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Abstract

Sokor Formation reservoir intervals are intrinsically anisotropic, heterogene-
ous and with a characteristic of Low Contrast Low Resistivity (LCLR) log re-
sponses in parts of the Termit basin. Discriminating sands from shales/mud-
stones and hydrocarbon sands from brine sands as well as accurately evaluat-
ing the distribution of relevant reservoir properties using conventional seismic
interpretation are complicated, and undermines reservoir characterization in
such reservoirs. To enhance reservoir evaluation and reduce development
planning and production risks, rock physics analysis was intergrated into the
petrophysical workflow, which fed higher fidelity inputs into a post stack seis-
mic inversion workflow. Rock Physics Diagnostics (RPD) analysis revealed
that the reservoir interval of interest has grain size distribution of different
lithologies, which is related to the environment of deposition and burial his-
tory, and could be best described by the constant cement sand model. The rock
physics analyses revealed that facies were most effectively discriminated based
on their V,/V; ratios and acoustic impedance. Particularly, hydrocarbon satu-
rated sandstones, brine saturated shaly sandstones and shales/mudstones
which exhibit similar acoustic impedance characteristics, were clearly discrim-
inated by their V,/V,. The inverted seismic attributes as well as Seismic Based-
Rock Physics Templates (RPT), clearly delineated the hydrocarbon fields, pre-
dicted new prospects beyond the existing well locations, which could be con-
sidered for field appraisal or development opportunities in the basin. These
results demonstrate the value of the robust application of rock physics diag-
nostic modeling and seismic inversion in quantitative reservoir characteriza-
tion and may be quite useful in undrilled locations in the basins and fields with
similar geology.
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1. Introduction

The facies discrimination of reservoir rocks from non-reservoirs and estimation
of reservoir properties, detection of pore fluids and their characteristics is one of
the most important focal points in petroleum exploration and efficient field de-
velopment. This is much done through reservoir characterization which is the
process of preparing a quantitative representation of a reservoir using data from
many sources and disciplines [1]. In characterizing reservoirs, it is best advanta-
geous to recognize the lithology, associated porosity of rock, fluid content and
lithofacies variation in target interval.

Although reservoir petrophysical properties can be studied from well logs, over
the past few years, they have been mapped through quantitative seismic interpre-
tation with the use of seismic attributes calibrated against the available data, in-
cluding wells in the study area [2]. Hydrocarbon reservoir rocks are distinguished
based on their quality and exceptional petrophysical (reservoir) properties. The
quality of the reservoir is dependent on the rock type, environment of deposition
and burial history, which determines their specific character and properties. Res-
ervoir properties such as lithology, porosity, clay volume, grain size, fluid satura-
tion, permeability among many others, are essential for the characterization of
hydrocarbon reservoirs.

The environment of deposition and burial history controls textural and miner-
alogical characteristics in the rock and determine their geologic properties as well
as the quality of reservoir rocks. The geologic properties in turn, affect seismic
elastic parameters through the rock and hence, the observable acoustic response
on records. Among the different elastic properties of the rock, seismic velocities
exhibit heightened sensitivity to porosity than the other properties. Understand-
ing the relationships between geologic properties and the seismic elastic parame-
ters via rock physics are vital to the quantitative interpretation of reservoir quality
and hydrocarbon prospect evaluation from well and seismic data [3]-[5]. It pro-
vides better understanding of the relationships between geologic properties and
seismic elastic parameters. It represents the bridge that links geologic properties
of porosity, clay content, saturation, lithology and texture and elastic properties
such as compressional (P)-wave and shear (S)-wave velocities and their ratio
(Vp/Vy), acoustic impedance (I,), bulk density and elastic moduli [3] [6] [7]. Elas-
tic rock properties generally, depends on the primary rock composition, which is
in turn controlled by the textural and mineralogical characteristics, depositional

environment, burial and diagenetic histories of the rock. Thus, through rock phys-
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ics, texture, mineralogy and fluid types of the reservoir rock can be evaluated and
linked to the environment of deposition and diagenetic alterations [6] [8]. These
seismic elastic parameters can be used to map these intricate subsurface sedimen-
tary properties/characteristics by employing robust methods developed to relate
sedimentary properties such as porosity or pore fluid to seismic observables such
as velocity, impedance or reflectivity.

The elastic properties of the rock used in building RTP can be derived from
seismic data. Since seismic data is a gross continuous spatial information about
the mechanical properties of the subsurface, showing basic information such as
travel time, amplitude and frequency, most of these required details are not readily
obtainable. Derived seismic attributes are very useful for reservoir evaluation,
characterization or property mapping from 3D seismic data. These attributes can
be obtained by the inversion of seismic data, which is a process that replaces the
seismic signature with a blocky response, corresponding to acoustic and/or elastic
impedance layering that facilitate the interpretation of meaningful geological
boundaries in the subsurface. This increases the resolution of conventional seis-
mic in many cases and puts the study of reservoir parameters at a different level,
resulting in optimised volumetric estimates, improved ranking of leads/prospects,
better delineation of drainage areas and identifying ‘sweet spots’ in field appraisal
and development studies [9].

Different sedimentary rocks exhibit different such seismic properties and show
little variation even for different depths of burial. For most sedimentary rocks,
seismic properties depend on the intrinsic seismic properties in the minerals con-
stituting the solid rock matrix, the porosity, the pore pressure and the fluid filling
the pore spaces. They may also be dependent on the composition of the cementing
material between the grains of the primary rock constituents [10].

Seismic properties of hydrocarbon bearing sandstone reservoirs are essential
for improved quantitative analysis and interpretation of reservoir quality in sedi-
mentary basins. Sandstone reservoirs have generally passed through mechanical
and chemical processes of compaction that cause a large change in textural and
structural properties and reduction of their initial porosity from the time of dep-
osition, and hence changes in elastic attributes. Seismic elastic properties are very
useful in identifying lithology and pore fluids, predicting reservoir properties and
for mineral identification [4].

Attributes such as velocity and moduli can be directly related to stratigraphic
deposition, tectonic deformation and reservoir properties. Based on their inter-
pretative importance in reservoir characterization, seismic attributes are in gen-
eral classified as pre-stack or post-stack attributes [11]. In extracting seismic at-
tributes from the data with high resolution, seismic inversion technique is one of
the methods used. Seismic Inversion is thus the extraction of subsurface geologic
information from seismic data by transforming seismic reflectivity data into a
quantitative rock property description of a reservoir [7] [12] [13]. The original

reflectivity data as typically routinely recorded as boundary property is converted
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to layer rock property known as impedance, which is the product of seismic ve-
locity (V) and the bulk density (ps). The velocity itself can be expressed using the
Lamé coefficients (1 and ), or using Bulk Modulus (K), and shear modulus ().

Seismic inversion replaces the seismic signature by a blocky response, corre-
sponding to acoustic and/or elastic impedance layering that facilitates the inter-
pretation of meaningful geological and petrophysical boundaries in the subsur-
face. Both standard seismic post-stack inversion methods, among which model-
based increases the resolution of conventional seismic through improved estima-
tion of rock properties [14], including thickness, depth, pore fluid, net-to-gross
ratio, net pay, saturation, porosity and permeability. This results to optimised vol-
umetric, improving ranking of leads/prospects, better delineation of drainage ar-
eas and identifying ‘sweet spots’ in field appraisal and development studies [9].

The prediction of a rock physics model that explicitly describes the reservoir
texture and behaviour is very important because, it can be used to crossplots V,/V;
vs. I, and build a rock physics template (RPT) of V,/V, ratio vs. acoustic imped-
ance crossplot, consistent with the local geology based on a rock physics theory
by [15]. RPT is a robust rock physics model built for a range of saturations and
porosities for a given reservoir interval. It is useful for the prediction of the pore
fluid and mineralogical content of a reservoir, reservoir characterization and pro-
spect evaluation both at well and away from well control points [16]-[19]. Rock
physics template is a site-specific rock physics model useful for mapping and
screening hydrocarbons and allow for fluid and lithology discrimination and char-
acterisation that are consistent with rock physics models [18].

Termit basin reservoir sands in most parts of the basin are hot (radioactive),
due to high clay content and radioactive minerals. Also, some hydrocarbon bear-
ing reservoir intervals (pay zones) exhibiting low contrast low resistivity (LCLR)
log responses. Additionally, tectonic activities affected sedimentary processes,
making the reservoirs in most cases complex and heterogeneous. These height-
ened reservoir heterogeneities complicate petrophysical analysis and reservoir
characterization.

Effort have been made to adopt different approaches to estimate petrophysical
properties and their distribution from well log data. Different conventional tech-
niques integrates well and seismic data for fluid and lithology discrimination in
reservoir characterizations have been proposed. Discriminating reservoir sands
from shales/mudstones and hydrocarbon sands from brine sands as well as accu-
rately evaluating the distribution of relevant reservoir properties using conven-
tional seismic interpretation are complicated and tasking, and undermines reser-
voir characterization in such reservoirs.

Therefore, in this study, rock physics modelling and seismic inversion are used
to relate impedance and elastic attributes derived from seismic to specific rock
properties such as lithology. The combination of rock physics and seismic inver-
sion enabled prediction and characterisation of reservoir in terms of the relevant

properties such as lithology, fluid content and saturation that help identify hydro-

DOI: 10.4236/ijg.2025.164014

267 International Journal of Geosciences


https://doi.org/10.4236/ijg.2025.164014

A. Hassane et al.

carbon target across the study area. This will be quite useful in exploration and
production activities, by improving exploration and reservoir management suc-
cess, efficient field development, reservoir performance and optimise hydrocar-

bon recovery.

2. Geology of the Study Area

Termit Basin is a Mesozoic-Cenozoic continental rift basin in the north-western
part of West and Central Africa Rift System (WCARS). It is situated within the
Chad Basin in Niger (Figure 1) and filled with lower Cretaceous to Neogene sed-
imentary rocks.
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Figure 1. Location map of the study area [20].

The basin is hydrocarbon bearing with the major finds located in the upper
Cretaceous to Palaecocene-Eocene sandstones. Tectonic activities affected sedi-
mentary processes such that structural, lithologic and textural characteristics of
the sediments are grossly impacted [20] [21]. The reservoir sandstone intervals in

some parts of the subbasin are radioactive with high clay content, typical of low

DOI: 10.4236/ijg.2025.164014

268 International Journal of Geosciences


https://doi.org/10.4236/ijg.2025.164014

A. Hassane et al.

contrast low resistivity reservoirs (LCLR) [22]-[24]. Volcanics which have been

dated stratigraphically to be older than 85 - 95 Ma. occur within the basin.

The general vertical profile of Termit basin consists of the Precambrian base-

ments which are made of igneous and metamorphic rock. It is overlain by the

Lower Cretaceous, Upper Cretaceous, Paleogene, Neogene and Recent sediments

(Figure 2), known as Donga, Yogou, and Madama (Upper Cretaceous), Sokor-1

(Paleocene-Eocene) and Sokor-2 (Oligocene) [25]. Most of these formations are

in general deposited in marine to lacustrine environments and contain varying

amounts of higher plant or bacterial and algae organic matter [26] (Figure 2).
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Figure 2. Composite stratigraphic column of the Termit Basin [27].
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The subbasin tends to an asymmetrical half graben overall with gentle slope in
the east with undeveloped structure and steep slope in the west, with the deepest
Dinga graben in the middle (Figure 3). The western slope in NW direction is steep
comprised of several tilted fault blocks and horst blocks, forming several entrap-
ments. The two main structural styles are observed over the majority of the Termit
basin. The first consist of northwest-southeast (NW-SE) synthetic normal fault
blocks common in Iaguil platform and in central as well as western Termit area.
The second is composed of north-northwest-south-southeast (NNW-SSE) anti-
thetic normal and transtensional fault blocks dominate the eastern and southeast-
ern parts of the basin, associated with this wrenching are northeast-southwest
(NE-SW) transpressional [28] [29].
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Figure 3. Map of Termit Basin showing structural units and the spatial distribution of faults in the Termit Basin [27].
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Exploration works in the Termit Basin mainly directed towards the Sokor-1 and
Yogou Formations proved that the petroleum system in Termit Basin are present
in the Upper Cretaceous and Paleogene, specifically the Yogou-Sokor-1 and
Sokor-1-Sokor-2 systems with most of the hydrocarbon discoveries located in the
upper Cretaceous Yogou Formation and EO, E1, E2, E3, E4 and E5 sand groups of
the Sokor-1 Formation [30] [31]. The second member of the Sokor Formation
(Sokor-2) acts as the regional seal in Sokor-1-Sokor-2 petroleum system, while the
interbeded shale/mudstone in Sokor-1 and inter-channel mudstone in Yogou acts

as local barrier/seal, respectively [27].

3. Method of Study

A total of five wells (2, 3, 4, 5, and 9) consisting of suits of well logs and 3D pre-
stack time migrated (PSTM) seismic data were used in this study. The well logs
comprising of sonic (DT), gamma ray (GR), resistivity (RT), neutron (NPHI/CNL)
and density (RHOB) logs, constitute the primary logs used in the study. The 3D
seismic survey covered an area of 1480.9 km?, with a total of 1841 crosslines and
2201 inlines. The quality of the data is good as strong reflections are observed
across seismic boundaries, especially in the target areas. The wells and their spatial
distributions in relation to the seismic lines are shown on the base map of the
study area (Figure 4).
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Figure 4. Base map showing well positions in the study area.
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Pseudo logs (shear wave velocity (V), bulk modulus, shear modulus, Poison’s
ratio, V,/V, ratio, P- and S-impedances) were generated from the primary logs
through petrophysical transforms (Figure 5). The well logs were analysed and in-
terpreted to identify lithologies, discriminate reservoir intervals and estimate
petrophysical properties (porosity, water saturation and shale volume). The res-
ervoir intervals were then correlated across wells to establish their continuity and

lateral extension throughout the field.
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Figure 5. Well-2elastic logs for Sand_5 reservoir interval.

Selected reservoir interval was then diagnosed in cross plot space using rock
physics schemes. This entailed performing fluid substitution to back out hydro-
carbon saturations so as to eliminate the effect of pore fluid changes and target
only on the effects due to rock texture and mineralogy. Crossplots of compres-
sional velocity vs. porosity, colour coded with shale volume were generated and
matched with heuristic diagnostic sand models, such as friable, contact cement
and constant cement models, to appropriately characterise reservoir texture and
mineralogy. Subsequently, rock physics template (RPT) specific to our field was
built based on the result of the diagnostic analysis.

After successfully tying the wells to the seismic, detailed seismic interpretation
was done to map faults and horizons on the seismic data. Data was inverted using
the Model-Based Inversion (MBI) algorithm to generate acoustic impedance vol-
ume, which served as input along with the well data into a Neural Network work-
flow to generate other elastic properties of interest. Finally, appropriate inverted
seismic attributes were cross plotted on top of the build rock physics templates

(RTP), based on which the prediction of lithology and discriminate pore fluids
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away from well control points in the field were achieved.

4. Results Presentation

Reservoir lithologies and pore fluids delineated are sands, shaley sands and
shales/mudstones and hydrocarbons and brine, respectively. Petrophysical analy-
sis suggests fairly good reservoir properties in the five delineated reservoir inter-
vals. Sand_5 reservoir interval was selected as a representative reservoir interval
for further analysis because it has the best reservoir properties and prolific in hy-
drocarbons (Table 1). This reservoir interval was correlated, and it varied in thick-
ness and depth across wells (Figure 6), which may be related to the tectonics of

the Termit Basin.

Table 1. Petrophysical properties of sand_5 reservoir interval.

Well Name Top (m) Bottom (m) Thickness (m) Vsh (%) N/G (%) Porosity (%) Sw (%)
2 1972 2025 53 10 90 25 14
3 2109 2175 66 7 93 22 17
4 2173 2207 34 18 82 24 19
5 1857 1925 68 25 75 26 17
9 1846 1932 86 22 78 25 16
Average - - 61.4 16.4 83.6 244 16.6
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Figure 6. Sand_5 reservoir interval correlated across wells.
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Rock physics diagnostic plots of V;, vs. ¢, show data trends that generally only

vary along the horizontal on the V, - ¢ plane, suggesting grain size distribution

of different lithologies that vary between very clean and well sorted sandstones to

deteriorating and poorly sorted shaly sands and shales/mudstones (Figure 7).

This indicates that sand_5 reservoir interval is highly heterogeneous with respect

to rock texture and minerology across wells. Further analysis of result revealed

that our data points most satisfactorily aligns with the constant cement sand

model. This suggests that reservoir sandstones are contact cemented with a con-

stant cement volume throughout the rock.
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RPT analysis based on the constant cement model of sand_5 reservoir interval
show that porosity and hydrocarbon saturation increase in the low impedance and
V,/V; ratio directions, respectively while clay content (shaleness) increases in the
high V,/V; ratio direction. Results show hydrocarbon sandstones plot as medium
to high impedances and low V,/V ratio, with average hydrocarbon saturation and
porosity values of 82.5% and 24.5%, respectively, which correlates with the 83.4%
and 24.4% hydrocarbon saturation and porosity values from well-based petro-
physical measurements. Brine shaly sands plot as medium to high impedances
with moderate V,/V, ratio and the shales/mudstones plot with medium imped-

ance and high V,/V; ratio (Figure 8).
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Figure 8. RPT for well 2 sand_5 reservoir interval.

Structural interpretation of the seismic data mapped major faults with big
throws, several synthetic and antithetic faults and delineated horizons which cor-
respond to the reservoir top (Figure 9). The synthetic and antithetic normal faults
form attractive prospective structural traps and are in some cases associated with
transpressional anticlines.

From this mapped horizon, time structure map was generated and displayed to
show spatial variation in times and identification of anomalous zones in the area.
The time structure map of Horizon_5 shows gradual topographical variation from
NE-SW with major faults trending NW-SE perpendicular to the topographic gra-
dient (Figure 10). The wells are bounded by the NW-SE dominant trending faults
to the north and south of the study. Wells_5 and _9 lies on the anticlinal structure
to the south (low time), while wells_2, _3 and _4 are located on the flank of anti-
cline to the north (high time). These revelations support the observed variations

in depth and thicknesses of the correlated reservoirs across wells in the study.
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Time slices of the inverted seismic attributes, I, and V,V, ratio taken along
Horizon_5 show strong lateral variations in lithology and fluid distributions (Fig-
ure 11 and Figure 12). Results show that the wells lie in medium to high I, and
V,V,ratio zones. Though these attribute properties vary in amplitude values, nev-
ertheless, they indicate hydrocarbon presence in the wells. Their apparent ampli-
tude variations are attributed to variation in consolidation and cementation of the
reservoir matrix in Termit basin. The shale/mudstone exhibits low I, and V,V;
ratio attribute characteristics in the basin. These medium to high impedance zones
are associated with hydrocarbon (oil) charged consolidated and cemented sands
in the field. The high I, zones in the attribute map away from well control points

are associated with brine sands and shales/mudstones, respectively.
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Figure 11. I, attribute amplitude map for Horizon_5.
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The Vp/V; attribute horizon map show variations in V,/V, characteristics in the
field V,/V, attribute property is characterized by low (green) to high (purple)
anomalous zones in the horizon map. The cross-section of inverted I, and V,/V;
ratio with inserts of the GR log and the seismic Horizon_5 (Figure 13), indicate
lateral and vertical variations in these attribute properties. Three zones corre-
sponding to different reservoir and non-reservoir lithofacies, that is, shale, hydro-
carbon sand and cemented sand, respectively were mapped on each section and
cross plotted.

The crossplot of the inverted V,/V, ratio vs. I, for the mapped zones (Figure
14), reveals that oil sands are characterised by low to moderate V,/V, ratio and
moderate to high I, values, while the cemented oil sands exhibit moderate V,/V
ratio and high I,,. The shales/mudstones are characterised by high V,/V ratio and
low I,

The seismic attributes crossplot (Figure 14) was superimposed on the locally
built RPT in the study (Figure 15). Results show distinct data clusters correspond-
ing to different lithologies and pore fluids in the reservoir. The oil saturated sands
and cemented oil sands plot below the sand line with characteristic low to mod-

erate V,/V, and moderate to high I, signatures. The porosity of these sands are
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24% to 28% for the oil saturated sands and 23% to 17% for cemented oil, with an
average of 26% and 20% respectively. Hydrocarbon saturation varying from about
20% < 100% with average of 60%.

View 1 Trace Data: Invrtd-Pimp-1_Zp
Color Data: Invrtd V V_ Vol
Inserted Data: Computed V /V,
Xline 4 627630 633 636 639 642 645 648 651 654 657 660 663 666 669 672 675 678 681 684 687 690 693 696 699 702 705 708 711 714 717 720 723 726 729 732 735 738 741 744 A 2.1000
Well W- 2.0938
) } 2.0875
2.0812
2.0750
2.0687
2.0625
2.0562
2.0500
- 2.0438
2.0375
2.0313
2.0250
2.0187
2.0125
2.0062
{ : 9! t = s £ 2.0000
2000 8 P - e _“‘; - » 1.9937
. 1.9875
2 )3 b 1.9813
2100 SO G A !‘ L ) ) D20 % oo ) ) L0
S 1.9688
1.9625
’ : JoEEPES ) PR 1.9563
Time (ms)K ‘ ) i ) " 1.9500
Inline: 1728 xline: 675 Time (ms): 1814 Trace Amp: 7658.94 Color Amp: 2.0609

V V_Ratio
unitless)

1600

BB
A )

Figure 13. Inverted V,/V; seismic section showing picked horizons and the crossplot zones corresponding to shale and hydrocarbon
sand.
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Figure 14. Inverted V,/V;s vs. I, crossplot showing shale and hydrocarbon sands.
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Figure 15. Cross plot of inverted V,,/V; vs. I, underlain by localised RPT.

The RPT (V,V; vs. I,), from inverted elastic properties completely discrimi-
nated lithology fluid. The shales/mudstones plot mostly below the shale line. The
sand and shale lines represent the trends of the sand and shale compactions with
decreasing porosities in the increasing I, direction. The lines perpendicular to the
sand line represents the trends of the pore fluid saturation in the reservoir. The
hydrocarbon sands discriminate from brine sands and shales by characteristic low
to moderate V,/V; signature in contrast to the I, property. However, brine sands
plot towards the zero-oil saturation along the fluid line with almost same I, with
the unconsolidated sands in the reservoir. This result indicates that hydrocarbon
sands may not be completely discriminated from brine sands on the basis of the

I, property in the basin.

5. Discussion of Results

The analyses and evaluation of the Sokor formation reservoirs of the Termit basin
was complex as expected, given the fact that is it known for its inherent heteroge-
neity and anisotropy. Using the available wells, the mapped reservoir sands were
correlated across the field. The correlated wells mapped reservoir sandstones con-
tinuously with varying thicknesses and depths across wells. This suggests faulting
and uplift associated with tectonics that has considerably impacted sedimentary

processes, hydrocarbon generation and maturation in the basin as observed by
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[21]. It showed that the sands increased in thickness from point to point and there
were also variations in the depth. These depth variations very probably indicate
that tectonic activities may have had a significant influence on the sediments and
by extension on the generation and maturation of hydrocarbon in the basin as
observed by [21]. Each reservoir interval has excellent hydrocarbon potential and
quite good reservoir petrophysical parameters. These are best in sand_5 reservoir
interval, having estimated thickness, porosity, shale volume, water saturation, and
saturation of hydrocarbon values of 61.0 m, 24.4%, 16.4%, 16.6%, and 83.4%, re-
spectively.

Knowing the heterogeneous and anisotropic nature of the basin, the discrimi-
nation of reservoir sands from shales/mudstones and hydrocarbon sands from
brine sands in such LCLR reservoirs from conventional petrophysical analysis
alone could give false results that undermine petrophysical evaluation at the well
scale thus impacting the reservoir assessment at field level. Therefore, quantitative
rock physics approach is adopted in the present study for enhanced reservoir char-
acterization in Termit basin.

The result of the rock physics crossplot analysis shows that sand_5 reservoirs is
characterized by medium to high I, values within the hydrocarbon bearing sand-
stone intervals. The low moderate V,/V, and high I, values suggests a cemented
and consolidated hydrocarbon reservoir sandstones, while the low to moderate
V,/ Vs and moderately high I, values suggests an unconsolidated but cemented hy-
drocarbon reservoirs sandstone [32]-[35].

In view of the above, sand_5 reservoir interval is more likely to be heterogene-
ous, hydrocarbon bearing and productive in the basin. The low I, suggests that
the shales/mudstones are unconsolidated and soft, with high I, values indicating
consolidated and hard shales/mudstones. These variations in texture will affect
the sealing capacity of the shales/mudstones in the reservoir interval for each well
[5].

Rock physics diagnostic plot of the reservoir interval revealed that grain size
distribution of different lithologies is present within the reservoir interval which
is related to the environment of deposition and burial history. Reservoir sand-
stones increases in the direction of moderate to high V,, at high reservoir ¢, while
the shaly sands and shale increases in the direction of moderate V, and low ¢.
These variations are attributed to differences in burial depths, matrix composition
and diagenetic alterations across wells resulting to increased stiffness at reduced
porosity and high seismic velocities. RPD analysis revealed that the data points in
most of our wells satisfactorily correlates with the constant cement model, sug-
gesting that reservoir sandstones are consolidated and contact cemented with a
constant cement volume throughout the rock. Besides, results of RPD emphasized
that reservoir matrix varies between very clean and well sorted unconsolidated
and uncemented sandstones to consolidated and cemented sandstones of high en-
ergy depositional environment to deteriorating and poorly sorted shaly sands and

shales/mudstones of low energy depositional environment. In addition, reservoir
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interval was found to be composed of sediments from many sedimentary cycles
in which both well to poorly sorted sandstones were deposited into interchanging
energy depositional environments. This established that the reservoir interval is
highly heterogeneous with respect to clay content and diagenetic cementation
across the wells, resulting to property variations and possible compartmentaliza-
tion of the reservoir across wells.

RPT plot of V,/V; vs. I, for the representative well (well_2), show distinct li-
thology and pore fluid discriminations by the clustering of data points for a range
of porosity and water saturation values. Hydrocarbon reservoir sandstones were
diagnosed with a characteristic medium to high impedances and low to moderate
V,/V, ratio. Hydrocarbon saturation and reservoir porosity are 82.5% and 24.5%,
respectively, which correlates with the 83.4% and 24.4% hydrocarbon saturation
and porosity values from the well-based petrophysical measurements. Brine shaly
sands and shales/mudstones were diagnosed with medium to high impedances
and moderate V,/V, ratio and medium impedance and high V,/V; ratio, respec-
tively. This crossplot successfully discriminated sand from cemented sand and
shale/mudstone in the basin. The results of the present study reflect the efficiency
and application of rock physics diagnostics in evaluating reservoir microstructure
and texture for quantitative reservoir characterization in Termit basin.

The time structure map shows reservoir topography arising from the NW and
dipping towards the NE in the study area. The well locations lie on both low and
high travel time values, a clear indication of the effects of faulting and tectonics in
the formations. Major and dominant faults trend NW-SE and runs perpendicular
to the topographic gradient. The NW-SE striking faults are the boundary faults,
and are steep with large fault throws. They are believed to have their origin from
the basement rocks and cut through Paleogene Sokor-1 and Sokor-2 formations,
the Upper Cretaceous Madama Yogou and Donga Formations below the Neo-
gene-Quaternary sediments [36]. The principal trapping system consists of both
fault traps associated with anticlinal structures and stratigraphic traps, with
shale/mudstones forming the reservoir seals. The reservoirs are fault bounded as
evidenced by the location of the wells which could be providing the migration
paths and/or traps for the hydrocarbons. Due to the complex fault geometry the
reservoirs may or may not be connected since the wells appear to lie in different
fault blocks.

The model-based inverted reflectivity attributes obtained from seismic data
map hydrocarbon from non-hydrocarbon zones. The inverted seismic attribute
sections and horizon maps show both vertical and lateral variation in the reflec-
tivity attributes (I, V,/Vy), around and beyond the well locations. The lateral and
vertical variation in the inverted attributes could be lithologic (sand, shaly sands,
mudstone), structures and pore fluid variations. This can be related to the envi-
ronment of deposition and burial history. The vertical increase in the reflectivity
attributes may be due gradual compaction of underlying sediment due to over-

burden pressure, leading to cleaner and more consolidated reservoir sandstone
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intervals ([37]).

The moderately high I, values indicate that the sand is clean and cemented [37].
from rock physics diagnostic which indicated that the reservoir sand is constant
cemented. The low to moderate V,/V indicate oil bearing reservoir sand. This
clean hydrocarbon reservoir sands have low S,, and Vg, and high ¢, which is in
agreement with the results of the petrophysical formation evaluation and well-
based cross plot analyses in the basin [5]. Therefore, the study has successfully
delineated clean reservoir sands that are possibly hydrocarbon charged beyond
the existing well locations that could be regarded as new prospects in the field with
low S, and Vg, and high ¢ characteristic. These could be considered for field ap-
praisal or development opportunity [37].

Further investigation of the hydrocarbon bearing zones done using inverted
seismic attributes cross plots and well-based rock physics template (RPT) of V,/V,
vs. I, for selected zones away from well location show variation in lithology, fluid
saturation, porosity and compaction. From the cross plots analysis, lithology and
pore fluids can be discriminated and characterised, respectively. Hydrocarbon
sands plot with medium to high I, and low to moderate V,/V; ratio, while
shales/mudstones plots with low I, and high V,/V ratio, which is similar to the
result obtained from RTP analysis. Besides, the inverted V,/Vvs. I, crossplot with
superimposed RPT show distinct lithology and pore fluid discriminations by the
clustering of data points for a range of porosity and water saturation values. Hy-
drocarbon reservoir sandstones were predicted with a characteristic medium to
high impedances and low to moderate V,/V; ratio as a result of increasing fluid
saturation causes a decrease in velocities (V, and V), and decrease in density [4]
[7]. In addition, reservoirs properties of porosity and hydrocarbon saturation
were predicted and correlated with the well measurements. Again, inverted seis-
mic attribute cross plot analysis and RPT successfully predicted the reservoir rock
properties and discriminated the reservoir and its fluid beyond well location

which could be regarded as new prospects.

6. Conclusions

Quantitative reservoir characterization has been carried out in the Eocene Sokor-
1 Formation reservoir interval in Termit basin through the integration of petro-
physics, rock physics models and templates of inverted seismic attributes using
well logs and 3D PSTM seismic data.

The analyses suggest that, the mapped reservoir intervals have averagely good
petrophysical properties and characterized by LCLR. The time structure map of
the study shows reservoir topographic variation from NE-SW, with major faults
trending NW-SE and NNW-SSE. The hydrocarbon trapping mechanism in this
field is mostly structural with minor expression of stratigraphic enclosures, and
shale/mudstone seal, with reservoir being productive in the basin. In the reservoir
interval the sandstones are in some part cemented and consolidated, whereas they

are cemented but unconsolidated in other part of the field.
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Quantitative crossplots and RTP of extracted seismic elastic properties from
inverted seismic data describe better the layer property of the mapped reservoir
interval and give emphasize of the facies change and fluid saturation of reservoir.
The amplitude varies from bright to dim with both continuous and discontinuous
amplitude. The predicted reservoir lithology differentiation, porosity and hydro-
carbon saturation away from wells points across the field correlated with the well-
based RPT crossplot and show concordance with average properties derived from
well data analysis.

The study has improved understanding of the reservoir structure, sedimenta-
tion, fluid saturation and other geologic or reservoir properties such as burial and
diagenetic history in Termit basin. This approach can help in basin and fields with
similar geologic settings for exploration and production business. In particular,
by new prospects generation, optimizing exploration and reservoir management
success, improving wells longevity, optimizing reservoir performance as well as

hydrocarbon recovery.
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