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ABSTRACT

The Semliki Basin is covered by sediments that represent the Middle Miocene to Recent,
which are described from outcrop and well data, underlain by possible Jurassic or Permo-
Triassic to Early Tertiary sediments, which rest unconformably on Basement, described

from seismic data.

Thin-section analysis of selected samples, collected from the field, has shown that
sandstones from the Semliki Basin are predominantly composed of quartz, potassium
feldspars and plagioclase feldspars with subordinate clay minerals. Accessory minerals,
such as micas (biotite and muscovite), heavy minerals, garnet and epidote, are present in
minor amounts. This mineralogy indicates that the sediments have a granitic and

gneissose origin, related to continental-block provenances.

The X-ray diffraction scans of bulk samples reveal that the mudrocks/claystones are
dominated by clay minerals with subordinate quartz, feldspars and calcite. The clay
minerals include illite, illite-smectite, kaolinite, montmorillonite, illite-montmorillonite,
and mica with mixed layer illite-smectite and illite layers dominating. The clay minerals
in the sediments were interpreted to be as a result of weathering of feldspars and
volcaniclastic sediments. Authigenic minerals such as anatase and jarosite and secondary
precipitates such as calcite and gypsum have also been interpreted as oxidation products

of sulphides in the sediments.

The study has allowed a better understanding of the stratigraphic relationship of the
different rock units that are exposed on outcrop, those encountered in the wells, plus a
section interpreted from seismic data. In general, the depositional environment of the
sediments in the Semliki Basin is fluvial-lacustrine/deltaic showing significant variations
in gamma-ray character, which reflect the water-level changes and river interactions
through the depositional period and the influence of rifting tectonics on sediment

deposition through time and space.
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The sediments in the Semliki Basin represent a petroleum play for hydrocarbon
accumulations, in which the necessary elements of a valid petroleum system were
identified. These include excellent or good potential for reservoirs and top seals as well
as circumstantial evidence of regionally mature source rocks, possible seals, traps and

hydrocarbon-migration pathways.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 LOCATION

The Semliki Basin lies within Petroleum Exploration Licence Block 3 (Figure 1.1) which
is in the Albertine Graben, Uganda. The Albertine Graben is part of the western arm of
the East African Rift Valley System and runs the whole length of Uganda’s western
boundary. The Ugandan portion of the Semliki Basin covers the southern part of the
Ugandan portion of Lake Albert, plus a landward area to the south of the lake. This
includes the eastern part of the floodplain of the Semliki River and Lake Albert, known
as the Semliki Flats, as well as the adjacent Toro Plain, a slightly more elevated
escarpment area to the east of the flood plain (Figure 1.2). The study area covers the
landward part of Block 3, south of Lake Albert.

1.2 PHYSIOGRAPHY

On the eastern flank of the rift, the graben-bounding fault is expressed as a high
escarpment, which overlooks the flood plain of the Semliki River. Much of this plain has
a flat or very gently undulating surface with savannah vegetation. The Blue Mountains of
Zaire, which form the opposite (western) side of the Graben at this point, are more highly
elevated than the eastern side. The Rwenzori Mountains are seen to plunge northwards
beneath the Semliki Flats, with steep, fault-controlled escarpments on both east and west
sides of the north-north-easterly spur. The topography of the Semliki Basin is distinct
from the rest of western Uganda largely because of its lower elevation of about 650m
above mean sea level compared with about 1650m for the adjoining rift shoulders. In the

Semliki Basin, a major fault separates the Toro Plain from the Semliki Flats.
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1.3 CLIMATE

Uganda experiences a typical tropical climate, which is warm and humid. In most parts of
the country, including the study area, there are two dry seasons (June to August and
December to February) and two wet seasons (March to May and September to
November) during the year. According to the Ugandan Meteorological Department,
temperatures in general range from 12-30°C with slight variations due to altitude. The

area of study is usually hot, around 30°C during the day.

1.4 STUDY MOTIVATION

A number of active oil seeps have been identified along the basin margins, where
basement rocks are in contact with a thick sedimentary pile in the Albertine Graben. This
has stimulated interest in the hydrocarbon potential of the Albertine Graben for many
years. Geological fieldwork has confirmed that there are potential reservoir and top
seal/cap rocks present. Geochemical studies have shown the seeps to be actively
expelling oil, generated from an early mature lacustrine source-rock of Cretaceous or
younger age. The Butiaba-Waki well (Figure 1.1) was drilled in the Albertine Graben to
a depth of 1222m and the Turaco-1&2 wells cluster (Figure 1.1) was drilled in the
Semliki Basin to a depth of 2870m. The well depths are given, throughout this
dissertation, in metres below Kelly Bushing, unless otherwise stated. Kelly Bushing is the
convenient level on the drilling rig from which depth measurements are conventionally
made. Correlation and integration of the available seismic, well and surface data will be
used to understand the stratigraphy and sedimentology of the Semliki Basin and to

investigate the petroleum play in the area.



1.5 OBJECTIVES

1.5.1 General objective

The aim of the study is to contribute to the knowledge of the sedimentology and
stratigraphy and to evaluate the hydrocarbon potential of the Semliki Basin in the
Albertine Graben, Uganda.

1.5.2 Specific objectives

e To establish the sedimentation history of the sedimenté in the Semliki Basin.

¢ To determine the depositional environment of the sediments in the Semliki Basin.

e To establish the stratigraphic relationship between the different formations in the
Semliki Basin.

e To delineate the structures in the study area.

e To predict the petroleum potential of the study area.

1.6 SCOPE OF WORK

The scope of this work involved field investigations in the Semliki Basin, during which
surface geological mapping was carried out. Laboratory analysis of the collected samples,
as well as of the cuttings from the existing wells (Turaco 1&2) has been carried out to
determine the lithology and the depositional environments. Geophysical (seismic, gravity
and magnetics) data interpretation and wireline-log interpretations have also been carried
out during this study. Comparison with analogous basins in the East African Rift System
and other comparable basins worldwide was also part of this study. Integration and
correlation of all the above data helped in understanding the sedimentology as well as

petroleum geology of the area.



1.7 WORK PLAN

1.7.1 Desk study

e Study of the geological and topographic maps and aerial photographs and other
data to obtain an overview of the geology and geomorphology of the study area.

e Obtaining and studying the relevant literature of the study area.

1.7.2 Reconnaissance survey
e Visiting the study area to identify the appropriate location of sites to be

investigated.

e Making traverses of all the located points

1.7.3 Detailed fieldwork
e Qutcrop mapping and plotting the location points obtained using the Global

Positioning System on the area topographic sheet.

e Sample descriptions (texture, stratigraphic relationships of the layers and
thickness measurements).

e Structural mapping (dip and strike determination) and plotting these structures on
the topographic map

e Sediment sampling into plastic bags, labelled for each sample number.

1.7.4 Laboratory work
e Digitising the topographic sheets to produce the geological and station maps of

the area of study.
e Digitising the stratigraphic columns
o Preparation of thin-sections for petrography
e Petrography
e Grinding of samples for XRD analysis
» XRD Analysis



CHAPTER TWO

2.0 LITERATURE REVIEW

Before actual activities were undertaken, a literature study was carried out in order to
plan in detail how the proposed activities should be carried out. This was helpful not only
in planning data collection and field-investigation activities, but also in the selection of
the most appropriate methods to employ. This literature study provided the following
brief summary/review of the work that has been done by previous workers which is

relevant to this study.

2.1 REGIONAL GEOLOGY

The Albertine Graben comprises the northern extremity of the western arm of the East
African Rift System. It runs for 550km from Rwanda in the south, to the Uganda/Sudan
border in the north, straddling the border between Uganda and the Democratic Republic
of the Congo (DRC) (Figure 2.1). The Graben contains the Lake George ~Edward Basin,
in the south (Figure 2.2), bounded on the northwest by the Rwenzori Mountains which
rise to over 5000 metres above mean sea level. The Graben is offset to the west and
continues beyond the north end of the Rwenzori Mountains in an en echelon trend
comprising the Semliki and Lake Albert (Kaiso-Tonya Area) Basins and the Rhino Camp
Basin (Figure 2.2).

The Graben is bordered on either side by gneissic-granulitic complexes that in places rise
to over 2000m above mean sea level. Major NNE-SSW boundary faults separate the
Graben from the basement complexes. The lake level has fluctuated significantly since
the Miocene and thick deposits of lacustrine sediments occur considerable distances north
and south of the present-day shoreline of Lake Albert. Seismic evidence suggests up to 5-
6 kilometres of fill (Heritage Oil and Gas Limited, 2001). The oldest known sediments

are dated using fossils from outcrop studies to the Middle Miocene (Pickford and Senut,



1994), though it is possible that some of the Termary fill may be as old as Oligocene.
There is some regional evidence to suggest that Jurassic or Permo-Tnassic {Karoo)
deposits could underlie all or parts of the graben.

Figure 2.1: Location of the East African Rift System and the Albertine Graben
{Petrolenm Exploration and Production Department, 2002),
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Rosendahl er al., (1986) noted that seismic data show that most of the East African Rift
Grabens are asymmetrical. They are bounded by a major normal fault on one side and a
faulted flexure on the other side (Chorowics, 1989). Chorowics (1989) also noted that the
main grabens resulted from a long structural evolution which began during the Miocene
or Late Oligocene times and continued through to the Holocene. The main grabens are
divided into smaller basins separated by transverse structures. These structures,
commonly known as the transfer fault zones, generally strike in a NW-SE direction (that

is, perpendicular to the main basin structural trend).

Basins in the East African Rift System range in character from deep, narrow and
structurally simple like Lake Tanganyika, to broad, shallow and structurally complex
such as Lake Baringo (Frostick and Reid, 1990). While volcanism characterizes most of
the Kenya Rift and part of the Lake Edward- Lake George Basin, the Semliki, Lake
Albert and Rhino Camp Basins are devoid of volcanism (Morley et al., 1999).

Sedimentation in the Albertine Graben appears to be controlled by tectonics, volcanism,
climatic changes and patterns of river drainage. The major depositional environments
include alluvial fans and fan deltas, fluvial deltaic systems (braided, meandering and

floodplain), and lacustrine (Morley et al., 1999).

2.2 TECTONIC SETTING

Initial early rifting commenced with the start of separation of West and East Gondwana
(Morley et al., 1999), with gradual break-up of eastern Africa from Lower-Middle
Permian times, with marine incursions along the proto-Mozambique Channel and
eventual undocking of the Madagascar terrane from the Kenya-Tanzania sector of the
African Plate. The East African Rift System has been the classic area of continental
rifting since the process was described in Kenya by Gregory (1896, 1921). The East

African Rift System is composed of two rift trends called the eastern and western

10



branches (Figure 2.1). The eastern branch, located north and east of Lake Victoria, is a
volcanic-rich system that forms the Kenya and Ethiopia Rifts and is believed to have
been initiated in the Early Miocene, but evidence exists for earlier Paleogene activity in
northern Kenya and Ethiopia (Ebinger et al., 1993, Hendrie ef al. 1994). The western
branch appears to have been initiated later than the eastern branch during the Late
Miocene (Ebinger 1989) and exhibits a lesser amount of volcanism. It is composed of a
series of extensive deep and shallow lakes: Albert, Edward, Kivu, Tanganyika, Rukwa
and Malawi (Morley, 1995).

The two branches of the East African Rift System have undergone different tectonic
histories. In general, the western branch can be regarded as a good model for a young
continental rift, whereas the eastern branch is representative of a ‘failed’ mature

continental rift system (Morley et al., 1999).

The western branch of the rift contains a string of half-graben basins, which are mostly
concealed beneath the major lakes. The basins tend to be characterised by the dominance
of large boundary faults, which produce asymmetrical half grabens (Morley et al., 1999).
Long rift segments exhibit an alternation in the sense of ‘polarity’ of the half grabens
about every 60-90 km (Rosendahl e al., 1986, Ebinger et al., 1987). These basins are
filled predominantly by clastic sediments eroded from Pre-Cambrian basement and
Permo-Triassic sedimentary-rock source areas and deposited in fluvio-deltaic and
lacustrine environments. On the other hand, the rift basins in the eastern branch are more
poorly known. Extensive Miocene- Recent lava flows have concealed much of the older

rift history.

The Albertine Graben is a NE-SW trending intracratonic rift basin, turning to an almost
N-S trend in the northern part. The graben is highly asymmetrical in some places, but
trends NE-SW through most of its length. It trends N-S in the Pakwach and Rhino Camp
Basins, to the north of Lake Albert, due to a translation over a pull-apart (transfer) zone.

Tectonic forces in the graben are overwhelmingly extensional, although there is evidence

I



of lateral movements occurring together with extension. The presence of a number of

peneplains demonstrates the occurrence of vertical movements.

The structural regime of this area is typical of extensional rift basins, that is, the major
boundary faults that trend northeast-southwest demarcate the extent of the rift. In this
area, two regional faults were mapped; the one that separates the Toro Plain (Figure 1.2)
from the Semliki Flats (Figure 1.2) and another that separates the escarpment from the
Toro Plain. Faults trending almost E-W occur in the rift between the boundary faults.
Morley et al. (1990) have described these faults as transfer faults. Transfer zones are
structural features that develop between the transfer faults as the rift evolves. This step-
faulting down to the Semliki Flats characterises the area, giving a typical half-graben
structure in rift settings, which result from the separation of a border fault system in the

deepest parts of the basin and the highest rift mountains and or escarpments.

2.3 STRATIGRAPHY

The stratigraphic succession consists of the pre-rift and syn-rift sections. The pre-rift
consists of the Proterozoic, which is well exposed on the rift flanks and shoulders of the
Albertine Graben. It is composed predominantly of high-grade metamorphosed and

igneous rocks of Precambrian age.

The syn-rift section of the Albertine Graben was recorded in the Butiaba Waki-1B well
(Figure 1.1), drilled in 1938. The Butiaba Waki-1 well penetrated both Upper and Lower
Tertiary and went through the Mesozoic before reaching the Basement. Although the
thickest section in the graben is Tertiary to Recent, there are indications of a Mesozoic
section (Jurassic or Cretaceous) at the base of the section (Heritage Oil and Gas, 2001).
The Lower Tertiary may overlap the crystalline basement in many parts of the graben, but
there is a strong possibility that it overlies a Mesozoic section (Karoo) in most parts of
the graben (Heritage Oil and Gas, 2001).

12



2.4 PREVIOUS WORK

Wayland (1925) undertook the first petroleum geology in the area and his findings are
documented in the publication “Petroleum in Uganda”. He described a series of oil and

gas seeps at various locations along the basin margin.

The Butiaba Waki-1 well (Figure 1.1), drilled by the African and European Investment
Company in 1938, was drilled in the Albertine Graben. This well was drilled close to the
oil seep at Kibiro, on the eastern shore of Lake Albert, to the north of Block 3. The
Butiaba Waki-1 well is located at latitude 01° 47' 12" N, longitude 31° 21' 17" E, at an
altitude of 664m. The well was drilled through the basin-bounding fault into the basement
rocks at 1,222m. It intersected a sequence of interbedded shales, sandstones and
conglomerates and proved the presence of both source rocks (described as oil shales) and
hydrocarbon shows in the form of oil-stained sandstones. No logs were run and
information from the well is limited to mudlog lithology (Figure 2.3) and ‘shows’ data.

Oil ‘shows’ were encountered while drilling.

Harris et al. (1956) further described the presence of the oil seeps in detail. Kibuku oil
seep, located at the foothills of the Rwenzori Mountains at the contact of sedimentary
basin-fill and underlying basement is one of the major oil seeps in the area of study and

the Albertine Graben as a whole.

Harris et al. (1956) also noted that escarpments bordering the Albertine Rift, as well as
the Rwenzori range, are composed of metamorphic rocks of the Basement Complex.
Harris et al. (1956) divided the sedimentary rocks into the Kisegi, Kaiso and the Epi-

Kaiso beds. They noted that the following sequence of events took place:
e Faulting was initiated during the Late Oligocene-Early Miocene

o There was slow subsidence and deposition of Kisegi Beds during Miocene-

Pliocene

13



Great tectonic movements during the Late Pliocenc-Pleistocene led to depression
and tilting of the rft block and Kiseg Beds.
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Figure 2.3: Butiaba Waki-1 Well Litholog (Petroleum Exploration and Production
Department, 2002),

The area has been mapped by Pickford (1987). He set up a series of formation names,
which have been used by all the later workers. The entire graben was subjected to a
detailed stratigraphic and palaeontological study by Pickford and Senut {(1994), who
dated and correlated the outcropping beds using predominantly vertebrate and molluscan

14



faunal assemblages. These suggest that the rocks exposed have an age-range of Middle
Miocene to Holocene. Surface geological mapping and radiometric dating by Pickford et
al. (1994), revealed a stratigraphic section at outcrop that ranges from Middle Miocene
(11.5 Ma) to Holocene (Table 2.1). This basic stratigraphic framework for the area has
been further refined by the Petroleum Exploration and Production Department (PEPD) of
Uganda in various unpublished field reports. One new formation, the Kasande Formation,
which was not mapped by the previous workers, was added to the stratigraphic column of
the Semliki Basin (Rubondo and Kasande, 1996).

Table 2.1: Summary of Semliki Basin outcrop stratigraphy (After Pickford ef al.,
1994)

Ma Age Formation
0.0 Late Pleistocene Rwebisengo
Early Pleistocene Middle-Upper Nyabusosi
2.0
Late Pliocene Lower Nyabusosi-Katorogo?
Early-Middle Pliocene Katorogo-Nyakabingo
+0 Late Miocene-Early Pliocene Nyaburogo
6.0 Late Miocene Oluka
Late Miocene Kakara
8.0
7? ?
13.0 Middle Miocene Kisegi?

The oldest section at outcrop is the Kisegi Formation, a predominantly sandy unit, which
is made up primarily of stacked channel-fill sands. The Kisegi Formation has an

onlapping relationship with the Basement schists and quartzites of the Rwenzori
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Mountains; therefore, the thickness described at outcrop may grossly underestimate the

true total thickness of the formation.

Above the Kisegi Formation lies a predominant clay-prone sequence with subordinate
sands. These have been subdivided into the Kasande, Kakara, Oluka, Nyaburogo,
Nyakabingo and Nyabusosi formations, based on subtle changes in sand:shale ratio,

supported by microfossil content.

A series of gravity and magnetic surveys have been undertaken. In the 1980s, a 15,000
line-kilometre aeromagnetic survey was carried out over the entire Albertine Graben in
an effort to establish the presence of sedimentary basins as an initial step towards a
systematic evaluation of its petroleum potential. The Petroleum Exploration and
Production Department has acquired gravity and magnetic profiles in a series of traverses
across the basin since 1990. The Bouguer anomaly map for the Semliki Basin was

generated from these profiles (Figure 2.4).

The modelling of these data suggests a thickness of sedimentary section varying from 4-6

km in the deeper parts of the basin (Figure 2.5).

Gravity profiles across the Semliki Basin also suggest a major change in sedimentary
thickness across an intra-basin fault, which indicates that there may be structures present
in the section.

From the Bouguer anomaly map of the Semliki Basin, there is a major variation in the
Bouguer values in the immediate vicinity of the rift escarpment. The values rapidly
become more negative towards the centre of the rift. The Bouguer anomaly decreases
(becomes more negative) towards the centre of the entire basin and the amplitude and rate
of decrease indicates the slope of the basin, depth and mass difference. It was noted that
the basin extends over large distances, as evidenced by the contour lines that are more or

less parallel to the strike of the body towards the centre of the basin.

16




IOk 20080

LESEMD
S nouas
Baundary
N g B
Hifors and
Lakuy

N Gr:;-.r.‘.:.l wrof:ie

A 0004

metras

Figure 2.4, The Bougucr anomuly map of the Scmliki Basin (Afier Pemroleum

Exploration and Produciion Departmeni, 1994).

17



i - ]
.
SLLE = Ul = A ; i
; =5 —w f e S
E 00 O _;;.3 Tipaat o tmmbaesd | R
S120 00 —
<150 00 —:n"“-»,,, : '
= F ! - v o —— -
2-1 B0.00 "wa.-““__‘,,_,,_“_ - ~Msaryud, ~calemiomi |
i—zm.m - . i i :
a— L - s 1

5.00

L LERE T 00000
Dislamce Tmelesx]

Figure 2.5, Bouguer gravity model along B-B (After Petroleum Exploration and
Production Department, 1994).

The first-ever seismic data i Uganda were acquired in the Albertine Graben in 1998 and
2001 by Hentage Oil and Gas Limited {the HOG-98 and HOG-2001surveys), A total of
400 km of data were acquired by IMC Geophysics employing a dynamite source. Figure
2.6 shows the base map of the acquired seismic data.

The major fault in the area, the Makendo Fault (Figure 1.2}, is interpreted as the eastern
fault of a flower structure. This same fault is described on the earlier gravity profiles
bisecting the basin and forming an escarpment at the surface separating the Semliki Flats
from the more elevated Toro Plam. The Makondo Fault runs southwards into the Kibuku

Fault on the northern flank of the Rwenzon Mountains.
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The interpretation of the seismic data by Heritage Oil and Gas Limited led to the location
of the drilling sites for the Turaco 1&2 wells (Figure 1.1) in the Semliki Basin in 2002
and 2003, respectively. The exploration wells, Turaco 1 and 2 in the Semliki Basin were
drilled in an effort to evaluate the existence of a full petroleum system in the subsurface.
The Turaco-1 well was drilled during the period September 2002 to January 2003, to test
the hydrocarbon potential of a structure located in Block 3. The Turaco-1 well is located
at Latitude 01° 01’ 51.3”, Longitude 30° 18’ 06.0” and UTM E199669, N114061 (Central
Meridian-33°). The Turaco-1 well was designed to drill to 2,500m to test for
hydrocarbons at a number of levels within a Miocene to Pliocene section, suggested by
studies on nearby outcrops to comprise an association of lacustrine mudstones with

subordinate lacustrine margin (mainly fluviatile and beach) sandstones.

The Turaco-1 well was drilled to a depth of 2487.7m, but logging was not performed to
total depth for technical reasons. The target Kisegi Formation had not, however been
reached. Turaco-2, a sidetrack of Turaco-1 from a depth of 1460m, was drilled during
2003 and 2004 to a total depth of 2980m. It intersected the Kisegi Formation at a depth of
2555m. Lithologs and wireline logs have been interpreted and will be presented in

Chapter Four.

Heritage Oil and Gas Limited (2002) carried out petrographic and petrophysical studies
of selected samples from the Semliki Basin and found that the porosities in sandstones
are excellent and, in the clean sands, typically are in the range of 28-36%, though
typically in the low 20 per cents in the shalier sands. There is a moderate downhole
decline in porosity, related to compaction in the sandstones with depth. The predominant
medium to coarse grain size and weakly consolidated nature of the sandstones imply that

the permeabilities are good to excellent.
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CHAPTER THREE

3.0 METHODOLOGY

3.1 FIELD WORK

The geological mapping of the Semliki Basin was carried out by the writer during the
months of June and July 2004. Mapping started with the interpretation of aerial
photographs at the Department of Petroleum Exploration and Production, Uganda. All the

relevant geological information was transferred onto 1: 50 000 topographic sheets.

While in the field, a Global Positioning System (GPS) was used to determine the location
of the sampling points, which were then plotted onto 1: 50,000 topographic maps of the
area. The topographic sheets were then digitised to produce a station map and the
geological map of the area. On each exposure, rock descriptions such as colour, grain
size, texture, stratigraphic relationships of the layers and thickness measurements, dip and
strike determination were done and recorded in the field notebook. The thicknesses of the
units were measured using a tape measure depending on the scale of the interval. A hand
lens was used to estimate grain size, sphericity/roundness of the clasts, sorting and
cementation of the samples in the field. A Soil/Rock Colour Chart was used to estimate
the colour of the sediment. Observations of sedimentary structures, both primary and
secondary, were made to assist in the elucidation of the depositional environment. The
angles of dip and strike of the beds and any other structures were measured by the use of

a compass. Sedimentary structures were recorded by field sketches and by photography.
Samples were collected from the outcrops and were described in the field

macroscopically and later taken to the laboratory for petrographic study and X-ray
diffraction, XRD.
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3.2 LABORATORY WORK.

3.2.1 Cartography

3.2.1.1 Geology and Station maps

Topographic sheets from the field were digitized on a digitising table to produce the
study area’s geological and station maps in the cartography section of the Department of
Petroleum Exploration and Production, Uganda. Using the ArcGis software, the
geological map of the Semliki Basin and the station map of the area mapped were

produced.

3.2.1.2 Stratigraphic Profiles

After a detailed study of the lithology, primary structures and fossils in the formations of
the Semliki Basin, a special key was devised for their illustration. The stratigraphic
profiles were drawn according to the standard method (Johnson, 1987; Selley, 1982).
This is a graphic presentation that represents the lithology (grain size and sorting),

thickness of the different units, structure and paleontological information (fossils).

The process involved digitising the stratigraphic columns from the field notebook on a
digitizing table and then generating the stratigraphic columns (drawn to scale), using

ArcGis software. This simplified the comparison between sections.

3.2.2 Petrography

3.2.2.1 Thin-section Analysis

Thin-sections of the selected samples were prepared by the Technical Workshop,
Department of Geological Sciences, University of Cape Town. The lithology of the
selected samples was examined and described microscopically, using a petrographic
microscope. Both crossed polars and plane polarised light were used in order to

determine the mineralogy of the samples.
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3.2.2.2 X- ray Diffraction (XRD)

X-ray diffraction techniques allow the qualitative and quantitative determination of
crystalline solid materials, by measuring the distance between atomic planes in the crystal
lattice. X-ray powder diffraction (XRD) is one of the most important techniques for
characterising polycrystalline materials. XRD was done on selected sediment samples to
gain a qualitative understanding of the mineralogical composition of the samples using
the X-ray powder diffractometer. The bulk mineralogy of all samples was analysed, and

selected samples were analysed for clay mineralogy.

Samples for bulk mineralogy were prepared for qualitative powder X-ray diffraction
(XRD) analysis by grinding 80 g of sample to -300 mesh in a carbon steel mill and then
drying overnight at 60°C. A small quantity of powder was top loaded into an aluminium
holder and scanned on a Phillips (PW1130/90) X-ray diffractometer, housed in the
Department of Geological Sciences at the University of Cape Town (UCT).

Clay-size fractions (<2um) were separated from the bulk sample by dispersion with a
Virtis Virsonic 475 ultra-sonicator using Na,COs to increase the pH to aid dispersion.
The clays were decanted and NaCl added to increase the ionic strength of the suspension
and induce flocculation, so increasing the clay concentration (Moore and Reynolds,
1997). After desalination in dialysis tubing, the clay was placed onto a glass slide as a
suspension and allowed to dry to obtain preferred orientation. Because many clay
minerals have similar d-spacings (i.e. separation between crystal layers), sample
treatments were required to aid identification, for example heating or treating with
glycerol (Whittig and Allardice, 1986). After the first XRD scan, each slide was treated
with glycerol by spraying. Glycerol causes the 14 A peak of smectite to shift to 18 A.
Random smectite-mica interstratification will result in a shift of the peak to a d-spacing
between 10 A and 18 A, rather than to exactly 18 A. Interstratified clays were identified
by the change in shape of the curve from convex to concave between 12 A and 18 A,

rather than from a particular d-spacing.
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The Phillips (PW1130/90) X-ray diffractometer, was operated at the following settings;
e Copper Ka X-Ray tube generating monochromatic x-rays of wavelength 1.542 A
e X-ray generator set at 40 kV and 25 mA
e Nal scintillation counter

e Pre-slit (fixed) 2 mm

Bragg angles between 4° and 75° were scanned for bulk samples resulting in an
approximately 30-minute-long scan. The same settings were used for analysis of clay

mounts, except that only an angle of 30° was scanned.

Diffractograms of the X-ray intensity pattern against 26 angle were plotted using in-house
softwares GSCAND, and GRAFIT® (Graphicus, Inc.). These were used to identify the
dominant minerals in the powdered rock samples. Minerals were identified from the d-
spacing and relative peak intensities using the JCPDS PDF-2 DATA BASE
RETRIEVAL/DISPLAY SYSTEM (International Centre for Diffraction Data). Crystal d-
spacing data and peak intensities for the major peaks were matched against X-ray

diffraction data from PCPDS cards to identify mineral species (JCPDS, 1997).

3.3 SEISMIC DATA

Seismic prospecting is based on the study of the propagation times of elastic waves
generated at the earth’s surface by artificial means (such as explosives) in the subsurface
formations (Mitchum, et al., 1977). The geological sections, consisting of different rock
formations, therefore, may be viewed as a section composed of elastic layers. The
sections show the sedimentary layers of the basin in two or three dimensions and this
helps in analysing how the sedimentary layers differ horizontally and/or vertically. Since
the seismic velocity is the most significant elastic parameter, the geological section in

seismic prospecting is regarded as a section of layers, each with different velocity value.
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The seismic results are finally given in sections, in which all the seismic boundaries are

in time or depth against seismic recording distances along the ground.

Analysis and interpretation of seismic sections helps in the study and delineation of
sediment structures and depositional environments. This is based on the fact that very
fine sediments such as claystones and shale are characterised by relatively slow seismic
velocities and therefore exhibit continuous and high-amplitude reflections. Sandstones,
on the other hand, are characterised by relatively high seismic velocities and by relatively
weak and discontinuous reflections. This can help in the prediction of depositional
environments in that the fine sediments are normally associated with lacustrine
environments and/or floodplains, whereas sandstones are associated with fluvial and/or

beach environments.

Seismic reflections represent seismic energy reflected from a particular reflector (such as
bedding, unconformities, change in lithology, faults and change in fluid medium) due to a
change in acoustic impedance in the subsurface media (Mitchum et al., 1977). Seismic
data interpretation in this study was based on the data that were acquired by Heritage Oil
and Gas Limited in 1998 and 2001. A total of 400 line-kilometres of two dimensional
(2D) seismic data of the Semliki Basin data were acquired. These data have been
analysed and interpreted during this study and this has helped in the study of sedimentary
facies of the subsurface. Kingdom Suite Software (User Mannual, 2001) has been used in

the interpretation of these data.

The first step in seismic interpretation was the calibration and picking of seismic
reflections. A number of reflections were picked for these data, based on the stratigraphy
of Turaco-1&2 wells and outcrop ties. Other reflections, identified below the Turaco-2
well depth, were selected for mapping purposes. All these reflections were picked, based
on seismic attributes. Seismic attributes are any measurements based on seismic data that
help one to visualize and to identify structural features and depositional environments

(Sheriff, 1991). There are different types of seismic attributes, such as envelope (also
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called instantaneous amplitude or reflection strength), instantaneous phase and

instantaneous frequency (Sheriff, 1991).

e Envelope: An envelope attribute determines the reflection strength of a reflection
event. The amplitude of a reflection oscillation generally builds up to the
maximum and diminishes towards the end. The presence and clarity of this overall
shape (envelope) provides a measure of certainty with which the energy may be

classified as reflection energy.

e Instantaneous phase is a quality dependent on reflection strength. It emphasizes
the continuity of events and is effective in showing faults, pinchouts, angularities

and interference of events with different dip attitudes.

e Frequency is the time derivative of instantaneous phase. It is very sensitive to
changes in bed thickness and is thus useful in telling where stratigraphic changes
occur. Hydrocarbon accumulations often have low frequencies referred to as low-

frequency shadow and this is one of the hydrocarbon indicators.

o Fundamental oscillation: The minimum requirement in identifying the reflected
energy pulse is a fundamental oscillation of one or a half cycle of substantially

identified frequency over its entire span.

o Continuity. This is related to an analysis of one trace at a time. The consistency of
these characters over a number of adjacent traces provides a measure of
confidence for identification and correlation of a reflection-energy pulse from one
trace to another. The reflections are good, fair or poor according to the certainty
with which the energy may be classified as reflection energy and accuracy with

which the local dip may be picked.

e Polarity is the sign of the trace whether negative or positive, at the instant where

the reflection strength is at a maximum value. The top of a gas reservoir, for
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example, may give rise to a strong negative reflection coefficient, whereas that
from the gas-water contact is expected to be a weak positive reflection coefficient.

Polarity figures can thus be used to decipher gas accumulations.

3.3.1 Stratigraphic Interpretation

Stratigraphic interpretation of seismic data was based on the seismic resolution. Seismic
sequence mapping is the first step that leads to analysing the seismic attributes, including

seismic facies and reflection characteristics (Mitchum et al., 1977).

Unconformities, which are surfaces of erosion or non-deposition, represent gaps in the
geologic record. The strata below the unconformities are commonly weathered, thus
providing a density/velocity contrast. They were identified on seismic sections because
they commonly separate strata (sequences) with different physical properties or attitudes
(Mitchum et al., 1977). The mapping of unconformities is thus the key to seismic
sequence analysis. Disconformities commonly separate rock units having different dips,
at least on a regional scale, and were recognised by interpreting systematic patterns of
reflection terminations along them. Unconformities and disconformities are also
commonly associated with onlap, downlap, toplap and truncations by the overlying or

underlying sequences (Mitchum ef al., 1977).

Pinchouts and erosional truncations were identified from the seismic data by analysing
the angle between the truncation surface and the surfaces of bedding. When the sequence
is thickening, a single reflection splits and passes into two reflections of geological
significance. Pinchouts often cause the character of the reflection to change continually in
the lateral direction, because of progressive shifts in the phase relation between
constituent signals from different lithological boundaries, encompassed by a single
seismic wavelength (Nimmagadda, 2002). Lateral discontinuities and pinching out of

reflections on a vertical section could represent faults, channel systems or fan deposits.
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Stratigraphic features, representing sand lenses, were also identified from the seismic
data. Channel and fan features were best recognised by their distinct geometry on horizon
slices. The nature of contact, thickness spacing, lateral extent and lateral changes in the
sand bodies are dependent on the depositional process (Waters, 1987). All these influence
the reflection signature associated with these interfaces. The sandstones in the channels
have sharp bases, and merge transitionally upward into mudrocks. So, the sharp base
reflections from the base and weak reflections from the top with discontinuous and

variable character have been mapped from the seismic data.

3.3.2 Direct Hydrocarbon Indicators (DHIs)

Hydrocarbon accumulations sometimes have an effect on seismic data that can be used to
indicate their location. This is based on the identification of an acoustic contrast
associated with the presence of hydrocarbons, particularly free gas (Mitchum ef al.,
1977). The most prominent of these indicators is often a marked increase in amplitude or
“a bright spot”. The studies of seismic velocity of a porous material upon the fluid
contained in the pore spaces have shown that a sand containing gas will have a lower
velocity than that same sand saturated with oil or water. The lowering of velocity and
density is often so large to produce exceptionally large acoustic impedance contrasts,
resulting in high amplitude reflections. This high-amplitude portion of the reflection is
referred to as a bright spot (Sheriff, 1991). One of the most diagnostic features of gas is
the presence of a strong horizontal reflection, just below another reflection that has the
dip associated with the lithological boundaries of the gas trap, in the portion of the
section where it occurs (Mitchum er al., 1977). Therefore, a horizontal event is often a

product of gas/oil or gas/water interface/contact within the reservoir.
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3.4 BOREHOLE DATA

Borehole data help in supplementing, either directly or indirectly, the subsurface
geological information (Pirson, 1977). Borehole analysis helps in interpreting the geology
of the area of interest, providing detailed vertical information, but only at one location.
The borehole geophysical methods used in the evaluation of formations are called well-
logging methods (Fons, 1969). Of these well-logging methods, spontaneous potential
logging, resistivity logging, neutron logging, density logging and natural gamma logging
are very commonly used in formation evaluation. Well logs are a record of one or more
physical measurements, as a function of depth in a borehole (Sheriff, 1991). Wireline
logs are of special interest in that they provide the only source of data to give accurate
information on the depth and the apparent, and even real, thickness of beds and they give
a nearly continuous analysis of the formations (Serra and Abbott, 1980). Therefore, the
lithology, depositional history of the formations, fluid contacts, composition, texture and
sedimentary structures of the different subsurface formations can be inferred from the
study of well data (wireline logs, cuttings and cores). Analysis and interpretation of

wireline data is very important in the comparison of well and outcrop stratigraphy.

In this study, gamma-ray, caliper, resistivity, neutron porosity, sonic and density logs
were studied and interpreted to elucidate the lithology of the subsurface. The
interpretation of these logs follows Schlumberger (1972, 1974), Serra and Abbott (1980)
and Serra (1984). The analysis of the different log responses in different lithological

units has led to the correlation of the surface geology with the subsurface geology.

According to Serra and Abbott (1980) different lithological units give different log
responses. For example, tight formations such as shale, limestone or claystone give
higher gamma-ray values, whereas loose formations, such as sandstones, give lower
gamma-ray values. Gamma-ray emissions are also highest in clay-rich or potassium-rich
formations. Table 3.1 below gives an idea of how different logs respond to different

lithological units.
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Table 3.1. Log responses in terms of lithology

Log Lithology Response (value)
Gamma Ray Shale, claystone, limestone | High
Sandstone Low
Soni¢ Shale, claystone Slow velocities
Sandstone Fast velocities
Neutron Porosity Shale, claystone, limestone | Low (Negative separation)
Sandstone High (Positive separation)
Density Shale, claystone, limestone | High
Sandstone Low
Resistivity Shale, claystone Low
Sandstone High

Using the criteria from the table above; sandstones were revealed by the low gamma ray,
low density, high porosity and high resistivity responses, whereas claystones/shales were
revealed by high gamma ray, high density, low porosity and low resistivity responses. In
the analysis and interpretation of well logs for lithology, it is advisable to integrate the
responses of a particular lithologic unit to different logging methods, since some log
responses may not be reliable (Serra, 1984). For example, density and neutron logs may
not be reliable alone, based on the fact that the tool is immersed in drilling mud during
measurement and therefore the radioactivity emitted by the tool may be absorbed by the

components of drilling mud, rather than the formation at that particular depth.

Density logs deflect to the left in sandstone formations and to the right for
shales/claystones and the reverse is true for neutron porosity logs. Because neutron
porosity logs respond to hydrogen ions (measure hydrogen index value), the minerals
containing hydrogen in their structure can be responsible for the anomalously high
apparent porosities. Where two porosity logs cross over and are in agreement, clean sand

is indicated.
Gamma-ray and spontaneous potential (SP) logs deflect to the right for shales/claystones

and to the left for clean sandstones. The response on a gamma ray log is attributed to the

higher concentration of radioactive elements (K, Th and U) in the clay minerals as
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compared to those in the sandstones. Sandstones have relatively fast velocities, as

compared to the claystones and shales.

Caliper logs show values lower than the bit size (deflect to the left) in sandstone
formations accompanied by mud cake build up, the same as the bit size for limestones

and higher than the bit size (deflect to the right) for claystones/shale.

The results of the interpretation of the different wireline logs for Turaco 1&2 wells are

presented in Chapter Four.
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CHAPTER FOUR

4.0 PRESENTATION AND INTERPRETATION OF DATA

4.1 INTRODUCTION

The aim of this study is to establish the relationships among the sedimentation history,
stratigraphy and petroleum accumulations in the Semliki Basin. In relation to the above,
the writer carried out geological mapping of the Semliki Basin during the months of June
and July 2004. Results of this study, along with their analysis and interpretation, are
presented in this chapter. This includes field descriptions and laboratory analyses

(petrography and X-ray diffraction) of the selected samples.

Available geophysical and borehole data were also analysed and interpreted to support
the findings of the geological interpretations. These include seismic and borehole data

{well cuttings and well logs) from the Turaco 1&2 wells.

4.2 GEOLOGY AND STRATIGRAPHY

All the measured outcrop sections were logged in field notebooks. The best exposures
occur in the river valleys, where river incision has cut through the surficial sediments to
expose the underlying sediments, and along the shores of Lake Albert. The locations of
the different stations were recorded in the field notebooks and then plotted on the area
topographic sheets. These sheets were digitised on a digitising table and, with the use of
ArcGis Software, the station map (Figure 4.1) and the geological map (Figure 4.2) of the
Semliki Basin were generated. The GPS locations of the stations visited are presented in

Appendix 1.
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Figure 4.1, The station map of all the station points made during the geological mapping of the Semliki
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Based on the geometry and degree of consolidation, the sedimentary rocks mapped were
divided into seven formations, according to Harris et al. (1956). They are in decreasing
age, the Kisegi, Kasande, Kakara, Oluka, Nyaburogo, Nyakabingo and Nyabusosi
formations. Two other formations, the Kabukanga and Rwamabare formations, mapped
during fieldwork, had not been mapped before and could not be associated with any of
the already existing formations. The Kasande Formation is not shown on the map owing
to its small areal extent. The Kabukanga Formation was added onto the geological map of
the Semliki Basin, but the Rwamabare Formation could not be shown on the map due to
its limited areal extent. The basement rocks mapped in this area included mostly felsic

gneisses.

4.2.1. Kisegi Formation

Sediments of this formation were mapped in the Kaiso Nsolya valley, above the Kjbuku
oil seepage, on the northern termination of the Rwenzori Mountains and the surrounding
hills (Figure 4.2). The sediments are mainly arenaceous and can be traced eastwards to
the Kisegi River, where they are faulted against younger Kakara Formation clays and
sands and westwards, where it onlaps basement outcrop of the Northern part of the
Rwenzori. On the western (proximal) side of the Kisegi Formation, where it onlaps the
basement outcrop, it is more conglomeratic, as a result of having incorporated
contemporaneous hillwash from the Rwenzori highlands. In outcrop, the Kisegi
Formation is seen to onlap, unconformably, the Basement schists and quartzites of the
Rwenzori Mountains. Therefore, the thickness described at outcrop may grossly

underestimate the true thickness of the section farther into the basin.

At the Kibuku oil seep outcrop, the smell of an aromatic hydrocarbon is immediately
apparent and there is obvious widespread oil staining in the lower part of the section and
patchy oil staining in the upper part of the section. At this point, the contact between
Basement and sedimentary rocks is located, striking N50°W and dipping 60° to the NE.

The Basement rocks consist of sub-vertically dipping high-grade meta-quartzite, which is
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weathered at the surface. The Basement quartzites are mica-rich and are rraversed by

numerous pinkish white to grey quartz vems.

The basal part of the Kibuku section is a grev-coloured, oil-stained, poorly sorted
conglomerate (Plate 4.1} with an obvious unconformable contact wath the underlying
meta-gquartzite. At this point, the outcrop 18 more conglomeratic as a result of having
mcorporated contemporaneous hill wash from the Basement Above the conglomerate is
friabie vellow, well-sorted, medium te fine-gmined sandstone. The section is mainly
composed of intercalations of conglomerates and low-angle cross-bedded sands (Figure
4.3). The conglomerate beds range from 600-1200mm thick (thick to very thick beds),
with mdividual pebbles bemg 10-30mm m diameter (medium pebbles). Textuml
descriptions are according to Boggs (1995) The sandstone beds are 400-1000mm thick
{thick beds). These sediments were probably deposited by fast-moving streams on

marginal fault scarps in an alluvial-fan environment.

| 3 CI |

Plate 4.1. The oil-stained conglomeratic unit of the Kisegi Formation, at the Kibuku
outcrop in the Kaiso Nsolya river valley, station 1. The photograph was taken from
the West.
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Figure 4.3. Stratigraphic profile of the Kibuku outcrop section, Kisegi Formation,
close to the Basement contact on the western side of the Kaiso Nsolya Valley, station
1.
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The pebble-conglomerate described at the Kibuku outcrop is a facies that pinches out
laterally with a maximum width of a few metres. This section displays a fining-upward

sequence that is typical of fluvial environments (Allen, 1970).

Horizontally laminated and bedded, millimetres to centimetres thick layers make up the
sandstones of the Kibuku outcrop. Well-exposed trough and planar cross-bedded units of
sand occur in the fine-medium grained sandstones within the conglomerates of the
Kibuku outcrop. Cross-bedding in the sand units is clear and is seen to be dipping at
angles of 10° to 25°. Horizontal laminations and low-angle crossbedding are associated
with the conglomerates of the Kibuku outcrop. The planar crossbeds dip at angles of less
than 10° in these conglomerates. A 1200mm-thick conglomerate with pebbles and
cobbles between 10mm and 70mm in diameter, displays both horizontal and cross

bedding.

Examination of further unmeasured sections, farther upstream, shows that the Kisegi
Formation onlaps the Basement and that the conglomeratic Kibuku outcrop is merely the
proximal part of the Kisegi Formation, where it contains abundant quartzitic clasts that

have been derived from hill wash.

The main outcrop of the Kisegi Formation was mapped at Station 9, a few hundred
metres upstream from the Kibuku outcrop. The section is mainly arenacous with
individual beds in the range of 1000-3000mm in thickness (very thick beds) (Figure 4.4).
The sandstones are mostly yellow to yellowish-grey, medium to coarse grained, subround
to subangular grains. There is excellent visible porosity, as observed through a hand lens,

throughout the exposed sandstones in the outcrop.

The basal part of the outcrop is composed of rapid alternations of yellowish grey
sandstones developed in thin lenses with interbeds of well-bedded gypsiferous siltstone
and claystone beds. The claystones and siltstones have a grey, green and greenish blue

colouration. Flakes of mica are abundant in sediments of this part of the outcrop.
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Figure 4.4. Stratigraphic profile of the main Kisegi Formation outcrop section at
192907E/0102008N, station 9.
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Some patches of brown staining, observed in this section, are probably the result of local
iron enrichment, due to subaerial exposure. The sands are clean, medium to fine grained

and well sorted, with subrounded to subangular grains.

The middle part of the Kisegi Formation outcrop is arenaceous. The sandstones are
mostly yellow to yellowish grey, with medium to coarse-grained, well sorted with sub-
rounded to sub-angular grains. There is excellent visible porosity throughout the sandy
part of the outcrop. Graded bedding was observed in this part of the section with some
beds grading from conglomeratic bases through to coarse sandstones passing into

gypsiferous muds and/or silts,

Thin beds of fine sediments, were found interbedded with the sandstones of the Kisegi
Formation. These sediments are dirty white to brown and green in colour. The green
colouration is believed to be due to chlorite replacement (Tucker, 2003). These sediments
contain glass shards or their pseudomorphs, with crystals of quartz and feldspars,
concentrated on the bedding surfaces between the sandstones and these fine sediments,
The glass shards or their pseudomorphs, with crystals of quartz and feldspars, impart a
sheen that enhanced the original bedding planes. These rocks are interpreted to be of

volcanic origin.

At the top of the main Kisegi Formation outcrop, the formation terminates at an angular
unconformity (Plate 4.2), overlain by a downlapping argillaceous sequence, the Kasande
Formation. Figure 4.5 shows a sketch of the angular unconformity and bedding surfaces
of the Kisegi and the Kasande formations. There is some reddening of the upper Kisegi
Formation and the top is highly cemented, suggesting that there is a time gap in
deposition between the Kisegi and the Kasande formations since the Kasande Formation

is less well cemented.
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Plate 4.2, The angular unconformity that separates the Kisegi and the Kasande
formations at location 192907E/0102008N (hammer at and parallel to the

unconiormity surface), station 9. Photograph taken from the West.

Angular unconformity

Kisegi Formation %/

\

Figure 4.5, Sketch of the angular unconformity that separates the Kisegi and the

Kasande formations,




‘Irough cress-bedded units were observed in the sequence and planar cross-bedding
appears to be 1n the form of large-scale mndividual cross beds measuning about 1m thick.
The readings for the angles of inclination of the cross-strala were made with the use of a
Brunton compass with angles varying between 25" and 45" The sandstones are highly

wedathered and weakly cemented with ferruginous calcite cement This intense weathering

sometimes obscures the laminations and bedding surfaces.

Plate 4.3, Sedimentary siructures as seen in the sediments of the middle part of the
Kisepi Formation, stafion 9. Parallel beds and laminae, interbedded with diatomites
{white sediments), laterally pinch out. Photograph taken from the West.

In the Kisegt Formation, planar cross-bedding was used as a palaeocurrent indicator. The

palacocurrent direction 15 given by the direction of maximum dip, since the direction of

mclination of a plane of cross-stratification coincides with the general direction of the
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palaeocurrent which deposited the sediment. The readings for the angles of inclination of
the cross-strata were made wath the use of a Brunton compass with angles varying
between 30° and 45° for the Kisegi, Since the readings from the beds are almost similar,

this indicates a unimodal palaeccurrent pattern from northeast to southwest

Slumping structures (Plate 4.4) were also encountered 1n the sedimenis of the Kisegi
Formmation, Tucker (2003) describes siump structures as being developed where a

sediment mass 1s mternally deformed during downslope movement.

Plate 4.4. Slumping siructures 3as observed in ithe Kisepi Formation at location
19291 2E/0101001, station 9. Photograph taken from the Northwest.

According to Dingle and Robson (1985} slumps develop when the thickening of the
sediment pile causes the sediments to slump downsiope if the sediment pile exceeds
carrying capacity.  Tucker (2003) further notes that the fold axes are often onented
parallel to the strike of the slope as the slump moves, and the direction of overturning of

folds is downslope. The direction of slumping, as measured from the orientation of fold
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axes and axial planes of the slump folds is 150° to the southeast. The presence of slumps
in the succession of the Kisegi Formation was deduced from the occurrence of
undisturbed beds above and below, and a lower contaet (the surface upon which the
slump teck place}, which cuts across the bedding {(Figure 4.6).
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Figure 4.6. Principal features of a slumped bed {After Tucker, 2003).

4.2.2 Kasande Formation

The Kasande Formation lies above the main Kiseg Formation outcrop in the Kaiso
Nsolva outcrop, station 9. It has only been recognised at thus outcrop, and 1t has therefore
not been shown on the geological map {(Figure 4.2). It represents a complete change in
deposition from the Kiseg Formation. The formation s highly argillaceous, and 15 almost
entirely made up of reddish brown te vellowish-brown, highiy weathered and [racturad
claystone/mudstone and silty claystone with occasional sandstone strngers. These
siltstone and sandstone stringers become more frequent 1n the upper part of the section.
The sandstones are poorly sorted and medium to coarse grained. The fractures in the
mudstones are filled with vellow siltstone (Plate 4 53). Gypsum crystals were encounterad
in the lower section whereas digtomite lenses were encountered in the higher section of

this formation.
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Plate 4.5. Fractured mudstones of the Kasande Formation, Kaiso Nsolya outcrop,
station 19, Photograph taken from the West.

The section is approximately 45m thick and has only munor, laterally inconsistent,
ferrrginous sandstone stringers i a mudsione/claystone seclion. The mudsiones and
claystones are silty and occasionally sandy. The Kasande Formation, in cufcrop, appears
to comsist of weathered mudstones and siltstones, and to have a very low sand content,
Some of the sediments are well bedded, showing weakly defined, near-horizontal
bedding. The sandstone units in the Kasande Formation are not well defined, as compared
to those of the younger formations. The sediments of the upper part of the section are
composed of silty to sandy. claysiones with poorly serted sandstone and diatomite lenses,
This shows the appesrance of bemg a sedimentologically immature sediment that has
been very rapidly deposited in a lake.
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4.2.3 Kakara Formation

The outerops al’ the Kakara Formalion {Figure 4.2) were mapped on the castem side of
the Kisegi River and the Nvaburogn River valleys and il appears 1o be vertically
continuous with Lhe overlying Oluka Formatjon. The exact nalure of Lhe coplacl with Lhe
underlying Kasande and Kisegi formations was not seen in outcrop. The Kakara
l'ermation is an arepacesus 1o rudaceous unit, but with much clay in the matrix. with
well-defined. mainly lalerally continuous sandstone layvers. Exposuves of this formalion,
found between the Nyaburcgo and Kisegl river valleys, are mainly intercalations of
unconsolidated, yellowish-brown. poorly sorted, medium Lo coarse grained sandslones,
sand-matrix conglomerates and brown to red pebbly and muddy sandstoncs. These arc
intcrbedded with prey, soft. silty/sandy clavstones. Figure 4.7 shows the stratigraphic
profile of one of the sections of the Kakara ermation. Most of these sandstones are less
than !.3m thick and appear to be laterally consistent. Some of the sandstones are more
cemented than the others.  Fining-upward sequences, from coarse o medium sand,

towards the Lop of the sections, were observed in some outerops of this formatien.

The beds show an increasing amounl ol ron [tom base to top. These grade from
vellowish white theough yellowish brown, iren-stained sandsltones Lo brown ferruginous
sandstone, The ferruginised sandstones average about 400mm thick with freshwarer

oastrapod fossils in seme places,

The sedimemts of the Kakara Formation display well-preserved. parallel and cross
laminations and beds Horizontally laminated, millimetre to centimetre thick units, are
present in the coarse and pebbly sandstone units of this foermation. Some of these units
arc lenticular and pinch out over a short dislance. Scaticred pebbles oceur in the planar
crossbedded sandstones, which arc overlain by a number of tining-upward cycles and
medium to coarse orained pale brown to grey trough crossbedded sandstones. The Lrough
crosshedding is more common in the coarser-grained units, conglomerates, of this
seqience. The sandstone beds contain lenses of pebbly sandstone, which are mostly less

than a metre Lhick with sub-angular to angutar pehbles of 1-3cm in diameter (Plale 4.6),
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Wery coarse tp pebbly sandsiones, iron-stained and poorly-sored.

FPeoody-sored conglomeratic sandstone with loose coment, yellowish- to reddishb-brown and irgn
shaingd.

Medium to coarse sandstens, poaty-sorted and yellowish-browen to gray in colour,

Conglameratic sandstanc, paarly-sarted, brown 19 grey in aolaur.

Foarly-sorled pebbly sandstane, yellowish brown 1o grey,

Cronglomeratic sandstang, poorly sorted and yellowsh-brown b grey in eplaui

Girey. mediurm 19 coarse-grained sandstone with calite and chy eement, poorly-gomed.

“ory coarse, grey sandstone
kedium 1o coarse sandstone, with clay cement and grey in colaur.
Coarse. yellowish brown ta grey sandstone

Canglomeratie sandstong, brawnish-grey to light-grey in colour.

Wery coarsc to pebbly sandstene, vellowsh-brown, Tiable, mediom toowel-sortsd

tledium 1o coarse sandstone. light grey with clay cerment.
Clayey sandstone, grey, paorly-sered.
Pabbly sandstane, yellowish- brown te grey, poedy-somied. with clay and daldile cement.

tledium- (o coarse-grained sandstane, poorly-soned and comented with clay and calcite.
Wery cogrse gandstone. coarsaning upwerds inta pebbly sandstene and yallpedsh-brown 1o grey m
calaur.

tedium t9 cearse sandstone.  inlevbed ged wath clay, grey 1o light-grey in calour,

Coarse-giained sandstane, gray 10 light-gray, cemeniad with calzite and clay.

Figurc 4.7. Stratigraphic profile of ihe Kakara Formation outerop at
196734 E/0097450N, near the Rwebiseno-Ntoroko road junction, station 3.
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Plate 4.6. Poorly cemented polymiclic conglomerate of the Kakara Formalion, near
the Rwebisengo-Ntoroko road junciion, staiion 31. The clasis display different
colours. implying that their lithology is different. Photograph taken from the East.

4.2.4 Oluka Formation

The sediments of the Oluka Formation were mapped on the ridge between the Nyaburogo
and Kisegi Rivers and in the Nyaburoge River valleys (Figure 4.2), They comprise an
association of interbedded claystenes, shales, siltstones and sandstones, broadly similar to
those in the overlying formations (Figure 4 8) In some places the formation contains

diatomaceous onits, cherts and palacosols.
The section is highly arollaceous with some thin ferrugimous sandstones. The finer

lithologies comprise altenations of van-coloured claystone, light grey to dark grey. sofl,

with argillacenus siltstone, white to light grey te dark grey claystone.
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Figure 4.8, Stratierephic profile of the {Huka Formation outerop ncar the top ol the
ridge on the easiern side of The Kisegi River al 1951 16E/0 102225, station 1.
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The sand grains are mainly medium to coarse-grained sandstones with hardened
ferruginous bands i some places, which are orange to reddish brown coloured. The
majonty of sandstones are very fine to medium grained and moderate (o well-sorted
Horizentally lamnated and crossbedded sandstone units range between 30cm and 2.5m
thick and tend to mamntain their thickness laterally. There may be a general fining-upward
trend in each of these units. Some thin sandstones and the tops of some thicker sandslone
beds show nodular cementation with ferrugimons carbonate cement and they are highly
bioturbated by plants and other soil-forming processes. Although occasionaily cemented,

the sandstones are more ofien loose or fnabie and show low-angle crossbedding.

Several beds, less than 20cm thick, of white to light grey to white, very low density
sediments were encountered towards the 1op of the Oluka Formaiion (Plate 4.7} These
were interpreted as diatomites. Others were encountered 1n the Nyvahuropgo River outcrop
together with siliceous spiculites. Most of these beds were encountered in the Nyaburogo

River ouicrop (Plate 4.8), whereas other single beds and diatomite lenses were

encountered in other omicrops of the formation

Plate 4.7. Small-scale mining of diatomites in the sediments of the Oluka Formation
near the top of the ridge on the eastern side of the Kisegi River, station 19.
Photograph taken from the North.
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Plate 4.8. Spiculite layer in the sediments of (Muka Formation in the Nyaburogo

River optcrop, station 29 (spiculite layer above the hammer). Photograph taken

from the East.

A chocolate brown bed, approximately 30cm in thickness, of very fing, fiable sediments
was encountered towards the top of the sections of the Oluka Formation (Plate 4.9). This
was interpreted to be a palagosol, a buried soil or horizons of the geologic past {Catt,
1986; Ratallack, 1990). The sediments were tound inter-bedded between very fine sand
and very coarse sand al the lower and upper boundaries respectively, The top of the
honzon was sharply truncated by an erosional surface, but the boundanes between
underlying horizons were gradational. Owing to bioturbation (disruption) by plants and
animals, wetting and drying, and other soil-forming processes, palaeosols develop
charactenstic soil structures at the expense of the onginal bedding and structures in the
parent rock {Ratallack, 1990). A network of ireguiar planes, breaking up the sediment
into angular blocks, was observed at the surfaces of these sediments.
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Plate 4.9. Paleosols as observed in ihe sediments of the Oluka Formation at location
193116E/0102225N {hammer at the base of the palaeosol unit), station 19,
Photozraph 1aken from the Northwest

Gypsum veins extend laterally within the claystones of this area Gypsum occurs as
nodules of crystals, of various sizes that range botween 2mm to 100mm in the
mudstones/claysiones. [t 15 not clear whether the source of gypsum in the fine-grained
sediments of this formation is as a result of oxadation of sulphides or as a result of
evaporation. When rainfall (s high, large amounts of dissolved substances enter the lakes
and with no outlets and walh a hot and dry climate, evaporation reduces the water volume
and increases the salinity to the point where evaponte minerals begin to crystallise
{(Hardie ¢f &/, 1978). Continued evaporation shrinks the volume and the area of closed
lakes, eventually disappears leaving a residue of evapontes. On burial to depths greater
than several hundred metres all the gypsum is converted to anhydnte, Uplift of anhvdrite
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sequences results i the generation of secondary gypsum, as the anhvdnte comes inte

contact with fresh near-surface groundwater.

4.2.5 Nyvaburogo Formalion

Sediments of this formahon were mapped in the northem end of the Nyaburogo and
MNyakabingo valleys and the nidge to the east of the Nyaburogo River (Figure 4.2), The
outcrops of this formation tend to be small, apart from thase exposed by the niver.

The lowest section of the MNyaburogo Fermation is mainly arenaceous wiath a stacked
fluvial channel-sandstone sequence, which fines upwards o a more clayey sequence
with subordinate sandstone units {(Figure 493, Many of the thinner units are nodular,

bioturbated and cemented wath iron and carbonate cement,

Lithelogically, the formation is mainly comprised of thick sequences of rusty brown to
vellowash brown sandstones and grey to black hard claystones with intercalations of rusty
brown, well bedded siltstones, fining upwards through silty clay to clay (Plate 4.10), The
muddier part of the section is virtually undistinpuishable from the underlymg Qiluka
Formation or the overlying Nyakabigo Formatien.  The rusty appearance of the siltstones

could be a resuit of oxidation of iron following subaenal exposure,

The sandstones of the Nyaburogo Formaton are fnable to loose and display promment
parallel-laminated and crossbedded/laminated structures. The planar crosslaminated, fine-
grained samdstone 1s overlain by parailel-lammated, fine-grained, sandstone that grades
into a pale brown to vellowish brown sandstone (Plate 4.11). The channel-sandstone unit,
at the base of the Nysburogo Formation, shows lateral accretion surfaces (Plate 4.11}
indicating that it was deposited m a meandering river environment (Pettjohn, 1975).
Lateral accretion deposits provide evidence of point bar deposition recording periodic
additions of sediment mto the pomt bar surface (Leeder, 1982).
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Figure 4.9. Stratigraphic profile of the Nyaburoge Formation outcrop in the

Nyaburogo River al location 196 125E/0101008N, station 26,

54



Plate 4,10, Nyaburogo Formation outcrop as observed from the Nyaburogo River at
location 196125E/0101208N, station 40, Photograph taken from the Northwest.

Plate 4.11. Parallel-laminations and crosslamipations and accretion surfaces, as
observed in the loose sandstones of the Nyaburoge Formation in the Nyaburogo

River outerop, station 40, Photograph taken from the Northwest.
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In some cases, the parullel-laminated, loose, fine-grained sandstoncs are overlain by

planar crosslaminated, loose, fine-grained sandstones (Plate 4.12). The {aminations are

seen to pinch oul into the overlying sandstones.

Plate 4.12. Parallel and pinched-out laminations as observed in the loose sandstones
of the Nyaburogo Formation in the Nyaburego River outcrop, station 40,
Photperaph taken from the Northeasi.

4.2.6 Nyakabingo Formation

Sediments of the Nvakabingo Formation werc mapped in and east of the Nvakabingo
River valley (Figure 4.2), Piate 4.13 shows one of the Nyakabingo Formation outcrops
observed at a distance. The sediments are poorly exposed (Plate 4.14) and a traverse

through the section sometimes requires removal of vegetation m small outcrops. The
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format.en 15 argillacecus. Poorly exposed outcrops of the Nyakabingo Formation show
intercalations of pootly sorted, pebbly and coarse sandstone, iron-stained siltstone and
consolidated, greenish grey claystone. In general, the section is clay-rich, with
subordinate sandstones that may or may not have ferruginous carbonate cement. In this
area, lacustmine oolitic ronstone bands, contaming freshwater gastropod fossils were

observed.

Plate 4.13. Nyakabingo Formation outcrop observed from the Rwebisengo-
Karugutu Road, station 28. Photograph taken [rom the Southeast
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Mate 4.14. Poorly exposed outcrop of the Nyakabingoe Formation at location
197801 E/0104576N, station 25, Photograph taken from the West.

Sedimentary structures are not well preserved in the sediments of the Nyakabingo
Formation due 1o the lack of well-preserved cutcrops. Thin, millunetre to centimetre-
thick, horizenlally laminated laminae and beds are however, characteristic of medm to

coarse-grained sandy claystones n most of the profiles.

4.2.7 Nyabusosi Formation

Sedimenis of this formation were mapped in the nerthern part of the study area, close to
the Semliki Flats and al Nyabusosi near Makondo (Figure 4.2). The sediments of ihe
Nyabusosi Formation are pootly expesed and a traverse through the section semetimes
trequires removal of vegetation from small outcrops. The formation is highly argillaceous.
It consists mostly of inlercalations of light prey to lighi greenish grey claysiones and

subordinate sands/sandsiones. The mterbedded sand/sandstones are poorly consolidated
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to loose, and comprise mainly medium to very coarse grams, and are locally granule-rich
or pebbiy. Grains are quarzitic, subelongated to subsphertcal, subangular to subrounded.
Plate 4 15 shows a poorly exposed outcrop of the Nyabusos1 Fermatien, The claystenes
are silty in places with traces of plant fragments and delomitic freshwater fossil

fragcments. The consolidated clay contains a black oxide along clegvage planes wiath

lenses of micaceous silistones in the clay horizons.

Plate 4.15. Outcrops of the Nyabusosi Formation near Makondo, showing the fine-
grained sediments {claystones), station 23, Photograph from the East.

Exposures observed at Nyabusosi conlain a few fishbone fossils, oyster shells {Qsirea)
and hivatves (dering and Modiotus) fossils. Unbroken bivalves, wath clear ornamentation,
deposited parallel to the laminations, are present in the sediments of this formation, These
fossils are helieved to be associated with the lacustrme environment Such types of
invertebrate organisms live in lakes mostly at water depths less than about 10m in
oxygenated waters (Remeck and Singh, 1980). This suggests that either the present Lake
Albert was bigger than it is today or that there was an earlier lake covering the Jocation at
the time of deposition of these sediments. Diatomite floats, probably washed down the

hill from outcrop, were encountered on the surface. Dolomite floats, were also
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encountered lying on the ground. 'These respond with & flzzing reaction when dilute
hydrochlonc acid 15 added. 1f these samples, although not in sin, are from higher yp in
the Nyabusosi Formation, they would support the above interpretation of lacusirine

envIironment.

4.2.8 Kabukanga Formation

Sediments of the Kabukanga Formation were mapped on the shores of Lake Albert
around Ntoroko, Kabukanga villape and Ndaiga Bay (Figure 4.2), These sediments have
not been mapped before and thercfore the name (Kabukanga) came from the locality of
the main outcrops. Most of the sediments of the Kabukanga Formation are poorly
exposed apart from where the sediments have been exposed along the shores of the lake
{Plate 4 16).

location 227989E/0115421N, station 3. Photograph taken from the Southeast.
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The Kabukanga Formation comprnises an association of inter-bedded claystones and
sandstones (Figure 4.10). The claystones comprise alternations of dark prey to grey to
light grey to olive grey colours. The lower claystones are intensely fractured {Plate 4 17)

and darker in colour, whereas the upper ones are deeply weathered and light in colour.

Plate 4.17. Fractured claystone of the Kabukanga Formation at location
227989E/0115421N, station 3. Photograph taken from the Southeast.

The sandstones are mainly medium to coarse grained with won bands in most places,
which cause these sandstones to range from reddish brown to brown to brownish grey.
The sands are in some places loosely cemented with calcite, but are more often loose

and/or fnable.

In general, the sediments of the Kabukanga Formation are laterally continuous and show
a coarsening-upward sequence with the finer sediments at the base of the formation and
coarser sediments towards the top of the formation a8 revealed in the stratigraphic column

{Figure 4.10).
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225 sandstone
180 Light grey, coarse, modally sorted loose sandstone
S Light grey siltstone
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cemented io fiiable, cross-bedded sandstone
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i
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Figure 4,10, Stratigraphic profile of the Kabukanga Formation at location
227080E/01 15421N, station 3.
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A number of faults were encountered in the sedmments of the Kabukanga Formartion, Most

of these are nommal faults with throws ranging between 'm and 4m. These faults are

graben-shaped, and strike at 185°, 225" and 245" and 170" and dipping at approximately
65%and 310° (Plates 4.18 and 4.19).

Plate 4,18, Graben faulis in the sediments of the Kabukanga Formation at location
2279891./01 15421 N, station 3. Photograph taken from the Northeast.

The sediments of the Kabukanga Tormation are characterised by horizontally
laminated/bedded urnits ranging from millimetres to centimetres thick. These are obvious
in the sandstones and a few claystones, where the iron bands fill the bedding surfaces.
Crosslaminations are rarely present in the sandstones of this formation. The basal
claystone, cropping out beside the lake, 15 massive, but it has heen mtensely fractured as

seen it Plate 4.17.

63



e _ Bt w1
Plate 4.19. Normal fault in the sediments of Kabukanga Formation at location
22T089E/0L 1542 1N, station 3. Photograph taken from the Northeast.

4.2.9 Rwamabare outcrop

The sediments of the Rwamabare section were mapped al Station 20 (Figure 4.1) on the
ridge of the Rwamabare Refugee Camp and Ammy Camp on the northwest comer of the
Rwenzon basement outcrop. This outerop has not been previously described and can be
described as an outlier that hes approximately 6km from the main Kibuku and Kisemi
outcrops. A number of small, slumped outcrops were seen in the area lying on the

northwest comer of the Bwenzort basement outcrop.

The main cutcrop was mapped in the bank of a small ephemeral stream and a section,
approximately 10m leng, was logeed (Figure 411} The basal sectton of this outcrop

could not be logged and therefore the thickness of the section could net be ascertained



with accuracy Most of the outcrops arc scattered around the village, but are too small to

be logeed. Plate 4.20 shows the lower part of the Rwamabare outcrop.

The seciton iz composcd mainly of intercalations of very fine sandstongs that grade
upwards into siltstones and claystones. The sediments are brown to yellowsh brown to
vellowish grev in colour. In general, the sediments display fining-upward sequences. The
sands and silts are well lammated, laterally continuous and in some places iron-stained

and cemented, whereas the clays are fractured (Plate 4.21). The sediments of this outcrop

dip at angles between 10° and 25° to the northeast.

Plate 4.20. Lower part of the Rwamabare outcrop mapped on the eastern side of the
Army Detachment, in a small ephemeral stream, station 2{. The foreground shows
aligned, wellrounded pcbbles and cobbles, derived as hillwash, Photograph taken

from the Northwest,

The sedimants of the Rwamabare cutcrop could not be associated with any of the already
known formations in  the Sembiki Basin, due to lack of palaeontelogical,
chemostratipraphical or palynological informatien, However, on the ground of lithology,
they possibly belong to the Nyaburogo or Kisegi Formation due to the presence of

sandstones of reasonable quantrty,
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Figure 4,11, Stratigraphic profile of ihe Rwamabare outcrop at ISTUDYLAHWI962IN

on the eastern side of the Army Camp, in a small ephemeral stream, station 20.
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Plate 4.21. Sediments of the Rwamabare outcrop in a small ephemeral stream, west
of the Army Camp on the northwest corner of the Rwenzori, station 20. Photograph
taken from the Northeast.

4.2.10 Alluvium of the Semliki Flats and Tero Plain

The Semiiki Plamn and the Toro Alluvium deposits cover much of the arca in the Sembk:
Basin and have been descnbed as surficial deposits in this text (Figure 4.2) The
uncensolidated Semliki Flats deposits are composed of mainly mixed sand and clay
deposits, whereas the Toro Alluvinm is pebbly. These represent the youngest deposifs
within the hasin. The Semliki Piains Alluviwm has probably been formed during flooding
of the Semliki River, lateral migration of the niver meanders and perhaps dunng peniodic
highstands of Lake Albert. On the other hand, the Toro Alluvium appears to be related Lo

fluvial wash [rom the Rwenzon Mountamns
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4.3. SAMPLE DESCRIPTIONS

The analysis of rock samples by defining their facies through the mineralogical, textural
and structural characteristics of the rocks is very important in the study of sedimentary
deposits (Friedman and Sanders, 1978). Mineralogy is a particularly important property
for studying the origin of siliciclastic sedimentary rocks, because it provides almost the
only available clue to the nature of vanished source areas (Boggs, 1995). The mineralogy
of the different formations was determined using field observations, petrographic analysis
and x-ray diffraction analysis. Table 4.1 shows the arrangement of analysis
methodologies, whereas Table 4.2 shows the field-sample descriptions. The argillaceous
sedimentaty rocks are too fine-grained to resolve all the mineral constituents under an
optical microscope (Adams et al., 1984) and therefore their mineralogy was determined
by XRD only.

Table 4.1 Sample listing and analyses.

Sample Name | Formation Name Analyses

Rwml Rwamabare outcrop | XRD, Thin section
Ka2 Kabukanga XRD

Kal Kabukanga XRD, Thin section
Nyl Nyabusosi XRD

Nybrl Nyaburogo XRD, Thin section
03 Oluka XRD

02 Oluka XRD, Thin section
01 Oluka XRD, Thin section
KK1 Kakara KRD, Thin section
K6 Kisegi XRD, Thin section
K5 Kisegi XRD, Thin section
K4 Kisegi XRD

K3 Kisegi XRD

K2 Kisegi XRD, Thin section
K1 Kisegi XRD, Thin section

It is, however, important to note that all the samples analysed for X-ray diffraction and
petrography were obtained from surface outcrops and were all chemically weathered to
vanious extents. Therefore, weathering could have modified the original mineralogy of

the samples.
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4.3.1 Field-sample description

Table 4.2 Field-sample descriptions

Sample | Colour Grain size Sorting Grain Induration Structure
shape
Rwm1 Yellowish Fine to | Well-sorted | Sub- Hard Laminated
brown medivm mgular fo
sub-round
Ka2 Grey to | Very fine Very hard Fractured
Dark grey
Kal Very light | Very fine Hard Layered and
grey intensively
weathered
Nyl Dirty white | Very fine Very hard Massive
PMybri Light to | Fine to | Moderate- | Sub- Hard Weakly
yellowish medium well sorted | angular to laminated
grey sub-round
03 Chocolate Fine-very Very well Friable Massive
brown fine sorted
02 Dark grey to | Very fine Very hard Massive
greenish
gey
01 Yellowish Fine- Moderate Sub- Hard Weakly
grey medium angular to laminated
sub-round
KK1 Greenish Medium- Moderate Sub- Hard Massive
grey to | very coarse angular to
yellowish sub-round
Ké Yellowish Medium Well sorted | Sub- Hard Parallel
grey grained angular to lamnination
sub-round
K5 Yellowish Fine-coarse | Poorly Sub- Hard Paralle]
grey-reddish | grained sorted angular to laminated
brown sub-round
K4 Greyish Fine- Medmm- Sub- Hard Massive
vellow medium wellsorted | angular to
grained rounded
K3 Brownish Very  fine Very hard Massive
grey grained
K2 Greyish Fine- Medium- Sub- Hard Layered
yellow medium well sorted | angular o
grained rounded
Ki Greyish Very fine- | Well-very Sub- Hard Massive
yellow fine grained | well sorted | angular to
sub-round
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4.3.2 Petrography

Petrography was undertaken on selected sandstone samples. The results of the
petrographic analysis are presented below. Very fine-grained samples (claystones and
mudstones) were not analysed petrographically since the clay minerals cannot be readily
identified using a petrographic microscope. Therefore, their descriptions are not

considered here,

4.3.2.1 Kisegi Formation

K1, Kisegi Formation Sandstone

K1 is a medium grained, well-sorted sandstone, predominantly composed of sub-angular
to subrounded quartz grains. The quartz grains can be divided into monocrystalline and
polycrystalline grains (Plates 4.22A and 4.22B). Rock fragments are abundant and most
of the quartz grains in the rock fragments are strained, due to compaction, and have
packing angles of approximately 120°, as seen in the rock fragment in the upper and
lower field of view of Plate 4.22A. Other common constituents are potassium feldspars
and lithic grains altered to clays. Minor components include micas (muscovite and
biotite), and heavy (opaque) minerals.

Mineralogy (%)

Quartz 65
Feldspars 15
Clay minerals 5
Mlicas Trace

Rock fragments 15

Opaque minerals Trace
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Kisemi Formation Sandstone

| 1 mm |

Plate 4.22A. Photomicrograph of sample K1 (station 9), under crossed nicols,
showing mono- and polycrystalline quartz grains and rock fragments,
mag=monocrystalline quartz, pg= polverystalline quartz, m=matrix, = rock
fragment.

Kisest Formation Sandstone

I I mm |

Plate 4.22B. Photomicrograph ol sample Kl (sialion 9), under crossed nicols,
showing angular fo subrounded quartz grains. mg=monocrystalline quartz,

m=matrix,
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K2, Kisegi Formation Sandstone

K2 is a medium-grained, moderate to well-sorted sandstone, predominantly composed of
subangular to subrounded quartz grains. Plates 4.23A and 4.23B arc dominated by
angular grains of quartz, which can be divided inte menecrystalline and polycrystailine
grains, The grains are of a composite nature, with sutured grain boundarics and show
undulose extinction (Plate 4.23A). Most of the quarntz grains in the rock fragments are
strained due lo compaction at packing angles of approximately 120° The grins mainly
comprisc potassium feldspars and lithic grains altered to clays. The main feldspar prains
compnse albite and microchne, as evidenced by twinning (Plale 4.23C).  Plate 4.23C
shows most of the potassium feldspars altered to clays in a reddish brown matrix. Minor
components comprise micas {muscovite and biotite), and heavy, opaque minerals, such as

gamet

Mineralogy (")

Quartz 50
Feldspars 15
Clay minerals 20
Micas Trace

Rock fragments 10

Crpague mincrals Trace
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Kiseri Formation Sandstone

e R

{ i mm I

Plate 4.23A, Photomicrograph of sample K2 {station 9), under crossed nicols,
showing angular quarz grains with sutured boundaries. sm=sutured margin,

pq=polycrystailine quartz.

Kisegi Formation Sandstone

| 1 mm |

Plate 4.23B. Photomicrograph of sample K2 {station 9), under crossed nicols,
showing angufar fo subrounded mineral graims. mg=monocrystalline quariz,

m=matrix, pip=plagioclase feidspars.
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Plate 4.23C. Photomicrograph of sample K2 (station 9), under crossed nicols,
showing albite twinning and partial alteration of feldspars to clay minerals.

mg=monocrystalline quartz, pg= polyerystalline guartz, w=matrix, alb=albite.

K5, Kisepi Formation Sandstone

K5 is a medium to coarse-grained, poorly sorted sandstone, predominantly composed of
subangular to rounded quartz grains (Plate 424A) The grains mainly comprise quartz
and potassium feldspars. Aulhigenic components are dominated by clay-grade material,
which could be as a result of aiteration of lithic prains and feldspars. Rock fragments are
abundant and are mainiy/exclusively composed of strammed quartz grains as evidenced by
the wavy extinction of the guartz grains m the fragments. Plate 4 24B shows graded
bedding of the quartz grains, whereas Plate 4.24C shows a guartzite fragment {hmm)
exclusively composed of strained quartz crysials.  Plate 4240} shows a gneissic grain
(2mm) showing parallel alisnment of minerals {foliation) with quactz vein cutting across
it.  These Iithic (gneissic) gramns are a clear indication of the provenance of these
sediments. Micas (muscovite and biotite), and heavy, epague minerals, such as gamet,

comprise the minor compoenents m the sample.
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Mineralogy (%)

(Quartz 60
Feldspars 15
Clay minerals 19
Micas Trace
Rock fragments 15
Opaque minerals Trace

4 Kiscgi Formalion Sandsione

Plate 4.24A. Photomicrograph of sample K5 (station 18), under crossed nicols,
showing elomgated, angular to subrounded quartz grains. pg=polyerystalline

(uartz, mg=monocrystalling quartz, msc=muscovite, m=mafrix
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| i mm |

Plate 4.24B. Phetemicrograph ef sample K5 (station 18}, under crossed micols,
showing graded bedding.

Kiseei Formation Sandstone

| | mm !

Plate 4.24C. Pheotomicrograph of sample K5 (station 1R), under cressed micols,
showing a quartzite fragmentl exclusively composed of straimed quartz gramms.

mq=monacrystalline quarts, pg=polycrystalline quartz, ri=rock fragment,
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Kisegi Formation Sandstone

| 1 mm |

Plate 4.24D. Photomicrograph of sample K3 (station 18), under crossed nicoels,
showing a 2mm gneiss fragment with paralld alignment of minerals. rf=rock

fragment, alb=albite, mg=monocrystalline quartz, m=matrix, gv=quariz vein,

K6, Kisegi Formation Sandstone

K6 15 a fine- to medimm-grained, poor to moderately sorted sandstone, predominantly
composed of subanpular to subrounded ¢quartz grains. The grains mainly consist of quartz
and potassiom feldspars. Plate 4 25A shows that most of the feldspars are almost entirely
altered to clays with epidote. The relative abundance of feldspars is indicated in Plate
4.25B, where the albite twinnimg 15 cicary visible, Clay mmerals are abundant in the
sample and are thought to be as a result of alteration of feldspars. Micas (muscovite and
hiotite), opaque and heavy minerals, such as gamet, are also present in the sample. Plate
4 25C shows muscovite m the upper left part of the ficld of view, The muneral grains

display mple junctions and embayed margins, characteristic of compacied sediments.
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Mineralogy (%)

Quartz 55
Feldspars i3
Clay minerals i5
Micas 2
Rock fragments 15
Opague nunerals Trace

Kisegi Formation Sandstone

Plate 4.25A. Photomicrograph of sample Ké (station 18}, under crossed nicols,
showing embayed margins and epidote in the wpper field of view and micas.
rf=rock fragmeni, mgq=monocrystalline quartz, m=matrix, em=embayed margin,

py=polycrystallime quartz, ep=epidote, me=mica
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Kisegi Formation Sandstone

| | nmun |

Plate 4.25B. Photomicrograph of sample K6 (station 18}, under crossed nicols,
showing a poorly sorted sandstone with a elay matrix. pg=polycrystallime quarte,

mg=polyerystalline quartz, m=matrix, alb=albite.

| | mm |

Plate 4.25C. Photomicrograph of sample K6 (station 18 ), under crossed nicols,
showing muscovile m the upper left held of view. pg=polycrystallime quartz,

mse=muscovile, m=matrix, em=embayed margin,
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4.3.2.2 Kakara Formation

KKI1, Kakara Formation Sandstone

KK1 5 a medimn- to coarse-grained, moderately to poorly-sorted sandstone,
predominantly composed of subangular to rounded quartz grains. The grains mainly
comprise quanz and potassivm feldspars. The relative abundance of feldspars 15 indicated
in Plate 4. 26B, where albite twinning is clearly visible. Clay minerals are abundant in the
sample and are thoughi o be from alteralion of feldspars (Plales 426 A&B). Rock
frugments (Basement quartzite) are abundant and are mainiy/exclusively composed of
strained quarke gramns, as evidenced by the wavy extinction of the quartz grains in the
fragments. Plate 4. 26 A shows a rock fragment, composed of quartz that shews packing of
the grains al 120°, whereas Plate 4.26C is made from one of the quartzite fragments,
showing parallel alignment of minerals (foization). Micas (muscovite and biotite), other

minerals, such as garnei and epidote are alse present in the sample,

Mineralogy (%)

Quartz 40
Feldspars 15
Clay minerals 20
Micas 5
Rock fragments 10
Opaque minerals Trace
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Kakara Formaltion Sandstone

Plate 4.26A. Photomicrograph of sample KK1 {station 30), under crossed nicols,
showing a rock fragment, composed of quartz that shows triple junctions.
pg=polycrysiallime gquartr, mg= monocrystallime qwartz, ri=rock fragment,

m=matrix, em=¢mbayed margin.

= -

; 'I Kakara Formation Sandstone

| 1l mm |

Plate 4.26B. Photomicrograph of sample KK1 (station 30}, under c¢rossed nicols,
showing a cnarse gramed sandstone with albite in the lower right corner of the field

of view. pg=polverysiallime quartz, alb=albite, m=matrix, em—=embayed margin.
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Kakara Formation Sandstone

Plate 4.26C. Photomicrograph of sample KK1 (station 30), under crossed nicols,
from one of the quartzite fragments showing parallel alignment of minerals

(foliation).

4.3.2.3 Oluka Formation

O1, Muka Formation sandstone

01 15 a medium-grained, moderately to well-sorted, weakly laminated sandstone
predominantly composed of subangular to rounded quarlz grains. The grains mainly
comprise quartz and potassium feldspars, Clay minerals are abundant in the sample and
are thought to be from alteration of feldspars. Rock fragments (Basement quartzites) are
abundant and are mamnly/exclusively composed of strained quartz grmains as evidenced by
the wavy extinction of the guartz grains in the fragments. Micas (muscovite and biotite),

opaque and other minerals, such as pamet and epidote, are also present in the sample,
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Mineralogy (o)

Quartz 40
Feldspars 15
Clay minerals 15
Micas 5
Rock fragments 15
Opaque minerals Trace

Oluka Formation sandstone

Plate 4.27. Photomicrograph sample of 01 (station 19), under crossed nicols,
showing subangular to angular mineral grains,

my= monocrystallime gquartz, m=matrix.
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4.3.2.4 Nyaburogo Formation

Nybr 1, Nyaburogo Formation Sandstone

Nybr | is a fine to medium grained, moderately to well-sorted sandstone, predommnantly
composed of subangular to rounded quartz grams (Plate 428) The grains mainly
comprise quariz and potassium feldspars (albite and microching). Clay minerals are
abundant in the sample and are thought to be as a result of alteration of feldspars. Micas
{muscovite and biotite), and heavy and opagque minerals, such as garnet, compnse the

minor components in the sample.

Mineralogy (%)

Quartz 60
Feldspars 15
Clay minerals 15
Micas Trace
Rock fragments 5
Opaque minerals Trace

24



Nyaburogo Formaltion sandstone

Plate 4,28, Phetomicrograph of Nybr | {(station 40}, under crossed nicols, showing
fine-grained, medium-sorted sandstone. pg=polycrystallime quartz, mq=

monocrystallime quartz, mee=microcline, m=matrix

4.3.3 X-RAY DIFFRACTION (XRD)

4.3.3.1 Bulk samples

X-ray diffraction analysis of the samples from the different formations of the Semiiki
Basin was camied out to identify the mmeralogy of the different rocks obtained from the
field. The X-ray diffraction scans of bulk samples reveal that the mudrocks/claystones are
dommated by ¢lay minerals with subordmate quartz, feldspars and caleite, whereas the

sandstones are dominated by quartz, {eldspars and caleite. All the X-ray diffraction scans
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for bulk samples referred to here are presented in Appendix 2. A summary of the bulk
mineralogy determined by X-ray diffraction is given in Table 4.3 below. Peaks of
secondary precipitates, such as calcite and gypsum, were mostly observed in
mudrocks/claystones of the Kisegi, Oluka and Nyabusosi formations. These carbonates
and sulphates may have formed as oxidation products of sulphide in the sediments or as

evaporites (calcite first, then gypsum as salinity increases).

The X-ray diffraction analyses show that all samples contain clay minerals. XRD
difractograms demonstrated that the principal clay mineral present was kaolinite. These
clay minerals are recognised in thin-sections as grain coatings (necking between grains),
suggesting that they may not be associated with burial diagenesis, but that they are more
likely to be the result of eluviation/weathering in the shallow vadose zone. The clay
minerals include illite, illite-smectite, kaolinite, montimorillonite, illite-montimorillonite,
and mica. In the Kisegi samples K4 and K2, lithic grains, altered to clay minerals, are
present. These could not be identified in thin-section, but X-ray diffraction analysis

shows that they are clay minerals and chlorite.

Authigenic minerals such as anatase and jarosite were also recognised in X-ray
diffraction. Jarosite was present in Kisegi samples K1 and K5, whereas anatase was

present in Kabukanga and Kisegi Formation samples Kal, K5, K4 and K1.

Oxides of iron (haematite and magnetite) were detected in samples from Kisegi (K5) and
Oluka (02 and O3) formations.

4.3.3.2 Clay-size samples

The analysis of the <2um clay size fraction indicates that the mineralogy from all the
samples is dominated by the mixed layer illite-montimorillonite and illite layers in the

structure. The clay mineralogy is summarised in Table 4.4. All samples contain kaolinite
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and illite and most contain montimorillonite. XRD scans for the clay-size samples are

presented in Appendix 2.

Table 4.3. Mineralogy of the bulk samples

Sample Name | Formation Mineralogy
Name
Rwml Rwamabare Quartz, Albite, Illite, Magnesium Calcite,
muscovite.
Ka2 Kabukanga Quartz, Gypsum, Calcium, Magnesium, Illite-

Montmorillonite, Anatase, Manganese Oxide,
Jarosite, Muscovite, Magnetite, Haematite,
Manganese

Kal Kabukanga Quartz, Calcium, Magnesium, Gypsum, Illite-
Montmorillonite, Kaolinite, Smectite-Kaolinite,
Anatase, Manganese Oxide.

Nyl Nyabusosi Calcite, Dolomite, Manganocalcite, Magnesium
calcite

Nybrl Nyaburogo Quartz, Potassium feldspars, Calcite, Illite,
Kaolinite, Montmorillonite.

03 Oluka Quartz, Magnetite, mangano-calcite, Gypsum,
Illite-Montmorillonite, Kaolinite, Copper Nickel,
Calcite

02 Oluka Quartz, Magnetite, Magnesoferite, Gypsum,
Illite, Montmorillonite, Kaolinite, Copper Nickel,
Zinc

0Ol Oluka Quartz, Cobaltite, Olivine, Gypsum, Anhydrite,

Calcium sulphate hydrate, Illite, Potassium
feldspars, muscovite, Kaolinite.

KK1 Kakara Quartz, Iilite, Kaolinite-Montmorillonite,
Rectorite

K6 Kisegi Quartz, Albite, Illite-Montmorillonite, Rectonite,
Potassium feldspars, Plagioclase, Iilite,
Haematite, Montmorillonite

K5 Kisegi Quartz, Gypsum, lllite, Albite, Jarosite, Anatase,
Magnetite, Smectite-Kaolinite.

K4 Kisegi Quartz, Gypsum, Albite, Anatase

K3 Kisegi Quartz, Albite, Illite, Illite-Montmorillonite
Smectite-Kaolinite, Kaolinite

K2 Kisegi Quartz, Gypsum, Mangano-calcite, Albite,
Calcite, Chlorite.

Ki Kisegi Quartz, Anatase, Jarosite, Illite, Potassium
feldspars
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Table 4.4. Mineralogy of clay-size samples

Sample Name | Formation Name | Mineralogy

Rwml Rwamabare Kaolinite, Illite, Mica,

Ka2 Kabukanga Kaolinite, Illite-Montmorillonite, Illite,
mica

Kal Kabukanga [lite-Montmorillonite, [lite-smectite,
Kaolinite, Smectite-Kaolinite, mica

Nyl Nyabusosi Kaolinite, Calcite, interstratified smectite-
mica

Nybrl Nyaburogo Illite, Kaolinite, Illite-smectite, Chlorite.

02 Oluka Illite, Montmorillonite, Kaolinite, gypsum,
mica

KKI1 Kakara [llite-Montmorillonite, Illite, kaolinite,

K6 Kisegi Kaolinite, Illite-Montmorillonite, Illite,
Montimorillonite,

KS Kisegi Kaolinite, Ilite, Smectite-Kaolinite,
Chlorite.

4.4. SEISMIC DATA

4.4.1 Introduction

Seismic reflections represent seismic energy reflected from a particular reflector (such as
bedding, unconformities, change in lithology, faults and change in fluid medium), due to
a change in acoustic impedance in the subsurface media (Mitchum et al., 1977). Seismic
data interpretation was based on data acquired by Heritage Oil and Gas Limited in 1998
and 2001 (Figure 4.12). A total of 400 line-kilometres of two-dimensional (2D) seismic
data of the Semliki Basin were acquired. The data have been analysed and interpreted

during this study and this has helped in the study of sedimentary facies of the subsurface.
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Figure 4.12, Base map of the acquired seismic data from Semliki Basin,




High Irequency reflections provide excellent structural resolution in 4 complex setling in
the upper parts of the sections, There is excellent reflection continuity throughout the
Miccene section. "The reflection continuity is, however, strongly affected by the complex
normal Fzulting within the basin. The basin fill occupies the greater part of most lines and
comprises a reflleclive sequence up lo approximately 4.5 seconds thick. This hasin iill is
typicaily highly rellective and many of the reflections cxhibit good lateral continuity, All
of the imterpreted seismic sections are presented in Appendix 3. The vertical scaic ol all

seismic sections is seconds two-way-lime.

4.4.2 Reflection identification

A strong (high amplitude} reflection is seen across the whole survey (Figure 4.13) and is
regarded as top ol basement. Below this reflection. the data quality deteriorates and the
relections are difficult to interpret. The Red Reflection has thus been assigned to the top
of basement and is clearly secn across the whole survey as a strong rellection. The Top
Bascment cvent represents the highest amplitide encountered and appears as a major
genlogical boundary. Apparent thrust faulting as well as normal laulting has cut this
event and this faulting has sometimes resulted in significant displacement of the Red

Rellection.

The Gold Relleetion (Figurc 4.14) has been assigned to the base of the Tertiary basin fill.
Turaco-1 &2 wells did not reach this depth, but, based on the rellection characier above it
(¢lear and continuous), It represents the basin fill. This reflection was interpreted te be
near the base of the Miocenc (Heritage Oil and Gas Limited, 2001 ). Below this reflection,
data quality is poor and only a few continuous relleetions can be picked. This scetion lies
above the Basemenl Karoo beds have been found on top of the Basement in other
adjacent basins in the western rift area. Therefore, this section has been interpreted to be
of Karoo age. These sediments onlap the basement and arc likely to have formed under

continental conditions. Possible Jurassic age rocks were intersected in the Butiaba Waki-
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1 well, dnlied on the margins of the Albertine Graben and their presence here i3 quite
likely.
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Figure 4.13. A section of Scismic Line HOG 2001-04 showing the Top Basement
(Red Reflector) cut by faulis.

The Magenta Reflection (Figure 4 14) has been assigned to the base of Kiseg: Formation.
This formation was encountered in Turaco-2. The Magenta Reflection 15 a high-
amplitude doublet event and is continuous across the survey. This sharp seisnuic
boundary may be an indication that the area was subjected to intense erosion and
peneplanisation in the Post-Karoo period. Tt is possible that the area became uplifted and
subjected to erosion throughout the period from Triassic to Early Tertiary. In the Kenyan
Rift, Early Tertrary sediments lie above Karoo sediments, and below Middle Miocene to

Recent deposits. By analogy. it is reasonable to assume that the sequence overlymg the

91



Karoo in the Albertine Graben, which appears broadly similar on seismic profiles to that
in the Kenyan Rift, 15 also of Early Tertiary age. These sediments are thought most likely
o be predominantly siliciclastic. They are associated with continuous retlectors, which
arc more typical of the setsmic character associated with lacustrine settings, rather than
fluvial settings. These sequences appear o onlap the Basement highs. A serics of reverse
and thrust faults weee developed within the survey area, which cul the Basement, Karoo
and Early Teittary sections, bul are tertinated by an unconformity, The Basement was
thrust upwards, possibly causing erosion of the thrust sediments, lbrming 2 marked
angular unconformity, The Basement was juxtaposed against the sediments and then the
Early Tertiary sediments were deposited basinward. Delta sequences are seen to prograde

and retrograde with channel meisions into the deltas.

The Blue Reflection (Figure 4.14} is assigned to the Top Kisegi/Base Kasande
Formation. Most of the other reflections above the Kisegi Formation are cyelic and
therefore repeated reflections were picked. These correspond to the Oluka, Nyaburogo,
Nyakabingo/Nyabusosi [ormations, These reflections correspond to high-amplitude
events in the most faulted part of the sections, possibly representing a strike-slip fault-
induced flower structure. Most of the sediments above the Magenta Reflection were
interpreted (o have been deposited in a fluvio-deltaic/lacustrine environment, based on
the reflection character. Figure 4,14 shows the interpreted seismiic section of line HOG-

98-01 illustrating different structures and sequences.

Seismic lines 98-08, 2001-0d4. 98-06, 2001-03, 2001-09 and 98-07 are lines where the
scismic-reflection packages are seen o emerge at the surface. These lines are seen to
pass through the outerops that have been mapped by Pickford ez af (1994) and are ol Mid
Miocene 1o Recent age (Figure 4.15). Figure 4.16 shows the interpreted section of line
HOG 2001-04. illustrating the correlation of seismic data with surface outcrops ol the

Semliki Basin,
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4.4.3 Structural interpretation

A setsmic interpretation of line HOG-98-01 shows a basin that has undergone both rifting
and thrust tectonics. Based on the scismie reconsiruchion of the area, thrusting predates
the major rifting phase though it mayv seem likely that there could have been another
thrust episode after rifling. This is indicated by the [olding of the strata against the main
fault as seen on seismic line HOG 98-01 (Figure 4.14). This faulting may have been
obligue to this ling, since there is no expresston of the thrust fault on this line controlling

the folding of the later sediments.

Lines HOG 2001-0] and HOG 98-01 display westward-thickening reflection packages
{Figure 4.163. It is possible that the faults within the flower structure have been
constantly active throughout deposition and are likely to have cut to the surface
throughout the depositional period. Thickening on onc side of the fault implies that
faulting was syn-deposttional. Thickness changes across the taults mply lateral
movement on the faults, other than normal faulting. For example. the Kisegi to Nvabusosi
unit ts thicker on the upthrown side of the fault that it is on the downthrown side {Figure
4.16). These thickness differences arg more typical of juxtaposition of the section
developed near the basin depoeentre being juxtapesed against a thinner. more marginally

depasited seetion.

4.4.4 Stratigraphic interpretation

Pinchouts and erosional truncations are very important in seismic  stratigraphic
interpretation, since they are normally associated with major lithological boundarics such
as unconformities. Pinchouts and truncations are also associated with depositional
indicators, such as sand lenses and channel and fan features. Lateral discontinuities and
pinching-out of reflections on a vertical section could be associaled with faulis, channel

syslems or tan deposits,
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Figure 4,15, Seismic base map superimposed onto the Geology of the Semliki Basin.



200102 480,64 8801, 113213 200101, 5ri.8@ §8-02, 844 B3
] 1

1 -

8P 0 2.0 4000 Surface outcrops ;1 1000.C 12000

] 0,500
1,500

1.000

1,000

j 1 500
1,500
1.000 é 2.000

:t

: = SO0
2 5004

; A2.000
3.000~

E . Boo
2,500+

1 4.000
4.000

4.500
4500 L ——

Figure 4.16. Intevpreted section of ine HOG-20H1-1M illustrating the correlation fo the surface outcrops. RR=Red

Refleciion. GR=Gold Reflection, MR=Magenta Reflection. BR=Blue Reflection. CR=Cyan Reflection, GRR=Green
Reflection. BRR=Brown Rellection



Pinchouts and erosional truncations were identified from the seismic data by analysing
the angle between the truncation surface and the surfaces of bedding, For example,
Figures 4.17A-B show reflections on line HOG-2001-03 pinching out laterally, which

could form important traps.
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Fizgure 4.17 A. Pinchouts associated with faults, mapped on line HOG-2001-63.

Stratigraphic features, representing sand lenses, have also been identified from the
seismic data. The atinbutes slices presented in fipures 4 18A and 4.18B illustrate a

distinct trend of high amplitudes on various lines that have been associated with channels,
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Figure 4.17B. Pinchouls mapped on seismic line HOG-2001-01

Figure 4.18A, Chamel features mapped on Line HOG-2001-01
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Figure 4.18B. Channel features mapped from seismic fine 110G-2001-02,

44.5. Direct hydrocarbon indicators (DHIs)

Sesmie-attribute analysis for hydrocarbon indicators was performed on the seismic data.
Different types of seismic aftributes were applied In order to analyse for any direct
hydrocarhbon ifidicators that may be present from seismic data. WNumerous events,
interpreted as direct hydrocarbon indicators (DHIs), were mapped from seismic sections.
These are seen as flat spots, high-amplitude spots (bright spots), dim spots or polanty
reversals. They were interpreted to be associated with the hydrocarbon- water contacts,

Seismic-ampliude anomalies, shown it Frgures 4 19A and 4.19B, show bright and flat

spots, indicating the presence of hydrocarbons in the Semliki Basin sandstones. Line 98-



a7 (approcamately 2.0 scconds and 1180m shot point) shows a high-amplitude (bright)
spot that stands out from the rest (Figure 4.19A),

36 06, 564 37 200rt-0d4 801 65

Figure 4.19A. A high amplitude reflection on line HOG-98-01

Another bnght and flat spot was mapped on line 2001-04 (approximately 2.0 seconds and
600m shot point) tilted towards the west (Figure 4.19B). These were interpreted as a
response to cementation along an old hydrocarbon-water contzct, which was later tilted to
the west. The Kisegi Formation was mapped above this level and it s believed that there
are hydrocarbons associated wath the structure, since Kisegi Formation sandstones have

been cited as potential reservoirs.
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Figure 4.19B. A high-amplitude/bright spot on line 11OG-2001-04 tilted to the wesl.

4.5 BOREHOLE DATA

The reference/well cuttings from Turaco 1 and 2 were taken at depth intervals of 5m.
Heritage Oil and Gas Limited described these both on zite and in the laboratory and
lithologs were compliled. Wireline logs were also run in boih Turace-1&2 wells and
these include pamma-ray, caliper, resistivity, neutron porosity, density, sonic andg
temperature logs. Based on these well-cuttings dﬁscripliuns' and wireline-log responses,
the stratigraphy of the Semliki Basin was mterpreted. Lithologs and wireline logs have
been analysed and mterpreted together during this siudy and the findings are presented
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below. Outcrop and well data in this study were correlated, mainly based on lithological
grounds, by comparing the observations made from outcrop and those from the well
cuttings from both Turaco 1&2 wells. The observations made from surface geological

mapping were also compared with those from wireline-log interpretations.

4.5.1 Stratigraphy from wireline logs and well cuttings

Evaluation and analysis of the mudlogs and the well log for Turaco-1&2 wells shows that
the wells penetrated a sequence of claystones interbedded with sands/sandstones.
Litholog evaluations for Turaco 1 and 2 wells showed variations in sand and shale
percentages and sequences down the wells. Composite well logs for Turaco 1&2 wells

are presented in Appendix 4.

Based on the analysis of litholog and wireline logs for Turaco 1&2 wells, the formations
encountered at depth during the drilling operations were correlated with those mapped at
the surface during fieldwork. The sand/shale association here may reflect interaction of
sandy fluvio-deltaic and muddy lacustrine systems. Where the clastics are finer, they may
represent a distal end of deltaic or moderately deep lacustrine environments. Where they
are coarse, they may represent a more proximal fluvial influence or deltaic progradational

packages.

4.5.1.1 Kisegi Formation: 2555m to 2962.5m

The Kisegi Formation is comprised of intercalations of sandstone and claystone. This
interval comprises 1-8m interbeds of sandstones and claystones, the latter forming about
70% of the interval. The thickest sandstone layer was encountered between 2798m and
2817m. The low gamma ray log response at this depth shows that this is a clean

sandstone. The density and neutron porosity logs show a good negative separation and
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the resistivity is high, the sonic velocities are slow and a combination of all these leads to
the conclusion that it is a sandstone of good reservoir quality, but that it does not contain
hydrocarbons, because of low resistivity. The intervals 2788-2798m, 2819-2831m may

represent impure coals,

The sandstone grains in the Kisegi Formation are transparent to translucent, very fine to
coarse-grained, poorly sorted, angular to subrounded, subspherical, loose, quartz and
feldspars, with moderate to good visual porosity. The claystones are similar to those of

the overlying Kasande Formation.

4.5.1.2 Kasande Formation: 2437.5 to 2555m

The Kasande Formation is the argillaceous (mudstone-dominant) interval from 2437.5 to
2555m. It comprises an association of differing claystone types. These are variably pale
to medium dark grey, pale to medium green/blue grey yellow brown or dark reddish
brown, generally firm to moderately hard, blocky to sub-blocky, splintery in places,

locally waxy, non-calcareous.

4.5.1.3 Kakara Formation: 1881m to 2437.5m

The Kakara Formation directly overlies the Kasande Formation. It consists of interbedded
claystones and sandstones with the latter being about one third of the sequence and
forming beds of 1-10m thick. Claystone units range between 0.2-30m thick, whereas the

sandstones are mainly thin (0.1-0.2m) with few layers up to thickness of 10m.
The claystones are varicoloured, including pale biue/green grey, dark grey, brown grey,

black to dark brown, pale to medium grey, common dark grey, locally orange or reddish

brown. They are variably soft to hard and typically have a blocky to irregular fracture,
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splintery in places. The claystones are locally silty/sandy and carbonaceous material is

recorded in places.

The interbedded sand/sandstones are poorly consolidated to unconsolidated, mainly fine
to medium grained (very fine to coarse sand in places), moderately to well sorted and

composed of mainly angular to subangular quartzitic grains.

4.5.1.4 Oluka Formation: 1802m tc 1881im

From the Turaco-2 composite log, the sediments of the Oluka Formation were
encountered at depths between 1502-1782m. They are clay prone with claystone units
ranging between 0.2-30m thick. The Oluka Formation comprises an association of
interbedded claystones, shales, siltstones and sandstones broadly similar to those in the
overlying formations. The sandstones are thin with a few layers up to 10m thick apart
from a 15m bed occurring from 1629-1644m. Compared to the overlying formations,
Oluka Formation is more argillaceous and shows a predominance of fining-upward cycles

as evidenced on the gamma ray and sonic logs.

Claystones are vari-coloured, light grey to olive grey, soff, silty, locally they grade to
argillaceous siltstone, white to light grey/grey, argillaceous, and soft. Shales are also
common and are grey to dark grey, firm and weakly to moderately fissile. The thicker
sandstone beds are mainly medium to coarse-grained, though the majority of sandstones

are very fine to medium grained and moderate to well-sorted.

4.5.1.5 Nyaburogo Formation: 1049m to 1502m

From the wireline logs, the sediments of the Nyaburogo Formation are more arenaceous
than the overlying Nyakabingo and the underlying Oluka formations, although they are
generally argillaceous. They were encountered at a depth between 1049 and 1502m. The
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formation comprises interbedded sands and claystones with bed thicknesses of typically
0.2-15m. These sediments display depositional cyclicity in which coarsening-upward

cycles predominate.

The sand grains are quartzose, typically colourless and, translucent, very fine to very
coarse, angular to subangular, rarely subrounded, elongate to sub-spherical, poorly sorted
with inferred good visual porosity. The claystones are light to dark grey to black, locally
speckled, firm, blocky to irregular, subfissile to splintery, earthy to smooth, locally silty,
slightly calcareous in places, micromicaceous, locally with carbonaceous specks/rare

laminations and non-swelling.

4.5.1.6 Nyabusosi-Nyakabingo Formations: 200-1049m

The sediments of the Nyakabingo and Nyabusosi formations could not be separated on
the well logs of the Turaco-1 Well. These formations comprise an association of
claystones interbedded with subordinate sands/sandstones. The shalier interval from 847-
1049m, however, might comprise the Nyakabingo Formation. The thickness of individual
claystone units varies between 0.5-40m whereas the sandstones range between 0.1-10m
thick. These sediments show a predominance of coarsening-upward cycles, which are
commonly, though not invariably, overlain by fining-upward cycles. These small-scale
cycles are typically 5-10m thick. The coarsening-upward cycles are interpreted from the

gamma-ray-log response.

The claystones are light grey to light greenish grey, soft, locally silty, in places with
traces of plant fragments/carbonaceous debris, mica and sideritic/dolomitic fossil
(gastropod?) fragments. The interbedded sand/sandstones are poorly consolidated to
loose, and comprise mainly medium to very coarse grains, and are locally granular to
pebbly. Grains are quartzose, clear to milky and are sub-elongated to sub-spherical in
shape, sub-angular to sub-rounded. Better-sorted fine to medium sands are present in

places.
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4.5.1.7 Surface Alluvium: 0-200m

The surface alluvium was encountered at depth between 0-200m. The sediments are
mainly composed of intercalations of loose to semi-consolidated sands and thin layers of
silts (<0.5m) and thin (<0.5m) layers of clay. These represent the youngest deposits
within the basin. The sands contribute the biggest percentage and their individual bed
thickness ranges between 0.2-20m.

The sediments are almost entirely loose sand, quartzitic, yellow to white, medium to very
coarse grained. The grains are sub elongated to sub spherical, sub angular to sub rounded,
poorly sorted with minor muscovite, green glauconite(?) and traces of soft to moderately

hard lignitic material.

4.5.2 Cyclicity from wireline logs

The wireline logs and lithological sequences from the well suggest strongly cyclic
depositional patterns. The gamma-ray patterns indicate the coarsening-upward and
fining-upward cycles. These variations in gamma-ray character may reflect water-level
changes and river/lake interactions through the depositional period and the influence of
rifting tectonics on sediment deposition through time. Cyclicity is important, because
during a lacustrine transgression, fine sediments are deposited and during a lacustrine

regression, coarse sediments are deposited.

At the small scale, the logs show a predominance of coarsening-upward (regressive)
cycles, which are commonly, though not invariably, overlain by fining-upward
(transgressive) cycles (Downie, 2003). These small-scale cycles are typically from 5-10m
thick. For example, the interval between 1150-1900m shows individual regressive units
of 5-10m are overlain by transgressive units (Figure 4.20). At an intermediate scale, the

small cycles stack to form overall regressive (coarsening-upward) and transgressive
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{fining-upward) cvcles. These cycles are typically of the order of magnitude of about
100-150m
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Figure 4.20. Small-scale cyclicity from Turaco-1 well logs {(Adapted from Downie,
2003). GR= gamma-ray log, DT=senic log, NP=neutron porosity log, DEN=density
log.

The analysis of the wireline logs and hithilogs from Turaco-1&2 indicates the coarsening-
upward and fining-upward cyeles (Hentage Oil and Gas Limited, 2002), These are
interpreted as being from 200-1049m and from 1049-1883m. Stacking of cycles at an
intermediate scale form overall coarsening-upward and upward-fimng cyeles (Figure
4.21).
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Figure 421. Coarsening-upward and lining-upward cycles from gamma-ray-log
analysis {Adapled (rom Downie, 2003). Vshile represents the {vactional volume of

claystone.
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CHAPTER FIVE

5.0 DISCUSSION

5.1 INTRODUCTION

The main aim of this study was to establish the relationship among the sedimentology,
stratigraphy and the hydrocarbon potential in the Semliki Basin. Sedimentology deals
with the scientific study of the classification, origin and interpretation of sediments and
sedimentary rocks (Boggs, 1995). It is concerned with physical (textures, structures and
mineralogy), chemical and biologic (fossils) properties of sedimentary rocks and the
processes by which these properties are generated. On the other hand, stratigraphy deals
with the science of rock strata (Boggs, 1995). It is concerned with the age relationships of
strata, succession of beds, correlation of strata, stratigraphic order and chronologic

arrangement of beds in the geologic column.

Data have been analysed, interpreted and integrated in order to establish the
sedimentation history and the stratigraphic relationships among the different formations
in the basin, to determine the depositional environment and to evaluate their petroleum
potential. These data include surface geological mapping and subsurface (seismic,

wireline and well cuttings) data.

5.2 SEDIMENTARY ENVIRONMENTS

A depositional environment is a geographically restricted part of the earth’s surface,
which can be distinguished from its adjacent areas by the complex of physical, chemical,
and biological conditions, influences or forces under which a sediment accumulates
(Krumbein & Sloss, 1963; Selley, 1970, 1978; Reineck & Singh, 1980; Blatt et al., 1980;
Selley, 1982). Facies can be related to present-day depositional environments in order to

construct a depositional model for the ancient rocks (Selley, 1982).
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The depositional framework of the Semliki Basin is dominated by clastic sediments in
which lacustrine and fluvial environments are most commonly observed. This is in
agreement with the general sedimentary environments in the East African Rifts (Morley
et al., 1999). Fluvial/lacustrine systems are characterized by diverse lithologies, which
include conglomerates through sandstones to mudstones, cherts, oil shales and coals
(Selley, 1990). The distribution, orientation and internal geometry of fluvial/deltaic
deposits is controlled by a number of factors including climate, water discharge, sediment
load, rivermouth processes, waves, tides, currents, winds, shelf width and slope and the

tectonics and geometry of the receiving basin (Selley, 1978).

Lacustrine sediments are widespread in the Semliki Basin. They are dominated by
claystones, siltstones, and interbedded sandstones. The lacustrine interpretation is
commonly confirmed by the presence of invertebrate fossils, such as the freshwater
bivalves, and distinctively lacustrine sediments such as evaporites and diatomite.
Sandstones within the claystones may represent lake shoreline sands, deltas, offshore bars
or turbidites (Magnavita and da Silva, 1995). Fluvial deposits vary in thickness, and form
laterally consistent, fine- to very coarse-grained, channelized sandstones. Sedimentary
facies associated with steep faulted margins (e.g., Magnavita and da Silva, 1995) are rare

in the Semliki Basin, since they tend to be confined to narrow strips along faults.

From the Gamma-Ray Log Facies analysis, the stratigraphy of the Semliki Basin reveals
predominantly progradational packages that are typical of fluvial-lacustrine type of
basins. This facies association tends to be composed dominantly of marlstone,
argillaceous coquina, bioclastic grainstone sandstones, carbonaceous mudstones and
coals (Geirlowski-Kordesch and Kelts, 2000). Facies associations in such environments
reflect changes in water level through climatic and tectonic events (Allen, 1970).
Shallowing-up sequences are common and are normally capped by exposure
(pedogenic/palaeosol) horizons. These facies are difficult to interpret with limited surface
exposures, making stratigraphic reconstruction difficult. This is further hampered in areas

of syndepositional tectonics.
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In general, the sedimentary environments of the Semliki area, in the vicinity of the
Turaco prospect, are fluvial-lacustrine, showing significant variations in gamma ray
character that reflect water-level changes and river-lake interactions throughout the
depositional period and the influence of rifting tectonics on sediment deposition through

time.

Sedimentologically, the depositional environments of the sediments in the Semliki Basin
were analysed for each individual formation. Numerous sub-environments were
recognised from profiles of the individual formations of the Semliki Basin. Sedimentary
rocks found in outcrop and in wells are either dominantly fluvial sandstones or alternating
claystones and sandstones (lacustrine deposits). Other types of continental deposits such
as carbonates and volcaniclastic sediments are rare. Various facies were identified from

their geometry, lithology, sedimentary structures and fossil content.

5.2.1 Kisegi Formation

At the Kibuku outcrop, the section fines upwards from conglomerates, through coarse
and fine sandstones to siltstones. The poorly sorted, angular conglomerates at the bottom
of the section are interpreted as having been deposited rapidly with no reworking by
currents. The clean sands and the sand matrix of the conglomerates are interpreted to
have been deposited in fluvial channels, which may have been braided. They could have
been deposited a distance away from the sediment source, but owing to the quartzitic
nature of the adjacent Basement, the sand may not be a mature sediment and may be
locally sourced. The overall fining- upward character is typical of deposition in a fluvial
environment. The conglomeratic facies are also interpreted as talus slope deposits

associated with steep faulted margins along the Kibuku Fault.

The basal part of the Kisegi outcrop is composed of rapid alternations of yellowish grey

sands developed in thin lenses with interbeds of well bedded gypsiferous silt and clay
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beds. The sands are clean, medium to fine grained and well sorted, with subrounded to
subangular grains. These are interpreted to have been deposited in an inter-channel
setting with occasional minor flood events or with small ephemeral streams crossing an
inter-channel plain. Overbank flooding takes place leading to the deposition of fine silts
and mud on the bank or near the stream edge (Allen, 1970). Patches of brown staining,
observed in this section, are probably the result of local iron enrichment due to subaerial

exposure.

The highly arenaceous part of the Kisegi Formation is composed of yellowish grey,
medium to coarse-grained, well-sorted sand units with subrounded to subangular grains.
Graded bedding was observed in this part of the section with some beds grading from
conglomeratic bases through to coarse sands passing into gypsiferous muds and/or silts.
According to Allen (1970), meander migration leads to deposition of coarse lag deposits
that become overlain by sandy fining-upward point-bar deposits, which themselves are
overlain by silty and muddy overbank deposits, producing an overall fining-upward
succession, Therefore, this section was interpreted to have been deposited as large-scale

channel fills or as a sequence of stacked channels.

5.2.2 Kasande Formation

The Kasande Formation is mainly argillaceous with only minor, laterally inconsistent,
poorly sorted ferruginous sandstone stringers in a mudstone/claystone section. This
section is interpreted to have been laid down in a lacustrine environment possibly during
a lake highstand. The thin sandstone stringers may have resulted from short-lived,
increased sediment input, possibly caused by either storm runoff or by localised deltas.
The upper part of the section, composed of silty to sandy claystones with poorly sorted
sandstone and diatomite lenses, gives the appearance of being a sedimentologically
immature sediment that has been very rapidly deposited in a lake. Deposition of
diatomites is an indication of a sediment-starved, higher-latitude lake environment

(Tucker, 2003). Therefore, the existence of diatomites in the sediments of the Kasande
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Formation is an indication of less clastic input. The existence of gypsum signifies semi-
arid conditions resulting in high rates of evaporation and therefore precipitation of

evaporites. The red colouration may well result from intense tropical weathering.

5.2.3 Kakara Formation

The Kakara Formation is made up of an alternation of predominant silty, clayey
sandstones that show fining-upward sequences from coarse to medium grain size. The
section is mainly composed of intercalations of crudely bedded gravels with minor sand,
silt or clays. These are interpreted as deposits of waning floods and overbank deposits in
a braided stream. Intercalations of very fine sands, silts and mud encountered in this
Formation are interpreted as being longitudinal bars and channel-lag deposits. The bulk
of the Kakara Formation section is therefore interpreted to have been deposited in a
fluvial setting, where the laterally continuous sands represent either deltaic distributary
mouth bars or lacustrine turbidites. Because of the dynamic nature of fluvial systems, the
deposits are highly variable, depending on the size of the bedload grains, sediments
transported, depth of stream channel, and the amount and variability of the stream
discharge (Boggs, 1995). Therefore, streams are constantly shifting position as they
migrate laterally, leaving sheet-like or wedge-shaped deposits of the channel and bar
complexes. Lateral migration combined with aggradations lead to deposition of sheet
sandstones or conglomerates with thin, non-persistent shales enclosed within coarser

sediments (Boggs, 1995).

The section is, therefore, interpreted to have been deposited as an alluvial-fan deposit,
perhaps close to the break in slope at the edge of an alluvial plain. The internal bedding
structures are obvious, but it is likely that much of the sediment may have been
transported in braided, ephemeral streams. The fining-upward sequences of variable scale
reflect deposition in braided rivers with mixed bedloads of sand and gravel, where

deposition may occur at different level within the channels or where channel aggradation
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is followed by channel shifting (Boggs, 1995). The laterally inconsistent sands may
represent a low-sinuosity distributary channel-fill developed close to the lake-margin or
fluvial deposition in the distal alluvial plain. The argillaceous sediments are interpreted to
have been deposited in a lacustrine setting, whereas the laterally continuous sands

represent either mouthbars or more probably lacustrine turbidites.

5.2.4 Oluka Formation

The Oluka Formation is highly argillaceous, but with some uncemented sandstone units
towards the top of the section that show low-angle crossbedding. The deposition of clays
is interpreted to have occurred during low-energy episodes, whereas the coarser clastics

were deposited during high-energy episodes.

The environment of deposition of clays is interpreted as predominantly lacustrine, the
thin sand horizons being developed at periods of low run-off at times of ephemeral, lake
lowstand margin. The laterally consistent sands are interpreted to be fluvial deposits or
mouth bar sands developed into a lake environment. The presumed tuff is interpreted to

be of volcanic origin.

Several beds of white to light grey, low-density sediments, identified as siliceous
spiculites/bedded cherts, diatomite lenses and gypsum veins and crystals were
encountered in the sediments of the Oluka Formation. Their presence in the sediments
indicates deposition in a shallow evaporating lacustrine environment. Diatomites are
formed by diatoms, unicellular organisms that occur in great abundance in lakes (Tucker,
1991). Eugster (1969) describes chert being formed as silica is leached from volcanic
rocks and rock fragments by water of low pH and being precipitated as it enters very
alkaline sodium carbonate-rich lake waters. Evaporation and decrease in pH cause the
silica to be precipitated as magadiite, a metastable hydrated sodium silicate that is

converted to chert in a relatively short time. For example, detrital quartz and clay
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minerals, partially dissolved at high pH values (greater than 9) causes the waters to
become supersaturated with respect to amorphous silica. Evaporation and decrease in pH
cause the silica to be precipitated as a gel of cristobalite, which would give rise to chert
on maturation (Peterson & von der Borch, 1965). The presence of bedded cherts,
diatomites and gypsum in the sediments indicate deposition in a shallow lacustrine
environment with desiccation. Hiatuses during these episodes could have caused
exposure and high evaporation leading to cracking of the clay and deposition of calcite
and gypsum. The presence of palaeosols in the sequence provides diagnostic evidence

that the rocks were exposed to the atmosphere (Reinhardt and Sigleo, 1988).

5.2.5 Nyaburogo Formation

The Nyaburogo Formation consists of a lower mainly arenaceous sequence with stacked
fluvial channel-sandstone sequences, but this fines upwards into a more clayey sequence
with subordinate channel-fill sandstones. This fining-upward sequence confirms the
fluvial environment of deposition (Boggs, 1995). The sandstone units are fine grained
and display prominent parallel and crossbedding structures. The channel-fill sandstone at
the base of the Nyaburogo Formation displays lateral and vertical accretion surfaces
indicating possible deposition in a meandering river environment (Leeder, 1982). The
conglomeratic lags at the bases of individual sand units in the upper part of the section
also suggest a fluvial (meandering river) origin (Magoon and Dow, 1994). There is some
evidence of lateral thinning of the sandstone units and this supports the idea that the
sediments were deposited in a fluvial environment. Some of the thinner sandstone units
have highly cemented tops that include iron-rich carbonate nodules. These cemented
layers are interpreted to be lake-margin facies, formed at times of low sediment input and

lake lowstand.

115



5.2.6 Nyakabingo and Nyabusosi Formations

The sediments of the Nyakabingo and Nyabusosi formations are highly argillaceous.
They consist mostly of intercalations of light grey to light greenish grey clay and
subordinate sands. This interval represents an alternation of low-energy lake-centre and
high-energy lake-margin conditions. Most of the exposures observed contain fossils such
as fishbones, oyster shells (Ostrea) and bivalves (Atrina and Modiolus). These types of
invertebrates live in lakes, mostly at water depths of less than about 10m (Reineck and
Singh, 1980). Therefore, these fossils are believed to be associated with a shallow
lacustrine environment. The gastropod fossils are indicative of freshwater (lacustrine)
environment of deposition, where there was considerable lake-level fluctuation. The high
concentration of the fossils suggests there could have been flooding in this area or death
if the lake became too saline. Therefore, this area was interpreted as lacustrine or flood
plain and/or lagoonal. This suggests that either the present Lake Albert was bigger than it
is today or that there was a lake covering the location at the time of deposition of these
sediments. Iron staining is indicative of oxidation, following subaerial exposure, perhaps

after retreat of the lake during lake lowstands.

5.2.7 Kabukanga Formation

The Kabukanga Formation comprises an association of interbedded claystones and
sandstones. The sediments of the Kabukanga Formation are laterally continuous and
show a coarsening-upward profile with the finer sediments at the base of the formation
and coarser sediments towards the top of the formation. The deposition of clays is
interpreted to have occurred during low-energy episodes, whereas the coarser clastics

were deposited during high-energy episodes (Boggs, 1995).

Lake level and sediment supply are directly linked in lake systems (Bohacs et al., 2000).

The lake level rises when river discharge is high and falls when the river discharge drops.
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The strength of this linkage varies with lake-basin type with the strongest in closed
hydrology and the weakest in open hydrology systems (Bohacs er al., 2000). Lake
shorelines can move basin-ward by progradation or by simple retreat of waters.
Progradation leaves distinct sediment packages while simple lake withdrawal hardly
leaves traces apart from the desiccation features in/on previously deposited strata (Carroll
and Bohacs, 2001).

The nature and existence of a lake is also controlled by the relative rates of
accommodation change and sediment supply including water (Carroll, 1998). The type of
lake system is controlled by how much accommodation space is filled by sediments and
water over a period of time and span. The climate, sediments and water, and tectonics or
inherited topography will exert co-equal control on the nature and distribution of
lacustrine depositional system tracts and their source, reservoir and seal lithofacies

(Carroll, 1998).

Boggs (1995) describes the shallowing and coarsening-upward profiles in lake facies as
being generated by the process in which coarser, nearshore sediments gradually encroach
on the finer, deep-lacustrine sediments, which are in turn covered with fluvial sediments.
Since lakes are believed to be a closed system with respect to sediment transport, lake
basins eventually fill with sediments, and most are converted into fluvial plains as they
are overrun by fluvial systems. As the lake levels rise and fall, the shoreline facies extend
landward or prograde into the lake forming cyclic packages that coarsen upwards

(Magoon and Dow, 1994).
The sediments of this formation are, therefore, interpreted to have been deposited in

lacustrine delta fill and flood plain environments such as swamps and marshes. The

sandstones are interpreted to be mouth bar or shoreline sequences.
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5.2.8 Rwamabare Qutcrop

The sediments of the Rwamabare section are composed mainly of intercalations of well-
laminated, laterally continuous, very fine grained sandstones that grade upwards into silt
and clay. In general, the sediments display a fining-upward profile. The sandstones are
interpreted to be fluvial deposits, particularly channel-fill sandstone deposits, whereas the
clays are interpreted as floodplain deposits or lake deposits. The overlying argillaceous
section, with thin sand stringers near the top, are interpreted as having been deposited in
an inter-channel setting with occasional minor flood events. The laterally continuous
sandstone stringers may on the other hand represent lacustrine deposits with occasional

input of sediments.

5.2.9 Semliki Plains and Toro Alluviam

These sediments are the youngest deposits in the Semliki Basin. The sand and clay
deposits of the Semliki Plains are believed to be the product of flooding of the Semliki
River and lateral migration of the river meanders during periodic highstands of Lake
Albert. On the other hand, the pebbly, Toro Alluvium appears to be related to fluvial

wash from the Rwenzori Mountains.

5.3 MINERALOGY

Mineralogy of rocks is a very important property for studying the origin of siliciclastic
sedimentary rocks, because it provides almost the only available clue to the nature of
vanished source areas (Boggs, 1995). The study of mineralogy is also very important in
understanding the tectonic setting of the source areas and associated depositional sites.
Petrography and XRD data were used to characterise the likely provenance for the

sediments in the Semliki Basin.
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5.3.1 Petrography.

The sandstone samples of the Semliki Basin are predominantly composed of quartz,
potassium feldspars and plagioclase feldspars. The quartz grains are angular to
subrounded, are polycrystalline and monocrystalline and exhibit both uniform and
undulose extinction. The feldspars are mainly albite and microcline as evidenced by
parallel and cross-hatch twinning, respectively. In most of the samples, feldspars have
been fully or partly altered to clay minerals. Clay minerals are recognised in thin sections
as grain coatings (necking between grains), suggesting that they may not be associated
with burial diagenesis, but are more likely to be the result of eluviation/weathering in the
shallow vadose zone. The common accessory minerals present are micas in which biotite
and muscovite predominate. Other minerals, such as epidote and garnet, are present in

minor amounts.

The sandstones of the Kisegi, Nyaburogo and Kakara Formations are moderately mature
to mature subarkoses and sublitharenites, grain sizes range from fine to coarse, moderate

to well-sorted and the grains are angular to subrounded.

Rock fragments of ancient source rocks (provenance) that have not yet disintegrated to
yield individual mineral grains (Blatt ez al., 1980) were also observed in all the sandstone
samples. These are mainly of quartzitic, granitic and gneissose origin and some of the
quartz shows wavy extinction and packing of the grains at an angle of about 120°. Kisegi
(K5) and Kakara (KK1) sandstones show gneissic grains showing parallel alignment of

minerals (foliation), typical of gneissic rocks. .

The presence of potassium feldspars, for example, suggests derivation from an alkali
igneous or metamorphic (granitic-gneissose) origin. Micas (biotite and muscovite) also
suggest derivation particularly from metamorphic source rocks and plutonic igneous
rocks. The shape of the quartz grains, subangular to rounded, moderate to well-sorted and

medium to coarse grain size of the Kisegi Formation sandstones, suggests that these
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sediments have either been transported for significantly long distances or remained for

long residence times within the fluvial systems.

Volcaniclastic sediments composed of material of volcanic origin were encountered in
the Kisegi succession (sample K2). The presence of glass shards (enveloped by lamina)
in outcrop confirms the volcanic origin. These are mainly badly weathered and some
appear in a shade of dirty white to pink and some places green. The green colour may be
as a result of chlorite replacement (Tucker, 2003). Most of these very fine sediments
have undergone diagenetic alteration, leading to the generation of clay minerals (Adams
et al., 1984). This is further confirmed by the presence of smectite in the clay mineralogy

(from XRD) that is believed to be as a result of weathering of volcanic glass.

5.3.2 X-ray Diffraction

The X-ray diffraction scans of bulk samples reveal that the mudrocks/claystones are
dominated by clay minerals with subordinate quartz, feldspars and calcite, whereas the
sandstones are dominated by quartz, feldspars and calcite. Minerals of granitic origin,
such as quartz, potassium feldspars and plagioclase, mainly detected in sandstone
samples, suggest derivation from a granitic-gneissose basement. The clay minerals
include illite, illite-smectite, kaolinite, montmorillonite, illite-montmorillonite, and mica.
The analysis of <2um clay-size fraction indicates that the mineralogy from all the
samples is dominated by the mixed layer illite-montmorillonite and illite layers in the

structure. All samples contain kaolinite and illite and most contain montmorillonite.

Clays commonly originate as weathering products of feldspars and volcaniclastic
sediments, but may also be detrital. It is not clear whether any clays are forming in situ or
if all are detrital. The origin of clay minerals may not be specific, but some is believed to
be as an alteration product of feldspars and volcaniclastic sediments. Volcaniclastic

sediments may be altered to clay minerals and zeolites, such as smectite, kaolinite and
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montmorillonite upon weathering and diagenesis. Tuffs may be replaced by silica or
calcite, silica released on alteration of glass to clays and zeolites can precipitate as chert
by replacement and as cement (Tucker, 1991). The dominance of kaolinite and illite and
montmorillonite in the XRD samples may be a result of hydrolysis of feldspars. The
presence of smectite and montmorillonite in the clay fraction is an indication of alteration

of volcanic glass to smectite.

Peaks of secondary precipitates, such as calcite and gypsum, were mostly observed in
mudrocks/claystones of the Kisegi, Oluka and Nyabusosi formations. Their existence in
the sediments signifies semi-arid conditions resulting in high rates of evaporation and

therefore precipitation of evaporites.

Authigenic minerals, such as anatase and jarosite, were also recognised in X-ray
diffraction of bulk samples. Jarosite was present in Kisegi samples K1 and K5, whereas
anatase was present in Kabukanga (Kal) and Kisegi Formation (K5, K4 and K1) samples.
Jarosite (KFe**3(S04)2(OH)s) is a secondary mineral that is formed through weathering in
arid conditions, whereas anatase is a low-temperature polymorph of titanium oxide

(Ti02) that is found as an alteration product of titanium-bearing minerals.

The mineralogy of the sand samples from the formations of the Semliki Basin is
consistent with derivation from a granitic-gneissose basement. This is suggested by the
quartzo-feldspathic composition and presence of minerals such as micas and garnet.

Lithic grains that are now altered to clays may be attributed to a volcanic origin.

In relation to tectonic setting and depositional sites of the source areas, the mineralogy of
the analysed sediments consists of quartzose sand, feldspars and metamorphic or
sedimentary fragments. According to Dickison and Suczek (1979), such a suite of
minerals is derived from plutonic igneous, metamorphic, sedimentary and sometimes

volcanic rocks that are found in continental-block provenances.
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5.4 SEISMIC DATA

The study and interpretation of seismic data was very important in understanding the
stratigraphy and the depositional environments of the Semliki Basin. Interpretation of
seismic data confirms the presence in the Semliki Basin of a thick succession of post-rift
sediments that represent the Middle Miocene to Recent section described in outcrop.
These sediments are thought to have been deposited as a result of formation of the main
rift shoulders and increased/rapid subsidence of the rift. They are predominantly
continental clastic, associated with reflections that are typical of the seismic character
associated with fluvial-deltaic and lacustrine settings. A major rift-transfer zone was
developed over the survey area with a well-developed flower structure rooted into the
major normal fault (Figure 4.14). This fault forms the main ‘stem’ of the flower structure
mapped in the central part of the survey. It is also possible that the faults within the
flower structure have been constantly active throughout deposition and are likely to have
cut to the surface throughout the depositional period. Possible compressional tectonics

have led to the folding of the faulted sediments, mainly against the major fault.

Below this Tertiary rift is an earlier, possibly Early Tertiary section, separated by a sharp
angular unconformity. This is an indication that the area was subjected to intense erosion
and peneplanation in the Post-Karoo (Post-Triassic) period. It is possible that the area
became uplifted and subjected to erosion throughout the Triassic to Early Tertiary period.
These sequences appear to onlap the crystalline basement highs with variable seismic
character. This is most obvious on line HOG-98-01 above the main thrust and where the
Early Tertiary section is truncated over the crystalline basement high (Figure 4.12). These
sediments are thought most likely to be predominantly siliciclastic. They are associated
with rather continuous reflectors, which are more typical of the seismic character
associated with lacustrine settings, rather than fluvial settings. In the Kenyan rift, Early
Tertiary sediments lie above Karoo sediments, and below Middle Miocene to Recent
deposits (Morley, 1995). By analogy, it is reasonable to assume that the sequence
overlying the Karoo in the Albertine Graben, which appears broadly similar on the

seismic profiles to that in the Kenyan Rift, is of Early Tertiary age. A series of reverse
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and thrust faults cut the Basement, Karoo and Early Tertiary, but are terminated by the
unconformity marked by the Magenta Reflection. The Basement was thrust upwards,
possibly causing erosion of the thrust sediments that formed a marked angular
unconformity. The Basement was juxtaposed against the sediments and the Early Tertiary
sediments were deposited basinward. Delta sequences are seen to prograde and retrograde

in this section with channel incisions into the deltas.

Sediments interpreted to be of Karoo age were mapped below the Early Tertiary basin
fill. This section onlaps the basement. These sediments formed under continental
conditions and were filled with fluvial sediments. Since possible Jurassic age rocks were
intercepted in the Butiaba Waki-1 well drilled on the margins of Albertine Graben, their
presence here is quite likely. Although the Karoo sediments are not developed at the
outcrop in the Semliki Basin, they are seen in the outcrop on the shores of Lake Victoria,
farther southeast, and further to the south in the western arm of the East African Rift,
Karoo sediments are developed in a rift setting on the west side of Lake Tanganyika. By
analogy with the sediments developed in the Lake Tanganyika area, any sediments
developed in a Karoo Basin in the Albertine Graben are likely to be predominantly

siliciclastic continental deposits.

The Early Tertiary and older section is cut by a series of predominantly reversed faults
testifying to a pre-rift compressional phase. These faults do not penetrate into the rift
section, but act as the sites of propagation for the stems of north-northeast trending flower
structures, which are prominent on dip-oriented sections. The presence of flower
structures, which have been active throughout Late Tertiary rifting to the present day,

confirms that the area lies at the site of a lateral transfer zone that offsets the rift.
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3.5 DEPOSITIONAL HISTORY OF THE SEMLIKI BASIN

The depositional history and/or stratigraphic succession of the Semliki Basin were
described with the aid of the various facies, beginning with the oldest and ending with the
youngest. This is based on data from wells (wireline logs and lithologs), outcrops and

seismic profiles.

The sequence of description highlights the nature of the sedimentary record in the
Semliki Basin. Its stratigraphic record demonstrates that sediments of the Permo-Triassic
Karoo Supergroup lie at the base, progressively overlain by Tertiary fluvial-lacustrine

and deltaic deposits towards the top.

Stratigraphic interpretation of the seismic data from Semliki Basin has led to the
reconstruction of the depositional history of the Basin. An interpretation of seismic lines
HOG 98-01 and HOG 98-05 shows deltaic sequences occasionally cut by fluvial channel
sequences, also affected by rift and thrust tectonics. Figure 4.14 (Chapter 4) shows the
interpretation of line HOG-98-01 for depositional history of the Semliki Basin.

The Basement rocks crop out over much of Uganda, these are predominantly high-grade
metamorphic and igneous rocks of Pre-Cambrian age. Extension during the
Carboniferous led to the development of a series of predominantly north or northeast
trending grabens. These formed under continental conditions and were filled with fluvial

and alluvial sediments (possibly of the Karoo Supergroup).

A sharp boundary was mapped at the base of the Early Tertiary sediments. The Basement
was thrust upwards, possibly causing erosion of the thrust sediments that formed a
marked angular unconformity. The Basement was juxtaposed against the sediments and
then the Early Tertiary sediments were deposited basinward. These sediments are
suggested to be predominantly siliciclastic, associated with rather continuous reflectors
that are more typical of the seismic character associated with lacustrine settings rather

than fluvial settings. These sequences onlap the Pre-Cambrian Basement highs. Delta
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sequences are seen to prograde and retrograde in this section with channel incisions into

the deltas.

Formation of the main rift shoulders and rapid/increased subsidence of the rift caused
extremely rapid sedimentation/deposition of the later stratal packages. These filled the
graben with continental and lacustrine sediments, possibly in a more tectonically relaxed
environment. In common with rift basins, the area in the vicinity of the transfer zone,
receives a much higher proportion of coarse siliciclastic sediments. Sands are funnelled
into the basin along fault valleys at times of greater seismic activity. At times of lower
seismic activity, or in periods of greater subsidence, away from the transfer zone,

lacustrine conditions would be more widespread.

From well and outcrop data, the stratigraphic record reveals fluvial sediments of the
Kisegi Formation at the base, progressively overlain by fluvial-lacustrine deposits at the
top. Block diagrams have been used, in this case, to demonstrate the depositional
sequences of the basin. Interpretation of wireline logs indicates that the base of Turaco 2
well is dominated by fluvial channel-fill sequences that display classic fining-upward
sequences. These fining-upward cycles were interpreted from gamma ray and sonic logs.
Block 1 (Figure 5.1) represents a reconstruction of the depositional environment during
this time. The sediments of the Kisegi Formation have been attributed to this kind of
environment in which the sequences display fining-upward sequences with conglomeratic
lags at their bases, as observed from outcrop. This was mainly observed at the base and in

the middle parts of the formation.

This was followed by a period of flooding in the fluvial plain with distributary channel,
crevasse splay, and overbank facies deposited (Block 2, Figure 5.2). This led to the
deposition of fine silts and clays on the bank near the stream edge. Such sequences have
been encountered within the Kisegi Formation, where sands are developed in thin lenses

with interbeds of well-bedded gypsiferous silt and clay beds.
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Block 1

Channel sanls

Figure 5.1, Block diagram illustrating the meandering cvivers and the related

sediments of the Kisegi Formation,

Block 2

Subaqueous fan deposits

Channel sands

Figure 5.2. Block dizgram illustrating the {looding of meandering rivers and the

related sediments of the Kisegi Formation,
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During or towards the end of this phase, there could have been possible favlting or
possible faull reactivation, causing generation of a slope, which led to basinward
progradation of more sihiciclastic sediments and, further on, ceneration of a shallow
lacustrine system. This movement along the fault continued slowly and generated a deep
lacustrine system unti} such a pount when the slope was steep enough to generate gravity

flow deposits (Block 3, Figure 5.3).

Block 3

ubagueous fan deposits

Channel sands

Figure 5.3. Block diagram Hlustrating depositional enviroment of the sediments in

the Semliki Basin,

The next phase of deposition represents a rather stable fluvial lacustrine/delta
environment with vanations in the energy of both the fluvial and lacustrine systems. This
is shown by the progradational. aggradabonal and retrogmdational gamma-ray signatures
and corresponds to the younger formations from the Kasande Formation up to the
Nyabusosi Formatron, These progradational packages occur as several parasequence sets

and are marked by flooding surfaces at the top of each of the parasequences. However,
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where the trends are distorted, the surfaces occur as erosive and may represent sequence
boundaries or localized erosional surfaces. To differentiate the two erosional surfaces
would require more landward review of the stratigraphy to verifiy lateral extent of these
surfaces. One distinct surface is the one that represents the contact between the Kisegi
sandstone and the Kasande mudstone formation. This contact is not gradational and since
it is an abrupt change from sandstones to mudstones, it may represent a regional hiatus or
the most landward migration of a condensed section, the top of which would then be a

likely maximum flooding surface.

Block 3 (Figure 5.3) therefore, represents the depositional environment of all the younger
formations in the basin. The sediments of the Kasande Formation are composed of
muddy sequences with only thin and isolated sandstone units, typical of a lacustrine
environment. The Kakara Formation along with the overlying Oluka, Nyaburogo,
Nyakabingo, Nyabusosi and Kabukanga formations, are made up of predominantly

lacustrine mudstones/claystones and subordinate lake-margin sandstones and turbidites.

The wplift of the Rwenzori block, in very recent times, is likely to have hampered the
continuation of the depositional pattern, thus leading to the deposition of the more
proximal, coarse siliciclastic material. This is borne out by the younger sediments in

outcrop, which consist almost exclusively of coarser-grained siliciclastic sediments.

5.6 STRATIGRAPHIC DIVISION OF THE SEMLIKI BASIN.

The stratigraphy of the Semliki Basin has been divided into a number of formations. In
relation to the age relationships of strata and succession of beds, Pickford ef al. (1987 and
1994) divided the sedimentary rocks of the Semliki Formation into seven formations,
These were based on the geometry and degree of consolidation, fossil content and
radiometric dating of surface outcrops. The seven formations are in decreasing age, the
Kisegi, Kasande, Kakara, Oluka, Nyaburogo, Nyakabingo and Nyabusosi formations.

Two other formations, the Kabukanga and Rwamabare formations, mapped during
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fieldwork, had not been mapped before and could not be associated with any of the

already existing formations without palaeontological or chemostratigraphic definition.

During this study, data (surface geological mapping, seismic, wireline and well cuttings)
have been analysed, interpreted and integrated. The following observations were made in

relation to the startigraphy of the Semliki Basin.

Reflections were picked from seismic data based on seismic attributes. The Red
Reflection was assigned to the top of basement and is clearly seen across the whole
survey as a strong reflection. The Gold Reflection was assigned to the base of the
Tertiary basin fill. The Magenta Reflection, which is a high-amplitude doublet event,
continuous across the survey, was assigned to the base of Kisegi Formation. The Blue
Reflection was assigned to the Top Kisegi/Base Kasande Formation. Most of the other
reflections above the Kisegi Formation are cyclic and therefore repeated reflections were
picked. These reflections correspond to high-amplitude events in the most faulted part of
the sections, possibly representing a strike-slip fault-induced flower structure. Most of the
sediments above the Magenta Reflection were interpreted to have been deposited in a

fluvio-deltaic/lacustrine environment, based on the reflection character.

Stratigraphic interpretation of wireline logs reveals a rather stable fluvial lacustrine delta
environment with variations in the energy of both the fluvial and lacustrine systems. This
is shown by the progradational, aggradational and retrogradational gamma ray signatures.
Apart from one distinct surface recognised at the contact between the Kisegi and the
Kasande formation, other flooding surfaces at the top of each of the parasequences are
distorted. They occur as erosive and may represent sequence boundaries or localized
erosional surfaces. The Kakara Formation along with the overlying Oluka, Nyaburogo,
Nyakabingo, Nyabusosi and Kabukanga formations, are made up of predominantly

lacustrine mudstones/claystones and subordinate lake-margin sandstones and turbidites.

In the view of the writer, therefore, the stratigraphy of the Semliki Basin is over divided.

The younger formations (Kakara to Nyabusosi) can be regarded as a single sedimentary
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unit, in which there is some evidence for cyclicity, from fluvial sands at the bases of the
sequences, through lake-margin and ephemeral lake sandstones, silts and clays, to
‘permanent’ lake conditions dominated by clays. Although these formations have been
separated, they span a period of only five million years and would be regarded as a single

formation.

5.7 PETROLEUM POTENTIAL

In petroleum exploration, an essential objective is the evaluation of the hydrocarbon
potential of a basin (Link, 1982). This requires the determination of the quality, thickness
and lateral extent (volume) of the different facies that represent the source rocks in which
hydrocarbons will be generated, reservoir rocks in which hydrocarbons will accumulate
by migration from the source rocks, and cap rocks which will constitute impermeable

traps avoiding/precluding any migration of the hydrocarbon from the reservoirs.

The elements for a successful hydrocarbon play are present in the Semliki Basin. This is
based on the analysis, interpretation and integration of all the surface geological mapping
data, petrographic data, seismic data and well data. Three basic elements of hydrocarbon

plays: source, reservoir and seal were examined in relation to the nature of the basin fill.

Geophysical data interpretation suggests a thickness of sedimentary section varying from
4-6km in the deeper parts of the section. Surface geological mapping has revealed a
Tertiary section of Middle Miocene to Recent in the Semliki Basin. This stratigraphy has

been supported by the results from interpretation of seismic data and well logs.

8.7.1 Source Rocks

Active oil seeps have been identified along the basin margins, where Basement rocks are

in contact with a thick sedimentary pile in the Albertine Graben. The Kibuku seep
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demonstrates that oil is being generated in this part of the Semliki Basin and in the
absence of any mapped volcanic rocks in the area suggests a regionally mature source
rock, rather than oil derived from local heating. Work by Morgan (1983) has shown that
although heatflows are generally low in the East African Rifts (30mW/m?), that these
increase in the areas where the rifis are offset by transfer zones. In these positions, the
heatflow may increase to more than 100mW/m®. If this type of heatflow is present in the
Albertine Graben transfer zone, it is possible that much of the shale-prone Miocene

section in the area may be mature and capable of expelling oil.

From surface geological mapping and well-log interpretation there are clearly potential
source rocks in the Semliki Basin. It was found out that most of the formations are
argillaceous, apart from the Kisegi Formation. Potential source rocks were interpreted at
several levels in the Turaco wells, particularly in the Oluka and Kasande formations
(Turaco 1&2 composite logs-Appendix 4). Some of these may be mature downdip. If this
is true, it is possible that during diagenesis, because of compaction, the oil would be
squeezed into the underlying reservoir. The Kasande Formation in outcrop appears to be
weathered lake-highstand claystones and siltstones, having a very low sand content. This
formation mapped directly on top of the Kisegi Formation comprises more than 30m of
claystone in outcrop. This, in particular may be a viable source for the underlying Kisegi

sands, where it is mature downdip of the Turaco area.

The Butiaba Waki-1 Well penetrated more than 200m of shale, described as bituminous
and reported to have a total organic carbon content of 6%, interbedded with sands stained
with asphaltic oil. This shale underlies substantial sand thought to be equivalent to the
Kisegi Formation (African and European Investment Company, 1938). Although the age
of this shale is unknown, it has been correlated with the Late Jurassic Stanleyville
Formation of the Cuvette Central in the Democratic Republic of Congo. However,
geochemical studies, carried out by Hall (1998) on samples from the oil seeps point to a
fluvio-lacustrine origin, which tends to support the Tertiary age for this section, as the

Jurassic age would be expected to have marine affinities. This shale may well be
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responsible for sourcing the oil at the Kibiro seep. If this shale is present basin-wide, then

it may also be responsible for sourcing the oil at the Kibuku seep in the Semliki Basin.

5.7.2 Reservoir Rocks

Potential reservoir rocks were encountered in the syn-rift phase in the Semliki Basin.
These sandstones consist of medium-to coarse-grained siliciclastics of the Kisegi,
Nyaburogo and Kakara Formations. Petrographic and petrophysical studies from selected
samples from the Semliki Basin found that the porosities in sandstones are excellent and,
in the clean sands, are typically in the range of 28-36%, though typically in the low 20
percents in the shalier sands (Heritage Oil and Gas Limited, 2002). They are Basement-

derived, based on their detrital mineralogy from petrographic studies.

The Kisegi Formation sandstone, which crops out in the Kaiso Nsolya River Valley, has
been estimated to be over 200m thick. Petrographically, the sands are quartzo-feldspathic
and are moderately mature in respect of their textural and chemical characteristics. The
sandstones are mainly composed of quartz and smaller percentages of feldspars and
therefore, the permeability may not be greatly affected by diagenetic breakdown of
feldspars. Analyses have shown high helium porosities from 36.2-39% and excellent
permeablility (Heritage Oil and Gas Limited, 2002). These sandstones were encountered
in the subsurface in the borehole (Turaco-2) at a depth of 2555-2962m and they seem to
retain good reservoir characteristics. A few sandstone samples of the Kisegi Formation
contain volcanic-derived materials and clay minerals, which may lead to reduced porosity

upon diagenetic alteration. This may, downgrade the reservoir quality.

The sandstones of the Nyaburogo and Kakara formations show similar detrital
mineralogy and textural characteristics as those of the Kisegi Formation. Analyses have
shown helium porosities of 35.7% and 33.0% for Nyaburogo and Kakara sandstones,

respectively (Heritage Oil and Gas Limited, 2002).
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The detrital mineralogy of these sandstones is consistent with derivation from a
granitic/gneissose basement, or a high-grade metamorphic sedimentary source, owing to
the predominance of quartz mineralogy and presence of rock fragments that are typical of
a granitic or gneissose origin. The moderate textural and chemical maturity suggests
either significant distances of transport within fluvial systems for the sand to have been
winnowed, such that it is a clean and well sorted. The relatively high quartz content and

only moderate content of feldspars and lithics implies the likelihood of good reservoir

quality.

5.7.3 Traps and Seals

Seals to the reservoir rocks impact the hydrocarbon prospectivity of any sedimentary
basin (Morley ef al., 1999). A thicker and more laterally consistent seal is required. As is
typical of rift basins, the Semliki Basin has relatively rapid facies changes, common in
fluvial, deltaic and lacustrine sediments, which provide the potential for stratigraphic
traps. Sandstones interbedded with impermeable lacustrine sediments (claystones) and

sandstones overlain by fine-grained lacustrine sequences are present.

Sedimentary sequences mapped in outcrop show strong cyclicity of depositional patterns
that represent coarsening-upward (regressive) and fining-upward (transgressive) cycles of
deposition. Cyclicity is important, because during transgression, fine sediments are
deposited and these, when interbedded with coarser material, could provide good seals
and traps at depth. Relatively rapid facies changes common in alluvial fan, deltaic and
lacustrine sediments provide the potential for stratigraphic traps with or without structural
traps. Unconformities mapped at both outcrop and in seismic data in the sedimentary
sections of the Semliki Basin also provide for stratigraphic, or combined strati-structural
traps. Since most of the formations in the Semliki Basin are clay prone, these could be
potential top seals for the proposed reservoirs. The Kasande Formation mapped directly
on top of the Kisegi Formation comprises a more than 30m thick claystone and could be a

potential regional seal.
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Different structures have been delineated from seismic-data interpretation. These could
act as good traps to the hydrocarbons. These include tilted fault blocks, horsts, hanging-
wall anticlines and inversion features associated with faults. For example, when a fault
juxtaposes a permeable reservoir against an up-dip impermeable layer, a lateral seal and
trap may be provided for the reservoir. In a sedimentary section, composed of alternating
layers of reservoirs and seals, the probability that a reservoir is trapped across a fault by a
sealing layer depends on the relative proportions of reservoir to seal within a fault-
affected section. More sub-parallel faults increase the probability of lateral sealing of the

reservoir.

5.7.4 Migration pathways

Surface geological mapping and seismic data interpretation have led to identification of
hydrocarbon migration pathways in the Semliki Basin. Steep-dipping structures, fault
systems associated with multiple and jointed faults and unconformities have been
identified from seismic data. Seismic lines HOG-98-01 and HOG 2001-01 (Figures 4.12
and 4.14) display such fault systems. These may be responsible for oil migration from the
kitchen areas towards the structurally up-dip areas. Lateral and vertically trending steep
fault systems may act as hydrocarbon migration pathways. All these have been identified

from the data,

All in all, the study has shown that the sediments in the Semliki Basin have potential for
hydrocarbon accumulations. Through fieldwork it was possible to see that there is
excellent potential for reservoirs, regional top seals and circumstantial evidence for
regionally mature source rocks. Interpretation of seismic data has led to identification of
possible seals, traps and hydrocarbon migration pathways. Faults and unconformities,
mapped in the upper sections may act as traps and migration pathways. A schematic
cross-section of the Semliki Basin representing all the potential hydrocarbon plays is thus
presented in Figure 5.4. This was based on the integration of surface geology, well data

and seismic data on seismic line HOG-98-05.
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CHAPTER SIX

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

The study has allowed a better understanding of the stratigraphic relationship of the
different rock units that are exposed on outcrop, encountered in the wells and interpreted
from reflection seismic data only. Therefore, the stratigraphy of the Semliki Basin has

been described, based on lithological data from surface outcrop, seismic and well data.

Seven formations have been described, based on outcrop and well data, and these have
been tied with seismic data. Surface outcrops are comprised of Middle Miocene to
Recent section and these were also mapped on seismic data. The sediments dated from
outcrop studies are Middle Miocene to Recent, although it is possible that some of the
sediments as old as Jurassic or Permo-Triassic may be present in the basin. This is
inferred from interpretation and analysis of seismic data and extrapolation from other

basins in the rift. .

Well and outcrop data record that siliciclastic sedimentation is dominant in the Semliki
Basin, although minor carbonates and volcaniclastic sediments are present. The Middle
Miocene to Recent section of the Semliki Basin is dominated by sandy fluvio-deltaic
deposits and /or lacustrine deposits. The sediments of the area comprise a sandy lower
sequence of the Kisegi Formation, which is overlain by a primarily muddy sequence with
only thin and isolated sand units. These have been separated, mainly by previous
workers, into a series of formations namely; Kasande, Kakara, Oluka, Nyaburogo,
Nyakabingo, and Nyabusosi formations, based on minor changes in lithology and fossil
content. One new formation, Kabukanga, and one outcrop, Rwamabare (which almost
certainly belongs to one of these units) could not be reliably attributed to any of the
formations above without palaeontological or chemostratigraphic definition. The Kakara

Formation, along with the overlying Oluka, Nyaburogo, Nyakabingo, Nyabusosi and
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Kabukanga formations, are all similarly made up of predominantly lacustrine claystones
and subordinate lake-margin sandstones. However, these formations can be regarded as a
single sedimentary unit in which there is some evidence for cyclicity, from fluvial
sandstones at the bases of the sequences, through lake-margin and ephemeral lake
sandstones, silts and clays, to ‘permanent’ lake conditions dominated by clays. Although
these formations have been separated, they span a period of only five million years and

would normally be regarded as a single formation.

Petrographic analysis of the selected samples collected from the field has shown that
sandstone samples from the Semliki Basin are predominantly composed of quartz,
potassium feldspars and plagioclases with subordinate clay minerals. Accessory minerals
such as micas (biotite and muscovite), minerals such as epidote and garnet are present in
minor amounts. The analysis and integration of all these parameters indicate that the

sediments have a granitic and gneissose origin related to continental-block provenances.

The X-ray diffraction scans of bulk samples reveal that the mudrocks/claystones are
dominated by clay minerals with subordinate quartz, feldspars and calcite. The clay
minerals include illite, illite-smectite, kaolinite, montmorillonite, illite-montmorillonite,
and mica with mixed layer illite-smectite and illite layers dominating. Although some of
the clay may be detrital, evidence of chemical weathering (alteration) is apparent. The
abundance of smectite and montimorillonite in the clay-fraction is an indication of
alteration of volcanic glass to smectite. Authigenic minerals such as anatase and jarosite
recognised in X-ray diffraction of bulk sample are indicators of weathering and oxidation
in arid conditions. Secondary precipitates such as calcite and gypsum have also been
interpreted to have formed under semi-arid conditions resulting in high rates of

evaporation and therefore precipitation of evaporites.

Seismic data from the Semliki Basin revealed a half-graben basin involving the Jurassic
or Permo-Triassic to Recent sequences. Reflection character enabled some predictions
about sedimentary environments, stratigraphy and lithology to be made from seismic

data. In particular, lacustrine sedimentary rocks are characterised by relatively slow
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seismic velocities, and continuous high-amplitude reflections. On the other hand, fluvio-
deltaic sediments tend to have relatively fast velocities, and discontinuous, weak

reflections.

In general, the depositional environment of the sediments in the Semliki Basin is fluvial-
lacustrine/deltaic showing significant variations in gamma-ray character that reflect the
water-level changes and river interactions through the depositional period and the

influence of rifting tectonics on sediment deposition through time and space.

The study has shown that the sediments in the Semliki Basin have potential for
hydrocarbon accumulations. It was possible to recognize many of the necessary elements
to make up a hydrocarbon province. Through fieldwork it was possible to see that there is
excellent potential for reservoirs, regional top seals and circumstantial evidence for
regionally mature source rocks. Interpretation of seismic data has led to identification of
possible seals, traps and hydrocarbon migration pathways. The Semliki Basin is therefore
believed to have good potential to be a significant hydrocarbon province, since all the

necessary elements of a valid petroleum system are present in the basin.

6.2 RECOMMENDATIONS

Based on the data that were interpreted and analysed in this study, a number of
problems/difficulties were experienced. Most of these were as a result of insufficient data

available from the study area. These include the following:
Lack of detailed surface geological mapping data of the entire basin that includes detailed

palaeontological and chemostratigraphic analysis to better divide the formations in the

basin based on fossil content, lithology and age.

138



Lack of enough wells to help in the correlation of well stratigraphy. Only Turaco 1&2
wells, which are more or less one well, are available in the Semliki Basin. The
stratigraphy of these two wells could not be correlated since the Turaco 2 well is a
sidetrack of the Turacol well. The few variations in the lithological patterns of these
wells may be due to deviations in the angle of drilling and missing out of laterally
inextensive sequences among others. This hampered the confidence with which outcrop

and well data were correlated.

Lack of three-dimensional (3D) seismic data from the basin. This is very important,
because it helps to visualise the picture of the basin better and to carry out interpretations

based on good-quality data.

In relation to the above, a few recommendations have been suggested for further research

in the Semliki Basin.

% Acquisition and interpretation of three-dimensional (3D) seismic data from the
basin is required to help visualise better the structure and depositional setting of

the basin.

% There is a need for the detailed surface geological mapping of the entire basin that
will include detailed palacontological and chemostratigraphic analysis to better

characterise the sediments in the basin.
% More wells in the Semliki Basin and/or the Albertine Graben are required in order

to help in the correlation of outcrop, well and seismic data with greater degree of

confidence.
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APPENDICES

APPENDIX 1: GPS locations of the station points

Station Latitude (Easting) Longitude (Northing) | Altitude
No (m amsl)
1 192685 0101 942 574
2 192357 0101761 568
3 227989 0115421 605
4 191703 0112685 630
5 191387 0116465 636
6 191945 0118586 626
7 193041 0121476 623
8 193952 0125060 604
9 192907 0102008 594
10 192841 0101919 1202
11 230105 0114769 612
12 231274 0113202 619
13 231424 0111056 934
14 203484 0113417 707
15 200396 0111596 619
16 201699 0111432 641
17 201247 0110139 669
18 193116 0102225 737
19 193182 0101851 790
20 187099 0099962 681
21 189234 0001273 623
22 200707 0109355 760
23 200516 0108631 692
24 200267 0108444 653
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25 197801 0103621 825
26 199675 0104576 662
27 197249 0098754 797
28 199712 0000098 912
29 196734 0097450 800
30 196803 0096745 831
31 197088 0094454 789
32 196232 0092627 864
33 196245 0091137 1027
34 195494 0090660 924
35 197243 0098895 856
36 198512 0103580 824
37 198079 0104404 710
38 197521 0102520 765
39 194658 0104138 724
40 196125 0101908 629
41 193940 0105418 697
42 196278 0103697 754
43 195797 0115857 648
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APPENDIX 2: XRD profiles
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kncrmweling. Becoming Domily medium 10 gam green giny

Do CMITE: () bekge, mafiked, v sy rard, Dleky,

rricracrpEling, 347y

SILTSToME M orey spackad Anm, rumbly, Blaciy,
mandy (vury fins Qiaing dniles dud, misdeuas

CLATSTONE 2 vary nals graar grey sIghtly spackied!
rcitind giurlly. utadky Ba el

SANDETORE 1) whild, reralugen moderasey har, c.a e
e 12 e U Grar dra o b A1, BRngElE 1h
subsphencal, weil zoried, suong culs w6 Seant gid
Eliu: asix'mieca, Scme ook founng, BaHDETONE 2, pale

an, wpeckid, B0, AMOIPHGUE, QUATE, vary hae gin
ding 10 §INE e

RANDe bdd cud e cokuness, raselues m, e amaky; vy

+——lina % Apdir), COMMSNly COMLE @1 lar e sLEEngU ar,

mre round, slonmae o Bauspharcal, modenataly senpa,
nhamed GO pI UL
'I.Anur-dard weny tratne msnd from dp-wamidei

“HCLAYEIONE 2. vy W Ok QBN iy, ot iy sfied
i i hard. Biocky i imeguls fu plaly Ly splesary, Tesla
e, EOCEih Ty WY, M CEDES e Tuslly

EaMERECRALE SPOCES AMIRENYEE MOrEeET Ry Tl
ety L AR (g E BN

CLAVETONF sk © medlr e gy, W, bt i
b 0E ya plagy M Lpimery, solfisslle, SEootn. TOEly
Sty ity WABEY CRITONE. MUBRTSITACECUL, IRy

b mpcbiel e ALTA EEASEL MECE SR SSAITS TR
LY ]

|sAvsrNE P gy b Llige Spac-arg R ORI,
By, sopady (piry P g0} Mt S SESECEas

- lcagewe plymi deie

PEANDS TOME 1 Sedin athe hesuly tpachies, Em
e P W — Ry AR B T g
Baran o B ool salipha fal Aalnsildly b0 ARl
Sl ity g albre W ARl Gl BAEF W

JinnaT g

|

{

LEAND: oae sud Toiguieca, imvmivaeal. rivy el goiy
B miky Rl b ey oA R e sl b,

ne oL 1o Bsaphancal nodpedlaly doed Rfadne goaed
porcEfy. Mo ahows. Je-gamiar o, adal vy (a0 mediam
_jarain sand '

AL LGB 'm: very dull pelaw paWhy (e pdsmarad Fom e
prans. Fast diffuse miky sl

CLAYS (CINE 5: ube vinwn sy, homagaracg.s, vary o,
ararptars

CAAYETONE & very pak groy, off whiln, bekge, konlty
Lieoliled, soll fa fre frioble, reguior o epiniery, miky
SANDETONE yary apackiad cuddr chiciieas, immrsiucem,
“iwery finw lu fine giden, Anjedar ja dubarguier, subsphencal,
weliporsd, modersfe ol Feiun rpel A andEn gradn
munarsdhradasis, glusmnieg i T

AAND:.acse, quanis colpurlam, ransluoam, o AE ol a
RNk, yallse, smoky, fine 1o medium, /@ 's e s g ain
ardpdar W sLBang Jur, Elengme 10 sapephercel, wel sonsd
_Lgnon Tyferai poraely

G LAYSTONE. palw Lo dwi b Gy Frm, SUETLE B, GieBey 10
raguim W eplriey wmonlh by @l (Besly Sifty greaing
LT T A g DT S PO R T T TR




TEF!TJ."R“!|

MiocErs|

H¥ARIRCGED

WICCENE

vnJKS,

TERIBHY
MICZEML

CLLHA

AL e S TR e i

14:00hrs 03003, Qrifl owt cemant plugs and

#td mpt 1o el whipstock 3t 1280m. Foor hele

cendition dictated plugging Back, Inside § 12"

caking. 3at whlpsatock At 147 1m. Cut wandow from
148Em {o 14T 0m.

SANC |oowe quartz, oo our ess, 1anslicend, ane nlky.
“|smoky, very @ pa'e pink, pake green; varg Ana b wary
coarse, predcminanlly Foe 4 caarsd argu A o sshe ek
TaT Gdbiound, alangela 1o Gateplaecal, pinrty seded.
Infaiced good pomsie,

CLAYETOME 2@ tn Meaiumr Grey, loiadly speches. irm,
blazky to 1-#Quitr, sublfpie fouplindery. earhy o ameoch,
lowuly vity. =ighlly cakcamoos, becomisg non cacarsods
| miromicaceous. ‘ocaly carbonacsois SpECAS: faT
laminanons, nonswellng

SAML: (1%10m) keose quarty, cokedtess, mnslieene.
arcaskonaty yelkww'smoky: very fAine 1a fAine gmin,
OGCEEkonaly medlm o coarsd gras angular m sueaniolar
ko4 to sukspher el modyralely sntar intaroad gand
| ——— || Tpeeens
r

- JHLTHTOME: pake grey, speckied, diabk o rm, DRcky m
T = T famomtaus fo imeguiar. agikaceous. g ading cagmbone
[ sSintomomicacso . iocaly mrbonaceous speckslaminaions.

. __T"-'-t | | |erartnets.

4 SANLY: loose quaz cokoaress. Tansiucenk @Ere s moky;
£ eI 1o CORrse, coens anally very fine b Ane, rareweny

T [enarsa @ngulan o subaciu'ar ) algAns o suksphoricel vl
sorted, nfermn Goog aoisi

GLAYETONE  madium grey b madiafi dars oy, fis o

Tedziately hard. Llecky o iireguid ety plaiy o aplinbay,

4 Bm=in, =morih, oceyionaly partty, @e =y, concaleypouy,
]m:mm:am. comiron carbaraceous saecks'Brrnabons,

wovcwall ng. Bocoming kecalty medium 1o dark grecn grey.

@ amITE: () bakge, imotiled, vary nard, Elcey,
ierioeryeine. sy,

ZA_TSTOME: pals goy. dpacked frm. crumhly, Bocay,
tEancly (very iNC grain) carsonacenis, MiGacc .

AOLAYSTONE 2: wary pale green groy dlgedkp ook ed!
amatied, ciumibly, blocky o reguiar.

r TEARLISTONE 1: whts, bras=ucent, moderyisk haid, quarls
- Jivee 4o medingrain, angatario sabasguias, elngaic io
“#jsukaphgrcal, wHl soden. simng calcyeous cemen:, ran:
dihuchalaimeR Sana racs Anudng SAMCETOHE 2° pale
wrmn, =dpckled, gall. amoipkcos, quarts, vary Ane grain
darading o = lkkone.

SAND: becae yuzdz coloudese r@ucknl, ok arcky ey
= 42 medim. comimendy tearss. anguiar b aukergrar.
mre round, elongaie 1o sabsphancal, moder sy aored,
Vikried Food sanasky.

Lt by wang TireHne sand from de-Sander

CLAFETORE & medum o dark grecn grey, loca Iy mom=d
A ta Fard, hiecky ‘o lvegularia platy b spln‘eny tssie.
pirtealh, oroanie Ty wiay, Mo cenka locally
caltonaceous apechylaminalin s rordanaling Qixaaionsly
WEry P EEN grey: as abave.

— CLAY5 | GRME. palke o mad um: nark Grey. Vi, biecky 4o
Fregilar b paky lo sokntery, vabiliegite, amante ncely
martp=ity. o mlcarous, miwnm'ml:.ﬁuua. h‘_:&ll;

cartonaceous apecklam L Aiae <[ | pryrits,
nonzweding

SILTSTONE: pale grey W Eerge, =oeckle:d, firm, crumily.
tincay, sandy (very Aine gran), meaceous, Grbonaceows.
coarse plam debris.

AAMO% 1ONE 1; cream. wirn, loca 1y apechea Ym0
Fiakle; quart, cokraness, i miuce, very [ne 4o s giain,
angular ‘o subanguiar suksghencal. modsalely aorted.
incaly »it'y gred np sikskone, moacsous | ocesional
Ifhocasts,

SAND; ooRe QUArE, sakurkss, Irarslscon? very rae smaoky,
pink, miky, M1z % wory coame, ongulos b sukangular,
alaniala fe subsahedoa . maneraiely sored, imered good
POQERy. Wy Shovws Me-sandar abundant wery Ane 10 memum
grariudin

A AEET iz wery dull yelkow aaiey Aucrescence mm sand
gmine. Fastd Mage milay o

i
[CLAYETONE 2 pale Erovn ey, nomogesius. very qult
famamphous.
E E{:LP.TSIGHE& wery pdlE grey, ulwh s peige, [ocaly
e : - ;m:ﬂled.uurt‘.\o frm, Tnukde, irreguiar 4o aplicteny, aily

== FESMNOETDME: very speckied. quaz. culsudess. fans ucant.
5 *ne e grain, angularie sutrengabr, seachenicl,
T fwadi Rcrlad, made =i silicocus cemem, abundant gres
faideallihocas, gl secrbaichiotie?

HARLY ecae, quade ol ¥ : ianal paa
gk, = low, smaky, [ina m mediur, @re ceass gidin

'ra'g. or 1o = mngukl, alorgaie 1o subsphencal, wek pailen,
fgocd e med pomsky.

LELAYATONE: pala ho dare gy, Srm, subess |k, Elncey 1o

{Eraguigs lo splttary, smooh 4 carhy localy sty prading
‘iatone e crorlcecanue localy oathonacen o




TERTIARY

ToR AR

TER ARY

MICEME

MIGGENE

WIEIILML

EALIKA,

CLURA O LIK

LS D

[ o

“|apecksian ratiens, pla ag ek

SAMLY 35 shove: Tine 10 oarse graln, s vy Sodngs
Jecasicnal o'adis OOLOMITE. pala biewn sk annded,
reoried?

EiLTSTOME: pv'e grew o pale Browan. 4an, kealty speckad.
vy 3oH, Aoy, (172010 1726m Gradesg = oiaslic
wclaystone|, (ooaly sardy, Misaracus, tditaree e
apecksiaminaicns.

SAMDATOME: off while, pals 1o medlum gy, s:esled, i,
friab c. quanz, Jary T % v grain, @ngular 1o subangdar,
subsnheriadl, npdecdely paxtecd. vary common mex siky
§radeg alixians, mrrran se rocs Agur.

Rulk aamphe: <54 vary dull yebow Huoreaceno=. medium
diffuss wrile cui, no ressdus. Mosy adbuied o slisione,
l'ine o poamse gain sands Aushed?

EARD: st quar? cobeobs, hatsluzant, cos paly i,
Myl b, casang A, emaby, prdeminanily fne s madiom, sqli
Imcally con-me . wery coarse grars, angul=r s subangular,
welongrts o subsphencal roderalety ic wel =oted. rare

ko Teie Ithedasts, Infered good poroshy.

CLATLIOME 2: pale hman, locafy matited. very acit
areNphous. oealty sy,

WELATETONE: medium 1o dark gres, los-xly specked. irm,
subTss e, biooky bo regular ic spintery, smooth Lo carhy
il ity guadivey sikslcee, riciadibaaroLs looaly
trhnnuchia abataalamrdicns, plaal gt

EILTETOME. pak baresd LM dark grey, beman grey, very
ppmekhd ol 18 Ko, biceky 1o - Agular, lrally

il fancy, grading vigslipaandisri, f
fearably carbanap=aue Trace dul' yaliow Aucmecence.
moderaie difuse aht= out o resdue.

EANMT Eenn LA cokodass ransucenl, oocaisnal pa e
P e lva s ey, waying wary fing o OB 20ar e
gram, prEncitudnily ine W medum, angLlar e subangeiar
mbanges b aubaplinnal, wedl lo mydarasly wsed, good
Hriemes porowty. Localy pae hresn ceremile caals

GLATETCMNE: medum oGk gray, BHesming inaans gy

" | paler grey, and pal= bloesaeen grey, Am, subf=ebe io Neai,

btk o imegulario spinlery Lo platy. smooth boo=adhy,
kzdly sty yrading s ll:aqe, Mkronrcaceous, coally
£ SpsckRldpindliens ca-e disseminated pyie.

SANCETONE: oif whie, very pa's green ey, pale hrown
Inoaty speoded, frable loAmn quats wery Fre s Fre g,
anular e subangular, eloagale 1o spredoal well soded,
Inoa y moderale cacanccis cemen, rae hlhoclass, rica.
Ay faw glauconke, modenae wis ble porosity,

CLAYETOME: predominamly pale grey and |:xe hiue'gresn
rey, plus medun bo dark ey, bman greys, im, subfssie 2
fufs e, biaeky b irmequiar o splnbery bo plaky, smocts. Goalky
£ 1ny Adly grading » llsane, koally miommineceecs 5, lacaly
AT duAysh pRshadarmindlions. & 18895m rare dak brown
vy iy 1l Manmsrares, cahlbbing fast
Blooming. hrigl mhiktmless oL lubmsdeenne Wih @ while
sErual |l Rs s

SAND: oose, quare, sooates, irmnducHm, raes pas ek,
el I, PrEDOMINGTTky Tine 10 moarss, ane wery ciosss
anpula-ta mund, clongals Lo sphencat, well so-ed, Good
il povcsily.

4 SANDSTOHE aff whils, pala lo madiern grcy Soaky. flabe

quallz, caluuifzs, iy T i s Qe agu'an,
sghaptencal, wa| sared, giky, bcally whak rdeaecus
pemEm riod=-ale whle pumaity

SANCY SLAYETOME: Trace, pale grecr speciles. “130e




WIEEQUIAT, WA 1000 Mg 5AN0 Jraans; udils, ca's s, purg
ire ko “re grain ang dar, sebspheiical

ulk »pmple penodicsly axhibtng very skew % 1ast
omirg. ioregte whilkyelow oul Muoresoenoe wit &
teyeliow resdual luaresoence. Mo dTew fliaresoene

|¢I AFETAME: precerrnsnl|y g b rwcbye gy, ooaliy
—— pie Blunigresn grey ek ey, brown ey, hmm, subiss e,
| o hiecky beimaguiar. rars aplnheny e platy. soacch, acally

eanhy. riGmmicanss, KoHby cakonden s
:Isp-ecksdamlnmms. rare marbe.

1 -LGLA"F’STQNE 2: hiazh, dark browe, Tem, salbe, Tadey lo
splineciy s plaly 10 bioky Werg onganc feh o diedl
Thrawanen, kil wxhigling verg Wew dilfuse, pale

Petrdysluw o fuorarcancy, vury pake peilew resdus
Miuaescerce.

COAL blaok gassy, hrtile, N=alle, plaby ta blocky do
splinkery.

: EAMOSTOME radur gryy. spechles, fnas's, quarls
- - colouress, wery Ine grasned, arguiar, = orpate 4
subsphenoal weil sored, s Hy. comiron illhoo asts,
gaLcanie?; moderale visble porosiy.

“ERTIAR™
MIQCENE

CLAYSITJNE: pale 1o medium dark grey, lacally pale
~[eue)green grey, dark grey, bresm grey, A sLhRssE, Dacky
Mo rreguier, ra-e s inlerglo platy, smowih, iocalty = adhp'sity
renedticeesn o l00d y oubar 3o SRci

rAKARA

TlEAND wene, quars, cokure s, anGiunet, pabe yelow,
ik g N2l f02, rane medivrdcorpe, anygular o
meundud, nkanyria 10 wpintcs . mul] sl dmanaeal
o »als. pyrbe. goos inbermd porasty.

ELTANSME: pale bo redum orey, Ghey brown, speckied.
Tiabke ba Trm blacky bormeguiar, angliazeous, iooaty sandy,
ayading ba wery fvs sandsioae, mio-omicecenus,

DA EE e ppEcHE R e oy,

CLAYH DML Gredom nanky pabe i med v gy, comron
dark grey. o men grey, Aim paler soter. subf=nle, bkocky bo
IrmeALlar, rare sglsviery 10 piaty, smooih, commaon earthy
aradiag bo diskares, MEromledeoous SetERorE

£ eapinirciens, fy-ita

LILE. SaffHLL: wory sow, dilfuse, sligs, cul Aucrescance
nd falm, whie, resdual uoeseercs, ko uoEssroe or
fromt sandsbore cLngs. |

LR peme, quarls coioarHes irm i, vy {re B
M. OCGASONM GIAMSH, WM COOFss a3 skr-gain in
\spteercal. moderabely ba well saried, good Infermed porosty.
Iser ooexsinnaby s poaty consa ldaied sand=ione kool
Il moverde caicanecys or Sliceaus corert

SEAMOTOYE: whebs, o while, pae Grey. rabie. imeguls,
quanz, colouness, tans Lcent, very Ane, anguiar, siongabs b
subkphedical, vl sodled, poody coneelidaned, rare
arbonaretus laminatons, goo wls ble perosHy Yo s,

TCIAYSIONE 2 e bomesiem lagh yresntbpse gy, Tm,
=ubang 210 hesbe, biecky 4o rmgulur booplaty B spimeny,
3ot [onaly slighy sy, Incafy meaceous. Locsy
matiked ‘rery Imeguiare thoeery ine sand Indusins.

SRR kose quaris predumramly smaby, prke
amngetrown. LS raworkess, irnslueers. mlky; oy koa b
A=, anguierin roLrded (oky!DANGE Grars more mund).
Elorgat= Yo splerical, wel somed cocascnal py e orabed
grains, good it T poroshy.

fd DSENT

ST

|El.-'-\n.l'*ll:l: lase, quanz cokurdesss, Transiupent, vergfre o
taarss, predominamby medium, angular s roarded, ekangaie
o wphedcdi, inederaocy we | soned, good Infered porostty.

OCI_CHITE: Gumm trech 'aminalon: pake wown, hem', ofiie
piaty, microorysialine.

CLATETOME 1 pale bo meiLm brown amnge brown. wery
| el amomehews, kecalty sl gy sitty.
£ CLAYRETCHNF 4 peie |o e ciun Eeetvw, ey diuen bo dark res’
brown, i tucaly biillle subfirule, reguiar b oriliery,
mHilbg, miscaays
CLAFSTOME 3 werny piHe browr. grey, ot whia, weny soft
amorphaus, sky. grading =2H=mane.
SAND: heie Geils ozlyunane Tane ek, fine lowery
| coarmy, pralymiauaty mulium, sngulsr s anboeoeied,
alaeie lo sphecH, ani o g e el peruaky

CLAFETOMNE 2: pake ko mesdnn dark greenchioe grey, firm,
britlie, Tissie, wery sphntery, smomih.

CLATSTOMND S v . Ml mare | Ay o, finkle,
pisty {0 spintery, smonth,

SAMOS MOME: oif whie, mlige. irm, blocky %0 meguisr
fquartz. ool ss, fraralucene. weny knm b kns, anguear.
suosphercal, wel sorbed modenTie silcecus crman, poor ta
moderabs wisbie porasty.




TERTIARY

TEETIARY

TERTWRY

Mt iCLENE

MUHCENE

MICCENE

aEAILA

HAHARA

Y

e

| mimomicacsous: local y dark 2D Ak CArman A,

|BA-‘JD oo Are. cokadess, imalucem, ine 4o coarse
e wary caam, prestmiranty medum, hring Lpsands,
anguiar o submounded, elatgaie 1o soheca, el semed,
TNTOor Erow ey arpllacea s IHhics, good irtarad

%,:-uru:ly.
r‘CL.l"u‘f"éTﬂNE 2: pak ba mesdaar rad grey, Anm bekdie
aulifisalie, smegulerio plty Lo splinkery smocth, nieaceouy

SILTETOME pabs Lrwn, comum. skghily speckied, =of,
amrprn-puy, Higlacenes, s31dy, micRoso s, locally
sarkorecsa s, Ham shap comact wih sandsione.

IS.ANL): laasm cuark, colkoor=ss, raslucent, oecaslonally
pelow, 0ange, sToky plk, Ane Lo wery caarse, sadabla
predaminance of finer ard caarsEr grat 4, angear s
subanpaar, 2 subsreee sengsis e anlaphmical, pong
1o meEl gnlan, nedly 09 frg ety i b verny comma),
s pwnld, yood Infamad poosky,

CLAYETONE 1 pald In tlark yray, fmm, suhfissbe b Aaaike.
hlasky moameyular, sEinleryin platy, smocih 1o earthy,

CLAYETCRE 2 pale greaniiue grew. A oke green. Tm,
wabiisedn 1o A=ul=, ragular b platy bo splrkery, smeooth b
earhiy, Are wany. Iocalhy sthy'saray.

EANUSTHE wheim, Fawd 1o {unble, quarte, sAoudess
“iraralusenl, wary fine 1o Ane, kacalty wery Ane 1o very coarss,
angulario subanguias, PlaTaake 1o subspre-oal, paaily e
wel sorled, modecsbe ba strang caeie peswet, -dmelithics,
poar e moaderste vyibn preary

GLAVETCME 3 inecinm wsbowdbrown e, srumbly, imegasr
“o blacky, marty, sty grsing sitsione, micaceous.

ApD: wote, quark, cokutess, ranslueem, occaskaty
welkrw, BFANGA, WTany plae Ane o vary caarse, vadabis
| predeminance of T ard nasan Gracn, srgule e
dubrgler rand moued, avagas b subsphancel. poor ioowell
scried, coplly 1Hhic imgmets Fre boowvery coarsed rare
mrte. good Infemed poraty. Fare very coarse aod e
lgrains stih sbrang calobe parver.

|BLTSTOMNE pale grey, slgllly beown orey, Sighity spechle:
[eeft and rirphous, credsiend finh Blacky In iveguias
dailaceaas yradig <Ay lons, samly araditg 1o wery five

{nmlnnu. TiENADI,

SAMLY: InroE, quBilL, coureas, Inalucent, cooasio - pnk,
|

lorarge, smady, welkoy, Tine 40wy coarie, varable

@ Edeminarce of T o and Coarer graEns, angular e

(S Beegular, rane Loachd aergaliale subdphain, pomly by
(el arted] o iened pama by,

e

TTEguiar o plzty lo sphntery, smomih 1o earty, Incalty sty
lecaltymeaneaus localy motied, war oy gradirg
arqilarecs sandsmata, - lay Maile Supprited vy e
LT e e,

F;LﬁwsTDNE 2 pake graanilug iy, fim, sublissie Lok

iNCD'JJES: Pele bman splwnca (=3 25mm dial in day
mabe Whie homogeous calsarecus Gare ath a
sibcEous1dEfic? cuter Gyer. Smaric angin ol or sggst.

ELAYETONF 1 paka b i rbarh, goay. frm. s4ldisais,

Efcchyin rreuinr aplriery e plaby, wmama, woally mar Ty,

icGaly aiky, gradrg silsione, vanably mcmmricyoeoo, rae
CAMEI-aGEnus, rare d 1s=m;1abed pyrile.

SENROETOHLE: while, off whie, paks geerbiue grey, pals

orown, b 10 Matle, quanz, cooore s, iaralussrt, very

e to Ane, kocally wery ANE Lo wEry caarse, angular le

sutargular, ekangale o sibsphedcal, pocihy dowed soded.

ode e S0 Hrang cacbe eaver b, soally angillacecus sy

bl obcadinaly mafe sppedad, rane hics, peer 12
.['"'”"“"‘ s peisily

EILTETZMNE pale lo medidm grey, off whie, creant,
specked, Im, Imequid, amifaceous, Sahe gradng vey fing
SANAE1398, i ‘sedlky cat . oaally
aden'ize,

AELAETONE 3 satn bvoan, sof, amoiphoos, sighlly plasie
arfiy, sighily sily, keoaly colnnie

! Eudh saripls pefodic anry skow o Mase pus pabow
1] framscence: [airg pals yakow moidunl T nies

GLAYETOME 3 (23020 aranpa Lioset Fron, wary biillle,
gaby, enteedh, it rch

CAAYETOMNE 4 meedarn ba dark red brown, Tam, Dicchy i
inegular earhy, sk, nlceceeot. Rasa pak boomi,
rarderatady hanl anpgih, blaiky, ok lic

CLAYETONF 7 pall, oisdh oooely irarsun' yrasn®ib g,
firm. sulifinsila, Jpby o apriery, [aeely Becky i imegulee,
| A ceth. kralty roiiled, imsgesr. sr gy

| W |EANI}. Ioose quadz. caleuness, Tansicerl, very ne |o very

|caarse. anguiar la subangular, elangaie 10 rabspherical,
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