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CHAPTER I
INTRODUCTION
General Statement

The Republic of Sudan, covering an area of approxi-
mately one million square miles (967,498 sq. m.) 1n north-
east Africa, has a rather complex geology. The complexity
becomes even more serious when we consider the difficulties
associated with geological research in Sudan, such as
accessibility, climate severity, and, in most cases, lack
of adequate financial support. Nevertheless, a good deal
of geological investigations, mostly unpublished, has been
accomplished by the Department of Geology and Mineral
Resources, the Department of Geology in the University of
Khartoum, and other public and private efforts. However,
much of the geological information available before the
1970's was based on surfacial geological surveys. Some
information about the subsurface geology, especially of the
interior region of the country, was obtained from shallow

drillings for irrigation and drinking water.



During the oil boom of the last decade, several
international oil companies were actively involved in the
search for hydrocarbons along the Sudanese portion of the
Continental Shelf of the Red Sea. A wealth of geo;ogical
knowledge was generated which contributed to a better
understanding of the subsurface nature of the Continental
Shelf of the Sudanese Red Sea.

Discouraging results forced most of the oil
companies to call off their investigations in Sudan, since
the Red Sea was considered the only worthwhile potential
target for hydrocarbon accumulation. However, Chevron 0Oil
Comﬁany, guided by results from broad satellite studies on
rift basins in Kenya and Chad, decided to shift attention
to the interior regions of Sudan in the western and
southcentral parts. Chevron ?nnounced its first oail
discovery from its second well drilled in 1978. Many
discoveries followed, and the company drilled successive
deep wells which triggered the beginning of extensive
subsurface geological investigations:'in the interior
regions of Sudan. The deep drilling coupled with seismic
investigations suggested the presence of sedimentary rock
sequences of some 35,000 feet, in an area which, is thought

to be the site of shallow intracratonic sags.



It is hoped that, this study will contribute
additional valuable data to the knowledge about the
subsurface geology of the Sudan.

The Aradeiba Formation, the subject of this
investigation, is of Upper Cretaceous (Turonian ?) age and
is the first stratigraphic member of the Darfur Group. O0il
production is evident 1in both the Unity and Talih fields
from the main sand members (A, B, & C) of the Aradeiba

Formation.

Objectives

The main objectives of this investigation are:

1. to conduct a detailed petrographic study of the
three sand members of the Aradeiba Formation;

2. to i1nvestigate the diagenetic processes and
products and their role on the reservoir quality. Also to
construct a paragenetic sequence of the diagenetic cements
for the Aradeiba Formation;

3. to determine the porosity types of the
reservolr rocks.

4, to characterize the environment of deposition

of the Aradeiba Formation.



Location

The Aradeiba Formation (Upper Cretaceous) is
encountered some 7000 feet deep in wells drilled in the
Unity and Talih o1l fields. These fields are located in
the southeastern portion of the Abu Gabra Basin in

southcentral Sudan (Figure 1).
Methods of Investigation

To accomplish the goals of this study, the following
methods were utilized together with an extensive literature

review.

Core Samples

Detailed petrologic investigations of nine cores
were carried out. A total core interval of 175.95 feet
recovered from Unity No. 2, Unity No. 8, Unity No. 9, Unity
No. 11 and Talih No. 2 wells was studied (Figure 2). A
petrologic log was prepared for each core aisplaying the
depth, rock type, sedimentary structures, etc. (See

Chapter IV).
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Thin Section

Forty thin sections prepared from the core samples
were thoroughly studied under the petrographic microscope.
The thin sections were stained with blue epoxy and'sodium
cobaltinitrite solutions to help identify porosity and
potassium feldspars respectively. Quantitative modal
analysis of the mineral constituents was conducted (See

Appendix A).

X-Ray Diffraction

Eight sandstone and two claystone samples were
analyzed by X-Ray Diffraction. Bulk, natural, glycolated
and heated runs were conducted for identification of

various clay minerals. (See Appendix B).

Cross-Sections .and Subsurface Maps

Electrical-log data from wells of the Unity and
Talih fields was used to construct cross-sections and
thickness maps of the Aradeiba Formation, to determine

possible trends and depositional characters.

H



Previous Investigations

Before the Chevron drillings in the mid 1980's,
geological attention was focused on areas with significant
outcrops, mostly towards the eastern, western and southern
borders 'of Sudan. The south central interior regions,
including the study area, were viewed as stable cratonic
areas generally characterized by shallow basement rocks.
The remarkable lack of outcrops with any investigative
value in the study area made it unlikely for geologists to
acquire any substantial clues as to what the subsurface
geology looked like underneath that region. After the
discoveries of Chevron 0il Company and the accompanying
investigations, including the drilling of eighty six wells
and various geophysical techniques performed throughout the
Abu Gabra basin, the significance of the sedimentary
section of that region was realized. It is known that
Chevron 0il Company has gathered a considerable amount of
geological and geophysical information and conducted
numerous research studies in the oil fields of the Abu
Gabra basin. However, the company, still working to better
evaluate the basin, 1s handling its findings with a great
deal of confidentiality. A recently published paper,
Schull, 1988, gives a general account of Chevron's

operations on the various concession areas the Company



holds in Sudan. The paper also provides a useful summary
of the geology, tectonics and stratigraphy of the Abu Gabra
basin along with the other Chevron's basins in Sudan. This
study is therefore the first that treats the Aradeiba

Formation in such depth.



CHAPTER II
STRUCTURE
Introduction

The African Continent is known mostly to be a
stable craton. However, it is marked by two active and
rather extensive structural features. These are the East
African Rift System along the eastern edgé and the Central
African Rift System running across the center of the
continent (Figure 3).

The Abu Gabra basin 1s a rift sedimentary basin that
occupies part of the eastern segment of the Central African
Rift System. The basin also has most probably been
influenced by the tectonic activities along the East
African Rift System. At least, 1t is known that the final
rifting phase in the basin started within the same time
frame as the Red Sea began to open up; (Schull, 1988).
Moreover Medani and Vail (1974), related the Post-
Cretaceous faulting of the Nubian Sandstone in Sudan to the
effect of the East African Rift System. This rift system
received a great deal of geophysical investigations from
various workers. The studies of the Central African Rift
System, on the other hand, are rather localized. Even the

idea of viewing this feature as an extensive rift system is

10
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relatively new, introduced for the first time by Browne and
Fairhead (1982).

In the writer's view, further efforts and
geophysical investigations are worthwhile to study this
system which seems to extend farther to the east through
the basins of Melut and the Blue Nile. If that is the
case, it 1s then most likely that the two systems are
somehow interconnected.

In this chapter, a short account of the two rift
systems 1s given together with the tectonic evolution of
the Abu Gabra Basin and the structural style of the study

area, the Unity Field.

The East African Rift System

The East African Rift System has two parallel
branches along the eastern edge of the African Continent
south to the Red Sea (Figure 3). A western branch known as
the Gregory Rift, which 1s Late Miocene/Early Pliocene in
age, and an eastern branch, which is believed to be of Late
Pliocene age (Lowell and Genik, 1972). This system
occupies most of the east African edge and extends through
the Red Sea 1into the western edge of the Arabian Peninsula.

According to Girdler et al. (1969), the Gregory Rift is



characterized by a region of axial volcanism and small
scale faulting which is associated with a positive Bouger
gravity anomaly. This anomaly is superimposed on a longer
wavelength negative Bouger anomaly. These anomalies
suggest the presence of a body of positive density
contrast, the upper surface of which could be within one
mile of the rift floor. It is likely, according to Girdler
et al. (1969), that this is an intrusive zone of basaltic
or gabbroic material which feeds the rift volcanoes. The
presence of the intrusive material (possibly from the upper
mantle) suggests that extreme crustal thinning has taken
place, but as yet there 1s no crustal separation as in the
Red Sea. The East Afr;qan Rift System is actively creating
an attenuated lithosphere under east Africa. That notion,
according to Girdler et al. (1969), is backed with the
following evidence:

1. the presence of normal faults and their
increasing age with distance from the axis of the rift;

2. the presence and increasing age of volcanism
from the rift axes; and

3. the interpretation of the associated smaller
wave length positive Bouger anomaly along the axis of the

eastern rift.

13
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The nature of the faulting along the East African
Rift System is mainly dip-slip with less strike-slip
faults, which is also typical of the Abu Gabra basin and
the study area as will be discussed later.

The Red Sea, through which the East AFrican Rift
System continues, borders Sudan to the east. The evolution
of the Red Sea 1s believed to have started in the Oligocene
time with a phase of continental lithosphere arching,
accompanied by normal faults across the crest. This
arching is thought by Girdler et al. (1960) to have
resulted from "a thermally activated volume increase
attendant on convective upwelling in the asthenosphere."
The continental lithosphere was then thinned due to lateral
extension, perhaps caused by divergent convective flow in
the asthenosphere (Nelson and Temple, 1972). A continuous
phase of sea floor spreading then followed at a half-rate
of 1 cm/y and the accumulative separation across the Red

Sea is estimated to be 95-135 Km at the southern Red Sea.

The Central African Rift System

This rift system extends from Nigeria (west Africa)
to Kenya (east Africa). The system began to develop in the
Late Jurassic-Early Cretaceous during the breakup of

Gondwanaland (Browne and Fairhead, 1983). Associated with



this rift system are several domal uplifts and related
volcanism occur across the central and northern parts of
the African continent at Air Hoggar, Tibesti, and Darfur
(Figure 3). According to Browne and Fairhead (1983), these
regions are linked by long wavelength negative Bouger
gravity anomalies (Figure 4). The Darfur uplift, the WSW
trending Ngaoundere rift (which extends from the Darfur
region of west Sudan through the border regions of Central
African Republic and Chad into Cameroon), and the SE
trending Abu Gabra rift, which is located entirely within
western and southern Sudan, represent the three arms of an
incipient, intrapiate triple junction (Browne and Fairhead,
1983).

The later two arms represent subsiding sedimentary
rift structures. The Ngaoudere rift is a dextral shear
zone of Late Pan-African origin, which can be traced, prior
to the opening of the south Atlantic, as the Pernambuco
fault lineament in Brazil (Browne and Fairhead, 1983). The
segment of this shear zone that falls in Africa was
reactivated in the Lower Cretaceous at the time of initial
formation of the south Atlantié. The result of this
reactivation was the development of deep, narrow fault-
bounded sedimentary basins in Chad, Central African

Republic and Sudan.

15
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According to Bott (1976), the Abu Gabra sedimentary
basin 1s assumed to have formed due to crustal extension
coupled with the failure of the upper part of the crust,
being brittle, under tension caused by successive episodes
of lystric normal faulting while the lower part has

undergone ductile flow.

Tectonic Evolution of the Abu Gabra Basin

According to Schull, 1988, the Abu Gabra Basin and
the other rift basins under Chevron concession in Sudan
(Melut and the Blue Nile basins) have evolved through three
tectonic phases, namely pre-rifting, rifting and sag phases

(Figure 5).

Phase I (Pre-rifting)

This phase followed the Pan-African orogony (550 +
100 MYBP), and it characterizes a period when the whole
region was a site of sediment source to the adjacent
subsiding areas during the Late Paleozoic and Early

Mesozoic.



Phase 3 - Sagging, Middle Miocene, gentle subsidence and
little faulting The basinal areas became
"intracratonic sags "

Phase 2-c - Late Rifting, Late Eocene-Oligocene

(Equivalent to the Opening of the Red Sea and
* East African Rift )

N 9
. 7 >

Phase 2-b - Intermediate Rifting, Senonian-Turonian
Development of rift lakes and deposition of
Lacustrine and flood-plain fine sediments
(Aradeiba Fm ) Minor Volcanism

™ 1

« -

+

Phase 2-a - Early Rifting, began in Late Jurassic - Early
Cretaceous (130-150 MYBP) It 1s the
strongest and lasted until near the End of
the Albian

[

Phase 1 - Pre-~Rifting, the whole area was uplifted and had
become a sediment source (End of the Pan-
African Orogony 550+100 MYBP )

Figure 5. The Tectonic Evolution of the Abu

Gabra Basin. (Based on Schull, 1988).
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Phase II (Rifting)

Early Rifting. Evidence from sparse borehole
control and seismic data indicate that rifting was
initiated in Late Jurassic-Early Cretaceous (130-150 MYBP).
During this sub-phase, the sediments of the Sharaf, Abu
Gabra and finally Bentiu Formations were deposited. This
phase was accompanied by listric normal faulting, which was
responsible for the associated subsidence. It is
concluded, according to Tom Shull (1988) from well and
seismic data, that this early rifting was stronger than the
succeeding ones and it lasted probably until near the end
of the Albian.

Intermediate Rifting. The imprlnt of the
intermediate rifting is clearly reflected on the
stratigraphy of the basin by wide-spread deposition of
lacustrine and fine flood-plain sediments. Unlike the
first rifting, the intermediate sub-phase was accompanied
by minor volcanism. A 300 ft. dolerite sill was drilled
through in the Abu Gabra basin and was dated + 82 MYBP.
This segment of the rifting phase lasted through the
Senonian-Turonian times and was terminated by the
deposition of the sand-rich Amal formation (See

Stratigraphy , Chapter 3).
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Late Rifting. The last rifting began in the Late

Eocene-0Oligocene contemporaneous with the opening of the
Red Sea. The sedimentation during this period was also
characterized by thick extensive lacustrine and flood-plain
deposits. Evidence from oil wells drilled in the Melut
Basin indicated that this final rifting was accompanied by

"thin Late Eocene basalt flows." (Schull, 1988)

Phase III (Saq Phase)

By the Middle Miocene the Abu Gabra Basin was well
developed, and vefy little subsidence is evident
thereafter. Minor volcanism took place during this period,
represented by volcanic outcrops southeast of the town of

Muglad (Figure 1) dated at 5.6 + 0.6 and 2.7 + 0.8 MYBP.

Structural Style of the Abu Gabra
Basin and Unity Field

The dominant structural feature along the Abu Gabra
Basin and the Unity field 1is the complex layout of normal
and listric normal faults (Figures 6, 7, 8, 9 and 10).
Considering the extensive rifting history of the basin, it

is easy to understand the existance of the remarkably
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complex graben-horst features across the basin (Plates 1
and 2). According to Schull, 1988, the faults are
predominantly oriented parallel or subparallel to the
strike of the primary grabens and basin margins. The
faults strike mainly at N40 - 50°W throughoutﬂthe Abu
Gabra Basin. However, older N-S trends also exist in the
central and southern parts of the basin. Few transverse
faults and ones those strike obliquely to the major trend
also exist. It should be noted that, there 1s an
outstanding variety in the vertical displacements, the
geometry and growth history of these faults.

In the study area (Unity Field), the compaction of
the rift sediments on the basement horsts seem to have
resulted in drape-folding, which developed broad anticlinal
structures. These structures were locally accentuated by
extensive normal faulting. Accordingly, the associated

structural hydrocarbon traps are extremely complex.



CHAPTER IIT

STRATIGRAPHY

Precambrian-Cambrian

The definition of the term "basement complex" given
by Whiteman (1971), is adopted here to refer to rocks that
underlie Paleozoic and Mesozoic rocks, and accepted to be
predominantly Precambrian 1n age. These basement complex
rocks are not reported to cropout anywhere within the study
area, nor they have been reported to outcrop significantly
within the entire Abu Gabra Basin. However, to the south,
southwest and north of the basin, basement rocks occupy
considerable areas (Figure 11). According to Whiteman
(1971) due to the complexity in metamorphic grades and the
lack of isotopic dates, there 1s no satisfactory
comprehensive classification of the basement rocks in Sudan
in general. That probably explains why almost all the
basement complex rocks outcropping to the southwest and the
south of the basin are mapped as undifferentiated.
According to Whiteman (1971), the correlation of basement
rocks cropping out to the south of the basin to those of
Uganda and the Congo is more obvious than it is to the

basement complex rocks north of the basin. The
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continuation of the Madi Quartzites of the West Nile
Province of Uganda into southern Sudan along the course of
the White Nile strengthens this correlation. In any case,
very little geological work has been done in regard of
describing the various rock types, their classification, or
even the nature of their superposition. In general, the
basement complex rocks to the south of the basin, according
to Whiteman (1971), "consist of a group of granoblastic,
foliated basic-to-acidic gneisses with hypersthene and
feldspar, intruded into foliated paraschist and
paragneisses." Andre (1948) studied the basement complex
rocks of southern Sudan and identified the following rock
groups:

Group 8: Charnockitic orthogneiss similar to the
charnockitic rocks of nothern Uganda

Group 9: Foliated granites and granodiorites

Group 10: Feldspathoidal sodic syenites
He assigned Groups 8 and 9 to the Precambrian, whereas
Group 10 was given a Cambrian to a possible post Paleozoic
age. However, no order of superposition was mentioned.

To the north of the Abu Gabra Basin, northeast of
the study area, the basement complex has been described by
Rodis et al (1964) as being composed predominantly of

granite, gneiss and schist with quartzites and crystalline



limestone. Immediately adjacent to the north edge of the
Abu Gabra Basin (Talodi and Rashad areas, Figure 11), the
basement complex rocks are described by Mansour and Samuel
(1957) to reflect the following succession:

1. banded gneiss and schists, mainly hornblende -
bearing occasionally interbedded with mica-rich bands. The
regional trend is predominantly north-northeast-south-
southwest;

2. banded metasedimentary series including
micaschists, graphitic schists, slates, phyllites,
quartzites and marbles;

3. foliated hornblende 'quasi-gneiss' of granitic
to granodioritic composition; and

4. granites and syenites with the granites vary
from fine to medium-grained to fine-grained biotitic
varieties, (Whiteman, 1971).

At Hofrat En Nahas area (Figure 11) to the west of
the basin, where ore deposits of mainly copper and, less
importantly, uranium, have long been recorded, the basement
complex is made of chlorite schist, sericite schist, acid
gneisses, amphibolites and talc schists.

In the subgurface along the Abu Gabra Basin, the
basement complex has been reached in two of Chevron's

wells. According to Tom Shull, 1988, the cored basement
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samples from both wells consist of granodioritic gneiss

that has been dated as + 540 MYBP.

Paleozoic

The Paleozoic sediments of Libya extend to the south
in Chad and to the east and southeast in Sudan through the
Darfur and Kordofan regions directly west and northwest of
the Abu Gabra Basin (Sanford, 1935). Whiteman (1971)
states that Paleozoic sediments are likely to have a
limited existence beneath the Nubian beds in northern
Darfur, some 600 Km west and northwest of the study area.
However, due to thickness considerations, he did not agree
with the likelihood of Paleozoic sediments underlying the
Nubian sandstone sediments in the Kordofan region, which is
closer to the study area. This is further supported by the
conclusion of Hottinger et al. (1959), that "the marine
Paleozoic transgressions recorded in Libya did not reach
the Sudan." Moreover from cross sections drawn by Whiteman
(1971) and the Royal Dutch-Shell-BP (1959), the Paleozoic
sediments of Libya are shown to pinch out drastically
eastwards into the Sudan (Figure 12). It 1s also evident
that Nubian beds rest directly on the basement complex
rocks only few miles away to the south and east of the

Paleozoic sediments of J. Uweinat in northwestern Sudan.
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Close to the northern edge of the Abu Gabra Basin a
controversial formation crops out in southern Kordofan
region known as the Nawa Formation. The controversy arises
from uncertainty concerning its age and origin. The
formation described by Whiteman (1971) to consist of:

...gently dipping sediments ranging from

mudstones to arkosic grits; purple to

green 1n color, abundantly micaceous,

and containing up to 25 percent

undecayed feldspar. Abundant fresh

biotite, epidote, apatite, sphene and

detrital cholorite, have been recognized

in thin sections. Some of the mudstones

are false bedded, and all the rocks are

well compacted and, unmetamorphosed.
The maximum proved thickness of the Nawa Formation from
water boreholes is recorded to be 443 ft. The presence of
limestone 1n the Nawa Formation led Rodis et al. (1964) to
consider the deposition of these sediments to have occurred
in Late Paleozoic times in shallow seas developed in the
region after a period of prolonged erosion during most of
the Paleozoic. Whiteman (1971), however, tends to favor "a
local and continental origin" for the Nawa Formation, with
the acknowledgement that the limestone is likely to be of
freshwater origin since no fossils were found.

Complying with the above discussion, the recent oil

wells drilled by Chevron Company in the Abu Gabra Basin and

the other basins, proved the absence of any sediments older



than Jurassic (Schull, 1988).

The poor presence, if not total absence, of
Paleozoic sediments has long been a puzzle in northeast
Africa (Sudan, Egypt, Ethiopia and even Saudi Arabia in the
Arabian Peninsula). Speculations on this phenomenon
include the idea that the whole region remained land during
the Paleozoic. In his comprehensive summary and
interpretation of Chevron exploration activities in Sudan,
Schull, 1988 states: "From the Cambrian into the Mesozoic
the agreement area was the location of an extensive
continental platform." Other authors maintain that
subsequent erosion wiped out the previously existing
Paleozoic section. However, as for Sudan, the writer
agrees mostly with the postulation given by Whiteman (1971)
that due to inadequate geologiéal investigations, Paleozoic
sediments might have been misrepresented under the umbrella
of "basement complex," which is yet to be thoroughly dated

and classified.

34



35

Mesozoic

Introduction

The Mesozoic 1s represented by the most
extensive and significant sedimentary section in Sudan, the
Abu Gabra Basin, and the study area in particular. Its
importance arises from the fact that it contains a vast
number of the water aquifers and it also includes the most
significant sedimentary sections proven as hydrocarbon
source or reservolr rocks. The Nubian Sandstone sediments
occupy the bulk of the Mesozoic system in Sudan, Egypt and
Libya. However, the application of the term "Nubian
Sandstone" seems to have a rather broad and vaguely defined
context 1n each of the three countries. Discrepancies
involving the age within the Mesozoic, the composition and
the origin of the Nubian Sandstone, are very obvious. In
Egypt, for instance, the term refers to those sediments of
Turonian and Santonian age believed to be of fluvio-marine
origin. In Libya, the Nubian Sandstone consists of a
conglomeritic, coarse-grained sandstone with siltstone, and
s1lty shale bands. The age of the Nubian Sandstone in
Libya is recorded as Early Cretaceous (Klitzsch, 1963).
However, reference to Jurassic plants at the lower part of
the Nubian deposits has been made by Plauchut (in Klitzsch,

1963). In Sudan, the term "Nubian Sandstone Formation," as
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it was used for surface geological surveys before the

recent Chevron drillings, referred to:

...those bedded and usually flat-lying

conglomerates, grits, sandstones, sandy

mudstones and mudstones that rest

unconformably on the basement complex

and Paleozoic Sandstone Formations and

are older than the Hudi Chert Formation

(Early Tertiary) and the 'Early

Tertiary' Lavas." (Whiteman, 1971).
From surface geology 1investigations coupled with
information from shallow water-wells, the total thickness
of the Nubian Sandstone sediments does not exceed a few
hundred feet, 1000 feet of Nubian sediments were recorded
in Sudan Geological Survey borehole number 1517, (Whiteman,
1972; Kheiralla, 1966). However, the oil wells drilled by
Chevron Company in the Abu Gabra Basin together with
seismostratigraphic interpretations indicate a thickness of
35,000 feet of Mesozoic and Cenozoic sediments (Schull,
1988), over 19,000 feet of which represented by Mesozoic
sediments of the previously called Nubian Sandstone
Formation. Aside from the thickness consideration, 1t is
worth noting that a remarkable variation exists in the
composition as well as the types and number of facies

involved 1n the Nubian sediments. Moreover, the

stratigraphic column established by Chevron (Figure 13) for
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the Abu Gabra Basin refers to one lithostratigraphic unat
of Cretaceous age as a 'group', namely the Darfur Group.
This group together with three other units recognized as
formations, namely Sharaf, Abu Gabra and Bentiu, comprise
the Cretaceous within the Abu Gabra Basin. With regard to
the above mentioned points and the generally accepted
notion that 'the Nubian Sandstone Formation in Egypt and
northeast Africa refers to any Mesozoic sandstone of
uncertain age,' I would like to state that the Nubian
section is too extensive of a lithostratigraphic unit to be
designated as just a formation. Accordingly, in this study

it wi1ill be referred to as the Nubian Sandstone Supergroup.

The Nubian Sandstone Supergroup.

The oldest Mesozoic sediments penetrated within the

Abu Gabra Basin are of Lower Cretaceous aée (Barremian-
Neocomian). However, Jurassic sediments of salts (halite),
siltstones, and claystones are reported to have been
drilled in the Blue Nile Basin some 400 miles northeast of
the study area. According to Schull, 1988, the rifting and
basin infilling associated with the Cretaceous-Early
Tertiary resulted in two prominent depositional cycles,

each is present as an upward coarsening sequence throughout



the basin. Sharaf, Abu Gabra, and Bentiu Formations
represent the lower cycle, while the upper cycle includes
the Darfur Group and the Early-Tertiary (Paleocene) Amal
Formation.

The following stratigraphic account of the
Cretaceous system is based on the valuable summary paper by
Schull (1988) Lithologic descriptions of the Aradeiba

Formation are based on the present study.

Barremian-Neocomian
Sharaf Formation

The sediments deposited during this time represent
the early rift deposits of the Sharaf Formation. They
consist of claystones, siltstones, and fine sandstones,
which grade to coarse alluvial clastics toward the edges of
the basin. The maximum penetration of the Sharaf Formation
is 1200 feet at the northwest edge of the Abu Gabra Basin,
and the formation 1s believed to thicken in the deepest
troughs to the southwest. The environments of deposition

are believed to be fluvial-floodplain and lacustrine.
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Lower Albian-Aptian Abu
Gabra Formation

During this period, an extensive area of the basin
was occupied by rift lakes. A thick section of lacustrine
sediments have been deposited in the form of organic-rich
claystones and shales with interbedded silts and fine
grained sands. The maximum thickness of the Abu Gabra
formation is estimated to be 6,000 feet, and it is
interpreted to be the primary hydrocarbon source rock for

the basin.

Cenomanian-Upper Albian

Bentiu Formation

The environments of deposition during this period
were primarily alluvial and fluvial flood-plains of both
braided and meandering streams. The subsequent deposits,
predominantly thick sand sequences, serve as excellent
reservoirs in Heglig field. The maximum thickness of the

Bentiu Formation is 5,000 feet.

Senonian-Turonian
Darfur Group
This group includes the Aradeiba (subject of this

study), Zarga, Ghazal, and Baraka Formations. During this
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period, the deposited sediments were characterized by being
generally fine-grained with some coarse-grained sections.
The Aradeiba Formation is composed of at least three
significant sandstone members (designated A, B and C, from
top to bottom by Chevron 0il Company) separated by thick
flood plain desposits of claystone (Aradeiba Claystone).
The sand members are generally composed of shaley sandstone
and fine to coarse snadstone beds. Sediments of subarkosic
nature make the bulk of the sandstones of the Aradeiba
Formation. In this study the Aradeiba claystone is
classified into two facies F-G, gray to very dark gray in
color and F-H with brown and reddish brown colors
indicating subareal exposure.

Two cross-sections A-A' and B-B', and three
thickness maps (one for each sandstone member) have been
constructed to dilineate the extent and lateral variation
in thicknéss of the three sand members (see plates 1
through 5, in pocket). However, it should be noted that,
more well-data is needed to narrow down the possibilities
of interpretation, especially towards the northern portion
of the Unity Field. The cross-sections (plates 1 and 2)
indicate that the Aradeiba Formation was deposited in a
grabinal structure bounded by normal faults. On the

upthrown flanks of the faults to the east and west, the
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sandstone members undergo a noticeable thinning indicating
the growth nature of these faults. Generally, the
sandstones seem to diminish in thickness to the east and
west, away from the axis of the northwesterly trending
Unity Field. The Zarga Formation, like the Aradeiba
Formation, is composed of claystones, shales, siltstones,
and fine to medium-grained sandstones. The environments of
deposition were basically "flood-plain and lacustrine."
These fine sediments represent the initial deposits
following the first rifting phase that ended with the
deposition of the thick sands of Bentiu Formation. The
observation that this lower portion of the Darfur Group is
widespread throughout the entire basin reflects the
influence of tectonics on the resultant sedimentation. 1In
general, the Aradeiba and Zarga Formations act as a good
seal rock considering that the vast thickness of fine
sediments exist in that lower portion of the Darfur Group.
Nevertheless, the moderately thick sand Channels (10-80
feet) act as essential reservoirs; for example, in the
Aradeiba Formation in the Unity Field.

The sand content and the size of the sand grains
noticeably increase toward the upper portion of the Darfur
Group 1n Ghazal and Baraka Formations. The deposition of

this unit took place mostly "in sand-rich fluvial and
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alluvial fan environments, which prograded from the basin
margins.”" The maximum thickness of this group 1s estimated

to be 6000 feet.

Tertiary

Inference from shallow water-wells and surface
geology investigations, before drilling for oil, led
geologists Lawson (1927), Ball (1939), Andrew (1943),
Andrew and Karkanis (1945), Berry and Whiteman (1968), and
Whiteman (1972) to believe that the Tertiary is represented
by sediments deposited in relatively shallow depressions
along areas of the central and south central Sudan toward
the Abu Gabra Basin. The deposits were named the Umm Ruaba
Formation (after a small town in western Sudan) and
described by Andrew (1943) to:

...consist of unconsolidated sands, sometlmes

gravelly, clayey sands and clays. The clays

are mainly buff to grayish-white, or

greenish-grey. In general the sediments are

unsorted and feldspar and biotite are

undecayed. Rapid facies changes are
characteristics of the deposits.

An extensive surface cover of "heavy clays with kanker
nodules" overlie much of the areas known to be underlain by

the Umm Ruaba Formation. However on some areas the Umm



Ruaba Formation is overlain by the Pleistocene to recent
Qoz sands; for instance, the northwestern portion of the
Abu Gabra Basin around the town of Muglad. The Umm Ruaba
Formation is believed to have been deposited under fluvial
and lacustrine environments (Andrew and Karkanis, 1945).
Whiteman (1971) postulates that the Umm Ruaba Formation was
laid in standing waters and land deltas, and he adds that
the thickness of the formation is at least 889 feet. It
should be noted that the lack of diagnostic fossils makes
it impossible to distinguish between the Tertiary and
Quaternary sediments, therefore the Umm Ruaba Formation is
generally considered as Tertiary-Pleistocene in age
(Whiteman, 1971).

In the subsurface, the oil wells drilled by Chevron
0il Company provided overwhelming information about the
Tertiary System, at least within the Abu Gabra Basin and
the study area. According to Tom Shull, 1988, over 15,000
feet of Tertiary sediments have been evident from seismic

and drilling data.

Paleocene: Amal Formation

This formation starts with a basal conglomerate to

conglomeratic sandstone bed. Upwards, the Amal Formation
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grades in to coarse and medium grained quartz arenites.
Schull, 1988 states that this formation "represents high
energy deposition in a regionally extensive alluvial plain
environment with coalescing braided streams and alluvial

fans."

Late Eocene-Middle Miocene:
Kordofan Group

The Kordofan Group includes Nayil, Tendi, Adok and
Zeraf Formations. This group, which generally coarsens
upwards, represents the second rifting cycle sediments.
The lower formations, Nayil and Tendi, are mainly composed
of fine grained sandstones, siltstones, and claystones,
deposited in fluvial flood-plain and lacustrine
environments. The sand-to-clay ratio increases gradually
upwards along the Korodofan Group and attains its maximum
in the Adok and Zeraf Formations. The environments of
deposition are interpreted to be exclusively braided rivers

and alluvial fans.
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Pleistocene-Recent

Qoz Deposits

These surface sand deposits are very extensive
towards the northwestern portion of the Abu Gabra Basin.
The name "Qoz" was originally intended by Edmonds (1942) to
refer to the dune-like accumulations of sand in Kordofan
Province (Figure 14). However, the term has been stretched
to include the contemporaneous sﬂeet-liké recent sand
deposits. The sands consisf of well-rounded quartz grains
of Nubian origin and vary in color from pale buff to deep
red. The origin of these sand deposits is thought to be
due to weathering of the Nubian Sandstone rocks (Edmonds,

1942) .

The Clay Plains

These clay sheets are probably the most striking
geomorphological feature of most of the Abu Gabra Basin.
These extensive deposits cover the central and the
southeastern parts of the basin, including the study area
(FIgure 14). These sediments consist of 50 to 60% clay
mixed with silt grains and very little coarse material,

Whiteman (1971). These clayey soils are mostly alkaline,
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A Generalized Distribution Map of the
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Pleistocene~-Recent Age. (After
Whiteman, 1971)
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although humic soils exist in the Sudd region. Toward the
southwestern border of the Abu Gabra Basin, these sheet
clayey soils give way to iron-rich soils and laterites that
extend across the Nile-Congo Divide.

The origin of the clayey soils is proposed by
Grabham (1909) to be aeolian. He pointed out that these
deposits are contemporaneous with the formation of the Qoz

sediments.



CHAPTER IV

CORE AND LITHOTYPES DESCRIPTION

Introduction

This chapter consists of two parts. The first is a
descriptive account of the cores covering the A, B and C
sand members of the Aradeiba Formation. The total interval
covered by the cores (Figures 15, 16, 17) is 198.45 feet
sampled from five wells, ‘namely Unity No. 2, Unity No. 8,
Unity No. 9, Unity No. 11 and Talih No. 2 (Figure 2). 1In
compliance with the confidentiality policy of Chevron 0il
Company, only partial photographic coverage of the core
samples was allowed.

In the second part, a detailed description of the
eight recognized rock Lithotypes of the Aradeiba Formation
is given. These Lithotypes were classified on the basis of
variation in sedimentary structures and grain sizes as sig-
nificant measures. The Lithotypes are named L-A through

L-H.

Core Description
Well: Unity No. 2
Stratigraphic Unit: member A of Aradeiba Formation

Cored interval: 7890.5' - 7868' (Figure 18)

49



Ty 211 ceRc ateen)

Figure 15.

S
’q’
~
-

- aan¥»sadd

A Photograph of Parts of the
Aradeiba (A) Core Samples from

Unity No. 11 and Talih No. 2
Wells.

50



Figure 16.

A

Photograph of Parts of the
Aradeiba (A) Core Samples
from Unity No. 9 and Unity
No. 11 Wells.
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This core is composed of claystone and cross
stratified sandstone.

The interval 7890.5' -~ 7886' consists of claystone,
reddish brown, pinkish brown to dark pinkish brown in
color. The uppermost portion of the core 7872.8 - 7868 is
composed of coarse sandstone at the bottom grading to
medium to fine grained sandstone at the top of the
interval. The sandstones of this interval are moderately
sorted and generally show a dark brown color due to oil
staining. Planer cross bedding is the main sedimentary

structure observed.

Well: Unity No. 8
Stratigraphic unit: member C of Aradeiba Formation
Cored interval: 7395.75' - 7368.1' (Figure 19)

The cored interval consists of silty claystone,
claystone and sandstone. The interval 7395.7' - 7374.4' is
composed of pinkish brown, greenish red and pinkish green
claystone which is locally silty. The whole interval is
recovered as rubble. The reddish color suggests a subareal
exposure and period of oxidation. The upper portion of the
core 7374.4' - 7368.1' consists of clean sandstone with
tabular crossbedding and varies in grain size from medium
at the bottom to very fine and rippled at the top.

Well: Unity No. 9
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Stratigraphic unit: member C of Aradeiba Forﬁation
Cored Interval: 8420.3' - 8393' (Figure 20)

The interval consists of silty clafstone, shaley
sandstone, claystone, sandstone, rip-up-clast conglomerate
and interlaminated sandstone.

The bottom part from 8420.3' to 8416.2' consists of
gray, greenish gray and dark gray silty claystone,
micaceous and pyritic where silty. The interval 8416.2' -
8414.6' consists of very fine sandstone, locally laminated,
locally interbedded with shale showing flaser bedding
structures, locally silty, greenish gray, dark gray in
color. This interval is succeeded by a thin Eed (4 cm) of
rip-up-clast conglomerate with elongate pinkiéh gray clay
clasts. The following interval 8414.5' - 8410.6' consists
of brownish gray to dark claystone, locally pinkish brown
and locally silty (8413.4'). The interval 8410.6' -
8406.9' is composed of rippled sandstone, fine to very
fine, greenish gray, light gray and whitish gray. Locally
silty and locally with shaley bands. The interval 8406.9'
- 8402.7' is made of kaolinitic sandstone, medium grained,
light gray, white-spotted, dark brown where stained with
oil and cross-bedded. The interval 8402.7' - 8399.4'
consists of fine to very fine grained sandstone, gray and

greenish gray in color, locally silty}with faint cross-
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bedding and ripple mark structures. This interval
gradually changes into a dark gray bed of claystone
occupying the interval 8399.4' - 8398"'.

The uppermost part of the core 8398' - 8393!
consists of interbeds of cross-bedded sandstone, rippled
sandstone and horizontally bedded sandstone with rip-up
clast congloﬁerate at the base of the interval. The
sandstone is‘medium grained, locally fine grained where
rippled (8395.6' - 8394.4') locally interlaminated with
gray. whitish gray”and dark gray claystone,.

Well: Unity No. 9 r
Stratigraphic unit: ﬁember B of Aradeiba Formation
Cored interval: 8243' - and 8234' (Figure 21)

This core is composed of sandstone, claystone and
interlaminated sandstone. The interval 8243' - 8240' is
composed of gray to whitish gray, fine to very fine
grained, cross-bedded sandstone. The interval 8240' -
8237' consists of very dark gray carbonaceous claystone,
locally silty, locally with black patches of organic
" material. The upper part of the core 8237' - 8234!
consists of a silty sandstone interlaminated with
claystone. The colors include gray, light gray and whitish
brown. Wavy’laminae and ripple marks are observed at

8235"'.
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Well: Unity No. 9
Stratigraphic unit: member A of Aradeiba Formation
Cored interval: 8037.25' - 8013' (Figure 22)

The rock constituents of this interval are
claystone, interlaminated sandstone, shaley sandstone,
conglomerate and sandstone.

The bottom part 8037.25' - 8033' consists of
greenish gray to dark gray claystone, locally silty,
kaolinitic where silty and the whole interval 1is recovered
as rubble. The interval 8033' - 8024.6' consists of clean
sandstone, cross-bedded, light gray, light brown, white
spotted with kaolinite, dark brown where stained with oil
and with medium grain size. The interval 8024.6' - 8023.2"'
is composed of a dark gray to dark brown rip-up clast
conglomerate bed. The clay particles are elliptical in
shape, vary between few mm and 4 cm in size and embodied in
a ground mass of cross-bedded sandstone with white
kaolinitic bands along the cross-bedding planes. The
uppermost part 8023.2' - 8013' consists of a bed of medium
to fine sandstone with laminae of shaley siltstone between
8017.3' and 8016.8'. In this interval, the sandstone is
locally rippled and generally with planar cross-bedding,
light gray in color and locally massive with wavy laminae.

Well: Unity No. 11
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Stratigraphic unit: member C of Aradeiba Formation
Cored interval: 7496' - 7477.8' (Figure 23)

The cored interval consists predominantly of clean
sandstone with occasional interbeds of rip-up clast
conglomerate. The sandstone is black (where oil-stained),
dark gray, gray, brown and greenish gray in color, medium
to fine in grain size, cross-bedded except at the intervals
7494"' ~ 9492.8' and 7492.8' - 7492' where it is massive and
horizontally bedded respectively. The interval 7489' -
7487.6"' contains elongated clay particles, randomly
scattered throughout the sandstone. The size of the
particles vary between few mm and 2.5 cm. Two thin beds of
rip-up clast conglomerate made up of the same clay

particles described above are found at 7489' and 7485.8"'.

Well: Unity No. 11
Stratigraphic unit: member B of Aradeiba Formation
Cored interval: 7290.2' - 7267' (Figure 24).

The rock types making this interval are sandstone,
siltstone, shaley sandstone, claystone and conglomérate.
The interval between 7290.2' and 7287.5' consists of
rippled sandstone, very fine, grading up@ards into
si1ltstone, light gray, and greenish gray in color. The
interval 7287.5 - 7275.8' consists of pinkish brown,

locally greenish gray, pinkish gray and dark gray
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claystone. Locally silty, locally calcareous and the whole
interval is recovered as rubble.

The uppermost part of the core 7275.8' - 7267'
consists of clean sandstone, cross-bedded, locally massive,
generally medium grained, locally very coarse and coarse
gained. Two thin beds (2 to 3 cm thick) of rip-up-clast
and quartz pebble conglomerate are observed at 7270.9' and
7369.3'. The shape of the quartz particles and the clay
clasts is generally elliptical and their sizes vary between

few mm and 2 cm.

Well: Unity No. 11 \
Stratigraphic unit: member A of Aradeiba Formation
Cored interval: 7080.65' - 7062' (Figure 25)
The cored interval of the Aradeiba A-member in this

well consists of sandstone, silty claystone, interlaminated

sandstone, and claystone.

The bottom part of the core (7080.65' - 7075')
consists primarily of medium grained sandstone at the
bottom grading to very fine sandstone at the top of the
interval. The sedimentary structures include planar
cross-bedding at the bottom (7080.65' - 7079.3'),
horizontal bedding (7078.3' - 7078') and (7077.5' =-

7076.4') and very small size ripple marks towards the top
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of the interval. The sandstone is well to moderately
sorted with gray, whitish gray and greenish gray colors.
Very fine black streaks of heavy minerals are abundant at
the bottom of the interval along the cross-bedding planes.
The interval 7075' - 7072.7' consists of coarse
grained sandstone and grades upwards into medium and fine
grained sandstone, cross-bedded, white brownish in color,
locally with black and dark brown bands of heavy minerals.
The uppermost interval of the core 7072.7' - 7062' consists
of a conglomerate composed of elliptically shaped rip-up-
clasts and quartz particles of size up to 2.5 cm. This bed
is followed by an interval of cross-bedded sandstone,
medium grained and interlaminated with shale. The interval
7071.8' - 7071.3"' consists of a dark gray silty claystone
that grades into very fine sandstone with occasional
elongated rip-up-clasts. The interval 7071.3' - 7066.4'
consists of sandstone varying in grain size from medium at
the bottom to fine and very fine towards the top. Planar
cross-bedding is the dominant sedimentary structure with
some sections reflect massive and horizontal bedding
structures. 0il staining is observed between 7070.3' and
7069.2'. The sandstone interval gradually changes into
gray and dark gray siltstone, clayey siltstone and finally

claystone towards the very top of the cored interval.
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Well: Talih No. 2
Stratigraphic unit: member C of Aradeiba Formation
Cored interval: 8640' - 8627' (Figure 26)

The rock constituents of this interval of the
Aradeiba C-member are claystone, conglomerate and
sandstone. The bottom portion of the core 8640' - 8631.2"
is made up mainly of pinkish brown claystone, locally
light brown and greenish gray, locally slightly calcareous
especially where greenish gray (8631.5'), and the entire
interval is recovered as rubble. The uppermost part of the
core 8631.2' - 8627' consists of cross-bedded sandstone,
medium grained, light brown and gray in color, and
generally well sorted. This interval is topped with a 6-cm
thick bed of rip-up-clast conglomerate with elongated
particles (a few mm to 3 cm in size) embodied in a ground
mass of fine to very fine sandstone. The whole interval
8631.2' - 8627' reflects faint cross-bedding structures.
Well: Talih No. 2
Stratigraphic unit: member A of Aradeiba Formation
Cored interval: 8246' - 8228.1' (Figure 27)

This interval consists of conglomerate, sandstone,
shaley sandstone and silty claystone. The interval 8246' -
8240.7' is composed predominantly of cross-bedded sandstone

very coarse at the bottom changing into coarse, medium
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