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8.1 INTRODUCTIONABSTRACT

The Berriasian-Hauterivian carbonates of
the Sulaiy, Yamama and Buwaib Forma-
tions are described from outcrops in
central Saudi Arabia. Based on microfacies
analysis, the sediments are classified into
standard microfacies types. The sediments
were deposited under open platform,
shelf-lagoon conditions. Such deposition
was slightly interrupted by the pre-Buwaib
disconformity. The overall depositional
setting is interpreted in terms of a car-
bonate ramp. Regressions influenced de-
position in the Early Hauterivian and in the
Barremian. In the subsurface of north-
eastern Saudi Arabia, the Sulaiy and
Yamama Formations contain good source
and reservoir rocks respectively.

Traditionally the Arabian Peninsula is divided into
three tectono-sedimentary provinces (Powers et al.,

1966):

1. the Arabian Shield where Precambrian (ig-
neous and metamorphic) rocks are exposed;

2. the Arabian Shelf including basins where the
basement rocks are covered by a wedge of
Phanerozoic sediments; and

3. the Mobile Belt, the unstable northern and
eastern margins of the craton where the
Taurus-Zagros-Oman Mountains are now

emplaced (Figure 8.1).

The Phllnerozoic sediments which cover the plat-
form reflect a history of marine transgressions and
regressions of generally shallow shelf seas across
the low lying part of the Arabian Shield. They
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hydrocarbons in these horizons. Despite the fact
that the Early Cretaceous carbonate succession in
the subsurface of eastern Arabia and the Arabian
Gulf region contains major hydrocarbon reser-
voirs, very little has been published on the various
component formations in the outcrop belt of
Central Arabia.

In an attempt to improve the palaeoecological-
palaeoenvironmental interpretation of the interior
carbonate shelf in Central Arabia, this paper
describes in detail the stratigraphical and sedimento-
logical features of the Early Cretaceous on the basis
of the microfacies analysis of in excess of 100
samples taken from the type and reference sections
in Saudi Arabia. The current study is also expected
to assist in bridging a gap between the outcropping
sequences of Central Arabia and the subsurface
sequences of the oil-producing areas of eastern

Arabia.

blanket it with a sequence of strata which are
nearly flat-lying or gently dipping to the east and
northeast. The Arabian Shelf has been further
subdivided into an interior homocline and an
interior platform, where several intrashelf basins
have been differentiated (Powers et al., 1966).

The boundary between the Arabian Shield and
the Arabian Shelf (interior homocline) is erosional
(post-Miocene) (Alsharhan and Kendall, 1986).
Although the boundary is considerably displaced
stratigraphically, the palaeogeography suggests an
approximate balance between transgression and
regression. Therefore, prior to the Late Cretaceous
tectonic events which led to the closing of Neo-
tethys, the boundary zone did not move

appreciably.
The history of the carbonate platform during the

Jurassic and Cretaceous is of overwhelming im-
portance because of the extraordinary richness of

Figure 8.1 Map showing major tectono-sedimentational units in the Arabian Peninsula (after Alsharhan and Kendall, 1986).



Depositional setting during the Early Cretaceous 161

Prior to 1940, the beds of the Thamama Group
were regarded as Jurassic and divided into the
Tuwaiq and Riyadh formations. Steineke, in an
unpublished report, recognized the succession as
Cretaceous and established the Thamama as a new
formation. The Thamama Group which consists of
Sulaiy, Yamama and Buwaib formations, was
raised by Steineke and Bramkamp (1952) to group
status, and its constituent members to formations.
Later, Powers et al., (1966) added the Biyadh and
Shuaiba formations to the Thamama Group. Litho-
logically the lower part of this group with which
this paper is concerned is predominantly made up
of calcareous beds clearly distinguishable from the
Hith Anhydrite below and the Biyadh Sandstone
above (Alsharhan and Nairn, 1986).

8.2 PREVIOUS WORK

8.3 DEPOSITIONAL SETTING DURING
THE EARLY CRETACEOUS

During the Early Cretaceous, the carbonates of the
Thamama Group (Berriasian to Aptian) were laid
down on a shallow marine platform which dipped
gently to the east. The platform formed a carbonate
ramp overlying the Jurassic evaporitic beds (Hith
Anhydrite or its equivalent) in most parts of eastern
Arabia, except for shallow water oolitic limestones
in eastern Abu Dhabi (Murris, 1980; Alsharhan and
Kendall, 1986). The most obvious division of the
Early Cretaceous is that it is composed of two
carbonate cycles (Figure 8.2) (Alsharhan and Nairn,
1986). The first cycle appears to be separated from
the second by a local, Early Hauterivian uncon-
formity at the top of the Yamama Formation in
Central Arabia. The early stages of the first cycle
represent the initial phase of the carbonate ramp
where grains tones appear updip and pass into
pelagic mudstones downdip towards southeastern
Abu Dhabi and Oman (Rayda Formation). The
second cycle is distinguished from the first by the
invasion of a clastic wedge of sediments from the
west and northwest (Biyadh Formation). At their
maximum extent, the clastics spread into Qatar
where they are represented by the basal Ratawi
Shale. The Zakum Member in the lower part of the
Lekhwair Formation in Abu Dhabi contains a small
amount of detrital, argillaceous material which does
not appear to be directly related to the detrital influx

The earlier stratigraphical/sedimentological works
on the Jurassic and Cretaceous formations, includ-
ing those of Steineke and Bramkamp (1952),
Steineke, Brarnkamp and Sander (1958), Powers
et ai., (1966) and Powers (1968), deal primarily
with lithostratigraphic subdivision. They con-
tained some faunal data, but made no detailed
biostratigraphical or microfacies analysis. Only
recently, has Moshrif (1981) made a detailed
biostratigraphical analysis of the Buwaib Forma-
tion. Even though the operating oil companies in
Saudi Arabia have made substantial studies by
using data from the subsurface, most of their
results have been kept confidential in the
companies' files. This explains why correlation
between the surface and subsurface as well as cor-
relation of lateral facies changes have not been
well established. Alsharhan and Nairn (1986) have
reviewed the available data and have attempted to
define an acceptable synthesis (Figure 8.2) provid-
ing both regional palaeogeography and lithostrati-
graphic sections.

Although the term Sulaiy Formation was intro-
duced earlier by Bramkamp and Berger (1938,
cited in Powers et ai., 1966), for the exposures in
the Dahl Hit escarpment east of Riyadh, the type
section was established later by Steineke and
Bramkamp (1952). The type section of the
Yamama Formation was defined by Steineke,
Bramkamp and Sander (1958) from a number of
short sections in the Al Qusayia upland east of the
town of Al Kharj (Figure 8.3). The Buwaib type
section was established by the same authors at
Khashm Buwayb, but more information was
subsequently added by Powers and McClure in
1962 (in Powers et ai., 1966). It has a reference
section located 14 km northeast of Khafs Daghrah
where the Buwaib overlies the Sulaiy Formation
unconformably. In 1981 Moshrif selected a further
reference section at Khashm Al Thamama where
the lower and upper contacts of the Buwaib
Formation are well defined despite the persistent
nature of the basal disconformity. It is this latter
reference section which is adopted in this paper.
All of these type and reference sections have been
sampled for this study.
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Figure 8.2 Generalized Early Cretaceous lithostratigraphic section across the Arabian Peninsula. Sources and formation
based on Powers et al.. (1966); Sugden and Standring (1975); Alsharhan and Nairn (1986) and Simmons and Hart (1987).

in Central Arabia. The presence of this material is
probably related to minor movements in the
Qatar-South Fars Arch. Towards the end of the
second cycle, shallow water carbonate settings
(Shuaiba Formation) were generally re-established
over most of the area. In the southern Arabian Gulf
the Abu Dhabi intrashelf basin was the site of the
deposition of deeper-water argillaceous limestones
with shaley partings. The shelf break bordering this
basin was the site of the development of rudist and
algal mounds (Alsharhan and Nairn, 1986). In the
southern Gulf area the Lower Cretaceous carbonate
sequence was terminated by the Middle Aptian,
Thamama- W asia unconformity .

Palaeogeographic maps of the Berriasian to
Barremian (Figure 8.4) provide general illus-
trations of depositional environments active in the
Arabian Peninsula at this time. The Berriasian-

Valanginian shows conditions during the early
phase of the first carbonate cycle. The narrow strip
of deeper water carbonates stretches across Oman
which gives way to an equally narrow inter-
mediate zone, passing into a broad area of
shallow-water carbonates (Alsharhan and Nairn,
1986). This shallow zone has been extrapolated
westward to pass through a hypothetical zone
marked by an increasing percentage of clastic
sediments to eventually, a shoreline. To the north,
centered over Kuwait-South Iraq and SW Iran, the
broad, intrashelf Gotnia Basin, which was an
important Jurassic feature, persisted through the
first cycle.

The Hauterivian, whose depositional conditions
extended into Early Barremian time, marked an
early phase of the second carbonate cycle. It has a
vast carbonate ramp sloping from the Arabian
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Figure 8.3 Location map for the studied sections in Saudi Arabia. The area was mapped by Bramkamp et al. (1956) and
Bramkamp and Ramirez 1958).

Shield to the east towards Oman, with the persistent
deposition of broad, shallow intraplatform
carbonates and intermediate to deep-water carbon-
ates near the present thrust zones of Oman and
Zagros. The Gotnia Basin persists, although it is
now receiving clastic sediments, presumably from a

source to the northwest. Close to the Arabian Shield
alluvial and coastal plain sediments were deposited.

A more detailed picture of the depositional
setting for the Berriasian-Hauterivian sediments
of Central Arabia can be derived from the micro-
facies analysis which follows.
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Figure 8.4 Palaeogeographic maps of (A) Berriasian-Valanginian time and (B) Hauterivian to Early Barremian time in the
Arabian Peninsula (after Alsharhan and Nairn, 1986).

8.4 MICROFACIES ANALYSIS

The microfacies analysis of the type and reference
sections of the Early Cretaceous carbonate se-
quence in Central Arabia provides more details
than the preceding general description. Samples
from all three formations, Sulaiy, Yamama, and
Buwaib were examined and the results were
presented as a number of associations summarised
in Figures 8.5-8.7, and illustrated in Plates 8.1-
8.3. The associations present in each formation are
described as follows.

8.4.1 Sulaiy Formation

The lower part of this formation consists of
peloidal and ooid grainstone microfacies with
microbioclasts, equivalent to standard microfacies

(SMF) type 17 of Wilson (1975) and Flugel
(1982). Varieties of subfacies are as follows: The
lowermost and uppermost units are composed of
numerous peloids cemented by a sparry matrix,
with aggregate and detrital grains, and bioclasts.
The latter consist mainly of the skeletal remains
of some algae and agglutinating foraminifera,
including Textularia sp., Trochammina sp.,
Paleomiliolina sp. and Berthelinella sp. The
middle unit is an ooid grainstone (the ooids are
recrystallized radial ooids) with polyooids,
regenerated ooids, peloids, and coated grains,
overlain by peloidal grainstones interbedded with
silty faecal pellets and angular to sub-rounded
quartz grains. Bioclasts include coated ostracod
carapaces, dwarfed molluscan shells and rare
foraminifera (e.g. Berthelinella sp., Textularia sp.).
This microfacies suggests deposition in standard
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Figure 8.5 Microfacies association seen in the Late Tithonian-Valanginian (Sulaiy Fonnation) at Dhal Al Hit escarpment, Saudi
Arabia.

facies belt 8 of Wilson (1975) within a restricted
platform. The presence of aggregate grains
support this interpretation as these are usually
formed in subtidal and intertidal shallow-water
environments which have a restricted circulation
and a 10 m water-depth. These sediments flank the
restricted platform on its landward side. In addi-

tion, the occurrence of radial ooids suggest these
sediments are from a relatively low-energy car-
bonate environment such as restricted shelf
lagoons. However, the intercalating faecal pellets
horizon is correlated with standard microfacies
(SMF) type 16 of Wilson (1975) which is thought
to have been deposited in a very warm, shallow-
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1964, Pseudocyclammina lituus Yokoyama, 1896,
Pseudocyclammina spp., Everticyclammina spp.,
Bramkampella ?arabica Redmond, 1965, Anchi-
spirocyclina lusitanica (Egger) and Heterohelix
spp. Deposition is believed to have taken place in
the standard facies belt 7 of Wilson (1975), within
an open platform shelf lagoon setting. This
interpretation is supported by the very low
planktonic-benthonic foraminiferal ratio. Also, in
some cases lime mudstone may have been trapped
by submarine grasses in lagoonal areas. The
substrate was inhabited by algae whose decay
provided one source of the fine carbonate muds.

water environment with only moderate water
circulation. This horizon is considered to represent
a more direct connection with the open sea.

The upper part of the Sulaiy Formation is
composed of bioclasic wacke stones intercalated
with lime mudstone units. The bioclastic wacke-
stone units are equivalent to standard microfacies
(SMF) type 9 of Wilson (1975) and Flugel (1982).
The bioclast-content includes abundant brachio-
pod, gastropod, algal, pelecypod, bryozoan and
echinodermal fragments. They also include
foraminifera such as Nautiloculina sp., Textularia
sp., Pseudocyclammina sulaiyana Redmond,
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8.4.2 Yamama Formation Central Arabia during the time of deposition of
most of the Early Cretaceous succession.

The lowest beds in this formation are peloidal,
bioclastic wackestones, equivalent to standard
microfacies 9 of Wilson (1975), with Bigenerina
sp., Ammobaculites sp., Pseudocyclammina sp.,
Textularia sp., and Everticyclammina elegans
Redmond, 1964. The overlying units of this
formation consist of bioclastic wackestones inter-
bedded with pure lime mudstone units. The bio-
clasts include recrystallized ostracods, algal
remains (Hensonella sp.), echinoderm and
molluscan shell fragments, foraminifera such as
Flabellammina sp., Cyclammina sp., Nummo-
loculina sp., Nautiloculina oolithica Mohler,
Trocholina elongata (Leupold, 1935), and
Clavihedbergella sp. These carbonate sediments
are believed to have been deposited in standard
facies belt 7 of Wilson (1975). This confirms that
open platform shelf lagoons apparently dominated

8.4.3 Buwaib Formation

This formation is composed of bioclastic wacke-
stones intercalated by argillaceous mudstone units
and by a sandy wackestone unit with angular to
subangular quartz grains. The bioclasts include

Cyclammina gregi Henson, 1948, Cyclammina
spp., Everticyclammina hensoni Redmond, 1964,
Everticyclammina contorta Redmond, 1964,
Orbitolina sp., Textularia spp., and Lituola sp., as
well as recrystallized molluscan fragments. The
argillaceous mudstone units are interpreted to have
been deposited in a very shallow-water environ-
ment where both waves and currents had minimal
activity as in the case of the landward flanks of
bars in a lagoonal region or in a broad shallow
platform on the lee side of barriers. Moreover, the
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deposition of the sandy wackestone unit is inter-
preted to have occurred in a high energy, relatively
shallow marine setting, probably located on the
inner shelf, or on contemporaneous bars, where
most of the current activity was concentrated.

8.5 HYDROCARBON POTENTIAL

In northeastern Saudi Arabia, several fields produce
from Berriasian-Hauterivian rocks (Figure 8.8): the
Manifa Field discovered in 1964 which produces oil
out of the calcarenites and calcarenitic limestones of
the Yamama and Sulaiy formations (with porosity
ranging from 23% to 25%); the Murjan Field which
produces from the Yamama carbonates; and finally
the Zuluf Field producing from the Buwaib
Formation. The API gravity of oil ranges from
26-270 in the Manifa Field, through 31.20 in the
Zuluf Field, to 340 in the Murjan Field. The sulphur
content of the oil from these reservoirs is in the
order of 2.3-2.4%. There is also minor production
from the Sulaiy and Yamama formations in the
Sharar Field; from the Yamama Formation in the
Lawhah Field, and from the Sulaiy Formation in the
Safaniya Field (Beydoun, 1988).

In the extreme northeastern offshore Saudi
Arabia, the Berriasian-Valanginian Sulaiy Forma-
tion locally possesses adequate organic content to

generate hydrocarbons. Source rock analysis
indicates that these rocks are thermally immature,
and the kerogen too gas-prone (continental organic
matter) for the Sulaiy Formation to qualify as an

important hydrocarbon source, although, as Ayres
et ai., (1982) point out, oil and mature source
rocks do occur in this same northeastern area.
Even though oil may have been generated, the
major accumulations in this area are not thought
to be derived from a Cretaceous source.

The abundant oils in the Lower Cretaceous and
Upper Jurassic carbonate reservoirs are very
similar in composition. The similarities in sulphur
content, carbon isotope composition, vanadium
and nickel porphyrins as well as hydrocarbon
composition, are all consistent with a similar
origin from a marine reducing environment where
the source organic matter was algal and/or bac-
terial. All of these factors fingerprint a Callovianto 

Oxfordian source rock within the Gotnia and
Arabian basins.
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Plate 8.1: Sulaiy Fonnation

Figure I Random sections through peloids, aggregate grains, superficial ooids, and bioclasts in a sparitic matrix; (x54)
(Microfacies I).

Figures 2-3 Random sections through ooids, polyooids and peloids (Fig. 2) as well as coated ostracod carapaces (Fig. 3) in a
sparitic matrix; (x54) (Microfacies 2).

Figure 4 Lime mudstone with recrystallized bone fragment; (x54) (Microfacies 4).

Figures 5-6 Partially recrystallized molluscan, bryozoan, algal, and echinoderm remains. Fig. 5 -(x54); and axial sections in
Nautiloculina sp. Fig. 6 -(x207); (Microfacies 8).

Figures 7-9 An equatorial section in Anchispirocyclina lusitanica (Fig. 7); random sections in Pseudocyclammina spp. and Bram-
kampella arabica (Fig. 8); and an oblique section in Pseudocyclammina sulaiyana (Fig. 9); (x84) (Microfacies 10).





Plate 8.2: Yamama Formation

Figures 1-4 Random sections through peloids and bioclasts (Figs 1,2) -(x54); Everticyclammina elegans (Fig. 3) -(x84) and

Everticyclamina sp. (Fig. 4) -(x54); (Microfacies I).

Figure 5 Lime mudstone with scattered skeletal fragments (x54); (Microfacies 2).

Figure 6 Recrystallized algal remains -(x84) (Microfacies 3).

Figures 7-9 Random sections in both planktonic and benthonic foramainiferid tests; axial sections in Nautiloculina oolithica
(Fig. 7) -(x54); Flabellamina sp., (Fig. 8) -(x84); and Clavihedbergella sp. (Fig. 9) -(x84); (Microfacies 5).





Plate 8.3: Buwaib Formation

Figure I Random sections through benthonic foraminifera and algal remains in an argillaceous matrix. An axial section of

Everticyclammina contorta (x54); (Microfacies I).

Figures 2-4 Benthonic foraminifera with abundant, scattered quartz grains in partially recrystallized matrix. Everticyclammina

spp.; (x84); (Microfacies 2).

Figure 5 Pure argillacieous mudstone (x54); (Microfacies 3).

Figures 6-7 Random sections in foraminifera and algal remains as well as abundant quartz grains (Fig. 6) (x54); Lituola sp.

(Fig. 7) -(x207) (Microfacies 4).

Figures 8-9 Random section of Everticyclammina contorta (Fig. 8) (x54) and Everticyclammina gregi (Fig. 9) -(x54) in a

recrystallized matrix, (Microfacies 6).






