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The Upper Cretaceous Gongila and Pindiga
Formations, northern Nigeria: Subdivisions, age,
stratigraphic correlations and paleogeographic
implications')

By MICHEL PoPoFF?), JosT WIEDMANN®) and IVAN DE KLASZ*)

ABSTRACT

The Upper Cretaceous Gongila and Pindiga Formations of the northeastern Benue and Gongola Troughs in
northeastern Nigeria, were re-investigated near their type localities. Special attention has been drawn to the
ammonites. Due to detailed studies of ammonite systematics, many of the previous ‘‘endemics” of the Benue
Trough can now be identified as cosmopolitan species. Seven ammonite zones were recognized in both sections and
were assigned to the Upper Cenomanian and Lower and Middle Turonian. These zones can now be easily
correlated with the mid-Cretaceous ammonite zonations of the western and eastern Mediterranean. This means
that a Trans-Saharan Seaway must have existed and began to connect the Benue Trough and the Maghreb area
during the late Cenomanian. Possibly, another seaway existed across Sudan and Egypt, also connecting the Benue
Trough with Israel, Jordan and the eastern Mediterranean.

ZUSAMMENFASSUNG

Die oberkretazischen Gongila- und Pindiga-Formationen in den nordéstlichen Benue- und Gongola-Trégen
Nordost-Nigerias werden in der Nihe ihrer Typlokalititen revidiert. Schwerpunkt der Untersuchungen bilden die
Ammoniten. Eine Revision der Ammoniten-Systematik ergibt, dass viele der bisherigen «Endemismen» des
Benue-Trogs heute kosmopolitischen Arten zugeordnet werden konnen. Sieben Ammoniten-Zonen werden in
beiden Profilen ausgeschieden und Oberem Cenoman, Unterem sowie Mittlerem Turon zugerechnet. Diese Zonen
konnen nun miihelos mit den synchronen Zonen des westlichen und 6stlichen Mediterrangebiets korreliert werden.
Das bedeutet, dass die «Transsahara-Strasse» schon im hoheren Cenoman bestanden und eine Verbindung
zwischen Benue-Trog und den Maghreb-Becken hergestellt haben muss. Moglicherweise hat ausserdem eine
Verbindung iiber den Sudan und Agypten mit den sehr dhnlichen Schicht- und Faunenfolgen in Israel und
Jordanien bestanden.

1. Introduction

Due to new field investigations in the Benue and Gongola Troughs (northeastern
Nigeria) and to new exposures of the Gongila Formation in the Ashaka Cement quarry
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2) Laboratoire de Géologie Dynamique, L. A. CNRS 132, Faculté des Sciences St-Jérome, F-13397 Marseille
Cedex 13.

%) Geologisch-Paliontologisches Institut, Universitit, Sigwartstrasse 10, D-7400 Tiibingen 1.

4 Département des Sciences de la Terre, Université, 04 B.P. 322, Abidjan 04, Céte d’Ivoire.
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(Fig. 1-3) a re-investigation of their fossil content and stratigraphic range is warranted.
The quarry is situated near the type locality of this formation (CARTER et al. 1963, p. 53)
near the village of Gongila, in the Gongila-Gombe Basin, northern Gongola Trough. The
type section of the Pindiga Formation (CARTER et al. 1963, p.48), near the village of
Pindiga was also re-investigated. Pindiga is placed (Fig. 1, 4) south of the Zambuk Ridge
(CARTER et al. 1963, p.47), a NE-SW oriented tectonic high in the NNE-SSW trending
Gongola branch of the Benue Trough. The related Chad Basin extending northeastward
of the area was supposedly filled during the Upper Cretaceous by waters from the Tethys
and equatorial South Atlantic, which were supplied by the Trans-Saharan Seaway.

Because these beds are important for understanding the geologic history of this
region, we investigated the exact age and biostratigraphic subdivisions of these two
formations, their mutual relationship and that with previous biostratigraphic subdivi-
sions, especially of the Benue Lower Turonian (BARBER et al. 1954, REYMENT 1954a, b;
1955; BARBER 1957, 1958; WozNY & KOGBE 1983). Paleogeographic implications will be
treated briefly.

Since there is some disagreement on the vascoceratid Lower Turonian ammonite
zonation, especially in sections from Nigeria and the Cameroons (REYMENT 1956), Spain
and Portugal (CHOFFAT 1898, WIEDMANN 1960, 1964, 1978, 1980) and Israel (FREUND &
RAAB 1969; LEwY et al. 1984), this paper is also an attempt to clarify and consolidate the
Lower Turonian biostratigraphy of the Mediterranean—North African region. The prob-
lem of the Cenomanian-Turonian boundary (BERTHOU & LAUVERJAT 1974, WIEDMANN &
KAUFFMAN 1978, WRIGHT & KENNEDY 1981, KENNEDY 1984) is also reconsidered.

2. Regional setting and summary of previous stratigraphic data

Due to their differing lithostratigraphic records, three different paleogeographic areas
were recognized in northern Nigeria. From south to north, they are a) the Upper Benue
Trough, b) the “Zambuk Ridge™, a basement high inside the Gongola Trough and c) the
Chad Basin. Direct correlations between the diverse lithologies and their respective
formations are often impossible, mainly due to the covering by vegetation and the
scarcity of outcrops. Naturally, the shaly units are the most affected by covering. For the
presumed correlations of the various formation names in general use, see Table 1.
Around Ashaka in particular the separation of Turonian Gongila and Pindiga Forma-
tions was rather difficult. This can be seen on the 1:250000 map of CARTER et al. (1963),
which is essentially the basic geological work of the region.

A. Type localities and sections
A.1 Gongila Formation

The mid-Cretaceous limestones near Gongila village were first described by
FALCONER (1911). RAEBURN & JONES (1934) included these limestones from the southern
Chad Basin and “Zambuk Ridge” in their “Limestone-Shale Group”. Formal formation
names have been given to these units by CARTER et al. (1963). They identified the Gongila
Formation in the southern Chad Basin from the slightly different Pindiga Formation on
the “Zambuk Ridge”.
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Fig. 1. Geological map of the northeastern Benue Trough (modified after DESSAUVAGIE et al. 1975).
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The type locality of the Gongila Formation is a small hillside south of Gongila village
near the recent quarry of the Ashaka Cement Company, approximately 80 km NNE of
Gombe (Fig. 1). The thickest section is exposed in a stream south of Chole, which is
considered the standard section, 16 km WNW of Gongila. The lower part of the Gongila
Formation consisting of limestone, shale and marl, has been dated as Lower Turonian
due to its rich ammonite content (BARBER 1957). The basal limestone overlies the Bima
Formation of Upper Aptian to Albian age (ALLIX et al. 1981), and perhaps a few meters
of Yolde Formation. The upper part of the Gongila Formation consists mainly of a
sequence of shale and sandstone, presumably also of Turonian age.

WoznNy & KOGBE (1983) drew attention for the first time to a Cenomanian portion of
the Gongila Formation. The Gongila Formation is overlain by the ‘“Fika Shales”,
supposedly of ?Turonian to Maastrichtian age. This age determination also requires
critical re-examination.

A.2 The Pindiga Formation

The type locality of the Pindiga Formation (CARTER et al. 1963) is situated in the
Pindiga River section west and south of Pindiga, about 40 km SSW of Gombe. It was first
described as part of the “Calcareous beds” and “Clay-shales” by BARBER et al. (1954).

This area belongs to the Pindiga—Gombe Basin (ALLix 1983) where the rates of
sedimentation were high from the Coniacian up to the Maastrichtian.

The lower part of the Pindiga Formation is likewise well dated using ammonite
biostratigraphy. REYMENT (1965) indicated an early Turonian (‘“‘Salmurian’’) age for this
lower portion, which consists mainly of shale but also includes a number of limestone
beds. The much thicker upper part of the formation is shaly with a few very thin limestone
intercalations; its age is not yet well-defined. About 6 km east of Gombe, only one
well-preserved fragment of Libycoceras ismaelis (Z1TTEL) has been found, which would
indicate a Maastrichtian age (REYMENT 1955).

While the foraminiferal assemblage of the Pindiga Formation is not representative,
the microflora discovered in water borehole Kumo 6, situated about 27 km ENE of
Pindiga, clearly indicates a Maastrichtian age for the topmost portion of the Pindiga
Formation (MOULLADE et al. 1980; LAwaAL 1980, 1982). The microfloral content of
another borehole near Gombe indicates a Campanian to Lower Maastrichtian age for the
top of the formation (ALL1x 1983).

B. Lithostratigraphy, biostratigraphy and correlation problems

Due to the large number of formation names applied to rather limited areas of Nigeria
and due to the restricted outcrops of these formations, problems arise not only in relating
time-equivalent units but also in separating successive ones. One example is the ““Yolde
Formation” (CARTER et al. 1963, ALLIX 1983), which has been described from the Dadiyz
syncline south of Pindiga (Fig. 1, Table 1) as comprising transitional beds between the
mainly continental Bima Sandstone (Aptian—Albian: ALLIX et al. 1981, ALLIX & POPOFt
1983) and the fully marine Pindiga Formation (Upper Cenomanian to Maastrichtian
LAwAL 1982, ALLIX 1983).
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Turonian ammonites (Coilopoceras) have been described (BARBER 1957, REYMENT
1965) from Yolde beds, and therefore the Yolde Formation has been regarded, at least in
part, to be equivalent to the Gongila Formation (DESSAUVAGIE 1975). Indeed, the Gon-
gila Formation at Ashaka quarry (Fig.3) seems to lie immediately over the Bima
Sandstone.

Similar problems exist with the Upper Cretaceous ‘“‘Fika Shale” first observed near
Fika (3 km north of Gongila; RAEBURN & JONES 1934) and later described (CARTER et al.
1963) from boreholes near Maiduguri and Damagum; it is tentatively identified as
Cenomanian to Maastrichtian. The Fika Shale overlies the Gongila Formation which is
mainly Turonian in age; which in turn is overlain by the Gombe Sandstone, thought to be
late Senonian to Maastrichtian in age (DESSAUVAGIE 1975), although it is now restricted
to the Maastrichtian (ALLIX 1983).

Thus, the need of a thorough stratigraphic review of the Pindiga and Gongila Forma-
tions becomes obvious. In addition to the available macropaleontological data, the study
of various microfossil groups, such as ostracodes and especially palynomorphs will be
extremely useful, particularly in those parts of the sequence devoid of diagnostic macro-
fossils.

Due to the fact that the definition of the Cenomanian-Turonian boundary has
changed in the last years, this problem also has to be treated in both sections.

Another important question is the precise dating and location of the Trans-Saharan
Seaway (FUrRON 1935, REYMENT 1965, FREETH 1978), the wide distribution of marine
sediments between the Tethys and Nigeria and the similarity of faunas at these times
allow a reconstruction for the Turonian and Maastrichtian. The various sedimentary
basins are separated by NE-SW fracture zones in the NNE-SSW oriented Gongola
Trough, between the Chad Basin and Benue Trough. This is, therefore, a key link in
answering the above question of the existence of the Trans-Saharan Seaway and in
improving paleogeographic reconstructions.

3. Stratigraphic analysis
A. The Gongila Formation at Ashaka Cement quarry (Fig. 2, 3).

Due to the excavations by the Ashaka Cement Company, the Gongila Formation is
perfectly exposed at Ashaka quarry. In addition the Gongila Formation is highly fossili-
ferous there, which facilitates biostratigraphic identification.

The lowermost 4 m of the figured section are not now exposed, since chert-bearing
limestones are not adequate cement materials. But a few years ago here the base of the
Gongila Formation and the contact with the underlying sandstones of the Yolde Forma-
tion were accessible.

Thus, at Ashaka quarry the following lithologies and their respective faunas can be
discerned:

1. Calcareous sandstone, unconsolidated and with rare lamellibranchs, and covered by a ferruginous crust.

2. 2.50 m silty marl, calcarenite and limestone with chert with Exogyra africana (LMK.), E. flabellata GOLDF.,
E. olisiponensis SH., and Cardium sp.

3. 3.00 m marly and calcareous shell beds, forming the actual base of the quarry, with Nigericeras gadeni
(CHUDEAU); moreover occur N.lamberti SCHNEEG., Vascocerassp., Exogyra columba (LMX), E.cf.biskarensis
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Fig. 2. General view of Ashaka Cement quarry.

Coq., Plicatula fourneli CoQ., Anisocardia hermitei (CHOFFY.), Lucina nicaisei CoQ., Tylostoma globosum SHARPE,
Hemiaster souleyi D’ORB., and stromatolites.

4. 3.00 m massive limestone beds (Fig.3B) with Vascoceras tavense FARAUD, Paravascoceras evolutum
SCHNEEG., and Pseudaspidoceras pseudonodosoides (CHOFF.).

5. 0.50 m nodular limestone and calcareous shale with Vascoceras bulbosum (REYM.), Paravascoceras evolu-
tum SCHNEEG., Vascoceras triangulare FARAUD, Plicatula fourneli CoqQ., Tylostoma sp., and Hemiaster verneuili
DESOR.

6. 0.20 m massive limestone layer with top hardground, built up by ammonites and Plicatulas (Fig.3C):
Nigericeras jacqueti SCHNEEG., Vascoceras douvillei CHOFF., Paravascoceras costatum (REYM.), Pachyvascoceras
crassum FURON, P.globosum REYM., “Paramammites’ inflatus BARBER, “'P.”"tuberculatus BARBER, Thomasites
gongilensis (WooDS), Plicatula fourneli CoqQ., Pholadomya cf. pedernalis ROEM., and Tylostoma globosum SHARPE.

7. 0.10 m ferruginous hardground with Pseudotissotia ( Bauchioceras) nigeriensis (Woops) and Thomasites
gongilensis (WOODS).

8. 2.00 m clay and bioturbated Plicatula layer with top hardground and Ps.(Bauchioceras) nigeriensis
(WooDs), Thomasites gongilensis (WoobDs), Fagesia bomba ECK, Eotissotia simplex BARBER, Exogyra deletirei
(CoQ.), Plicatula fourneli (CoQ.), Anisocardia sp., and Rissoa cf. oldhamiana STOL.

9. 0.70 m dark clay and limestone with top hardground (overgrown by Plicatulas and Exogyras; Fig. 3D); and
with Paravascoceras cf. chevalieri (FURON), Pachyvascoceras globosum REYM., Thomasites gongilensis (WOODS).
Ps. ( Bauchioceras) nigeriensis (WooDS), Trachycardium productum (J.pE C. Sow.), and Rissoa cf. oldhamiana STOL.

10. 2.00-2.50 dark clay and shell beds with Benuites cf. spinosus REYM., Pachyvascoceras harttiforme (CHOFF.),
Thomasites gongilensis (W0ooDS), Thomasites jordani PERV., Ps. ( Bauchioceras) nigeriensis (W0ODS), Pseudaspido-
ceras pseudonosodoides (CHOFF.), Plicatula fourneliCoQ., P. auressensis CoQ., Pholadomya cf. pedernalis ROEM., and
Paphia numidica (CoQ.).

11. 2.00 m dark clay and shell beds with Thomasites gongilensis (Woo0DS), Ps.(Bauchioceras) nigeriensis
(WooDSs), Ps. ( Wrightoceras) wallsi (REYM.), and Plicatula fourneli CoqQ.

12. 3.00-3.50 m grey clay and nodular marl with large-scale Crustacean burrows and with Ps. ( Bauchioceras)
nigeriensis (WooDS), Ps. (Wrightoceras) wallsi (REYM.), Fagesia cf. spheroidalis PErv., and Panopaea nigeriensis
SCHNEEG.

13. 1.50 m grey clay and nodular marl with W. ( Bauchioceras) nigeriense (W0ODS).

14. 4.00 m grey clay with thin gypsum layers.
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15. 3.00 m fine-grained calcareous sandstone, becoming coarser and glauconitic up section, and grey marl
with rare lamellibranchs.

16. 4.00 m grey clay.

17. 3.00-3.50 m fine-grained sandstone and clay, in part micaceous.

18. 1.00 m cross-bedded, fine-grained calcareous sandstone.

From this short description we can conclude that:

1. At Ashaka quarry the Gongila Formation, which consists of an alternation of
marine limestone and shale/mudstone, immediately follows a calcareous sandstone (1)
overlying the Bima Sandstone. A few meters of transitional Yolde beds can possibly be
discerned (Table 1).

At the type locality of the Gongila Formation about 1 km northwest of Ashaka, a
thicker series (10-20 m) of silty clay and calcarenite is exposed between the underlying
Bima Sandstone and the first ammonite bearing beds above. This series represents the
basal clastic layers underlying the Gongila Formation that could be attributed to the
Yolde Formation and interpreted as sediments from a nearshore marine environment.

Near Gongila village as well as at Ashaka, these beds (2) include Exogyra flabellata
GoLDF. and E.africana (LMK.) and are thought to be Upper Cenomanian. Thus, the
transitional to marine Yolde Formation can be attributed to the Upper Cenomanian.

The underlying Aptian—Albian Bima Sandstone covers large areas of the Precam-
brian basement and was deposited during the early rifting activity of the equatorial
Atlantic; therefore, it could have been locally invaded during part of the Cenomanian by
a marine transgression. This transgression did not necessarily occur at the same time (late
Cenomanian) everywhere, as suggested by recent data: the transgressive strata are dated
as Upper Albian to Lower Cenomanian in the Pindiga—Gombe area (LAwWAL 1982, ALLIX
1983), while they appear younger—Upper Cenomanian (LAWAL 1982) — on the synsedi-
mentary high of Gombe-Zambuk. A similar situation in the Ashaka area could explain
the limited thickness and possible Lower to Middle Cenomanian age of the Yolde
Formation.

2. Beds 2 to 13 can be precisely dated using ammonite biostratigraphy and are thus
Upper Cenomanian to Middle Turonian in age. The following zones can be separated:

Zone 7 of Fagesia n. sp.cf. spheroidalis PERVINQUIERE 12-13
Zone 6 of Ps. (Wrightoceras) wallsi (REYMENT) 11

Zone 5 of Ps. (Bauchioceras) nigeriensis (Woobs) 7-10

Zone 4 of Paravascoceras costatum (REYMENT) condensed layer 6
Zone 3 of Vascoceras bulbosum (REYMENT) 5

Zone 2 of Vascoceras tavense FARAUD 4

Zone | of Nigericeras gadeni (CHUDEAU) 2, 3

Zones 1 to 3 are Upper Cenomanian, the condensed zone 4 is of Lower Turonian age,
zones 5 to 7 are Middle Turonian.

3. The lithology of beds 14 to 18 indicates a marine environment, which still fits into
the general character of the Gongila Formation. No time-specific fossils were found;
nevertheless, this part of the Ashaka section is tentatively dated as late Middle and Upper
Turonian. The total thickness of the Gongila formation may exceed 400 m (CARTER et al.
1963, REYMENT 1965).
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B. The Pindiga Formation type section (Fig.4)

The type section of the Pindiga Formation is exposed in Pindiga Creek west and south
of Pindiga village. Mostly just the limestone layers are accessible here, while the predomi-
nant clay and shale are largely covered by vegetation or are eroded. The beds dip gently
towards the northwest. The lithologic sequence and its faunal content are described as
follows:

1. 4.00 m blue shaly clay with red calcareous concretions.

2. 0.40 m green-gray calcarenite with Exogyras (E. africana (LMK.)), and a few ammonites: Nigericeras gadeni
(CHUD.), Metengonoceras dumbli (CRAGIN), and Eotissotia sp.

3. 10.00 m blue shaly clay.

4. 1.60 m well bedded calcarenite with Exogyras (E. africana (LMK.)), Plicatuia fourneli CoQ., Hemiaster sp.,
Nigericeras gadeni (CHUD.), Vascoceras tavense FARAUD, and bryozoan bioherms (Fig. 4B).

5-6. 5.00 m grey clay with nodular limestone layer.

7. 1.00 m massive, bioturbated limestone and marly shell bed with Plicatula fourneli Coq., Nigericeras jacqueti
SCHNEEG., and Vascoceras bulbosum BARB. (white).

8. about 10.00 m dark clay.

9. 0.30 m marly limestone, bioturbated, with Vascoceras bulbosum BARB., V.grossouvrei CHOFF., and Pachy-
vascoceras globosum REYM.

10. 2.00 m blue clay with Vascoceras grossouvrei CHOFE., and Pachyvascoceras globosum REYM.

11. 0.20 m calcarenite, fauna as in 10.

12. 5.00 m black shaly clay.

13. 0.25 m biodetrital and bioturbated limestone with Exogyra delettrei (CoQ.), ?Nigericeras costatum BARB.,
Vascoceras triangulare FARAUD, Pachyvascoceras globosum REYM., Paravascoceras costatum (REyMm.), and
Thomasites gongilensis (WoODS).

14. 1.00 dark clay.

15. 0.50 green-grey biodetrital limestone with Exogyra delettrei (CoQ.), E.columba major (LMK.), Pachy-
vascoceras globosum REYM., Thomasites gongilensis (WooDs), and Ps. ( Bauchioceras) nigeriensis (WooDS).

16. 15.00 m shale, mostly covered by vegetation, with Ps. ( Bauchioceras) nigeriensis (WoODS).

17. 1.20 m bioturbated limestone and biodetrital marl with large-scale Crustacean burrows (Fig.4D), Astarte
awensis WooDS, Exogyra delettrei (CoQ.), and reworked Ps. ( Bauchioceras) nigeriensis (W0ODS).

18. 3.00 m grey shaly clay.

19. 0.20 oyster limestone.

20. 0.60 m grey shaly clay.

21. 1.50 m white, nodular limestone (Waterfall, Fig.4E) with Ps. ( Wrightoceras) wallsi (REYM.), Ps. { Bau-
chioceras) nigeriensis (WooDS), Eotissotia simplex BARB., Plicatula fourneli CoQ., P.auressensis CoqQ., Exogyra
delettrei (CoQ.), Nerita multigranosa v. KOeN., and Paphia numidica (CoqQ.).

22. 5.00 m dark clay and yellowish limestone with Choffatticeras barjonai (CHOFF.), Eotissotia simplex BARB.
and Thomasites gongilense (Wo0DS).

The following conclusions can be drawn about the Pindiga type section:

1. No exact data are presently available on the complete thickness of the Pindiga
Formation, which is subject to significant variations depending on the morphology of the
sedimentary basins and the location of the centers of deposition. Three nearby boreholes
drilled at the same level around Pindiga village indicate three different thicknesses for the
Pindiga Formation: 168 m, 294 m and 330 m above the sandy Yolde Formation. To the
east, an estimated thickness of 784 m was measured in the Kumo 6-borehole (LAwAL
1982), while in the north, different thicknesses from two other boreholes were recorded:
Gombe Town with 152 m and a few miles west of Gombe with more than 460 m (ALLIX
1983).
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These local variations in thickness imply an active tectonic framework in the Gongola
Trough where NNE-SSW and NE-SW trending faults create differentially subsiding
basins (POPOFF et al. 1982, ALLIX & PoPOFF 1983).

2. The fossil content is concentrated in the limestone layers, but reworked ammonites
occasionally also occur in the clay and shale beds. The ammonites permit the following
zonation:

Zone 7 of Choffaticeras barjonai (CHOFFAT) 22

Zone 6 of Ps. (Wrightoceras) wallsi (REYMENT) 20-21
Zone 5 of Ps. (Bauchioceras) nigeriensis (Woobps) 15-19
Zone 4 of Paravascoceras costatum (Reym.) 13-14
Zone 3 of Vascoceras bulbosum BARBER 5-12

Zone 2 of Vascoceras tavense FARAUD 34

Zone | of Nigericeras gadeni (CHUDEAU) 1, 2

Zone 1 to 3 are in the Upper Cenomanian, zone 4 in the Lower Turonian, and zone 5
to 7 in the Middle Turonian. Interesting is the occurrence of Eotissotia at the base of the
Turonian.

3. The investigated sections of the Gongila and Pindiga Formations are so similar in
both lithology and fauna that they are practically synonymous. No new information is
available about the upper portions of Pindiga (and Gongila) Formation from which the
Maastrichtian Libycoceras has been recorded (REYMENT 1965, PL. 6, Fig. 5).

4. Northeastern Nigerian correlations (Table 1, Fig. 5)

Comparison of Figures 3 and 4 demonstrate the identity of the ammonite zonations as
well as the facies differentiation. It is interesting to note that the more reduced and partly
condensed sequence is in the Gongila-Gombe Basin, while the more complete true
basinal facies is found in the Pindiga—Gombe area SSW of the Gombe-Zambuk Ridge.

The basal portion of the Gongila Formation at Ashaka (the Nigericeras gadeni
Zone), is composed of a sequence of limestone, calcarenite and marl, while at Pindiga it is
exclusively marly. Moreover, at Ashaka the Gongila Formation immediately follows a
reduced and probably younger Yolde Formation than at Pindiga.

Since the bases of the Gongila and Pindiga Formations are stratigraphically equiva-
lent, a low rate of sedimentation can be assumed for the Lower—-Middle Cenomanian part
of Yolde Formation (less than 10 m thick at Ashaka, but more than 100 m in the Pindiga
area); some breaks in the sedimentary record, indicated by the occurrence of ferruginous
crusts (Fig. 3, level 1, and Table 1), are also likely.

The overlying Vascoceras tavense Zone is more than 10 m thick at Pindiga, while it is
only 3 m thick at Ashaka, where it again consists exclusively of limestone.

The most extreme discrepancy is found in the overlying Vascoceras bulbosum Zone,
now thought to be uppermost Cenomanian: This Zone measures 20 m of shales at
Pindiga, while it is only 0.50 m of condensed nodular limestone at the Ashaka quarry.

The base of the Turonian (the Paravascoceras costatum Zone), is condensed in both
areas. The condensation is easily recognized in the 0.20 m-thick nodular “ammonite
layer” at Ashaka but is much less obvious in the 1 m of dark clay at Pindiga.
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Table 1: Correlation chart of Mesozoic and Cenozoic sediments and volcanics in the northeastern Benue and Gongola
Troughs.
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The Pseudotissotia (Bauchioceras) nigeriensis Zone (including beds extremely rich in
Thomasites (“‘Gombeoceras”) gongilensis again is much thicker at Pindiga (20 m thick)
than in the Ashaka quarry (only 4 m thick). Beginning with the overlying Ps. (Wrighto-
ceras) wallsi Zone, the general tendency seems to change; the thickness (2 m) is the same
in both sections, but the sedimentation is dominated by clay in Ashaka and by nearshore
limestone in Pindiga.

The ammonite-bearing facies ends with 1.50 m of clay and limestone with Choffati-
ceras barjonai at Pindiga and with 3.50 m of clay and nodular marl with Fagesia n. sp. cf.
spheroidalis at Ashaka.

Despite the relatively short distance (100 km) between both sections there is a consid-
erable degree of lithologic variation, so that they can only be correlated by means of
biostratigraphy (Fig. 5). The two investigated sections thus make the difficulties of litho-
stratigraphic classification obvious. The separation of the Gongila and Pindiga Forma-
tions has not contributed anything to their better understanding. The Gongila, Pindiga,
and Dukul Formations are largely identical and could easily be united. However, the
problem still remains of whether to omit or include the overlying Fika Shales at Ashaka
and elsewhere. The Fika Shale seems to extend from the Late Turonian to the Maastrich-
tian, when deposition of the Gombe Sandstone began. The Pindiga Formation extends
directly into the Maastrichtian and is again followed by the Gombe Sandstone. In this
case, the Fika Shale needs not be separated from the shaly Pindiga Formation.
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The investigations of LAwAL (1982) and ALLIX (1983) now allow all Upper Creta-
ceous stages to be traced biostratigraphically in the Pindiga—Gombe area. The same can
be said of the northeastern Benue Trough; near the village of Dadiya the complete Upper
Cretaceous sequence consists of a shaly silty facies (ALLix 1983). The shaly facies of the
Jessu Formation (cf. ALLix 1983) can be compared with the main part of the Gongila
Formation (CARTER et al. 1963), e.g. the former containing abundant siltstones, and the
latter containing fine to coarse-grained sandstone, both with glauconitic layers; these two
clastic-rich facies correspond to continentally influenced marine gulf environments.

5. Correlations of the Cenomanian and Turonian, and of their mutual boundary
(Table 2)

Table 2 demonstrates how far the ammonite zonation of the Gongila/Pindiga Forma-
tions of northeastern Nigeria can be refined and updated. REYMENT (1954a, 1954b, 1955,
1956) established the position of the Lower Turonian Paravascoceras costatum Zone,
later replaced by the Pseudotissotia (Wrightoceras) wallsi (REYMENT 1965). BARBER
(1957), however, proposed a three-fold subdivision of the Lower Turonian to which
Gombeoceras gongilense Zone was added by WozNy & KOGBE (1983).

Problems arose for the Lower Turonian stratigraphy since the Metoicoceras zones
and ““Plenus Marls” (WRIGHT & KENNEDY 1981) were moved to the Cenomanian; in
addition BERTHOU & LAUVERJAT (1974, 1975) were able to demonstrate that the early
Vascoceras zones of their type region in Portugal might also be Cenomanian. Only
recently, LEwy et al. (1984) were able to confirm the co-occurrence of Metoicoceras
geslinianum and Kanabiceras septemseriatum with the first appearance of Paravascoceras
cauvini in the southern Negev (Israel). This assemblage can thus be regarded definitely as
Late Cenomanian and is correlated here with the Vascoceras bulbosum Zone. Two more
zones can be added in the Late Cenomanian part of the Ashaka and Pindiga sections and
are tentatively correlated with the early vascoceratid zones in Spain (WIEDMANN 1960,
1978, 1980), Portugal (CHOFFAT 1898, BERTHOU & LAUVERJAT 1975), and Israel (FREUND
& RaAB 1969, LEwy et al. 1984).

A total of 4 zones can be recognized in the now restricted Turonian sections. WozNy
& KOoGBE’s “Gombeoceras’ gongilense Zone is not adopted, since Thomasites gongilensis
ranges through the entire mid-Turonian section. It is very difficult to say what “Middle
Turonian” in the Mediterranean Realm actually means. In this paper the pseudotissotiids
are regarded as Middle Turonian, while the Lower Turonian is restricted to the late true
vascoceratids ( Paravascoceras, Paramammites, Ingridella, Pachyvascoceras).

Watinoceras coloradoense, now generally accepted as an index species for the North
Temperate lowermost Turonian (KENNEDY 1984), is not yet known from the Tethyan
Realm. There is another problem with Mammites nodosoides, previously thought to
represent the first Turonian index species (C. W. WRIGHT 1957, ROBAZHYNSKI & CARON
1979), but actually defining the upper portion of the Lower Turonian, at least in the
North Temperate Realm (KENNEDY 1984). This species extends well into the Tethyan
Turonian, co-occuring with the pseudotissotiids and neoptychitids (WIEDMANN 1960,
FREUND & RAAB 1969, WIEDMANN & KAUFFMAN 1978) which are considered Middle
Turonian in the present paper.
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This means that the condensed Paravascoceras costatum Zone in northeastern Nige-
ria may correlate only with the condensed Watinoceras coloradoense Zone of the North
Temperate Realm. It probably correlates with the Spanish Paramammites saenzi Zone
(and the Paravascoceras cauvini Zone in the Negev); but these are followed by one or two
more vascoceratid zones, the Ingridella malladae Zone and the Spathitoides sulcatus
( = Spathitoides pioti) Zone. These two zones could in turn correlate with the US
Western Interior Vascoceras birchbyi Zone (CoBBAN 1984).

The three Nigerian Middle Turonian zones correspond almost exactly to the three
choffaticeratid zones, as proposed by FREUND & RAAB (1969). They can also be corre-
lated with equivalent zones in northern Spain (WIEDMANN 1960, WIEDMANN & KAUFFMAN
1968). This is the level at which Mammites nodosoides occurs in the Tethyan Realm.
Upper Turonian is defined here as including the late romaniceratids (group of R. deveria-
num) and early coilopoceratids (Table 2).

6. Paleogeography of northeastern Nigeria during the Cretaceous

We now have a more comprehensive and convincing picture of the Cretaceous
paleogeography of the Benue Trough.

The first intra-plate extension processes in the northeastern Benue Trough are docu-
mented by the extrusions of primarily alkaline and subsequent acidic volcanics during the
late Jurassic (POPOFF et al. 1982), a period of rifting in the Central Atlantic. A second
magmatic episode took place during the Middle Albian, related to the early opening of
the equatorial Atlantic between Africa and South America (WIEDMANN & NEUGEBAUER
1978).

The first tectonic and sedimentary stage (BURKE et al. 1971, FREETH 1978) corre-
sponds to the deposition of the alluvial Bima Sandstone, infilling the whole area of the
northeastern Benue-Gongola Troughs from the late Aptian to the late Albian (ALLIX &
Pororr 1983). This is followed by the coastal and littoral sedimentation of the Yolde
Formation, this occurred from the late Albian to early Cenomanian in the Didiya and
Pindiga—Gombe Basins (LAWAL 1982, ALLIX 1983), continuing into the Upper Cenoma-
nian on shoals such as Gombe and Ashaka (Table 2). During the Upper Cenomanian,
further deepening of the sea affected the whole area and continued into the Turonian. The
marine Trans-Saharan Seaway (FURON 1968, REYMENT & TAIir 1972, COLLIGNON &
LeFrRANC 1974, REYMENT 1980, KOGBE 1981, REYMENT & REYMENT 1981, DUFAURE et al.
1984) became established and allowed immigration of characteristic Tethyan faunas into
the Gongola—Benue Troughs and regions further south.

Despite the slightly differing facies in the sedimentary troughs of northeastern Nige-
ria, we can assume that marine inner-shelf conditions persisted into the Maastrichtian,
establishing a continuous faunal exchange across the Sahara. Indeed, in the Gombe area
ammonites are restricted to the Lower Maastrichtian, but in the Benue Trough Coniacian
and Santonian faunas exist as well, pointing to northern relationships (REYMENT 1955,
1957; WIEDMANN 1978). During most of the Upper Cretaceous another extensive seaway
might have connected northeastern Nigeria with Sudan (FuroN 1935), Egypt (QUAAS
1902, Eck 1914), and Israel, where very similar faunal successions have been observed
(PARNES 1965, FREUND & RaAB 1969, BARTOV et al. 1972, LEwy 1975, LEwy & RAAB
1978, LEwy et al. 1984). The Maastrichtian Libycoceras, for example, must have used this
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seaway. Arguments against the Upper Cretaceous Trans-Saharan Seaway as proposed by
PETTERS (1978) are not substantiated.

The late Maastrichtian delta front of the marine Gombe Sandstone coincides with the
final regression, uplift and folding of the troughs at the Cretaceous—Tertiary boundary.
During the Tertiary only continental and lacustrine sediments were deposited, associated
with the extrusion of the important Biu Plateau basalts, thus marking the end of sedimen-
tary basin evolution in northeastern Nigeria.
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