_c
1967 Rugotruncana subpennyi (Gandolfi) Pessagno. pl.76, figs.12-14

pl.91, figs,.8-15
Remarks. Pessagno (1967) re-examined the holotypes of G, (Rugotruncana)

gansseri dicarinata Pessagno and has found them to be conspecific with

this species,
Occurrence., Very rare, in the Qurna formation. The lower part of the

Globotruncana gansseri zone,

Previous record of Occurrence. It was originally described from the

Colon shale of northern Colombia, Pessagno (1967) reported the occur-
rence of this species in the Lower to Middle Maestrichtian of Mexico,
in the Middle Maestrichtian of Texas and in the Barly Maestrichtian of

Arkansas and Puerto Rico.

Globotruncana ventricosa White

pl.25, figs,1-2

1928 Globotruncana canaliculata (Reuss) var. ventricosa White. p.284,

pl.38, figs.ha-c

1948 Not Globotruncana ventricosa White. Cita. pp.162-163, pl.k, figs.9
a-c

1950 Globotruncana ventricosa White. Mornod. pp.590-591

(not t.f.12(2a-c) 5

1952 Not Globotruncana ventricosa White. Carbonnier, pp.112,116,120, pl.6
figs.la~c

t.f,12(la-c)
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1953
1954
1955 Not
1955 Not

1957
1957

1959
1960
1960
1967

1969

Remarks.

Globotruncana
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ventricosa White. Hagn, pl,8, figs.l5a-c, opp.p.

Globotruncana

96, t.f.26-27
ventricosa White. Nakkady and Osman. pp.90-91,

Globotruncana

pl.19, figs.,%9a-c
(Globotruncana) ventricosa ventricosa White.

Globotruncana

“Dalbiez., pp.16§,171, t,.f.7a~c
ventricosa ventricosa White. Gandolfi, pp.22-23,

Globotruncana

pl.l, figs,5a-c
ventricosa White, Bolli, p.57, pl.l3, figs.ha-c

Globotruncana

paraventricosa (Hofker) Edgell, p.1ll4, pl.l,

Globotruncana

figs.1-3
ventricosa White. Olvera. pp.122-123, pl.7,

Globotruncana

figs.9-10,12
ventricosa ventricosa White, Tollmann. pp.195-196

Globotruncaqg

pl.21, figs.6,7
ventricosa White, Belford. pp.98-99, pl.29,

Globotruncana

figs.5-11
ventricosa White. Pessagno. pp.362-36L, pl.75,

Globotruncana

figs.21-26, pl.79, figs.9-1k,
pl.95, fig,10,11, ?pl.99, fig.2
ventricosa White., Douglas. p.188, pl.7, figs.la~c,

3a-c

G, ventricosa was originally described by White (1928) from

the Upper Cretaceous rocks of eastern Mexico as variety of G, canaliculata

(Reuss),

Pessagno (1967) relocated the type locality of this species

and since he found it associated with G. calcarata Cushman, G. elevata

(Brotzen), G, rosetta (Carsey), G. stuartiformis Dalbiez, Pseudotex-

tularia elegans (Rzehak) and other less important forms, he reassigned

the type level to the Late Campanian,

In southern Irag G, ventricosa White appears in stratigraphically

older strata,

White (Op.cit) stated, "this form is similar to G. canaliculata

(Reuss), except that the ventral side is convex instead of flat®,

Brotzen (1936) realized the great difference between G, canaliculata

and G, ventricosa and raised this latter to specific rank,

However,

his figured specimens are closely related to G. marginata (Reuss).

All the specimens figured by Majzon (1943), Subbotina (1953) and Hofker
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(1956) as G. ventricosa White are also referrable to G. marginata (Reuss).

Gandolfi (1955) and Graham and Clark (1961) described as G. ventricosa

White, specimens which are actually G, gagnebini Tilev and G. rosetta

(Carsey) respectively. Dalbiez (1955) included G¢ concavata concavata

(Brotzen) in the synonymy of G, ventricosa White.

G. ventricosa is distinguished from G. concavata concavata by its
flat to slightly raised spiral side and less convex umbilical one; its
wider peripheral band and more thickened keels; the relatively smaller
size of the chambers which are perfectly petaloid and increase rather
slowly in size as added; the inclined nature of the chambers of the
umbilical side which slope towards the umbilicus and its curved sutures
on the umbilical side,

Bolli (1957) followed by Takayanagi (1965) and the majority ~f 1-l_
authors regarded the mumber of chambers in the last whorl as a criterion
in distinguishing G, concavata (Brotzen) from G, ventricosa White,
However, this is not accepted in this study as different specimens of
both species share in having on average 6 chambers in the last whorl,

Although Gandolfi (1955) suggested its development from G,

tricarinata colambiana Gandolfi, G, ventricosa is believed to have

evolved from G, linneiana linneiana (a'0rbigny) as previously suggested

by Pessagno (1967).
Occurrence. Abundant in the Khasib, Tanuma and the lower part of the
Qurna fommations, rare in the Sadi and Hartha formations,

Globotruncana renzi/Heterohelix pseudoguembeliniformis zone - the lower

part of the Globotruncana gansseri zone,

Previous record of Occurrence. The Campanian - Maestrichtian of Austria.

California and Egypt; the Campanian of Mexico, Trinidad, Texas, Arkansas,
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France, Isle of Wight, Czechoslovakia, Germany, Iran and Australia;

the Santonian of Switzerland and the Upper Coniacian of Austrian Alps.

Genus ‘ Rugoglobigerina  Bronnimann, 1952

Type species Globigerina rugosa  Flummer, 1927

Rugoglobigerina bulbosa Belford

pl.25, figs.5-6

1960 Rugoglobigerina (Rugoglobigerina) bulbosa Belford. p.94, pl.26,
figs,1-10
t.1.7(1-8}

1965 Rugoglobigerina bulbosa Belford, Takayanagi. pp.227-228, pl.29,

figs.2a~-3c

Description. Test medium-sized, coiled in a low trochospire; spiral
side slightly raised to flat, umbilical side inflated; equatorial
periphery quadrilobate, axial periphery rounded; chambers on the spiral
side 12-14 arranged in 2% dextrally coiled whorls, the initial chambers
are small slightly depressed, globierene, followed by 5, comparatively
large, globular ones which increase rapidly in size as added; the last
whorl composed of L4-4i usually 4, globular to subglobular chambers
increasing slowly in size as added; the ultimate one occassionally smaller
than the pemultimate; on the umbilical side the chambers are 4, large,
globular to subglobular, inflated; umbilicus small to medium-sized,
guadrate, berdered by faintly truncated ridges with broken edges of
tegilla still visible on its internal margins; sutures on the spiral

side radial, depressed; on the urbilical side the sutures radial and
deeply depressed; wall calcareous, finely perforate; surface rugose, the
rugosity is often arranged meridionally; aperture interiomarginal
umbilical,

Main variation: The main variation cbserved in specimens of R. bulbosa
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is in the degree of inflation of the last chambers and in the size of
the ultimate one,

Remarks. [R. bulbosa was firstw described by Belford (1960) from the
Santonian beds of the Toolonga Caleilutite of Western Australia, He

postulates the close relationship between this form and the R, macrocephala

group (ana particularly R, macrocephale ornata Bronnimann).

R, bulbosa is distinguished from R, macrocephala ornata by the

shape of chambers in the last whorl, their slow increase in size with
growth and the equatorial periphery which is guadrilobate,

It differs from R. rugosa (Plummer) in its lesser number of chambers
in the last whorl, increasing slowly in size as added; dits smaller
umbilicus and gquadrilobate peripheral ocutline.

Occurrence. Abundant in the Khasib, Tanuma and the lower part of the

Sadi formations, Globot runcana renzi/Heterchelix pseudoguembeliniformis

zone — Globobtruncana concavata subzone,

Previous record of Occurrence, The Santonian of Western Australia and

the Turonian — Upper Coniacian of California,

Rugoglobigerina loetterli (Nauss)

- pl.25, figs,11-12

1947 Globigerina loetterli Nauss, p.336, pl..k9, fig.lla-c

1962 Rugoglobigerina loetterli (Nauss) Herm, p.57, pl.k4, fig,2
1962 Hedbergella loetterli C\Taussg Tappan. p.196, p.55, figs,3-5
1965 Hedbergella loetterli (Nauss) Tekayanagi, p.205, pl.2l, figs.

ha-c
1965 ? Globotruncana (R.zgoglobigexﬁ.na) rugosa (Pllmmer) Van Hinte,
p.85, pl.3, fig.ka—c
1969 Hedbergella loetterli (Nauss) Douglas. p.l67, pl.5, figs.3a-c

Remarks. R. loetterli was first described by Nauss (1947) as Globigerina

loetterli. He remarked that this species differs from Globigerina belli

White (1928) in having subglobular chambers, a large umbilicus and
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exceptionally small ultimate and penultimate chambers., R, loetterli

(Nauss) is distinguished from Globigerina hoelzle (= Hedbergella hoelsle

(Hagn and Zeil)(1954) ) described from the Lower Turonian rocks of the
Bavarian Alps of southern Germany by its lesser compressed test; smaller
ultimate chamber; wider umbilicus; curved sutures and by its rugose
surface ornament,

The species figured as G, (R.) rugosa by Van Hinte shows a low
spiral side, slowly increasing chambers, a wide umbilicus and a small
and smooth ultimate chamber, This is possibly referrable to R, loetterli
(Nauss).
Occurrence. Rather abundant in the Tarnuma and the upper part of the

Khasib formations., Globotruncana renzi/Heterchelix pseudoguembelini-—

formis zone.

Previous record of Occurrence. It was originally described by Nauss

(1947) from the Late Cretaceous Lloydminister shale of Alberta, Canada.
According to Tappan (1962) the middle part of the Lloydminister shale
is correlated with the Upper Cenomanian and Lower Turonian of the
Furopean standard segquence,

R, loetterli was also reported from the Coniacian and the Tower
Santonian of Alaska, the Coniacian of California and the Lower Campanian

of the Austro-German boxder.

Rugoplobigerina macrocephala macrocephala Brommimann

pl.25, figs.7-10

1952 Rugoglobigerina (Ragoglobigerina) macrocephala macrocephala
Bronnimann, pp.25-27, pl.2,
figs.1-3, p.26, t.f.9a-i,k-g

1955 Rugoglobigerina (R.lgoglobigerina) macrocephala macrocephala
Bronnimann, Gandolfi,
pp.45-46, pl.2, figs,12a-c
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1961 Rugoglobigerina macrocephala Bronnimann, Corminboeuf. p,117,
pl.2, figs,3a-c

1962 Rugoglobigerina macrocephala Bronnimann, Herm, p.58, pl.3, fig.l

1962 Rugoglobigerina macrocephala Bronnimenn. Berggren, p.76, pl,12,
figs.L=6, t.f.9(1-5),
10(1-5)

1962 Rugoglobigerina macrocephala macrocephala Bronnimann, Petrdi.
pp.122-123, pl.17
figs,3a~c

1963 Rugoglobigerina macrocephala Bronnimann, Kavary and Frizzell,
p.48, pl.9, fig.10

1963 Rugoglobigerina macrocephala Bronnimann, Bronnimann and Rigassi,
pl.18, figs,2a-c

196. Rugoglobigerina macrocephala Bronnimann, Olsson. p.172, pl.6,
figs,9a~c

1966 Not Rugoglobigerina macrocephala macrocephala Bronnimann, Ansary
and Tewfik. pp.58-59,
pl.5, figs.3a-c

1967 Rugoglobigerina macrocephala Bronnimann, Pessagno. pl.66, figs.
1-2

Remarks, R, macrocephala macrocephala was originally described by

Bronnimann (1952) from the Maestrichtian Guayaguayare beds of Trinided.

He stated that it differs from R, macrocephala ornata Bronnimann in its

relatively small test and the coarsely and irregularly ormamental early
chambers of the last volution.

Berggren (1962) and Olsson (1964) considered R. macrocephala ornata

to be a junior synonym of R. macrocephala macrocephala, In spite of

the apparent similarity and possible intergradation of these two forms,
the present study showed clearly that the morphologic features warrant

their separation,

Gandolfi (1955) described R. ornata subornata and R. macrocephala

submacrocephala as two new subspecies and thus changed R, macrocerhala

omata to R. ornata ornata. His two new subspecies were said to possess

rugose surfaces, two finely beaded keels in early stage of the last whorl
and a rounded, not truncated, axial periphery. He did not state whether

the forms have meridionally arranged rugosity or not, This writer had
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no opportunity to examine type materials of the two species, but if the
case is as stated above, then they may be included in the genus

Archaeoglobigerine, recently erected by Pessagno (1967) to include forms

which have surface rugosity not alined in meridional pattern; a non-—
truncated axial periphery and weakly developed keels.

R. macrocephala macrocephala differs from R, rugosa (Plummer) in

its lesser number of chambers in the last whrol, their very rapid increase
in size and the smaller umbilicus, It differs from R, bulbosa Belford,
in having a somewhat depressed initial chambers, in having chambers in
the last whrrl which rapidly increase in size and in having less strongly
developed surface rugosity.

Occurrence, Abundant in the Tarmuma and the lower part of the Sadi
formmations; rare in the rest of the Sadi, Tarmuma and the lower part of

the Qurna formations. The upper part of the Globotruncana renzi/

Heterchelix pseudogucmbeliniformis zone - the lower part of the

Globotruncana gansseri zone.

Previous record of Occurrence, The Turonian - Senonian and Maestrich-

tian of Trinidad; the Upper Maestrichtian of the Austro-German border
and New Jersey; the Lower Maestrichtian of Brazil; +the Maestrichtian
of Denmark, Cuba, Texas and Iran and the Campanian of Colombia, It was

also recorded from the Middle and Lower Maestrichtian of the Nile valley,

Egypt.
Rugoglobigerina macrocephala ornata Bronnimann
pl.36, figs.1-3
1952 Bugoglobigerina (Rugoglobigerina) macrocephala ornata.

Bronnimann., p.27, pl.2, figs.4-
5, p.28, t.f.10a-i
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1955 Rugoglobigerina (Rugoglobigerina) omsata omata Bronnimann,
Gandolfi. pp.49-50, pl.3,
figs,7a-c

1962 Rugoglobigerina macrocephala ornata Bronnimann, Herm,

1966 Rugoglobigerina macrocephala macrocephala Bronnimann, Ansary

ard Tewfik, pp.58-59,
pl.5, figs.3e-c

1966 Rugoglobigerina macrocephala ornata Bronnimann. Ansary and
Tewfik, Ibid. p.59,
pl.5, figs.,ha-c

Remarks. R. macrocephala ornata Bronnimenn differs from R, macrocerhala

macrocephala Bromnnimann in the lesser number of chambers (5-12*24.) in the

last whorl, the small ultimate and very large, ovoide, perultimate
chambers, nearly triangular peripheral outline and the much more well
developed surface rugosity.

It differs from R, bulbosa Belford in the character of the chambers
in the last whorl and their very rapid increase in size (with the
exception of the last) and the shape of the test.

Occufrence. Rare in the ‘Tanuma, the Sadi, the Hartha and the lower
part of the Qumma formations,

The upper part of the Globotruncana renzi/Heterohelix pseudoguembelini-

formis zone - the lower part of the Globotruncana gansseri zone,

Previous record of Occurrence., It was originally described from the

Turonian - Senonian and Maestrichtian rocks of the upper part of the
Guayaguayare formationg Trinidad, It was also reported from the Campan-
ian - Maestrichtian of Colombia and Egypt, and the Upper Maestrichtian

of the Austro-German border.

Rugoglobigerina plana Belford

pl.26, fig,8

1960 Rugoglobigerina (Rugoglobigerina) plana Belford, p.95, pl.27,
figs.1-5, t,£.8(1-6)
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Remarks. R. plana Belford is morphologically similar to both R. ordinaria

(Subbotina) and Hd, aff. paradubia (Sigal) of the writer,

Tt is distinguished from the former by its subspherical as opposed
to spherical chambers and a perfectly perforate margin as against traces
of two keels in R. ordinaria. It differs from Hd. af'f, paradubia in its
flat to very slightly raised spiral side, much more strongly inflated
chambers on the umbilical side and broadly rounded axial pexriphery.

In addition Hd. aff, paradubia has an interiomarginal extraumbilical
umbilical aperture and no tegilla has been noted in its umbilicus.
Occurrence., Restricted to the lower part of the Sadi formation.

Globotruncana concavata subzone,

Previous record of Occurrence. R, plana was originally described by

Belford (Op.cit) from the Santonian rocks of the Toolonga calcilutite,

Western Australia. He also recorded its occurrence in Lower Campanian

strata,

Rugoglobigerina pustulata Bronnimann
pl.29, figs.3-)

1952 Rugoglobigerina (Rugoglobigerina) reicheli pustulata
Bronnimann, p.20, pl.2,
figs.7-9, t.f.ba-m,7a-i

1960 Rugoglobigerina reicheli pustulata Bronnimann. Clsson. p.50,

pl.10, figs,13-15

1962 Rugoglobigerina pustulata Bronnimann, Berggren, pp.78-80, pl,1l3

figs.la-c, t.f,10(6-12)

1967 Rugoglobigerina rugosa pustulata Bronnimenn. Bandy. I().?Z ,

t.f, 10(8

Occurrence. Very rare in the upper part of the Qurna and lowermost

part of the Tayarat formmations. The upper part of the Globotruncana

ganssexri zone,
Previous record of Occurrence. R. pustulata was originally described

by Bronnimann (1952) from the Upper Maestrichtian of the Guayaguayare
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formation of Trinidad. It was also reported from the Maestrichtian

of New Jersey, U.S.A. (Olsson 1960), the Upper Mazestrichtian of Denmark

(Berggren 1962) and the Campanian and Maestrichtian of Egypt (El-Naggar

1966. Ansary and Tewfik 1966).

1927
1952

1953

1955
1955

1957
1957 Not
1960
1960
1960
1961

1962
1962

1963
1963

1961
196k

1965 Not
1965
1965 *?

Rugoglobigerina rugosa (Plummer)

pl.26, figs.l~7

Globigerina rugosa Plummer, pp.38-39, pl.2, figs.l0a-d

Rugoglobigerina (ﬁugoglobigerina) rugosa rugosa (Eiummer)
Bronnimamn. pp.28-29, t.f.lla-
i, p.30, t.f,12a-i, p.31,
t.f.13a-1

Rugoglobigerina rugosa rugosa (Plummer) Hamilton. p.227, pl.30,

figs.,1-3
Rugoglobigerina rugosa (Plummer) Weiss. p.307, pl.l, fig.9
Globotruncana (Rugoglobigerina) rugosa rugosa (Flummer) Gandofli

p.72, pl.7, figs.6a-c
Rugoglobigerina rugosa (Plummer) Bolli, Loeblich and Tappan.
p.43, pl.1l, figs.2a~c
Rugoglobigerina rugosa (Plummer) Edgell. pp;115-118, pl.k,
figs.10-12
Rugoglobigerina richeli pustulata Bronnimann. Olsson. p.50,

pl.10, figs.13-15
Rugoglobigerina rugosa rugosa (Plummer) Olsson, Ibid. p.50, pl.l10

figs.16-18
Rugoglobigerina cf. rugosa (Plummer) Takayanagi. p.1l34, pl.l10,
figs,2a-c
Rugoglobigerina rugosa (Plummer) Grasham and Clark. p.111, pl.5

figs.la~c
Rugoglobigerina rugosa rugosa (Plummer) Herm. p.60, pl.3, fig.2
Rugoglobigerina rugosa (Plummer) Berggren. pp.71-75, pl.11,

figs.la-b,2,73a-c,?4a~c,?5a-b,

p.7%3, t.f.8, figs.?la-b,2,

?3a-b,?4a-b,?5a-b
Rugoglobigerina rugosa (Plummer) Bronnimann and Rigassi. pl.18,

figs,la-c
Rugoglobigerina rugosa (Plummer) Kavary and Frizzell. P.49, pl.9

figs,14-15

Rugoglobigerina rugosa (P&ummerg Martin. p.83, pl.10, figs.ba—c
Rugoglobigerina rugosa (Plummer) Clsson. p.173, pl.7, figs.ba-c
?3a-c,?ha~c (not figs.2a-c)
Globotruncana (Rugoglobigerina) rugosa (Plummer) Van Hinte.

p.85, Pl.3, figs.ha—c
Globigerina (Rugoglobigerina) rugosa (Flummer) Perlmutter and

Todd. p.18, pl.5, figs.ha-c
Rugoglobigerina rugosa (Plummer) Takayanagi. Pp.228-229, pl.29,

figs.ba-c



267

1966 Rugoglobigerina rugosa rugosa (Flummer) Ansary and Tewfik.
p.58, pl.5, figs.la-c

1967 Rugoglobigerina rugosa (Plummer) Pessagno. pp.366-367, pl,75,
figs,.2-3

1968 Rugoplobigerina rugosa (Plummer) Rasheed and Govindan. p.84,
pl.8, figs.7-9

1969 Rugoglobigerina rugosa (Plumer) Douglas, pp.175-176, pl.6,
figs,1-2

Remarks. The species was first described by Plummer (1927) from the
Upper Navarro group (Upper Maestrichtian) of the western Gulf coastal

plain of Texas as Globigerina rugosa, She stated, "the umbilical

features of Globigerina rugosa are precisely those that mark Globigerina

rosetta Carsey.....",

Carsey (1926) described Globigerina rosetta (= Globotruncana

rosetta (Carsey) )as follows, ",.... umbilical margin of the chambers
is marked on each chamber by an extended lip; apertures open from the
chambers in the final whorl into the preceding umbilical vestibule®,

It seems that Carsey was actually referring to the tegillum and
the marginal accessory apertures.

Due to its rugose surface and the covering plate across the
umbilicus (= umbilical tegilla), Bronnimann (1952) transfered G, rugosa

into the gemus Rugoglobigerina, He described R, (R.) rugosa pennyi

and R, (R.) rugosa rotundata as two new subspecies of R, (R.) rugosa

(Iiummer and thus changed the latters' name to R. (g;) rgosa rugosa,
Gandolfi (1955) stated that there is a close relationship between

the species of Rugoglobigerina Bronnimann and Globotruncana Cushman and

thus he considered the former as subgenus of Globotruncana., This view

is not accepted here.
R. rugosa (Flummer) is distinguished from other species of

Rugoglobigerina by the low trochospiral test, the prominent surface
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rugosity, the 4%-~6 chambers rather rapidly increasing in size in the
last whorl and by the wide and deep character of its umbilicus., It

differs from R, macrocephala macrocephala Bronnimaenn in having a greater

number of chambers in the last whorl, less rapidly increasing in size
and a wider umbilicus,

R. rugosa differs from R. bulbosa Belford in having a greater
nwﬂber of chambers in the last whorl, a much rougher surface ornament
and an ovate to subcircular test shape.

Specimens described by Edgell (1957) as R, rugosa (Flummer) belong
in different species, Those figured by Berggren 1962 (see synonymy) are
questionably referred to R. rugosa; they show some characters different
from those given in the original description and figure (syntypes), from
the variations described in detail by Bronnimann (1952) and the hypotypes
studied here. Specimens figured by Van Hinte (1965) as G, (R.) rugosa
(Flummer) are referrsble to R, loetterli (Nauss),

Occurrence. Abundant in the Tanuma formation; rare in the Sadi, Hartha,
Qurna and very lowest part of the Tayarat formation, The upper part

of the Globotruncana renzi/HeteroheliJg pseudoguembeliniformis zone |~

lower part of the Globotruncana gansseri zone.

Previous record of Occurrence. The Maestrichtian of Trinidad, Peru,

Cuba, New York, Denmark, the Austro-Gemrman border, Egypt and Iran,
The Campanian - Maestrichtian of Colombia, Mexico, Fuerto Rico, California,
Texas, Arkansas and southern India, The Turonian - Campanian of Hokkaido
(Japan) and the Upper Campanian - Maestrichtian of New Jersey.

R. rugosa was also reported from the Maestrichtian of the Nether—
lands, France, Switzerland, the Caucasus (U.S.S.R.) and Nigeria, the

Turonian of the Central Volga Valley area (U.S.S.R.) and the Turonian -
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Upper Coniacian of California (Takayanagi 1965),

Rugoglobigerina tradinghousensis Pessagno

pl.26, figs.9-10

1967 Rugoglobigerina tradinghousensis Pessagno, p.367, pl.6bk, fig.
figs,1-8

1969 2 Rugoglobigerina pilula Belforxd, Dduglas. p.,175, pl.6, fig.8
(not fig.9)

Remarks. R. tradinghousensis is distinguished by its small to medium

test size, high spired character, small and deep umbilicus, rugose and/
or hisped surface ornament which decreases gradually in strength
towards the last chamber,

The specimens here described as R, tradinghousensis Pessagno differ

from the holotype and paratypes in having the last chamber slightly
campressed in a direction perpendicular to the periphery and in its

less intensively rugose surface. However, the writer believes that
such differences are brought about by changes which the specimen undergo
after its death and during presexrvation,

Douglas (1969) considered R, tradinghousensis to be a junior

synonym of R, pilula Belford, originally described from the Toolonga
calcilutite of Western Australia, As can be seen from the original

type figures of R, tradinghousensis, the topotypic material kindly

presented by Dr, Pessagno and from the samples here studied, the two
species should be considered separately in spite of their apparent
similarity, On the other hand, the specimen figured by Douglas (Op.cit)

as R, pilula Belford is referrable to R. tradinghousensis.

R. trandinghousensis differs from R, pilula in its lesser number

of chambers in the last whorl (which are bent towards the umbilicus),

its smaller umbilical opening and its nearly quadrilobate, peripheral
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outline,
Occurrence. Rare to rather abundant in the upper part of the Tanuma
and the lowermost part of the Sadi formations, The uppemmost part of

the Globotruncana renzi/Heterchelix pseudoguembelinifommis zone -

Globotruncanq concavata subzone,

Previous record of Occurrence. Tt was originally described from the

Campanian of the Taylor marl Texas. Tt was also recorded from the
Campanian of Arkansas (Pessagno 1967). Douglas (Op.cit) reported it

from the Santonian - Campanian of California as R, pilula.

Germs Trinitella Bronnimenn 1952
Type species Trinitella scotti  Bronnimann 1952

Trinitella scotti Bronnimann

pl.30, figs.11-12

1952 Trinitella scotti Bronnimamn, pp.57-58, pl.k, figs.L-6, p.58,
t.f.30a~c
1956 Trinitella scotti Bronmimann, Bronnimann and Brown. p.555, pl.23
Tigs.13-15
1957 Rugoglobigerina scotti (Bronnimamn) Bolli. Loeblich and Tappan.
p.43, pl.1l, figs.3a-4C
1962 Rugoglobigerina scotti (Bronnimann) Hexm., p,62, pl.2, fig,2
1963 Trinitella scotti Bronnimann., Bronnimann and Rigassi. pl.l16,
figs.3a~c
1964 Trinitella scotti Bromnimann, Olsson, pp.173-174, pl.6, figs.lOa~
c
1967 Rugoglobigerina scotti (Bronnimann) Pessagno. p.367, pl.7h,
figs.9-14, pl.76, Tfigs.h-~6
Occurrence, Only four specimens have been found in the Middle Maestrich-

tian of the Qurna formation. Globotruncana gansseri zone,

Previous record of Cccurrence, It was originally described from the

Maestrichtian of the Guayaguayare, Trinidad, It was also recorded from
the Maestrichtian of Cuba, Egypt, Texas; the Upper Maestrichtian of New
Jersey, the Austro-Gemman border, Mexico and the Lower Maestrichtian of

Puerto Rico,
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CHAPTER 6

A, Stratigraphy and Planktonic Foraminifera

The Upper Cretaceoué successgion in the Zubair and Rumaila fields
of southern Irag ranges in age from Coniacian to Upper Maestrichtian,
It is divided into the following formations;

Top - Tayarat foxmation
- Qurna formation
~ Hartha formation

Sadi. formation

- Tanuma formation

[ T [\ +
i

~ Khasib formation

The Upper Cretaceous - Tertiary boundary is marked by the occurrence
of limonite coated, red quartz grains, iron oxides and great variety of
debris (mud , clay, wood particles and other oxidized particles). It is
suspected that the variety of debries, together with limonite coated
quartz grains indicate an unconformity,

The Khasib, Tanuma, lower part of the Sadi, uppermost part of
Hartha and lower half of Qurna formations yield abundant planktonic
Foraminifera, The remainder of the sequence yields rare to very rare
planktonics: most parts of the Hartha formation is complctely devoid
of microfossils,

On the basis of the stratigraphicl ranges of the planktonic Fora-
minifera, the succession is subdivided into four concurrent-rangec zones
and two subzones. In addition, one interval in the Sadi formation
contains rare indeterminable forms and the Hartha formation contains

one which is entirely non-fossiliferous, All these zones are described



for the first time from Iraq and Middle East. Their order in upward
sequence is;

1 - Globotruncana gansseri zone

2 = The Non-fossiliferous interval

3 - Globctruncana stuartiformis/Globotruncana

stephensoni zZone

L ~ The Indeterminable interval

5 - Sigalia carpatica zone

(b) Globotruncana formicata subzone

(a) Globotruncana concaveta subzone

6 - Globotruncana renzi/Heterchelix pseudoguembeliniformis

zZone
The European standard stage terminology was applied to the zonation.,
The relationship of the zonation to the lithostratigraphic units is shown
in Encls. 1l.and 2.
The main evolutionary tendencies in the species of Sigalia Riess,

Ventilabrella Cushman, Heterchelix Ehrenberg, Globigerinelloides Cushman

and Ten Dam and Globotruncana Cushman are indicated below,

1. BSigalia Riess and Ventilabrella Cushman

1 —- A tendency to increasc the size of the test.

2 ~ A tendency to develop proliferated chambers,

%3 — A tendency to develop a laterally compressed test,

4 - A tendency to develop multiple apertures

5 - A tendency to develop serrated peripheral margins (in the
genus Sigalia only).

6 - A tendency to develop raised, thickened, granular sutures

(in genus Sigalia only).
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2. Heterohelix Fhrenberg
1 - A tendency to increase the size of the test,
2 - A fendency to increase the surface striation,
3 -A tendonéy towards acceleration of the rate of chamber increase
with growth,
L -~ A tendency to develop a periphéral keel.
5 - A tendency to develop supplgmentaxy apertures,

3. .Globigerinelloides Cushman and Ten Dam

1 ~ A tendency to develop wvertically compressed chambers,

2 = . tendency to decrease the number of chambers,

3 - A tendency towards the production of chambers which increase
rapidly in size with growth.

L4 ~ A tendency to develop bipartite final chambers.

5 ~ A tendency to develop two extraumbilical apertures,

L. Globotmcana Cush.man

1.4 tendency to weaken or reduce the umbilical keel (ventral keel)

2 - A tendency towards the development of petaloid chambers,

3 -'A tendency towards thcldevelopment of trapizoidal chambers.

L. = A tendency to decrease the number of chambers,

5 - A tendency towards the development of raised, thickened sutures.
Pigs, 10-14 shov the summarized phylogeny of those genera.

A total of 94 species and 26 variecties of planktonic Foraminifcra

are described, most of them for the first time from Irag and Middle Bast,
9 species and )4 variecties arc new to science, 121 benthonic Foraminifera

are also identified and their ranges given.
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B, Paleoecology

The comprehensive analysis of the occurrence and distribution of
the different faunal elements including Bryozoa, Ostracoda, larger
Foraminifera and, to a lesser extent, megafossils, has permitted the
reconstruction of the past depositional and environmental conditions
in southern Irag of the Khasib, Tanuma, Sadi and Hartha formations and
the lower part of the Qurna formation,

The analysis of the paleoecological curves of Zubair well no,8
reveals the presence of five foraminiferal biocfacies, These are, from

bottom to top;

1 ~ Porcellaneous biofacies

2 - Lower planktonic/open sea biofacies

3 - Calcareous benthonic/closed sea biofacies
4 -~ Non-fossiliferous biofacies

5 - Upper planktonic/open sea biofacies

The paleoecological interpretations and foraminiferal divisions were
mainly based on bionomic grouping, foraminiferal number, planktonic/
benthonic percentages and number of species and genera present,

The percentage distribution chart of Grimsdale and Morkhoven (1955)
was the basis of the depth determinations which were tentatively placed
in the bathymetric zones proposed by Bandy (1960). The appr'wd_mate
depths of these ecologic zones are as foldows;

1l -~ Bay or Estuaries

2 - TInner shelf 0 -50m

3 = Central and outer shelf 50 - 150 m

4 - Upper bathyal zone 150 - 610 m
5 -~ Middle bathyal zone 610 - 2,438 m
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6 =~ Lower bathyal zone 2,438 - 4,000 m
7 =~ Abyssal zone below 4,000 m
1. The Porcellaneous biofacies comprises the lowermost part of the
Khasib formation which includes the interval 7,365 - 7,410 ft, It is
believed that this interval was deposited under warm, shallow water
conditions of low salinity and in restricted or narrow conncction with
the open sea, ‘
The fact that the biofacies is rich in specimens of small

Foraminifera and Quinguiloculinae and shows reasonable percentages of

planktonic forms suggests the "Inner shelf zone",

95 ~ 150 metres is suggested as the range of depositional depth
for this biofacies,

2. The lower planktonic/open sea biofacies comprises most of the
Khasib, Tanuma and lower part of the Sadi formations, included in the
interval 7,385 - 6,890 £+,

It is believed that this interval was deposited in deep water in
direct comnection with the open sea, in the outer shelf - Middle
bathyal zones,

In general, there are indications of a gradual deepening of the
bagin from the Khasib to the Sadi formations and an improvement of the
living conditions for planktonic Foraminifera,

3, The Calcareous benthonic/closed sea biofacies comprises the middle
and upper parts of the Sadi formation and the lower half of the Hartha
fomation, included in the intervel 6,890 - 5,920 f't,

It is believed that these beds were laid down in shallow water
in restricted comnection with the open sea. The connection becomes

completely closcd at the top of the section.
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The distinct fluctuations in value of the numerical data in the
lower third of this interval are due to unstable conditions in the basin
causing shallowing and the widening and narrowing of its connection with
the open sea.

Since this biofacies overlies a deep water one, there must have
been uplift or an increase in the rate of sedimentation at this time,

In general, the biofacies is characterized by a gradual decrease
in the depth of deposition and in size of the foraminiferal specimens.

On the other hand, there is a gradual increcase in the number of the
larger Foraminifer, in Bryozoa and the rate of sedimentation,

L.. The non-fossiliferous biofacies, comprises most of the upper part
of the Hartha formation and covers the interval from 5,920 to 5,740 ft,
It is believed that it was deposited under lagoonal conditions,

5. Uppe:i‘ planktonic/open sea biofacies , covering the section from
5,740 to 5,350 ft,, comprises the uppermost Hartha and lcwér part of
Quma formations,

It is believed that this interval was deposited in deep and colder
water in direct comnection with the open sea., The relatively gradual
increase in the benthonic Foraminifera and the decrease in the planktonic
ones may be due to a gradual shelfward movement of the basin, Since
this biofacies overlies a barren interval, sudden subsidence due to major
tectonic movement may be indicated,

For reasons stated elsewhere it is not possible at present to
determine the paleoecology of the upper Quma and Tayarat formations,

The first transgression of the Uppef Cretaceous sea in southern
Iraq started at the base of the Khasib formation (Coniacian) amd the first

regression at the base of the middle part of the Sadi formation[Santonian).
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The deposition at the uppermost Hartha formation occurred during

the first transgression of the Maestrichtian sea,
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PLATE 1

Guembelitria cretacea Cushman,(X135) Tayarat formation, R.WL8

Guembelitria trilocula (Marie).(X210), Tanuma formation, Z,W8

Heterchelix cf. barnardi (Ansary).(X62), Tanuma formation,Z,W8

Heterchelix cf, globocarinata (Cushman),(X170), Sadi
fomation, Z,W8.

Heterochelix moremani (Cushman),(X190), Khasib formation, Z,W8

Heterohelix nakkadyi sp.nov., Holotype, Tamur~ formation,
z.W8. Fig.7 (X370), Fig.8 (X157).

PLATE 2

Heterohelix nekkadyi sp.nov. Paratypes, Tanuma formation,
Z.W8, Fig.1l (X145), Fig.2 (X125),
Fig.3 (X130).

Heterohelix nuttalli (Voorwick) X  Z.W8, Figs.4,7-8 (X135).
Prom Qurna formation; Figs.5-6 (X215
and Figs.9 (X545) from Sadi formation,

PLATE 3

Heterchelix planata (Cushman).(X180), Tanuma formation, R.W18

Heterohelix pseudoguenbeliniformis sp.no‘v.(X220), Holotype,
Khasib formation, Z.W8

Heterchelix pseudoguembeliniformis sp.nov. Paratypes, Khasib
formation, Z2.W8, Fig.,3
(%225), Fig.h (X130

Hetcrohelix pulchra (Brotzen).(X180), Khasib formation Z.W8.

PLATE L

Heterchelix pulchra (Brotzen). Tanuma formation R.W18.
Figs.1-2(X200), Fig,3(X175),
Fig.L.(X260),

Heterohelix punctulata (Cushman).(X62) Qurna formation, 2,W8

Heterchelix reussi (Cushman). Figs,.6-9(X185), Sadi formation
Z.W8. Figs.7-8fX240), a
Juvenile form from Khasib
formation,




Fig, 1

Pig, 2

Figs.4~7,9

Figs,8,10

Fig. 1

Figs.2-3

Pigs. -5

Fig, 6

Fig, 7
Fig. 8
Fig. 9

Pigs.10-12

Fig. 1

Pig. 2

Pig, 1

Figs.2-3,6-7
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PLATE 5

Heterohelix reussi (Cushman).(X150), Khasib formation, R.W18

Heterohelix robusta Stenestad.(X210), Tanuma formation, Z.W8

Heterchelix ? semicostata (Cushman).(X100), Sadi formation,

2, W8

Heterchelix striata (Ehrenberg). Sadi formation, 2.W8,
Pigs.4-5(X215), Figs.6-7,9(X250).

Heterchelix ultimatumida (White).(X143), Quma formation, 2.W8

PLATE 6

Heterchelix striata aegyptiaca Ansary and Tewfik,(X130),

Khasib formation, R.W18

Heterchelix ultimatumida (White).(X110), Qumma formation,
R,W18,

Heterchelix sp. (X135), Sadi formation, Z.W8

Gublerina glaessneri Bronnimann and Brown,(X160), Sadi
formation, Z.W8.

Gublerina ? reniformis (Marie).(X205), Tanuma formation, Z.W8

Gublerina cuvillieri Kikoine.(X100), Qurna formation, R,W18,

Gublerina sp.A. (X90), Tanuma formation, Z.W8.

Pseudoguembelina palpebra Bronnimamn and Brown. Qurna
formation, Z.W8, Fig.10(X90),
Pigs,11-12(X100).

PLATE 7

Pseudoguenbelina costulata (Cushman).(X580) From pl.8, fig.3

Gublerina ? reniformis (Marie).(X685). From pl.6, fig.7

PLATE 8

Pseudoguembelina excolata (Cushman).(X160), Tayarat formation
R, W18

Transitional stage between Pseudoguembelina costulata
- (Cushman) and Pseudoguembelina excolata
uppermost Hartha formation, Z.W8, Figs.2-
3}&125), Figs.6-7(x112),




Pigs.L4-5

Fig., 8

Iigs,9-10

Pigs,11-13

Fig, 1

Figs.2~3

Fig. 4

Figs.5-6

Figs.7-8

Fig, 9

Figs,10~11

Figs.l,k

Pigs.2-3

Fig. 5

+ Fig.6

Figs.7-9,11
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Pseudoguembelina costulata (Cushman), Sadi formation, Z,W8
Fig.,(X110), Fig.5(Xx160).

Pseudoguembelina zubairensis sp.nov. (X160), Holotype,
Sadi formation, Z.W8

Pseudoguembelina zubairensis sp.nov. (X120), Paratypes,
Sadi formation, Z.W8

Pseudoguembelina palpebra Bronnimann and Brown, (X100),
Tayarat formation, R.W18.

PLATE 9

Pseudoguenbelina pseudocarinata sp.nov. (X130) Holotype R
Sadi formation, Z.W8,

Pseudoguembelina pseudocarinata sp.nov, (Xl75), Paratypes,
Sadi formation, Z.W8,

Pseudoguembelina sp., cf. Ps. pseudocarinata. (Xl?O), Sadi
formation, Z.W8,

Pseudotextularia plummeri (ILoetterle).(X112), Sadi foration,
Z.W8,

Sigalia deflaensis (Sigal). Fig.7(X150), from Khasib form-
ation, Z.W8, Fig.8(X180) from Tanuma form-
ation, R.WL8,

Genus Chilloguembelinella gen.nov. (X165), Sadi formation,
Z,W8

Sigalia carpatica Salaj and Samuel.(X182), Z.W8, Fig.lO,
a juvenile form from Tanuma formation,
Fig.1l1l from Sadi formation,

PLATE 10

Sigalia carpatica Salaj and Samuel,(X165). Sadi formation,Z.W8

Sigalia carpatica var.l var.nov.(X126), Sadi formation, Z.W8,
Fig,2, Holotype,
Fig.3, Paratype.

Sigalia sp. cf. S. decoratissima (de Klasz).(X160? Sadi
fomation, Z.W8,

Sigalia sp,A.(X147), Tanuma fomation, Z,WS8,

Sigalia decoratissima (de Klasz) Sadi formation, Z.W8.
Figs.7-9(X115), Fig.8(x150), Fig.11(X108)
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Fig, 1
Fig, 2
Fig. 3

Fig. L

Figs,1-4

Figs.5,7-8

Fig. 6

Fig. 9

Figs.10-11

Fig, 1

Figs,2-3

Figs.7-9

Fig. 1

Fig. 2
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Transitional with an as yet unknown, smooth "Sigalia
decoratissima-type" form,(X120), Sadi
fomation, Z,W8.

PLATE 11

Sigalia deflaensis (Sigal).(X600) From pl.9, Fig.7.

Sigalia carpatica Salaj and Samuel,(X500). From pl.9, Fig.l0,

Sigalia decoratissima (de Klasz).(X670), From pl.10, Fig.7.

Sigalia carpatica Salaj and Samuel.(X520). From pl.9, Fig.ll

PLATE 12

Ventilabrella ornatissima Cushman and Church, Figs,.2-3(X86),
Sadi formation, R.W18; TFigs.l,.
(¥152), Tanuma formation, Z.W8.

Ventilabrella glabrata Cushman, Sadi formation, Z.W8, Fig.5
(X90), Figs.7-8(%80).

Ventilabrella tricamerata sp.nov.(X146), Khasib formation
zZ.W8,

Ventilabrella cf. eggeri Cushman,(X155), Tanume formation,R.W18

Biglobigerinella sp.(X230), Sadi formation, Z.WS8.

PLATE 13

Globigerinelloides bentonensis (Morrow).(X250), Khasib
formation, Z.W8.

Globigerinelloides asperum (Ehrenberg). Khasib formation,
R.W18, Fig.2(X150), Fig.3(X218).

Globigerinelloides turorensis (Bronnimann).(¥216), Tanuma
formation, Z.W8.

Planomalina sp.A. sp.nov. Tanuma formation, Z.W8, Fig.?(X250),
Holotype; Figs.8-9(X210), Paratypes.

PLATE 1L

Giobigerinelloides sp.aff. Gl, jepanica (Takajanagi).(X155),
Tanuma formation, Z.W8.

Globigerinelloides cushmani (Tappan).(X150), Khasib formation,
Z.W8.




Fig. 3
Figs .46
Figs.7-9
Figs,10~11

Fig. 12

Figs,1-3

Pigs.4~5

Pig. 6
Figs.7-8

Figs.9-10

Figs,1-3

Figs. .45
Fig. 6
Figs,7-8

Fig. 9
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Globigerinelloides prairiehillensis Pessagno;(X225), Sadi
formation, Z.W8

Globigerinelloides sp.A. sp.nov, Tamuma formation, Z,W8,

Fig.l;.EXle))‘, Holotype; Figs.5(X260)
and 6(X135), Paratypes.

Globigerinelloides pinguis (Herm),(X120), Sadi formation, Z.W8

Globigerinelloides messinae voluta (White),(X175), Sadi

formation, Z.W8.

Globigerinelloides messinac messinae (Bronnimann). (X160),
Sadi formation, R,W18.

PLATE 15

Globigerinelloides sp.A. var,l. var,nov, Sadi fomation,Z,WS8,
Fig.1(X210), Holotype; Fig.2
(X210) and Fig.3(X220) Para-
types.

Globigerinelloides sp.B sp.nov, Tanuma formation, R,W18,

Fig.4(X195), Holotype; Fig.5(X200)
Paratype,

Biglobigerinella multispina Lalicker,(X225) Sadi formation,
, Z.W8,

Globigerinelloides sp., Sedi fommation, Z.W8. Fig,7(X140),

Pig,B8(X165).

Biglobigerinella algeriana Ten Dam and Sigal.(X230) Sadi
formation, Z.WS.

PLATE 16

Bigiobigerinella sp.l sp.,nov, Sadi formation, Z.W8. Fig.l
(X160) and Fig,3(X165) Paratypes;
Fig.2(X150) Holotype.

Hedbergella brittonensis Loeblich and Tappan.(X120), Khasib
formation, Z,W8.,

Hedbergella amabilis Loeblich and Tappan,(X105), Khasib
formation, R,W18,

Hedbergella gauticrensis (Bronnimann).(X165), Khasib form-
ation, Z.WS.

Clavihedbergella cf, simplex. (Morrow).(X125), Khasib form-
ation, Z,W8,




Figs.10-12
Figs.l-3
Figs.47
Mgs,.8-10

Fig.11

Fig,12

Pigs.l-h

Figs . 5-6

Figs.7-9

Figs.1-2

Fig, 3

Pigs 4~6

Figs ,7-9

Figs.10-12
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Hedbergella planispira (Tappan).(X160), Tanuma formation,

Z 8.

PLATE 17

Hedbergella aff, paradubia (Sigal) Khasib formation, Z.W8.

Figs.1-2(X150), Fig. 3(x112)

Hedbergella planispira (Tappan)., Figs.4~6(X150), Khasib
formation, Z.W8; Fig,7(X160) Tanuma
formation, R.Wi8,

Hedbergella delricensis (Carsey).(X135) Sadi formation, R.WL8.

Hedbergella hessi Bolli.(X112), Sadi fommation, Z.W8

Hedbergella prachelvetica (Trujillo).(X90) Khasib fommation,

PLATE 18

Praeglobotruncana inornata (Bolli). Figs.1-3(X165), Sadi
formation, R.W18; Fig,L(X130),
Sadi formation, Z.W8

Hedbergella crassa (Bolli).(X300) Sadi formation, Z.W8

Praeglobotruncana wilsoni (Bolli).(X145) Sedi formation,
Z.,W8,

PLATE 19

Praeglobotruncana coarctata Bolli,(X110) Khasib formation,

Z.W8,

Globotruncana obliqua Herm,(X110), Khasib foxmation, Z,W8

Globhotruncana bulloides cf. austinensis Pessagno, Sedi
formation, Z,W8,
Figs, 4—5(x115)
Fig,6(X140).

Globotruncana acgyptiaca aegyptiaca Nakkady, Figs.7-8(X110,
Harth formation, Z.W8; Pig. 9(}(105 Y,
Qurna foxmation, RJNZLB

Globotruncana acgyptiaca duwi Nakkady. Qurna formation, Z.W8,
Figs.,10-11(X120), Fig.12(¥115),




Figs,1-2

Figs.3,6

Figs. 45

Pigs.7-10
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Figs.Lh-6

Figs.7-8

Fig. 9

Figs,10~-11

Figs,1-3

Figs.4-5

Figs.6-8,
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PLATE 20

Globotruncana

coldreriensis Gandolfi,(X125), Khasib form~

Globotruncana

ation, Z.W8

ef, angusticarcnata Gandolfi.(X110) Sadi form~

Globotruncana

ation, Z,WS,

bulloides bulloides Vogler.(X100), Khasib form-

Globotruncana

ation, Z,W8.

concavata primitiva Dalbiez. Figs.,7-8(X145

Globotruncana

Xhasib formation, R,W18; Figs.9-10
(¥150) Tanuma formation, Z,W8S.

arca (Cushman).(X85), Harth formation, Z.W8.

PLATE 21

Globotruncana

concavata dentata sp.nov.(X115) Sadi formation,

Globotruncana

Z,W8. Fig.l, Holotype; Figs.2-3
Paratypes.

concavata repanda Bolli. Sadi formation, Z.W8.

Globotruncana

Figs.4-5(X150); Fig.6(X138).

concavata carinata Dalbiez. Sadi formation

Globotruncana

Z.W8. Fig,7(X200); Fig.8(x170)

marginata (Reuss).(X100) Sadi formation, R.W18

Globotruncana

concavata concavata (Brotzen).(X130), Tanuma

fomation, Z.W8,

PLATE 22

Globotruncana

coronata Bolli,(X10Q) Khasib formation, 2,78

Globotruncana

cretacea (d'Orbigny) Khasib formation, Z.W8,

Globotruncana

Fig,4(X210), Fig.5(X280).

fornicata cesarensis Gandolfi. Figs.6-7(X112),

Glcbotruncana

Sedi formation, 2.W8; Fig,8(X180)and
Figs.10-11(X130) Sadi formation,R.W18

fornicata fornicata Plummer, (X100) Tanuma form-

ation, Z,W8,

PLATE 23

Globotruncana

renzi Gandolfi.(X125) Khasib fommation, Z,W8.
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Figs,5-6,9-10 Globotruncana fornicata fornicata Plummer. Figs,5-6(X100)

Figs.11-12

Figs,1-3

Figs.4-5

Figs.6-7

Figs,10-12

Figs,1-2

Figs,3-h

Figs.5-6

Figs.7-~10

Figs,11-12

Figs.l-3

Figs. 4-~7

Fig, 8

Figs,9-10

Sedl formation, R.W18; Fig.9(X100)amd
Fig.10(X75) Hartha formmation, R.W18,

Globotruncana marginata (Reuss).(X150) Sadi formation, Z.W8,

PLATE 24

Globotruncana linneiana linneiana (d'Orbigny).(X150) Tanuma

formation, Z.W8.

Globotruncana linneiana tricarinata (Quereeu),(X105) Taruma

formation, Z.W8,

Globotruncana schneegansi Sigal.(X82), Khasib fommation, 2.W8

Globotruncana gansseri pettersi Gandolfi., Tayarat formation,
Z.W8, Figs.10,12(X110),
Fig,11(X100),

PLATE 25

Globotruncana ventricosa White,(X115), Tamma formation,Z.W8

Transitional stage between Globotruncana s¥uarti stuarti
(de Lapparent) and Globotruncana conica
White. (X105), Qurna formation, Z.WS,

Rugoglobigerina bulbosa Belford, Sadi forxrmation, R.W18.

Fig,5(X90), fig.6(x110).

Rugoglobigerina macrocephala macrocephala Bronnimann, Sadi

formation, Z.w8. Fig.7(X100), Fig.8
(X120), Fig.9(X140), Fig.10(X162).

Rugoglobigerina loetterli Nauss. Tanuma formation, Z.WS8.

Fig.11(X126), Fig.12(X130).

PLATE 26

Rugoglobigerina macrocepha omata Bronnimann, Fig.1(X160)

and Fig,2(X165) Tanuma formation,
7Z.W8; TFig,3(X260) Qurna formation
Z.W8,

Rugoglobigerina rugosa (Plummer). Sadi fommation Z.W8, Fig.k

(x130), Fig.5(X290), Fig.6(X125),
Fig.7(X135).

Rugoglobigerina plana Belford.(X110) Sadi fommation, Z,W8,

Rugoglobigerina tradinghousensis Pessa.gno.(}ﬂ.25) Tanuma form—

ation, Z,W8,



Pigs,1-3
Figs. -6

Figs.7-8
Fig, 9

Fig,l10

Fig.1ll

Fig,12

Figs,.1l-h

Figs.5-7
Figs,.8-10
Figs,11-12
Figs,1-2
Figs.3-h

Pigs.5-7

Figs M 8"“10

Figs,11-12
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PLATE 27

Globotruncana fornicata plana sp.nov,(XL00) Holotype,
Taruma formation, Z.W8.

Globotruncana aegyptiaca var,l Nakkady,(X105), Tayarat form-
ation, Z.,W8,

Globotruncana contusa Cushman, (X88) Qurna formation, Z.W8.

Gublerina cuvillieri Kikoni,(X110) Qurna formation, R.W18.

Heterchelix eof. glabrans (Cushman),(X165) Qurna fomation,
Z W8,

Pscudotextularia elegans Cushman,(X100) Qurna formation, Z.W8

Sigalia carpatica Salaj and Samuel,(X155) apertural view,

Sedi formation, Z.W8.

PLATE 28

Globotruncana elevata (Brotzen).Figs,1-2(X100) Sadi formation
Z.W8; Figs.3-4(X100) Hartha formation
R.W18.

Globotruncana gansseri gansseri Bolli. Qurna fommation, Z.W8.
Figs.5-6(X100), Fig.7(X105).

Globotruricana gagnebini Tilev, (}CLOO), Hartha formation, Z.W8,

Globotruncana imbricata L/onnod.(XIZO) Tarmuma formation, Z.W8

PLATE 29

Globotruncana leupoldi Bolli.(X100) Qurna formation Z,WS8,

Rugoglobigerina pustulata Bronnimann,(X127) Tayarat formation

zZ.u8,

Globotruncana rosetta (Carsey). Figs.5~6(XJ.20) Hartha form-
ation, Z,W8; Fig.7{X110) Qurna form-
ation, Z.W8,

Globotruncana mariei Banner and Blow.(X110) Sadi fommation,
Z.W8.

Globotruncana pseudolinneiana (Pessagno).(X100) Khasib
formation, Z.W8.




333

PLATE 30

Figs.l-2 Globotruncana fareedi El-Naggar,(X100) Qurna formation, Z,W8

Figs.3-4 Globotruncana stuarti stuarti (de Lapparent).(X85), Hartha
formation, R,W18

Figs.5-7 Globotruncana stuarti stuartiformis Dalbiez. Figs;5-6(X%80),
Sadi formation, Z,W8; Fig,7(X80)
Qurna formation, R.W18,

Figs,8~9 Globotruncana subcircummodifer Gandolfi,(¥135) Sadi formation,
Z,W8
Fig,10 Globotruncana ? puras Hofker,(X150), Sadi formation, Z.W8

Figs,11-12  Irinitella scotti Bronnimann,(X125), Qurna formation, R,W18.
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-, 7 moremani ( CUSHMAN )
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— - - - - e > - 3 9 nuttalli  (VOORWICK )
1O 10 planata ( CUSHMAN )
“ 1 psevdoguembeliniformis sp nov.
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S — 16 16 ? semicastata ( CUSHMAN )
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o 20 glaessneri BRONNIMMANN AND BROWN
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25 125 palpebra BRONNIMANN AND BROWN
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8’ 53 53 sp.A. sp. nov.
3. 54, 54 sp A . var.! var. nov.
— 0 o ~_ 55 85 sp.B sp.nov.
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— 001 = S 50 60 delrioensis ( CARSEY )
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—  00¢ 8 —m———— - 70| Globotruncana aegyptiaca aegyptiaca  NAKKADY
L g % 7 71 aegyptiaca duwi NAKKADY
5 72 72 aegyptiaca var.1  NAKKADY
~ - 73 13 cf. angusticarenata  GANCOLFI
o S . e > ! 74 arca  ( CUSHMAN ) ;
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— £g 88 fareedi  EL—NAGGAR
- — . S——— S— < S ———— ~ - s ——— - T fornicata cesarensis  GANDOLFI
\J' - - S . i S < - " S - 480 fornicata fornicata PLUMMER
R - g 91 fornicata manaurensis GANGOLFI
- §7 92 fornicata plana  var. nov.
3 < > 93 gagnebini TILEY
3 ,_ — g 9% gansseri gansseri BOLLI
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3 — 96 36 hilli PESSABNO
& 97 97 imbricata  MORNOD
) NS ;| 98 leupoldi  BOLLI .
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o L ) _ — ey BT 1A 100 linneiana tricarinata ( QUEREAU )
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' e P S N —1cr 102 mariei BANNER ANB BLOW
— 103 03 obliqua HERM
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a —— 105 05 7pura HOFKER
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| ! . /27| Lenliculina pondi [CUSHMAN ] s
T ! ] T ! Nonionella ansata CUSHMAN

i _‘ i /29| Nonionella ausliniana  CUSHMAR

j /30| WNonionella cretacea CUSHMAN

I /37| Nonionella  kalinini  VALGSHINOVA

/32| Nonionella cf. garai PEMRI

; /33| Nonionella sp.1

/34| Nonionella  cretaced var.1

/35| Nonionella sp, 2

L /13¢] Nonignella kalinini var. 2

/37| Siphenia Sp.

T /38| Gidicides succedaus  BROTZEN T
anZ | /3mchamm|m ribstanensis  WICKERDEN

T 1T 1 | Aromalina  prasinfrasanionica SUBBOTINA.

/47| Anomalina monterslensis  MARIE
/40 Angmaling  temimnsis  var.

43 Cibicides voltziana ~d'ORBIGNY
/uy| Orobias sp. o
/45 Planulina  splssocostata CUSHMAN
kg Anomalina grandis LeROY

/47 Angmalina sp.1

/ nomalina sp 2

/49| Pullenia dumpala 'var,

/50| Pullenia minuta CUSHMAN

/5)| Lenticulina sp 2

/52| Lenticulina sp J

/53 Lenticulina discrepans [REUSS]
/54 Centiculina  cf, obirashibensis TAKAYANAGI
/=54 Lenticulina tumidus TAKAYANAGI

/54 Lenticulina  frankei  MARIE

/5A Lenticulina sp 4

)58 Lenticulina sp.

X 759 Discobis limburgensis var

X /69 Anomalina sp3
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Encl.8 — Distribution of denthonic Foraminifera in Zubair well no8 and Rumaila well no.18
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111y I L1ttty 1 [r1rityt ] P11 l 1 1 1 1 11 1 L1ttt 1 P11 P11t 11 1 1 L 11 1 1 1 1 L 11t 1 1 L 11 1 111 | U N NN NS T S N I U S S T B S .| | | 1 11 O IR 10 1 I T (N T T T (R B A | 1t | | 1 1 1 L1 1 | S U T S O O | | 1 1 | 1 1 1 | ! gihe
et | 1| Guembelitria cretacea CUSHMAN
— 1 2| HMeterchelix cf. glabrans ( CUSHMAN )
: 3 cf. globocarinata (CUSHMAN )
L A moremani ( CUSHMAN )
5 5 nakkadyi sp, nov,
_ < > 6 6 nuttalli ( VOORWICK )
3 ) 7 Planata ( CUSHMAN )
- 1 8 psevdoguembeliniformis  sp_nov,
sy N g pulchra (BROTZEN )
10 10 punctulata (CUSHMAN )
e N " } 11 reussi  ( CUSHMAN )
12 ) 12 robusta  STENESTAD
. 13 ? semicostata { CUSHMAN )
- . " % striata  (EHRENBERG)
" 15 ultimatumida ( WHITE )
16 6| Gublerina curillteri  KIKOINE
17 17| Pseudoguemdelina castulata { CUSHMAN )
18 18 excolata  ( CUSHMAN)
19 19 palpebra BRONNIMANN AWD BROWN
. | 20 zubairensi  sp. nov.
U o Al pseudocarinata sp _nov,
— 72 22| Pseudotextvlaria  elegans (RZEHAK)
m ! " n plummerae ( LOETTERLE )
5 — 2% .| Sigalia carpatica SALAJ ANB SAMUEL
o ‘ 25 ) 25 carpatica var.1 var.nov.
g 26 . 26 deccratissima  de KLASZ
o - _ e i) deflaensis ( SIGAL )
O — 178 7 _ 28| Ventilabrella cf. eggeri CUSHMAN
= ! 29 29 glabrata  CUSHMAN
— 00z i S _10 30 ornatissima CUSHMAN AND CHURCH-
T o n N tricamerata sp_nov,
L o5t - ~32 32| Biglobigerinelta algeriana TEN DAM AND SIGAL
= , 3 multispina  LALICKER
: ) 34 sp.1 sp nov,
o0l 5 35 | 38| Globigerinellsides asperum (EHRENBERG)
=1 3 36 bentonensis (MORROW )
- 05§ 1o] a7 . 3 cushmani (TAPPAN )
o . | Y 8 messinae messinae (BRONNIMA NN)
2 18 o 3 messina voluta (WHITE )
B ] L 0 pinguis (HERM )
g - | 4 prairiehillensis PESSAGNO
~ 05 o —& Ll tururensis ( BRONNIMANK )
> . _ L3 sp. A.var.l var. nov.
g el Ll spB.s
—001 Q i b (5| Hedbergella a&ahilig' ML&BUCH AKD TAPPAN -
g ] L6 brittonensis LOEBLICH AND TAPPAN
- 0sl =\ - 67 W crassa ( BOLLI)
:_;’. L8 [’ delricensis ( CARSEY )
e T |—u9 : - L9 gautierensis  ( BRONNIMANN )
3 50 50 hessi (PESSAGNO )
51 51 planispira ( TAPPAN )
- =: & | ~ 52 praehelvetica (TRUIILLO)
5 <« > 53 83| Praeglobotruncana coarctata  BOLLI
X _ B % 54 inornata  ( BOLL!
—40¢ 3 ” 55 vilsoni BOLLI;
| - ) — 56 56| Globotruncana aegyptiaca 2egyptiaca NAKKADY
: 67 57 aegyptiaca duwi  NAKKADY
3 58 58 aegyptiaca-.var. 1. HAKEADY
5 < - 59 59 arca ( CUSHMAN )
O e S - > 60 : 60 bullcides cf austinensis PESSAGNO
® 61 61 bulloides bulloides  VOGLER ‘
- 62 ' 62 coldreriensis  GANDOLFI
63 63 concavata carinata DALBIEZ
- 64 corcavala  concavata (BROTZEN)
65 ’ ‘ 65 concavata dentata var, nov.
66 : . 66 concavata primitiva DALBIEZ
§7 67 concavata repanda (BOLLI)
58 , | 68 coronata  BOLLI
< > 69 69 cretacea  (d" ORBIGNY )
- > 70 70 elevata ( Ilﬂlg
] n | n fareedi EL—NAGBAR
2 < > n fornicata cesarensis GANDOLFI
s - < > X! fornicata fornicata  PLUMMER
5 74 ‘ 14 fornicata manaurensis GANDOLFI
: N 75 fornicata plana var. nov.
s o > 78 ' 76 gagnebini TILEV
. . 17 gansseri gansseri BOLLI
: 78 78 gansseri pettersi  GANDOLF!
—_1 ' 7 imbricata MORNOD
* > a0 80 linneiana linneiana (d ORBIGNY)
— 8 81 limeiana tricarinata ((QUEREAU)
82 ~ 82 marginata (REUSS)
£ > 83 83 mariei BANNER AND BLOW
B 8 renzi  GANDGLF1
< < > 85 rosetta (CARSEY )
< > 86 stephensoni PESSAGNO
n 87 ugm stuarti (de LAPPARENT)
: < S - 88 88 stearti  stuartiformis DALBIEZ
?> < > 89 89 ventricosa  WRITE
> - - 93| Rugoglobigerina bulbosa  BELFORD
S i , . | 91 loetterti ( NAUSS )
% 92 92 matrocephala macrocephala BRONNIMANN
< - _ 193 matracephala arnata BRONNIMANN
o _— — 94 pustulata BRORNIMANN
> — e . > - 95 95 rugosa ( PLUMMER )
2 N {96 Trinitella scolti  BRONNIMANN
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