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Mid-Cretaceous ammonites and associated microfossils 
from the Central Oman Mountains

by W. J ames K ennedy and M ich ael  D. Sim m o ns*  

with 7 plates and 4 figures

Abstract. Ammonites from Lower -  Middle Albian (Nahr Umr Formation), Upper Cenomanian and 
Lower Turonian (Natih Formation) sediments of the Oman Mountains are described for the first time. 
The following taxa are recorded: Knemiceras dubertreti B asse 1940, Neolobites vibrayeanus (D ’O rbigny  
1841), Calycoceras (Proeucalycoceras) sp., Pseudaspidoceras sp., Vascoceras durandi (Pero n  1890), Fagesia 
catirws (M a n tell  1822), Paramammites sp., Tbomasites cf. gongilensis (W oods 1911), Wrigbtoceras sp., 
Eotissotia cf. simplex B a rber  1957, Heirickiceras* sp. and Turrilites (Turrilites) costatus L amarck  1801.

The microfossils (chiefly foraminifera and calcareous algae) from the ammonite-bearing horizons are 
also briefly described.

The record of these ammonite faunas is important for establishing a firm age for the formations they 
are found in, for determining the stratigraphic range of the associated microfossils, and for improving our 
knowledge of the palaeobiogeography of the genera and species involved.

Zusammenfassung. Ammoniten aus dem Unter- bis Mittelalb (Nahr Umr Formation), dem Oberceno- 
man und dem Unterturon (Natih Formation) der Oman Mountains werden zum ersten Mai beschrieben. 
Nachfolgende Arten werden nachgewiesen: Knemiceras dubertreti B asse 1941, Neolobites vibrayeanus 
(D ’O rbigny  1841), Calycoceras (Proeucalycoceras) sp., Pseudaspidoceras sp., Vascoceras durandi (Pero n  
1890), Fagesia catinus (M a n tell  1822), Paramammites sp., Tbomasites cf. gongilensis (W o ods 1911), 
Wrigbtoceras sp., Eotissotia cf. simplex B arber  1957, Flerrickicerasf sp. und Turrilites (Turrilites) costatus 
L amarck 1801.

Auch die Mikrofossilien (meist Foraminiferen und Kalkalgen) aus den Ammoniten-fiihrenden Hori- 
zonten werden kurz beschrieben.

Das Verzeichnis dieser Ammonitenfaunen ist von Bedeutung fur die Datierung der betreffenden 
Ablagerungen, fur die Bestimmung der stratigraphischen Reichweite der begleitenden Mikrofossilien und 
fur die Verbesserung unserer Kenntnis der Palaeobiogeographie der vorliegenden Gattungen und Arten.

Introduction

The Oman Mountains form an arcuate range along the northeastern margin of the Arabian 
Peninsula. The geology of this range is complicated as a result of the obduction of an ophiolite 
complex during Campanian times (G len n ie  et al. 1974). Within the Central Oman Mountains 
an allochthonous ophiolitic suite (the Semail Ophiolite) and basinal sediments (the Hawasina
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Complex) occur together with autochthonous, mainly platformal sediments (the Hajar Super
group). G len n ie  et al. (1974), G len n ie  (1977), H utin  et al. (1986), Rabu et al. (1986) and 
H ughes C larke (1988) have described the geology of this region in detail. Recently a set of 
papers on the geology of Oman have been published in a special publication of the Geological 
Society of London edited by R o bertso n  et al. (1990).

An important series of autochthonous shelf carbonates lying within the Hajar Supergroup 
is the mid-Cretaceous Wasia Group. It is within these carbonates that the oil reserves of the 
Fahud and Natih Fields are located. Previous studies of the sedimentology and biostratigraphy 
of the Wasia Group in Oman include those of T sch o pp  (1967), H arris & F rost (1984), 
S im mons &  H art (1987), H ughes C larke (1988), Scott et al. (1988), Sco tt (1990) and 
Sm ith  et al. (1990). A lsharhan  &  N airn  (1988) discuss the regional context of the Wasia 
Group.

The age of sediments within the Wasia Group of the Oman Mountains has been discussed 
by most previous workers. However, there has been some debate as to the precise age range of 
the various formations and members (Sm ith  et al. 1990). Imprecise or inaccuarate age assign
ment of lithostratigraphic units precludes regional correlation which is important for devel
oping a picture of basin history. This paper describes the occurrence of ammonites in the 
Wasia Group of the Oman Mountains for the first time. These provide a relatively precise age 
assignment for the sediments they are found in, since they can be referred to a global biozona
tion scheme. The microfossil assemblages associated with the ammonites are also described. 
These support the age assignments provided by the ammonites. More important, the co
occurrence of ammonites with microfossils provides an independent means of determining the 
age significance of the microfossils.

Location and stratigraphy

Mid-Cretaceous ammonites were found at three localities in the Central Oman Mountains 
area: Jebel Salakh, Jebel Hinaydil and Jebel Madar (see Fig. 1). These jebels are domal uplifts 
south of the main thrust belt and expose Hajar Supergroup carbonates.

The Wasia Group forms the second major depositional cycle recognized in the Cretaceous 
sediments of the Arabian Peninsula (H arris et al. 1984; A lsharhan  &  N airn  1988). It is 
unconformity bound, and is underlain by the Early Cretaceous carbonates of the Thamama 
Group (termed Kahmah Group in Oman), and overlain by the Late Cretaceous shales and 
carbonates of the Aruma Group (see Fig. 2). The term “Wasia Group” has had a varied history 
of usage which is summarized by A lsharhan  & N airn  (1988). However, it has now come to 
be accepted as describing the mid-Cretaceous carbonate dominated succession seen in the 
northern and eastern Arabian Peninsula.

In the Oman Mountains two formations are recognized within the Wasia Group: the Natih 
Formation and the Nahr Umr Formation. The Nahr Umr Formation was originally described 
from Iraq (O wen &  N asr 1958; D u n n in g to n  et al. 1959) where it is a dominantly clastic 
sequence. Eastward across the Gulf region carbonate content increases, until in the Central 
Oman Mountains area it is formed of calcareous shales, marls and orbitolinid-rich argillaceous 
limestones (H utin  et al. 1986; Rabu et al. 1986; Simmons &  H art 1987; H ughes C larke
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Fig. 2. Summary of Aptian -  Santonian lithostratigraphy in the Oman Mountains and Arabian Gulf 
region (after Sm ith  et al. 1990).



1988). Microfossils, particularly orbitolinid foraminifera, demonstrate that this formation is of 
early -  late Albian age in the Oman Mountains (Sim mons & H art 1987).

The Natih Formation was originally described as the Wasia Limestone Formation by 
T sch o pp  (1967), who recognized seven members within it, lettered a-g (see also Scott 1990; 
Sm ith  et al. 1990). G len n ie  et al. (1974) replaced the term Wasia Limestone Formation with 
the term Natih Formation. This term has been used by most subsequent workers, although 
some (eg. H arris &  F rost 1984) prefer instead to use Mauddud Formation, Mishrif Forma
tion and Rumaila (or Khatiyah or Shilaif) Formation. These terms are used to describe the 
equivalent sediments to the Natih Formation in the Arabian Gulf region. The problematic 
correlation between the two sets of terminology has been discussed by Sm ith  et al. (1990) (see 
also Fig. 2).

B echen n ec  et al. (1986) introduced the term Fitri Formation to describe the facies previ
ously termed Natih Formation members a, b and c. This formation was considered to be part 
of the Aruma Group, rather than the Wasia Group. However, as noted by Rabu et al. (1990), 
there is no unconformity between it and the underlying “Natih Formation”, whilst a stratig
raphic break is recognised prior to the overlying Muti Formation. We consider than the term 
Fitri Formation should be discarded since the major regional unconformity and sequence 
boundary lies above it (cf. H arris et al. 1984; Warburto n  et al. 1990). The facies referred to 
the Fitri Formation can adequately be described as members within the Natih Formation. 
Rabu (1987) considered the Fitri Formation to be Early Turonian. This is in agreement with 
the age of Natih members a/b as described herein.

The age range of the Natih Formation has been the subject of some uncertainly, in part as a 
result of the fact that pre-Aruma Group erosion progressively downcuts into the Wasia Group 
northwards across the Oman Mountains (H arris &  F rost 1984). Thus the full Natih Forma
tion section seen in the Fahud oilfield (T sch o pp  1967) is truncated around Jebel Akhdar. This 
may have led to an underestimation of the age range of the formation. Most workers agree that 
the formation is at least late Albian -  late Cenomanian in age, although extension into the 
Turonian stage as claimed by some (eg. S im mons & H art 1987; Scott 1990) is doubted by 
others (eg. H arris et al. 1984; H ughes C larke  1988). H arris & F rost (1984) stated that 
although the Natih Formation extends into the Turonian in the subsurface around the Natih 
and Fahud oilfields, the late Cenomanian and earliest Turonian parts of the formation are 
missing in outcrops to thp northwest of these fields. Our preferred age range of the Natih 
Formation and its constituent members (as defined by T sch o pp  1967), and supported by the 
data presented herein, is given in the summary stratigraphy diagram (Fig. 2).

Ammonites were recovered from three levels within the Wasia Group. At Jebel Madar a 
single, but quite well preserved specimen, was obtained from the middle part of the Nahr Umr 
Formation. At Jebel Hinaydil a few specimens were obtained from a level thought to be within 
Member c of the Natih Formation. At Jebel Salakh ammonites were recorded from two levels 
in the Natih Formation; one within Member c, probably equivalent to the level with am
monites at Jebel Hinaydil, and a further level with abundant, but not very well preserved 
ammonites occurs in almost the highest sediments seen within the Natih Formation at this 
locality. This level lies within the upper part of Member b of the Natih Formation, or perhaps 
more likely, within Member a as redefined by Scott (1990). However, separation of Members 
b and a is difficult even in the Fahud field where they were first defined (H ughes C larke



1988). The upper level with ammonites at Jebel Salakh represents the youngest Natih Forma
tion sediments seen at outcrop in the Oman Mountains. Their age therefore, is important for 
demonstrating the age range of this formation.

The ammonite fauna

The three levels with ammonites recognised in the Wasia Group can be dated with varying 
degrees of precision, as is discussed in the systematic descriptions below. These results may be 
summarised as follows:
Nahr Umr Formation, Jebel Madar. Knemiceras dubertreti: upper Lower to lower Middle 
Albian.
Natih Formation, Member c, Jebel Salakh and Jebel Hinaydil. Calycoceras (Proeucalycoceras) 
sp., Neolobites vibrayeanus, Turrilites (T.) costatus: lower Upper Cenomanian, equivalent to 
the Calycoceras (Proeucalycoceras) guerangeri Zone in north-west Europe, and the Caly- 
coceras-Neolobites Zone in Israel (L ewy &  R aab 1978), and older than the widely recognised 
Metoicoceras geslinanum and Vascoceras cauvini zones of authors.
Natih Formation, Member b/a, Jebel Salakh. Pseudaspidoceras sp., Vascoceras durandi, 
Fagesia catinus, Paramammites sp., Tbomasites cf. gongilensis, Wrightoceras sp., Eotissotia cf. 
simplex and Herrickiceras? sp.: low Lower Turonian. This fauna indicates the lower half of the 
Lower Turonian, above the widely recognised Upper Cenomanian Neocardioceras juddii 
Zone and its correlatives.

Systematic Palaeontology

Superfamily HOPLITACEAE H. D o u v ille , 1890 
Family ENGONOCERATIDAE H yatt, 1900 

Genus Knemiceras B ohm  1898
Type species. Ammonites syriacus von B u c h , 1850, p. 20, by original designation.

Knemiceras dubertreti Basse, 1940 
Plate ID

1940 Knemiceras dubertreti B asse , p. 427, pi. 1, figs. 3, 4; pi. 2, figs. 1, 2; text-figs. 2a, b. 
Type. Lectotype here designated, is the original of Basse 1940, pi. 1, fig. 4 from Jebel Dourra, 
W. Rmeide Ham, region of Zebdani, Syria.
Dimensions D Wb Wh Wb:Wh U
OUM KY2022 116.5 (100) -  (-) 56.6 (48.5) -  18.3 (15.7)
Description. The specimen is somewhat corroded, with about half a whorl of body chamber 
preserved. Coiling is involute, with the umbilicus comprising 15.7% of the diameter, shallow, 
with a low wall and very broadly rounded umbilical shoulder. The whorl section is very 
compressed, with the greatest breadth just outside the umbilical shoulder in intercostal sec
tion, and at the massive umbilical bullae in costal section. The inner flanks are broadly

Plate 1. A, B, Tbomasites cf. gongilensis (W o ods 1911). OUM KY2015, Lower Turonian, Member b/a 
of the Natih Formation, Jebel Salakh. C, Pseudaspidoceras sp. OUM KY2007, Lower Turonian, Member 
b/a of the Natih Formation, Jebel Salakh. D, Knemiceras dubertreti B asse 1940. OUM KY2002, Albian, 
Nahr Umr Formation, Jebel Madar. All figures are x 1.





rounded, the outer flanks flattened and convergent, the ventrolateral shoulders sharp and the 
venter narrow and tabulate in intercostal section; the costal section is compressed polygonal. 
There are 7-8 massive umbilical bullae on the outer whorl that coarsen as size increases. They 
give rise to groups of up to three coarse, straight, prorsiradiate ribs that strengthen and 
broaden across the flanks, while additonal ribs intercalate both low and high on the flanks. A 
low, rounded inner ventrolateral tubercle is conspicuous on all ribs on the last third of the 
outer whorl. All ribs bear long, low outer ventrolateral clavi, perched on the sharp ventral 
shoulder. The venter is concave between clavi, which are linked by a low, broad ventral rib. 
Discussion. The present specimen matches the lectotype (Basse 1940, p. 1, fig. 4) closely in 
size, style and density of ribbing. Quite how many of the Knemiceras from Syria and Lebanon 
described by Basse actually merit specific separation is impossible to determine as their 
relative ages are poorly known, and the material ill-preserved in most cases. Knemiceras 
atennuatum H yatt of Basse (1940, p. 425, p. 1, fig. 1) is compressed, lacking the massive 
bullae and coarse ribs of the present species. Knemiceras arambourgi Basse , 1940 (p. 426, pi. 1, 
fig. 2) has much coarser, fewer ribs and umbilical tubercles per whorl. Knemiceras flex- 
iloculosum B asse , 1940 (p. 430, pi. 2, fig. 3) is a large feebly ornamented species, lacking coarse 
ribs and bullae.
Occurrence. The Oman specimen is from the middle part of the Nahr Umr Formation at Jebel 
Madar. The species was originally described from the couches a Knemiceras of Syria. L ewy &  
Raab (1978) state that engonoceratid ammonites occur at two distinct levels in the Albian in 
Lebanon and Israel, without providing details, referring only to a broad Knemiceras Zone. In 
northern Sinai (L ewy & R aab 1978: Bir Lugama, near Djebel Maghara (D o uville  1916)) the 
oldest Knemiceras occur with Douvilleiceras mammilatumy indication the upper Lower Al
bian (fide O wen 1988). The upper level is probably Middle Albian (L ewy &  R aab 1978, 
p .  XXXI 1.4)

Genus Neolobites F ish er , 1882
Type species. Ammonites vibrayeanus D ’O rbigny , 1841, p. 322, pi. 96, figs. 1-3, by original 
designation.

Neolobites vibrayeanus (D ’O rbign y , 1841)
Plate 2D-2G

1841 Neolobites vibrayeanus D ’O rbigny , p. 322, pi. 96, figs. 1-3.
1981 Neolobites vibrayeanus (D ’O rbigny  1841); K ennedy & J u ig n et , p. 23, figs. 3a-c, 4a-b, 
5a (with fully synonymy).
1989 Neolobites vibrayeanus (D ’O rbigny  1841); L uger  &  G r o sch k e , p. 366, pi. 39, fig. 3; 
text-fig 5 (with additional synonymy).
Type. Holotype, by monotypy, is the original of D ’O rbigny  1841 p. 322, pi. 96, figs. 1-3, in 
the collections of the Museum National d’Histoire Naturelle, Paris, D ’O rbigny  Collection, 
No. 1896.27 (K ennedy &  J u ig n et  1981, figs. 3a-c, 6a).

Plate 2. A-C, Turrilites (Turrilites) costatus L am arck  1801. OUM KY2018-2019. D-G, Neolobites 
vibrayeanus (D ’O rbigny  1841). OUM KY2003-2005. H, Calycoceras (Proeucalycoceras) sp. OUM 
KY2006. All specimens are from the lower Upper Cenomanian, Member c of the Natih Formation, Jebel 
Salakh. Figures A-G are x 1; Figure H is reduced x 0.7.





Description. Specimens are corroded to varying degrees, wholly septate, and up to 103 mm in 
diameter. The best preserved individual (OUM KY2004) is 69 mm in diameter, with a tiny 
umbilicus, low umbilical wall and very compressed whorl section, a whorl breadth to height 
ratio of 0.4, the greatest breadth around mid-flank, the flanks broadly rounded, with sharp 
ventrolateral shoulders and a narrow, concave venter. There are small sharp ventral clavi 
where the surface of the mould is well-preserved, and traces of broad, distant inner flank ribs 
in two specimens. Suture with entire lobes and saddles.
Discussion. The small umbilicus, feeble ornament and compressed whorls characterize N. 
vibrayeanus. Differences from other species are discussed by K ennedy &  J u ig n et  (1981) and 
L u ger  & G roschke  (1989). The latter describe, as Neolobites sp. (p. 366, pi. 38, figs. 4-6, 
text-figs. 13d, e), a more evolute species, suggesting that K ennedy &  J u ig n et  (1981) may have 
drawn their interpretation of N. vibrayeanus too widely.
Occurrence. Neolobites vibrayeanus is a widespread and characteristic lower Upper Cenoma
nian species, occurring commonly in the Middle East, with records, both published and 
unpublished, from Morocco, Algeria, Tunisia, Egypt, Israel, Lebanon and Saudi Arabia. It 
also occurs in France, Spain and Portugal, Peru and Bolivia. The Oman specimens are from 
Member C of the Natih Formation at Jebel Salakh and Jebel Hinaydil.

Superfamily ACANTHOCERATACEAE D e G rossouvre 1894 
Family ACANTHOCERATIDAE D e G rossouvre 1894 

Subfamily ACANTHOCERATINAE D e G rossouvre 1894 
Genus Calycoceras H yatt 1900

Type species. By designation under the plenary Powers (ICZN Opinion No. 577) Ammonites 
navicularis M a n tell  1822, p. 198, pi. 22, fig. 5 (ICZN Specific Name No. 1633).

Subgenus Proeucalycoceras T h om el  1972
Type species. By original designation Calycoceras (Eucalycoceras) besairiei C o llig n o n  1937, 
p. 37 (13), pi. 3, figs. 1-4; pi. 8, fig. 5.

Calycoceras (Proeucalycoceras) sp.
Plate 2H

Description. A single fragment from Jebel Salakh is 160 mm long, and partially septate, 
preserving part of the umbilical wall and inner flank of a large Calycoceras (Proeucalycoceras). 
There are parts of five large umbilical bullae preserved, that give rise to coarse, straight, distant 
primary ribs; there are no secondaries preserved. The flanks appear to have been convergent 
with traces of a large ventrolateral tubercle.
Discussion. This fragment has been compared with more complete European and North 
African material; it compares most closely with adult Calycoceras (Proeucalycoceras) of the 
lower Upper Cenomanian (e.g. W righ t  &  K ennedy 1990, text-fig. 118), and is referred to 
that subgenus.
Occurrence. Member C of the Natih Formation, Jebel Salakh, Oman. Comparable material 
occurs in the lower Upper Cenomanian in western Europe and North Africa.





Subfamily EUOMPHALOCERATINAE C o o per  1978 
Genus Pseudaspidoceras H yatt 1903

Type species. By original designation, Ammonites footeanus Sto lic zk a , 1864, p. 101, pi. 52, 
figs. 1,2.

Pseudaspidoceras sp.
Plates 1C, 4A-4B

Description. Specimens are rather worn, and up to 110 mm diameter. Coiling is evolute, with 
the umbilicus comprising up to 30% of the diameter. The whorls expand slowly. The umbili
cal wall is low, the umbilical shoulder broadly rounded, the whorl section depressed, with 
flattened flanks, broadly rounded ventrolateral shoulders and a broad, feebly arched venter in 
intercostal section. The costal section is polygonal. Primary ribs arise on the umbilical wall 
and strengthen into strong umbilical bullae or not, so that the primary ribs are of variable 
strength on the innermost flanks. The ribs are coarse, straight and prorsiradiate, and may arise 
either singly or in pfeirs from the bullae; there are occasional intercalated ribs. All ribs bear a 
coarse inner ventrolateral tubercle; a broad, slightly prorsiradiate rib connects to strong outer 
ventrolateral clavi, connected across the venter by a feeble rib.
Discussion. Apparent absence of siphonal clavi suggest these poor specimens are Pseudas
pidoceras rather than Kamerunoceras. Of described species, they most closely recall Mammites 
(Pseudaspidoceras) dubertreti B asse 1937, (p. 183, pi. 10, fig. 3, pi. 11, fig. 1) from the lower 
Turonian of Lebanon.
Occurrence. The Oman specimens are from Member b/a of the Natih Formation at Jebel 
Salakh.

Family VASCOCERATIDAE D o uville  1912 
Subfamily VASCOCERATINAE D o uville  1912 

Genus Vascoceras C hoffat 1898
Type species. Vacoceras gamai C h offat 1898, p. 54, pi. 7, figs. 1-4; pi. 8, fig. 1; pi. 10, fig. 2; 
pi. 21, figs. 1, 2, 5, by the subsequent designation of R oman 1938, p. 452.

Vascoceras durandi (Pero n , 1890)
Plate 5A-5B

1985 Vascoceras durandi (Per o n ); B er t h o u , C h an cello r  &  L auverjat, p. 72, pi. 4, 
figs. 4-9; pi. 6, figs. 1-6 (with full synonymy).
Types. Discussion of the status of the type material of this species is deferred until the original 
material is revised (C h a n c ello r , K ennedy & H a n co ck , in preparation).
Description. OUM KY2010 is 95 mm in diameter. Coiling is quite involute, with the um
bilicus comprising 24% of the diameter. The umbilical wall is high, flattened, and inclined 
outwards. The umbilical shoulder is quite narrowly rounded, the whorl section depressed, 
with a whorl breadth to height ratio of 1.32, the greatest breadth at the umbilical shoulder, the 
inner flanks broadly rounded, the outer flanks converging to an arched venter. There are 
estimated 10 blunt bullae perched on the umbilical shoulder that give rise to low broad ribs







that efface on the inner flank. There is no evidence for any other ornament, but the shell 
surface is badly corroded.
Discussion. Vascoceras durandi is discussed at length by B erthou  et al. (1985), who review 
the synonymy, and differences from other species of the genus.
Occurrence. This species characterizes a very low horizon in the Turonian, with records from 
Portugal, Spain (?), Algeria, Tunisia, Israel, and Japan. The Oman specimen is from Member 
b/a of the Natih Formation at Jebel Salakh.

Genus Fagesia Pervin quiere  1907
Type species. By original designation, Olcostephanus superstes K ossmat, 1897, p. 26, pi. 6, 
fig. 1.

Fagesia catinus (M a n tell , 1822)
Plate 4C-4E

1822 Ammonites catinus M a n tell , p. 198, pi. 22, fig. 10 (not 5, attributed in error, =  Am
monites navicularis M a n tell , 1822).
1981 Fagesia catinus (M a n tell); W r ig h t  &  K ennedy , p. 88, pi. 26, fig. 2; text-figs. 31-36 
(with full synonymy).
1987 Fagesia catinus (M a n tell); K ennedy , W righ t  &  H a n co ck , p. 51, pi. 7, figs. 1-13; 
pi. 8, figs. 1-4, 6-9; text-figs. 2j, k, m, n, 10 (with additional synonymy).
1989 Fagesia catinus (M a n tell); C o bban , H o o k  &  K ennedy , p. 50, figs. 50, 92L-KK, 96 S, 
T.
Type. The holotype is No. C3379 in the collections of the Natural History Museum, London, 
from the Middle Chalk of Lewes, Sussex, the original of M an tell  1822, pi. 22, fig. 10 
(refigured by W righ t  &  K ennedy 1981, text-fig. 31).
Description. OUM KY2012 is a juvenile 80 mm in diameter. Coiling is very evolute, with the 
umbilicus comprising 41% of the diameter, deep, with a high, flat, outward-inclined umbilical 
wall. The whorl section is very depressed, with a whorl breadth to height ratio of 2.19. The 
umbilical shoulder is narrowly rounded; there are no flanks. The venter is very broad, and 
evenly rounded. There are 12 massive umbilical bullae on the outer whorl. The venter is 
somewhat worn, but there appears to have been little or no ornament.
Discussion. Wrigh t  & K ennedy (1981) and K ennedy , W righ t  &  H ancock  (1987) describ
ed this species in detail, and discussed differences from others referred to the genus. The 
present specimen closely resembles juveniles from Texas (K ennedy , W righ t  & H ancock  
1987) and New Mexico (C obban , H o o k  & K ennedy 1989).
Occurrence. F. catinus characterizes a horizon low in the Turonian in England, France, 
Venezuela, northern Mexico, Montana and California in the U.S.A. Doubtful fragments occur 
in the uppermost Cenomanian in New Mexico (C o bban , H oo k  &; K ennedy 1989). The 
Oman specimen is from Member b/a of the Natih Formation of Jebel Salakh.

Genus Paramammites F u r o n , 1935
Type species. Vascoceras polymorphum Pervin quiere  1907, p. 336, pi. 121, figs. 2-6; text-fig. 
126, by the subsequent designation of R eyment 1954b, p. 255, footnote.



Paramammites sp.
Plate 3A-3C

Description. The best specimen is OUM KY2008, an individual some 88 mm in diameter. 
Coiling is evolute, with the umbilicus comprising about 34% of the diameter. The whorls 
expand slowly, with a depressed whorl section, and whorl breadth to height ratio of 1.13, the 
flanks flattened and subparallel, the ventrolateral shoulders broadly rounded and the broad 
venter flattened. There are 7-8 umbilical bullae per half whorl. They give rise to generally 
single coarse, blunt, ribs that are straight across the inner and middle flanks, then projected 
forwards and feebly concave on the outer flanks and ventrolateral shoulder, while intercalated 
ribs may arise on the outer flank. The ribs bear strong, feebly clavate inner ventrolateral 
tubercles, connected by a transverse rib to feeble outer ventrolateral tubercles that are linked 
across the venter by a low rib.
Discussion. Among described species, these poor specimens most closely recall Paramam
mites tuberculatus B arber 1957 (p. 31, pi. 12, fig. 1; pi. 13, fig. 2; pi. 31, figs. 1-3, 8) from the 
Lower Turonian of Nigeria.
Occurrence. Member b/a of the Natih Formation, Jebel Salakh.

Subfamily PSEUDOTISSOTINAE H yatt 1903 
Genus Thomasites Pervinquiere  1907

Type species. By original designation, Pachydiscus rollandi Peron  1890, p. 25, pi. 17, figs. 1-3. 
Thomasites cf. gongilensis (Woods 1911)

Plates 1A, IB, 6C-6F
Compare:
1911 Vascoceras gongilensis W o o d s , p. 282, pi. 21, fig. 7; pi. 22, fig. 1.
1989 Thomasites gongilensis (W oods 1911); M eister , p. 38, pi. 16, figs. 3-5; pi. 17, figs. 1-6; 
pi. 18, figs. 1-3; pi. 19, figs. 1-5, pi. 20, figs. 1-5; pi. 21, figs. 1-3 (with full synonymy). 
Type. The holotype is No. B3283 in the collections of the Sedgwick Museum, Cambridge, 
from the so-called Lower Turonian of Nigeria.
Description. All specimens are worn nuclei, broken out from much larger totally abraded 
specimens up to 150 mm in diameter. Coiling is involute, with the umbilicus comprising less 
than 30% of the diameter, the whorls compressed, with flattened, convergent flanks, narrowly 
rounded ventrolateral shoulders and a broad, tricarinate-bisulcate venter. Only outer flank 
ornament is well-preserved and consists of blunt prorsiradiate ribs that terminate in blunt 
ventral clavi, borne on blunt ridges. These are separated by grooves from a blunt siphonal 
ridge with siphonal clavi in some specimens. Other specimens lack well-differentiated clavi, 
and bear three smooth to undulose siphonal ridges. Ill-preserved specimens referred to the 
species may have umbilical bullae.
Discussion. Although poor, the overall proportions and ventral ornament show these speci
mens to be a ThomasiteSy close to T. gongilensis. M eister  (1989) is the latest reviser of this 
species; his specimens provide a good basis for comparison with the present material, and are 
compared with other species of the genus by that author.
Occurrence. Thomasites gongilensis first appears in the uppermost Upper Cenomanian and 
ranges into the lowest Turonian. There arc records from Nigeria, Spain and southern England. 
The Oman specimens are from Member b/a of the Natih Formation at Jebel Salakh.
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Genus Wrightoceras R eyment 1954a
Type species. Bauchioceras (Wrightoceras) wallsi R eyment 1954a, p. 160, pi. 2, fig. 4; pi. 3, fig. 
3, by original designation.

Wrightoceras sp.
Plate 6A-6B

Description. A series of very corroded, highly involute, compressed specimens up to 85 mm 
in diameter, are septate throughout, with a narrow concave venter with sharp ventrolateral 
edges. A better-preserved fragment, OUM KY2016 has a whorl height of 39 mm, and a whorl 
breadth to height ratio of 0.53. There are traces of faint, distant, radial ribs on the inner flanks, 
and faint ventral clavi. The partially preserved suture has a large, asymmetrically bifid E/L and 
a smaller bifid L/U2 and auxiliary elements.
Discussion. Coiling, concave venter with sharp edges and feeble ornament all suggest Wrigh
toceras, the suture at least recalling that of W. wallsi R eyment 1954 (see revision in M eister  
1989), rather than W. munieri Pervin q u iere  1907 (see revision in K ennedy , W r ig h t  &  
H a n cock  1987).
Occurrence. Member b/a of the Natih Formation at Jebel Salakh. Other species of the genus 
occur in Spain, Tunisia, Nigeria, northern Mexico, Texas, New Mexico, Venezuela, Colombia 
and Brazil, where they are best known from the Lower Turonian.

Genus Eotissotia B a rber , 1957
Type species. Eotissotia simplex B arber  1957, p. 55, pi. 1, fig. 3; pi. 3, fig. 3; pi. 25, figs. 11-15.

Eotissotia cf. simplex Barber  1957 
Plate 3D-3F

Compare:
1957 Eotissotia simplex B arber , p. 55, pi. 1, fig. 3; pi. 3, fig. 3; pi. 25, figs. 11-15.
Type. The holotype is No. 47707 in the collections of the Natural History Museum, London, 
from the Lower Turonian of Kanawa, Nigeria.
Discussion. OUM KY2017 is 80 mm in diameter, with a small umbilicus, compressed whorls 
with broadly rounded inner flanks, flattened and convergent outer flanks, and a narrowly 
rounded venter at the smallest diameter visible, a feature that distinguishes it from co-occur
ring Wrightoceras.

Occurrence. Member b/a of the Natih Formation, Jebel Salakh.
Family COILOPOCERATIDAE H yatt 1903 

Genus Herrickiceras C obban &  H ook 1980
Type species. Placenticeras costatum H errick  &  J o hn so n  1900, p. 214, pi. 28, figs. 2, 3.





Herrickiceras t sp.
Plate 5C, 5D

Description. OUM KY2011 is 93 mm in diameter. Coiling is very involute, with a tiny 
umbilicus. The whorl section is very compressed, with a whorl breadth to height ratio of 0.43, 
the flanks flattened and converging to a narrow, feebly concave venter with sharp edges. 
Ornament is of numerous narrow straight prorsiradiate ribs that strengthen across the flanks 
and may become feebly convex on the outer flank. Although preservation is poor, they appear 
to have terminated in small ventral clavi.
Discussion. Shell form and ribbing all suggest Herrickiceras, a genus previously unknown 
below the Middle Turonian and outside the U.S. Western Interior. Alternatively, it could be a 
costate WrightoceraSy but absence of sutures precludes a definite generic assignation. 
Occurrence. The Oman specimen is from Member b/a of the Natih Formation at Jebel Salakh. 

Suborder ANCYLOCERATINA W iedmann  1966 
Superfamily TURRILITACEAE G ill  1871 

Family TURRILITIDAE G il l  1871 
Genus and subgenus Turrilites L am arck , 1801 

Type species. Turrilites costatus L amarck 1801, p. 102, by original designation.
Turrilites (Turrilites) costatus L amarck 1801 

Plate 2A-2C
1801 Turrilites costata L am arck , p. 102.
1904 Turrilites costata L am arck ; D o u v ille , pp. 54, 54a, 54b.
1983 Turrilites (Turrilites) costatus L a m arck ; K ennedy &  J u ig n et , p. 47, figs. 25a-o; 26a, b; 
27a—i; 28a, b, d (with synonymy).
1985 Turrilites (Turrilites) costatus L am arck ; A tabekian , p. 79, pi. 31, figs. 1-5 (with sy
nonymy).
1985 Turrilites (Turrilites) scbeuchzerianus Bose 1802; Z a bo rski, p. 10, figs. 7, 8.
1985 Turrilites (Turrilites) costatus L am arck ; Za bo rski, p. 10, figs. 9, 10.
Discussion. This well-known species is represented by five specimens from Jebel Salakh, with 
whorl heights of up to 27 mm. The species is fully revised by K ennedy &  J u ig n et  (1983) and 
A tabekian  (1985).
Occurrence. T. (T). costatus has been recorded from the top of the Lower Cenomanian, but 
some at least of these records are based on T. (T). boerssumensis Sch lu ter  1875. It is common 
and widespread in the Middle Cenomanian, and ranges to the low Upper Cenomanian, with 
records from England, France, Spain, Portugal, Germany, Poland, the USSR east to Transcas- 
pia, Mongolia, South India, Japan, Kamchatka, New Guinea, northern Australia, Zululand 
(South Africa), Madagascar, Mozambique, Angola, Nigeria, Algeria, Tunisia, Israel, Iran, 
Texas, California and Mexico. The Oman specimens are from Member c of the Natih Forma
tion, at Jebel Salakh and Jebel Hinaydil.

Associated microfossils

Significant microfossils obtained from the Nahr Umr Formation at Jebel Madar from which 
the specimen of Knemiceras dubertreti was obtained are documented on Fig. 3. Orbitolinid 
foraminifera are by far the commonest microfaunal component. At the level from which the
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Plate 7. A, Transitional form between Mesorbitolina subconcava (L ey m erie , 1878) and Mesorbitolina 
aperta (E rman 1854), x 40, Upper Nahr Umr Formation, Jebel Madar. B. Facies with abundant calcisphe- 
res including Pithonella ovalis (K aufm ann  1865) and Pitbonella spherica (K aufm ann  1865), x 100, 
Member b/a, Natih Formation, Jebel Salakh. C, Hedbergella sp., x 100, upper Member c, Natih Forma
tion, Jebel Salakh. D, Wbiteinella arcbaeocretacea P essagno  1967, x 100, Member b/a, Natih Formation, 
Jebel Salakh. E, Helvetoglobotruncana aff. H. praebelvetica (T r u jil l o  1960), x 200, Member b/a, Natih 
Formation, Jebel Salakh. F, Helvetoglobotruncana praebelvetica (T r u jil l o  1960), x 200, Member b/a, 
Natih Formation, Jebel Salakh.



ammonite was recovered, the orbitolinid Mesorbitolina subconcava (L eym erie 1878) is pre
sent. This suggests an early Albian -  early late Albian age for this level, although the species is 
most typical of early or middle Albian sediments (Sch ro ed er  1985).

Within the Nahr Umr Formation other significant microfossils present include early Al
bian Mesorbitolina texana (R oem er  1849) (in the lower part of the formation); late Albian 
transitional forms between Mesorbitolina subconcava and Mesorbitolina aperta (E rman 1854) 
(Plate 7A), Permocalculus spp., Ammobaculites sp., Lituola sp. and Trocholina altispira H en 
son  1947 (in the upper part of the formation). This assemblage suggests the Nahr Umr 
Formation ranges from early Albian at the base to late Albian in the upper part. Similar faunas 
have been recorded at other localities in the Central Oman Mountains, together with 
Hemicyclammina sigali M aync 1953 and Buccicrenata subgoodlandensis (Van d erpo o l  1933) 
(Sim mons & H art 1987).

The lowermost part of the overlying Natih Formation contains abundant trocholinids 
(Trocholina altispira, T. lenticularis H enson  1947, T. arabica H enson  1949, and others), 
Orbitolina sefini H enson  1948, Mesorbitolina subconcava -  aperta, abundant Permocalculus 
spp. (including P. irenae E l lio t t  1958) and dasyclad algae. This assemblage is suggestive of a 
late Albian age.

Fig. 4 summarizes the ranges of significant microfossils found in the upper part of Member 
c and Members b/a of the Natih Formation at Jebel Salakh and Jebel Hinaydil. At the level in 
Member c with the early late Cenomanian ammonite assemblage of Turrilites (Turrilites) 
costatusy Neolobites vibrayeanus and Calycoceras (Proeucalycoceras) sp., a low diversity mic
rofossil assemblage occurs with rare Praealveolina tenuis R eic h el  1933, Permocalculus sp. 
nov. and the relatively long-ranging planktonic foraminifera Hedbergella delrioensis (C arsey 
1926), Praeglobotruncana stephani (G a n d o lfi 1942) and Hetrohelix moremani (C ushman  
1938). The presence of P. tenuis indicates a late middle -  late Cenomanian age for these 
sediments (N eumann  & F o urcade  1985). This age assignment is supported by the underly
ing and overlying microfossil assemblages. Below the ammonite level in Member c, in addition 
to P. tenuis, a typically late middle Cenomanian foraminiferal assemblage occurs (although it 
may range into the late Cenomanian) with Taberina bingistani H amaoui &  Sa in t-M arc 
1970, Nezzazata simplex O mara 1956, Merlingina cretacea H amaoui & Sa in t-M arc 1970, 
Trochospira avnimelechi H am oui & Sa in t-Marc 1970, Biplanata peneropliformis H amaoui 
& Sa in t-M arc 1970, Nummoloculina heimi B o n et  1956, Buccicrenata? rugosa (D ’O rbigny 
1850) and Pseudedomia drorimensis R e iss , H amaoui & E cker  1964 (see Sm ith  et al. 1990 for 
further discussion of this assemblage).

At the level with abundant if poorly preserved Lower Turonian ammonites (Pseudas- 
pidoceras sp., Vascoceras durandi, Fagesia catinus, Paramammites sp., Thomasites cf. gongilen- 
sis, Wrightoceras sp., Eotissotia cf. simplex and fHerrickiceras sp.) at the top of the Jebel Salakh 
section (Member b/a of the Natih Formation), a distinctive planktonic microfossil assemblage 
occurs. This includes the calcispheres Pithonella spherica (K aufmann 1865) and Pithonella 
ovalis (K aufm ann  1865) which occur in abundance (Plate 7B), and the planktonic foraminif
era Heterohelix moremani, Whiteinella archaeocretacea Pessagno  1967 (Plate 7D), Dicarinel- 
la algeriana (C aron  1966), Praeglobotruncana sp. and Helvetoglobotruncana praehelvetica 
(T r u jillo  1960) (Plate 7F). This assemblage of planktonic foraminifera is typical of Tethyan 
sediments at the Cenomanian -  Turonian boundary. It can be referred to the short-ranging
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Whiteinella archaeocretacea Biozone (R obaszynski & C aron  1979; C aron  1985; Sliter  
1989), which straddles the Cenomanian -  Turonian boundary. The planktonic foraminifera 
present at this level are all relatively small and recall the Cenomanian -  Turonian planktonic 
microfauna described from Kuwait by E l -N aggar  & A l -R ifay (1973). An abundance of 
calcisperes is a supplementary feature typical of the Cenomanian -  Turonian boundary in the 
Tethyan region (eg. A dams et al. 1967).

Discussion

The presence of Knemiceras dubertreti within the Nahr Umr Formation at Jebel Madar 
demonstrates that at the level of the ammonite horizon, the sediments are of late early -  early 
middle Albian age. This is in agreement with the microfaunal evidence. The association of K. 
dubertreti with the foraminiferid Mesorbitolina subconcava supports the suggested range of 
this microfossil as being early Albian -  early late Albian. Other microfossils from the Nahr 
Umr Formation at Jebel Madar indicate that at this locality, the formation is early Albian -  late 
Albian in age.

The occurrence of Turrilites (Turrilites) costatus, Neobites vibrayeanus and Calycoceras 
(Proeucalycoceras) sp. within the upper part of Member c of the Natih Formation at Jebel 
Salakh and Jebel Hinaydil indicates that these sediments are of early late Cenomanian age. This 
does not conflict with the microfossil evidence, and supports the view that Praealveolina 
tenuis occurs in middle -  late Cenomanian sediments (N eumann &  F ourcade  1985).

The presence of a diverse ammonite fauna in the Member b/a of the Natih Formation at 
Jebel Salakh indicates that these sediments are of earliest Turonian age. This is in agreement 
with the microfossil evidence which indicates a position close to the Cenomanian -  Turonian 
boundary. It also confirms the age suggested by the graphic correlation study of Sco tt  (1990).

By correlation of the section at Jebel Salakh to the type section of the Natih Formation at 
Fahud (Tsch o pp  1967; H u ghes C larke 1988) it can be seen that uppermost Natih Formation 
sensu stricto (most of Member a) is missing at Jebel Salakh, presumably because of pre-Aruma 
Group erosion. It can therefore be inferred that the uppermost Natih Formation s.s. (i.e. that 
in the subsurface) must be early Turonian in age. Microfauna from Jebel Madar (Fig. 3), and 
elsewhere (Sim mons &  H art 1987; Sco tt et al. 1988; Scott 1990) suggests that the base of 
the Natih formation is late Albian in age. The formation thus ranges in age from late Albian to 
early Turonian.

Although this is the first detailed record of mid-Cretaceous ammonites from Oman, simi
lar ammonite and microfossil associations have been recorded from other parts of the Middle 
East. In particular, in Lebanon a similar sequence has been documented by Sa in t-M arc 
(1974, 1981). In the early -  middle Albian Knemiceras Beds he records K. dubertreti (and 
many other species of Knemiceras) together with various orbitolinids (mainly Mesorbitolina 
texana). In his unit c43b-c51 which straddles the Cenomanian -  Turonian boundary he 
records (amongst others) Vascoceras sp., together with a rich microfauna including H. praehel- 
vetica, W. archaeocretacea, P. ovalis, P. spherica and H. moremani, as in Oman.

Acknowledgements. The original fieldword by MDS which les to the collection on the 
ammonite faunas and the initial evaluation of the microfauna was sponsored by AMOCO



Production Co., through the Earth Science Resources Institute at the University of South 
Carolina and University College of Wales, Swansea. Subsequent research and fieldwork was 
supported by BP Exploration. WJK acknowledges the financial support of the Natural Envi
ronment Research Council (U.K.) and the technical assistance of the staff of the Geological 
Collections, University Museum, Oxford, and Department of Earth Sciences, Oxford.

The authors wish to thank T. C. C on n elly  and Dr. R. W. Sco tt (AMOCO), Dr. J. D. 
Smewing (ERI, Swansea), Dr. C. D. L. D odd  and Dr. J. E. N eilso n  (BP) for help with 
fieldword and for stimulating discussion concerning Wasia Group stratigraphy in Oman. 
Prof. M. B. H art (Polytechnic South West) and Dr. A. A. H. Wonders (BP) provided 
valuable comments on the microfauna.

This paper is published with permission kindly granted by BP Research.

References

A dam s, T. D., M. K h a lili & A. K h o sro vi Sa id  (1967): Stratigraphic significance of some oligosteginid 
assemblages from Lurestan Province, northwest Iran. -  Micropaleontology 13: 55-67; New York. 

A lsh a rh a n , A. S. & A. E. M. N airn  (1988): A review of the Cretaceous formations in the Arabian 
Peninsula and Gulf: Part II, Mid-Cretaceous (Wasia Group) stratigraphy and paleogeography. -  J. 
Petrol. Geol. 11: 89-112; Beaconsfield.

A ta bek ia n , A. A. (1985): [Turrilitids of the late Albian and Cenomanian of the southern part of the 
USSR]. -  Trudy minst. geol. SSR, Mezh. strak. Kom. 14: 112 pp.; Moscow. [In Russian]

B a rber , W. (1957): Lower Turonian Ammonites from north-eastern Nigeria. -  Bull. geol. Surv. Nigeria. 
26: 86 pp.; London.

B a sse , E. (1937): Les Cephalopodes cretaces des massifs cotiers syriens, pt. 1. -  Notes Mem. Ht.-Comm. 
Syrie Liban. 2: 165-200; Paris.

-  (1940): Les Cephalopodes cretaces des massifs cotiers syriens, pt. 2. -  Notes Mem. Ht.-Comm. Syrie 
Liban. 3: 411-471; Paris.

B e c h e n n e c , F., M. B e u r r ie r , D. Rabu  & G. H utin  (1986): Geological map of the Oman Mountains at 
1 :100,000 -  Sheet NF40-7A, Bahia: explanatory notes. Bureau de Recherches Geologiques et Minie- 
res; Orleans.

B e r t h o u , P. Y., G. R. C h a n c ello r  & J. L auverjat  (1985): Revision of the Cenomanian-Turonian 
ammonite Vascoceras C h o ffa t , 1898, from Portugal. -  Comuncoes Servs. geol. Port. 71: 55-79; 
Lisbon.

B o h m , J. (1898): Uber Ammonites pedernalis V. B u c h . -  Z. dt. geol. Ges. 1898: 183-201; Berlin. 
B o n et , F. (1956): Zonificacion microfaunisitica de la calizas Cretacicas del este de Mexico. -  Boln. Asoc. 

mex. Geol. Petrol. 8: 3—102; Mexico City.
B u c h , L. V. (1848/1850): Uber Ceratiten. -Phys. Math. Abh. Kgl. Akad. Wiss. Berlin. 1848: 1-30; Berlin 

(issued in parts in 1848, volume published 1850).
C a r o n , M. (1966): Globotruncanidae du Cretace superieur du synclinal de la Gruyere (Prealpes media- 

nes, Suisse). -  Revue Micropaleont. 2: 68-93; Paris.
-  (1985): Cretaceous planktic foraminifera. -  In: B o l l i , H. M., J. B. Sa unders & K. P er c h -N ielsen  

(Eds.): Plankton Stratigraphy: 17-86; Cambridge University Press.
C arsey , D. O. (1926): Foraminifers of the Cretaceous of Central Texas. -  Univ. Tex. Bull. 2612: 1-56; 

Austin.
C h o ffa t , P. (1898): Recueil d’etudes paleontologiques sur la faune cretacique du Portugal. 1, especes 

nouvelles ou peu connues. Deuxieme serie, Les Ammonees du Bellasien, des couches a Neolobites 
Vibrayeanus, du Turonien et du Senonien. -  Trav. geol. Portugal. 1898: 41-86, (cephalopodes) 3-22; 
Lisbon.

C o bban , W. A. & S. C. H o o k  (1980): The Upper Cretaceous (Turonian) ammonites family Coilopocera- 
tidae Hyatt in Western Interior of the United States. -  Prof. Pap. U.S. geol. Surv. 1192: 28 pp.; 
Washington.

C o bban , W. A., S. C. H o o k  & W. J. K ennedy  (1989): Upper Cretaceous rocks and ammonite faunas of 
south-western New Mexico. -  New Mex. Bur. Min. Miner. Res. Mem. 45: 137 pp.



C o l l ig n o n , M. (1937): Ammonites Cenomaniennes du sud-ouest de Madagascar. -  Annls. geol. Mada
gascar, 8: 29-72; Tananarive.

C o o p e r , M. R. (1978): Uppermost Cenomanian -  basal Turonian ammonites from Salinas, Angola. -  
Ann. S. Afr. Mus. 75: 51-152; Cape Town.

C u sh m an , J. A. (1938): Some new species of rotaliform foraminifera from the American Cretaceous. -  
Contr. Cushman Lab. foramin. Res. 14: 66—71; Sharon, Mass.

D o u v il l e , H. (1890): Sur la classification des Ceratites de la Craie. -  Bull. Soc. geol. Fr. 3/18: 275-292; 
Paris.

-  (1904): Turrilites costatus L am arck . -  Palaeont. univers. Fiche 54.
-  (1912): Evolution et classification des Pulchelliides. -  Bull. Soc. geol. Fr. 4/11: 285-320; Paris.
-  (1916): Les terrains Secondaires dans le Massif de Moghara a l’Est de ITsthme de Suez, Paleontologie. -  

Mem. Acad. Sci., Inst. Fr. 54 (zenie serie): 184 pp.; Paris.
D u n n in g t o n , H. V., R. W etzel  & O. M. M o rto n  (1959): Mesozoic and Paleozoic of Iraq. -  In: 

Lexique Stratigraphique International III, Asie; Fasc. 10a: 333 pp., Geol. Congr. Comm. Stratigr., 
Centre Nat. Recherche; Paris.

E l l io t t , G. F. (1958): Algal debris facies in the Cretaceous of the Middle East. -  Palaeontology. 1: 45-48; 
London.

E l -N a g g a r , Z. R. & I. A. A l -R ifay (1973): Stratigraphy and microfacies of type Magwa Formation of 
Kuwait, Arabia: Part 2: Mishrif Limestone Member. -  Bull. Amer. Ass. Petrol. Geol. 57: 2263-2279; 
Chicago.

E rm an , A. (1854): Einige Beobachtungen iiber die Kreide-Formation an der Nordkiiste von Spanien. -  Z. 
deutsch. geol. Ges. 6: 596—611; Berlin.

F ish e r , P. (1880-1887): Manuel de Conchyliologie et de Paleontologie. -  1369 p.; Paris (Masson). 
F u r o n , R. (1935): Le Cretace et le Tertiaire du Sahara soudanais. (Soudan, Niger, Tchad). -  Archs. Mus. 

natn. Hist. nat. Paris. 6/13: 1-96; Paris.
G a n d o lfi, R. (1942): Ricerche micropaleontologiche e stratigrafiche sulla Scaglia e sul flysch cretacici dei 

Dintorni di Balerna (Canton Ticino) -  Riv. ital. Paleont. 48: 1-160; Bologna.
G il l , T. (1871): Arrangement of the Families of Mollusks. -  Smithson. Misc. Colins. 227: xvi + 49 pp.; 

Washington.
G l e n n ie , K. W. (1977): Outline of the geology of Oman. -  Mem. h. ser. Soc. geol. France. 8: 25-31; 

Paris.
G l e n n ie , K. W., M. G . A. B o u ef , M. W. H ug h es C la r k e , J. M oody  Stu art , W. F. H . P ilaar  & B. M. 

R ein h ard t  (1974): Geology of the Oman Mountains. -  Verh. ned. geol. mijnb. Geenoot. 31 (3 
volumes): 423 pp.; Amsterdam.

G ro sso u vre , A. de  (1894): Recherches sur la craie superieure, 2, Paleontologie. Les ammonites de la craie 
superieure. -  Mem. Serv. Carte geol. det. Fr. 264 pp., 39 pis. (misdated 1893).

H a m a o u i, M. & P. Sa in t-Marc (1970): Microfounes et microfacies du Cenomanien du Proche-Orient. -  
Bull. Cent. Rech. Pau. 4: 257-352; Pau.

H a rris , P. M. & S. H . F ro st  (1984): Middle Cretaceous carbonate reservoirs, Fahud field and north
western Oman. -  Bull. Amer. Ass. Petrol. Geol. 68: 649-658; Chicago.

H a r r is , P. M., S. H. F ro st , G. A. S eig lie  & N. Sch n eid erm an n  (1984): Regional unconformities and 
depositional cycles, Cretaceous of the Arabian Peninsula. -  Mem. Amer. Ass. Petrol. Geol. 36: 67-80; 
Tulsa.

H en so n , F. R. S. (1947): Foraminifera of the genus Trocholina in the Middle East. -  Ann. Mag. Nat. Hist. 
11/4: 445-459; London.

-  (1948): Larger imperforate Foraminifera of South-Western Asia. -  British Natural History Museum 
127 pp.; London.

-  (1949): Recent publications on larger imperforate Foraminifera of the Middle East. -  Ann. Mag. Nat. 
Hist. 12/11: 173-177; London.

H er r ic k , C. L. & D. W. J o h n so n  (1900): The eeoloey of the Albuquerque sheet. -  Bulletin Denison 
Univ. Sci. Labs. 2: 175-239.

H yatt, A. (1900): Cephalopoda. In: Z itt el , K. A. von (1896-1900): Textbook of Palaeontology, transl. 
E astm an , C. R., 502-604, Macmillan; London and New York.

-  (1903): Pseudoceratites of the Cretaceous. -  Monogr. U.S. geol. Surv. 44: 351 pp.
H u g h es C la rk e , M. W. (1988): Stratigraphy and rock-unit nomenclature in the oil producing area of 

interior Oman. -  J. Petrol. Geol. 11: 5-60; Beaconsfield.
H u t in , G., F. B ec h e n n e c , M. B eu r r ier  & D. R abu (1986): Geological map of the Oman Mountains at 

1 :100,000 -  Sheet NF40-7B, Birkat al Mawz: explanatory notes. -  Bureau de Recherches Geologi- 
ques et Minieres; Orleans.

K aufm ann , F. J. (1865): Die Polythalamien des Seewerkalkes, des Gault und des Schrattenkalkes. In: 
H ee r , O. (Ed.): Die Urwelt der Schweiz: 196-197; Zurich (Schulthess).



K en ned y , W. J. & P. J u ig n et  (1981): Upper Cenomanian ammonites from the environs of Saumur and 
the provenance of the types of Ammonites vibrayeanus and Ammonites geslinianus. -  Cret. Res. 2: 
19-49; London.

K en ned y , W. J. & P. J u ig n e t : A revision of the Ammonite Faunas of the Type Cenomanian. I. Introduc
tion, Ancyloceratina. -  Cret. Res. 4: 3-83; London.

K en ned y , W. J., C. W. W r ig h t  & J. M. H a nco ck  (1987): Basal Turonian ammonites from west Texas. -  
Palaeontology, 30: 27-74; London.

K ossm at, F. (1895-1898): Untersuchungen liber die Siidindische Kreideformation. -  Beitr. Paliiont. Geol. 
Osterr.-Ung. 9 (1895): 97-203 (1-107), pis. 15-25 (1-11); 11 (1897a): 1-16 (108-153), pis. 1-8 (12-19); 
11 (1898): 89-152 (154-217), pis. 14-19 (20-25); Wien.

L am arck , J. P. D. A de M. de (1801): Systeme des Animaux sans vertebres. The author; Deterville; Paris, 
vii + 432 pp.

L ewy, Z. & M. R aab (1978): Mid-Cretaceous stratigraphy of the Middle East. -  Anns. Mus. Hist. Nat. 
Nice, 4 (for 1976) 32: 14 pp.; Nice.

L ey m erie , A. (1878): Description geologique et paleontologique des Pyrenees de la Haute-Garonne. The 
author; Toulouse, 1010 pp.

L u g er , P. & M. G ro sch k e  (1989): Late Cretaceous ammonites from the Wadi Quena area in the 
Egyptian Eastern Desert. -  Palaeontology. 32: 355-407; London.

M a n te ll , G. A. (1822): The fossils of the South Downs; or illustrations of the geology of Sussex. Lupton 
Relfe; London, 327 pp.

M aync , W. (1953): Hemicyclammina sigali, n. gen. n. sp. from the Cenomanian of Algeria. -  Contrib.
Cushman Found. Foram. Res. 5: 138-144; Sharon, Mass.

M eiste r , C. (1989): Les ammonites du Cretace Superieur d’Ashaka. -  Bull. Centres Rech. Explor. Prod. 
Elf-Aquitaine, 13 (supplement): 1-84; Pau.

N eu m an n , M. & E. F o u rc a d e  (1985): Praealveolina tenuis R e ic h e l , 1933. -  In: Sc h r o ed e r , R. & M. 
N eum ann  (Eds.): Les grandes foraminiferes du Cretace moyen de la region Mediterraneenne,
120- 123: Geobios Mem. Spec. 7.; Lyon.

O mara , S. M. (1956): New Foraminifera from the Cenomanian of Sinai, Egypt. -  J. Paleont. 30: 883-890; 
Tulsa.

O rbig n y , A. D. (1840-1842): Paleontologie franqaise: Terrains cretaces. 1. Cephalopodes. 1-120 (1840);
121- 430 (1841); 431-662 (1842), 148 pp + 3 pis.; Paris (Masson).

-  (1850): Prodrome de Paleontologie stratigraphique universelle des animaux mollusques et rayonnes. V. 
1-3; Paris (Masson).

O w en , H. G. (1988): The ammonite zonal sequence and ammonite taxonomy in the Douvilleiceras 
mammilatum Superzone (Lower Albian) in Europe. -  Bull. Br. Mus. nat. Hist. (Geology Supple
ment). 44: 177-231; London.

O wen, R. M. S. & S. M. N asr (1958): Stratigraphy of the Kuwait -  Basra area. -  In: W eek s , L. G. (Ed.): 
Habitat of oil, 1252-1278. Amer. Assoc. Petrol. Geol. Spec. Publ.

P er o n , A. (1890-1895): Description des mollusques fossiles des terrains Cretaces de la region sud des 
Hauts-Plateaux de la Tunisie recueillis en 1885 et 1886 par M. P h il ip p e  T h o m a s. -  Explor. sci. 
Tunisie, xii + 405 pp., 35 pis.; Paris.

Per v in q u ier e , L. (1907): £tudes de paleontologie tunisienne. 1. Cephalopodes des terrains secondaires. -  
Carte Geol. Tunisie, v + 438 pp., 27 pis., de Rudeval; Paris.

Pessa g n o , E. A. (1967): Upper Cretaceous planktonic foraminifera from the Western Gulf Coastal Plain. 
-  Paleontogr. Am. 5: 259—441; Ithaca.

R a bu , D. (1987): Geologie de l’Autochtone des Montagnes d’Oman: la fenetre du Jabal Akhdar. -  
Documents du B.R.G.M.; Orleans, 130.

Ra bu , D., F. B e c h e n n e c , M. B eu r r ier  & G. H utin  (1986): Geological map of the Oman Mountains at 
1 : 100,000 -  Sheet NF40-3E, Nakhl: explanatory notes. Bureau de Recherches Geologiques et Minie- 
res; Orleans.

Ra bu , D., J. L e M et o u r , F. B ec h e n n e c , M. B eu r r ier , M. V illey  & J. B o u r d il l o n -Jeudy de G rissac 
(1990): Sedimentary aspects of the Eo-Alpine cycle on the northeast edge of the Arabian Platform 
(Oman Mountains). In: R o ber tso n , A. H. F., M. P. S earle  & A. C. R ies (Eds.): The Geology and 
Tectonics of the Oman Region. Geol. Soc. Spec. Pub., 49: 49-68.

R e ic h e l , M. (1933): Sur une Alveoline cenomanienne du Bassin du Beausset. -  Eel. geol. Helv. 26: 
269-280; Basel.

R eiss, Z., M. H amaoui & A. E cker  (1964): Pseudedomia from Israel. -  Micropaleont. 10: 431-437; New 
York.

R eym ent , R. A. (1954a): New Turonian (Cretaceous) ammonite genera from Nigeria. -  Colon, geol. 
Surv. Min. Resour. Div. 4: 149-164; London.



R eym ent , A. (1954b): Some new Upper Cretaceous ammonites from Nigeria. -  Colon, geol. Surv. Min. 
Resour. Div. 4: 248-270; London.

R o baszynski, F. & M. C aron  (coord.) (1979): Atlas de foraminiferes planctoniques du Cretace moyen. -  
Cahier Micropal. Part 1, 185 pp., part 2, 181 pp.; Paris.

R o ber tso n , A. H. F., M. P. Searle  & A. C. R ies (Eds.) (1990): The Geology and Tectonics of the Oman 
Region. — Geol. Soc. Spec. Pub. 49: 681 pp.; London.

R o em er , F. (1849): Texas. The author; Bonn; 464 pp.
R o m an , F. (1938): Les ammonites jurassiques et cretacees. Essai de genera 439 pp., Paris (Masson). 
Sa in t-M a r c , P. (1974): fitude stratigraphique et micropaleontologique de PAlbien, du Cenomanien et du 

Turonien du Liban. -  Notes et Mem. Moyen-Orient 13: 7-298; Paris.
-  (1981): Lebanon. -  In: R eym ent , R. A. & P. B en gsto n  (Eds.): Aspects of mid-Cretaceous regional 

geology, 103-131: Academic Press; London.
Sc h l u t e r , C. (1871-1876): Cephalopoden der oberen deutschen Kreide. -  Palaeontographica. 21: 1-120; 

24: 1-144, Cassel.
Sc h r o ed e r , R. (1985): Orbitolina (Mesorbitolina) subconcava L ey m erie , 1878. -  In: Sc h r o ed e r , R. & 

M. N eumann  (Eds.): Les grandes foraminiferes du Cretace moyen de la region Mediterraneenne,
80- 82: Geobios Mem. Spec. 7; Lyon.

Sc o t t , R. W. (1990): Chronostratigraphy of the Cretaceous carbonate shelf, southeastern Arabia. -  In: 
R o ber tso n , A. H. F., M. P. Searle  & A. C. R ies (Eds.): The geology and tectonics of the Oman 
region: 89-108: Geological Society of London Special Publication.

Sc o t t , R. W., S. H. F ro st  & B. L. Shaffer  (1988): Early Cretaceous sealevel curves, Gulf Coast and 
southeastern Arabia. -  Soc. Econ. Paleont. Min. Spec. Pub. 42: 275-284; Tulsa.

S im m o n s, M. D. & M. B. H art  (1987): The biostratigraphy and microfacies of the early to mid- 
Cretaceous carbonates of Wadi Mi’aidin, central Oman Mountains. -  In: H a rt , M. B. (Ed.): Micropa
laeontology of carbonate environments: 176-207; Chichester (Ellis Horwood).

Sl it e r , W. V. (1989): Biostratigraphic zonation for Cretaceous planktonic foraminifers examined in thin 
section. -  J. Foramin. Res. 19: 1-19; Washington.

Sm it h , A. B., M. D. S im m ons & A. R acey (1990): Cenomanian echinoids, larger foraminifera and 
calcareous algae from the Natih Formation, central Oman Mountains. -  Cret. Res. 11: 29-69; 
London.

St o lic z k a , F. (1863-1866): The fossil cephalopoda of the Cretaceous rocks of southern India. Ammoniti- 
dae with revision of the Nautilidae etc. -  Mem. geol. Surv. Ind. (1), Palaeont. Ind. 3: (1), 41-56, pis. 
26-31 (1863); (2-5), 57-106, pis. 32-54 (1864); (6-9:, 107-154, pis. 55-80 (1865); (10-13), 155-216, pis.
81- 94 (1866).

T h o m e l , G. (1972): Les Acanthoceratidae Cenomaniens des chames subalpines meridionales. -  Mem. 
Soc. geol. France, (N.S.). 116: 204 pp.; Paris.

T r u jil l o , E. F. (1960): Upper Cretaceous foraminifera from near Redding, Shasta County, California. -  
J. Paleont. 34: 290-346; Tulsa.

T sc h o p p , R. H. (1967): Development of the Fahud Field. -  Proceedings of the Seventh World Petroleum 
Congress, Mexico 2: 243-250.

Wa r bu r to n , J., T. J. B u r n h il l , R. H. G raham  & K. P. Issac (1990): The evolution of the Oman 
Mountains Foreland Basin. In: R o ber tso n , A. H. F., M. P. &: A. C. R ies (eds.) (1990): The Geology 
and Tectonics of the Oman Region. Geol. Soc. Spec. Pub., 49: 419—427.

W ied m a n n , J. (1966): Stammesgeschichte und System der posttriadischen Ammonoideen; ein Uberblick.
-  Neues Jb. Geol. Palaont. Abh. 125: 49-79; Stuttgart.

W o o d s , H. (1911): The palaeontology of the Upper Cretaceous deposits of northern Nigeria. -  In: 
F a lc o n er , J. D.: The geology of northern Nigeria: 273-286; London.

W r ig h t , C. W. & W. J. K ennedy  (1981): The Ammonoidea of the Plenus Marls and the Middle Chalk. -  
Palaeontogr. Soc. (Monogr.), 148 pp., 32 pis.

W r ig h t , C. W. & W. J. K ennedy  (1990): The Ammonoidea of the Lower Chalk. Part 3. -  Palaeontogr. 
Soc. (Monogr.), 219-294, pis. 56-86.

Va n d er p o o l , H. C. (1933): Upper Trinity microfossils from southern Oklahoma. -  J. Paleont. 7: 
406-411; Tulsa.

Za bo r sk i, P. M. P. (1985): Upper Cretaceous ammonites from the Calabar region, southeastern Nige
ria.- Bull. Brit. Mus. nat. Hist. (Geology Supplement) 39: 1-72; London.

Typescript received 13.11.1990


