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Abstract

Anza basin is located in the extensional arm of the central African rift system
in the North-Eastern part of Kenya. Cretaceous sedimentary rocks were sam-
pled from the four wells namely, Chalbi-3, Sirius-1, Ndovu-1 and Kaisut-1.
Anza basin occurs on a fault block within a Paleocene-Cretaceous rift basin.
The methodological approach used for the evaluation of source rocks included
petrophysical and geochemical methods to ascertain their potential. Well sec-
tions with a higher shale-volume ratio were sampled for geochemical screen-
ing to determine the organic richness and thermal maturity of potential source
rocks, respectively. Source rock with organic richness > 0.5% were evaluated
further for their petroleum potential using Rock-Eval pyrolysis to determine
their thermal maturity, organo-facies and in-sifu generated hydrocarbons
present in sedimentary facies. The geochemical evaluation of rock samples
from the drilled wells’ sections of Chalbi-3 and Sirius-1 confirmed both oil
and gas potential. Gas Chromatography and Mass Spectrometry (GCMS)
were used to characterize the biomarker signatures and oil-oil correlation of
Sirius-1 samples. A predictive model was developed to integrate the petro-
physical and geochemical data to reveal hydrocarbons’ potential in the Anza
basin.

Keywords
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1. Introduction

Anza basin is a sedimentary basin located in the northeastern part of Kenya
(Figure 1(a)). Anza basin has been referred to as the termination of the Central
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African Rift System in Chalbi sub-basin and an extension of the Melut and
Muglad rift basins in South Sudan (Figure 2) where working petroleum systems
[1] exist. Anza basin evolved through extension tectonics that brought out con-
tinental rifting during the Gondwanaland break-up in the Late Paleozoic time
and continued in the Mesozoic and Tertiary [2] [3] [4]. The stratigraphic layout
of the Anza basin included Precambrian basement rocks overlain by Upper Ju-
rassic-Cretaceous clastic [4] rock with minor outcrops of limestone within the
Anza rift system. However, due to post-rifting occurrences, volcanic and sedi-
mentary units [3] were deposited including sandstone, mudstone and siltstone.
Anza basin has dominantly continental, fluvial and lacustrine [2] [3] [4] sedi-
ment provenance with sandstone beds. Marine facies occasionally occurred in
some sections which explain the paleoenvironmental conditions in the region.
This research aimed to determine the hydrocarbon potential of the Anza basin
using data from four drilled wells (Figure 1(b)) namely: Chalbi-3, Sirius-1, Ndo-
vu-1 and Kaisut-1. The target depth interval has Cretaceous-Tertiary rocks which
were assessed using petrophysical and geochemical analysis of source rocks. Geo-
chemical study is imperative science for unravelling the properties of source
rock [5] and reduces the uncertainty inherent in petroleum exploration regard-
ing project viability [6]. Therefore, it revolved around resource origin and pro-
ducibility [7] [8] that included describing organic facies associated with pa-
leo-parameters [9], burial history and post-depositional geologic processes that

occurred in the basin.
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Figure 1. Location map for the study area. Source: National Oil Corporation of Kenya.
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Figure 2. Abu Gabra basin (an extension of the Muglad basin) in South Sudan (Modified
from [1]).

Anza region is generally a product of post-rifting [10] depositional sequences
that occurred in the Kaisut and Ndovu sag sub-basins. To assess the source rocks
parameters, geochemical analyses were applied to determine total organic car-
bon (TOC), generating source potential (52), Production Index (PI), Oxygen
Index (OI), Hydrogen Index (HI) and T, ,, [9]. According to Rop [2], the Creta-
ceous sedimentary sequences of the Anza Basin, those of the Abu Gabra (Figure
2) (South Sudan) and Sharaf Formations (Sudan) share a common tectonic set-
ting and lithological composition which triggered this study to assess their po-

tential.

2. Methods

Petrophysical study involved evaluation of subsurface rock physical features in
order to portray source rock properties associated with petroleum accumulation
that included porosity, fluid inclusions, resistivity and shalyness. Gamma-ray log
illustrated shale volume ratios [11], neutron-density log [12] [13] gave rock data
for porosity calculation and the deep resistivity log was then used to compute for
water saturation [14] [15]. The objective of formation evaluation was to quanti-
tatively locate and determine the shale volume, effective porosity and water sa-
turation of the source rocks using Technlog software. The depth intervals with
high shale content were sampled for geochemical analysis.

Total Organic Carbon (TOC) analysis investigated the organic richness and
spatial distribution [8] of organic components in the samples, which is an initial
step for evaluating petroleum characterization [6] [16]. 1 mg sample was pulve-
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rized and treated with hot 10% HCI to remove carbonate [17] contaminants.
Then heated at 1200°C in an inducing furnace. TOC is expressed as a percentage
of the dry weight of the organic content in the sample, denoted as wt% TOC [18]
[19]. Rock-Eval Pyrolysis was subsequently undertaken for over 0.5% TOC [20]
to assess their kerogen type and thermal maturity. The pyrolysis process is the
programmed heating [21] of source rock in order to break its complex composi-
tion [22] to mimic subsurface natural phenomena. The resultant parameters were
expressed in mg/g of rock as S1, S2, S3 and T,,. Gas Chromatography-Mass
Spectrometry (GC-MS) was used to investigate mass spectra and mass to charge
(m/z) ratios for associated compounds in order to characterize the biomarker

compositions.

3. Results
3.1. Total Organic Carbon

Kaisut-1 well samples have siliciclastic sediments with poor shale content. It had
the lowest margin of organogenic sedimentary rocks below 0.5% TOC threshold
[8] [9] [23]. Ndovu-1 well has carbonate sediments from 2664 - 3141 m and mi-
nor shale ratios from 3180 m downwards from Paleocene age. Chalbi-3 had
sandstone with different shale proportion that released better TOC values
(Figure 3) in which two (1713 m, 2680 m) samples progressed for pyrolysis. Si-
rius-1 well demonstrated the very good wt% TOC at 1495 - 1510 m depth.

3.2. Rock-Eval Pyrolysis

Chalbi-3 samples had 0.39% - 0.63% TOC content. The HI values (Figure 4(a)),
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Figure 3. Wt% TOC results.
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Figure 4. Chalbi-3 pyrolysis results.

(b) (c)

Figure 4(b)) illustrated that both samples occur within the gas window [24].
Further analyses show samples were kerogen types III and IV [9], respectively.
The sampled depths (1713 m and 2680 m) had fair-good and mature source
rocks [23] [25] [26] but with minimal ratios of kerogen type III. (Figure 4(c))
ranked both samples as poor and non-producible [24] [27] [28].

Sirius-1 well had high TOC in the range of 1.77% - 5.945% displayed from
1106 - 1725 m depth section, thus very good source rocks [21] [22]. Pyrolysis
data portrayed that free HCs (S1) are in the order of 0.16 and 0.98 mg HC/g
while thermally extractable HCs (S2) span from 2.96 - 60.01 mg HC/g [17]. The
samples show T, . peak values in the range of 441°C - 444°C depicting thermally
mature [21] OM.

HI range between 155 and 1010 mg HC/g TOC (Figure 5(a)) reflect oil-bearing
zone enriched with OM [29]. HI extend from 765 - 1010 mg HC/g TOC in the
depth section from 1497 - 1521 m suggested organic-rich oil-prone type 1 [26]
[30] [31] while the rest of the samples are of oil-prone Type II (Figure 5(b)).
The low PI indices (0.01 - 0.05) indicated the origin of extractable OM (S1) to be
inherent source rocks and have not migrated [24] from other places. S2 versus
TOC (Figure 5(c)) illustrated various kerogen types from type I-III of the source
rocks. All the samples except 1520 m depth had mature Cretaceous shale depo-
sits. Accordingly, Kerogen type I - II (oil) and, type II - III (oil-gas condensate)
and III (early gas) [21] [22] occurred.

3.3. Gas Chromatography-Mass Spectrometry

Sirius-1 samples were evaluated for saturated fractions of the rock extract for
n-alkanes, steranes, diasterane and hopane distributions. Saturated hydrocar-
bons displayed unimodal distributions in the range n-C27-n-C30 suggesting de-
rivation from terrestrial OM [32] [33] due to the abundance of heavy carbon
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Figure 5. Sirius-1 pyrolysis results.

Pseudo Van Krevelen Diagram

950
900
850
800
750
700 I
650

200

I 60
5 550 i
B s I} Total Organic Carbon Content versus S2 (mg/g)
c
g,, 450 C 80
TYPEI #

2 400 70 oil-prone TYPE Il
'g usually oil-prone
-4 a0 60 i usually

300 2

250 2 E %0

e & " Mixed TYPE Il

TYPEI
gas-prone

150 30
1}
100 20
50 GRS
v 10

0 20 40 60 80 100 120 0

T reEv
inert

0xygen Index (0|) 0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

% Total Organic Carbon

(b) (©

numbers. In the samples, isoprenoids; pristine and phytane are present in low
concentrations but higher than the respective nC17 and nC18. The higher ab-
undance of isoprenoids relative to nC17 and nC18 would be suggestive of low
maturity [6] [34]. The samples had low volume indices of tricyclic terpanes com-
pared to the hopanes that symbolized thermal maturity [34] [35]. Hopanes ex-
tend to C;; hopanes and dominated by C;, aff hopanes and C,, norhopane, 17a
(H)-trisnorhopane (Tm), with the former being the most dominant.

The high abundance of C,; af hopanes relative to C,, norhopane, 17a (H)-
trisnorhopane (Tm) suggests derivation from clastic source rocks. Isomerisation
ratios of the C;, and C,, af-hopanes [36] flanged from 0.50 - 0.56 indicating that

they were mature. This corresponded to T, and other maturity biomarkers

such as the low C,, moretane/hopane ratios.

All samples contain C,; to C,, steranes. However, few in elemental numbers
relative to pentacyclic terpanes as shown by the low sterane/hopane ratio
(Figures 6(a)-(d)) suggesting contributions from prokaryotic organisms (bacte-
ria) to the OM [37] [38].

The samples display high C,,/C,, sterane ratio (Figures 7(a)-(d)) in the range
0.4 - 1.25 indicating moderate heterogeneity of phytoplankton assemblages [39]
in the OM. The extracts generally show dominance of C,; and C,, relative to C,,
steranes implying algal OM type [35] [36]. This agreed with results from pyroly-
sis that showed type I/II OM. C,, regular sterane ratios range between 0.56 - 0.63
characterizing oil expulsion stage [19] [39]. These tallies with results from T,

and hopane isomerisation ratios that showed type I/II OM.

3.4. Correlation Model

A correlation model was constructed to map the well sections with Sirius-1 pe-

trophysical and geochemical results (Figure 8). At Sirius-1 well section between
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Figure 7. m/z 217 fragmentogram for Sirius-1 extract showing sterane biomarker distri-
bution.

1495 - 1625 m, had very good (3.2 - 5.94 wt% TOC) and mature source rocks
capable to generate gas-oil condensate to oil-based on their relationship with HI.
Sirius-1 well evidently is potential for hydrocarbon based on the analysed sam-
pled depth sections. Petrophysical studied well depths from 2540 - 2597 m (for
which samples were not available) highlighted deeper depths with high shale
content which should be considered for further assessment.
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4. Discussion

Organic richness and maturity of source rocks have increasingly been used to
ascertain the occurrence of HC during the exploration stage. In this study, source
rocks were visually examined for shale content and sampled for geochemical
analysis. The geochemical signatures associated with source rock types provided
information about the depositional environment and their organic origin, burial
history and maturity. The four wells namely Kaisut-1, Ndovu-1, Chalbi-3 and
Sirius-1 were case studied to assess the HC parameters occurring in the Anza
Basin.

Kaisut-1 well was primarily a shallow well with a total depth of 1450 m. It en-
countered quartz sandstones with minimal shale content of Tertiary origin that
resulted in very poor source rocks. Ndovu-1 well samples were from the Paleo-
cene-Cretaceous age with sandstone-mudstone bearing shale deposited sediments.
However, evaluation provided very poor ratios of wt% TOC. For probable depths,
well sections for up to Mesozoic should be analyzed.

Chalbi-3 had a confirmable volume of kerogen type III and mature source
rocks but with very low HI compared to OI. Both samples were gas prone but
had little extractable ratios of HC. Sirius-1 well has deep well intervals with good
shale volume, high wt% TOC, and producible mature oil content. Sirius-1 well
was the most productive as per both the petrophysical characterization and geo-
chemical evaluation of the Cretaceous shaly rocks. Therefore, the correlation
model portrayed good source rock depositions and enrichment of mature ex-
tractable HC content.

5. Conclusions

This study was geared towards unravelling the hydrocarbon potentiality of Anza
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basins. Anza basin has deep sediment deposition sequences (2000 - 11,000 m)
which deepen towards the South Anza sub-basin. It shares similar tectonic and
lithological compositions with South Sudan’s Muglad basin which is oil-producing.
Petrophysical and geochemical methods were used to assess the origin, occur-
rence and accumulation in the basin.

Kaisut-1 was drilled to a total depth of 1450 m on an anticlinal structure
dominated by Cretaceous sandstone sediments with thin alternatives of shale
and clay content. The sampled depth had sand grains with small shale content.
Therefore, negligible organic content was recovered which originated from re-
duction environments that affected the preservation of OM. Ndovu-1 well was
drilled to explore the Paleocene and Mesozoic sediments. Sampled depths por-
trayed little intervals of shale and poor source rocks as per TOC content. Both
Kaisut-1 and Ndovu-1 were drilled in the South-Anza sub-basin. Unlike Kai-
sut-1, Ndovu-1 well had higher shale content but below 0.5%TOC threshold.

Sirius-1 and Chalbi-3 wells were drilled in the North Anza sub-basin to assess
the Cretaceous sediments. Chalbi-3 well encountered predominantly Paleocene-
Cretaceous sandstones interbedded with thin intervals of siltstone, claystone and
shale. Cretaceous source rocks with high shale content occurred at several depth
intervals from 1500m to 2390 m at Sirius-1 well. Petrophysical layout of Sirius-1
well profile revealed varied but increasing volumes of shale content which sug-
gested potential source rock sections occurred. Sirius-1 well has potentially ex-
tractable oil at depth intervals from 2540 - 2597 m. The sections act as reservoir
depth with over 30% porosity that allowed for the accumulation of HC. The ac-
cumulation of good source rocks within the sampled depths indicates the pres-
ence of an active petroleum system. However, storage and handling of the drill
or core cuttings required good storage conditions in order to preserve samples
for future assessment.

Anza basin stratigraphic layout trend southwards in sediment deposition which
implies a deeper burial history sequence for potential source rocks. Petrophysical
study for Sirius-1 well revealed higher shale ratio content extending to deeper
depths which could be further studied to map the source rock enrichment. In
addition, future study is encouraged to explore suitable trapping mechanisms
that were present and/or absent at the time of petroleum generation, migration,

accumulation, and preservation.
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