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1. Introduction

Abstract

Geochemical investigation of the Temsah-4 well (T-4) in Temsah gas fields at the eastern
offshore Nile Delta differentiate into two categories of OM (organic matter) which are
kerogen types Il and 111 within the boreholes penetrated Oligocene-Miocene source rocks.
The geochemical and lithological characteristics of the OM-bearing formations in the
investigated borehole recognized four thick organic matter-rich intervals (OMRI) in well T-
4. The OMRI considers a part of formations that are believed to be considered a real source
rock that comprises approximately 66.68% of the Wakar, 65.17% of Sidi-Salem, and 100%
of Qantara Fms in the T-4 well. They comprised intervals depths of 3120m-3150m and
3300m-3559.4m belonging to Wakar Fm, from 3580m- 3870m belonging to Sidi-Salem Fm
and from 3977m- 4170m belonging to Qantara Fm. The geochemical data reveals that Wakar
Fm in the T-4 well considers immature source rock. While mature OMRI within Sidi-Salem
and Qantara Fms in the T-4 well represented as effective mature source rocks. Construction
of a TOC map in two dimensions throughout the studied areas shows a trend of increasing
the quantity of OM eastward during the deposition of Sidi-Salem and Wakar Fms. The
improvements of the richness (relatively high TOC) toward the eastward suggested a
favorable condition for preservation and accumulation of OM toward the east than the west
drilled boreholes. Based on the relative hydrocarbon potential (RHP) the suggested expulsion
threshold depths appear to be shallower at 3700m in T-4. Burial history diagrams of studied
T-4 wells based on geochemical results postulate that Tineh Fm enters the early mature stage
at 2.8Ma. The maturity continues till the recent periods to enter the Qantara and most of Sidi-
Salem Fms the same main-oil window at the T-4 area.

Keywords: Temsah gas field; Source rock; Organic matter rich intervals; Expulsion
threshold Depth; Maturity

The proven gas reserves of Egypt equal 98 trillion cubic feet and 18.5 billion barrels of oil and
condensate as of the end of 2016. Exploration activity continues to add new giant gas discoveries,
particularly in the offshore Nile Delta and Mediterranean (Dolson, 2020). The Plio-Pleistocene to
Miocene siliciclastic reservoirs in the Nile Delta and offshore Mediterranean Sea basins have produced
natural gas. These provinces have the highest growth and exploration levels in Egypt. The recent
decade's large Pliocene gas discoveries confirmed the interval as the main hydrocarbon target for
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development in the Nile Delta and the offshore Mediterranean. The area of study includes Temsah (T)
and Temsah-North-West (T-NW) gas fields in the Temsah concession in the Eastern Mediterranean and
offshore of the Nile Delta of Egypt. It is about 65 Km north to northwest of Port said between latitudes
31°48"N, and 31°53"N, and longitudes 32°04"E, and 32°12"E (Fig.1). The Temsah Field contains 4-7
trillion cubic feet in its structure (Dolson, 2016).
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Fig.1. location of the study area and regional tectonic setting of Nile Delta (Schlumberger, 1995)

The Nile Delta and East Mediterranean are mostly known as natural gas-prone provinces with gas
and condensate production from the Miocene and Pliocene fields (Shaaban et al., 2006, Ismail et al.,
2020b and 2022). Mesozoic reservoirs are present at greater depth and have been penetrated by a few
wells which are located in the south delta block. Source rocks are present in the Kafr EI-Sheikh and
Sidi-Salem formations. The Triassic and (Neocomian) organic-rich shales are proven to be effective oil
source rocks, while Jurassic carbonates and Oligocene shales are potential gas-prone source rocks
(Schlumberger, 1984). The shales of Sidi Salem, Wakar, and Kafr El Sheikh formations are considered
fair to very good source rocks, while the thin sandstone alternated lamina are good for considering
reservoir rocks (Khaled et al., 2014). The upper Miocene depositional system appears to be the most
effective target in the East Mediterranean area because it contains a broad range of depositional
environments, such as fluvial, shallow marine reservoirs, and/or deep-water turbidity sands (Abdel Aal
etal., 2000).

The general scope of the present research is giving a general aspect of the Temsah and Temsah-
NW gas-fields from the petroleum exploration viewpoints based on the geochemical analysis and well-
logging interpretations of six boreholes in the studied areas (T-3, T-4, T-5, T-E1 of Temsah and Helm-
1, T-NW-2 of Temsah-NW). To accomplish the previous goals, the present study dealing with the

202



Iragi Geological Journal Fagelnour et al. 2024, 57 (1D), 201-218

following concept of; a) participating in the well-logging data for determining the TOC (from LLD-
deep resistivity and sonic logs) in wells which lack geochemical data; b) identify the lithology of
sedimentary sequence penetrated the studied wells (from well-logging and composite mud-logs
column); c) calculate and interpret a geochemical Rock-eval measured parameters (from collected ditch-
samples of one T-4 well) and d) evaluate the potentiality of the main source rocks of Wakar, Sidi-Salem,
Qantara, and Tineh Fms according to their quantity, quality and maturity that responsibly producing the
HC in the present gas-field by applying OMRI method steps according to of Edress et al. (2021).

Moreover, the authors used methods of Pang et al. (2019) and Edress et al. (2021 and 2022) to
predict both the expulsion threshold and ASDL depths in the two areas according to relative hydrocarbon
potential (RHP). The timing of the beginning of the HC generated is mentioned also according to burial
history modeling in the two investigated areas. Furthermore, structure contour maps for the three top of
the OM-bearing formations (Qantara, Sidi-Salem and Wakar Fms) are used to spotlight the closure areas
for more acceptable HC entrapment sites in the present field.

2. Geological Setting

The Nile Delta Basin occupies more than 250,000 km2 in the eastern Mediterranean province
(Kirschbaum et al., 2010) which is divided into western, eastern, and central sub-basins (Bertello et al.,
1996; Marten et al., 2004; Nabawy and Shehata, 2015). The Nile Delta and its offshore extension into
the Mediterranean was affected by a four major structural alignments (Said, 1990; Schlumberger 1995).
These tectonic trends are the two northwest-southeast trending Marmarica and Bardawil (Temsah) lines,
and the northeast-southwest trending Qattara and Eratosthenes and Pelusium lines (Fig.2). The two
northwest-trending lines played an important role in forming the Neo-Tethys Ocean in the Jurassic time.
The Early Jurassic rifting, associated with the breakup of Pangea, made the deep NE-SW and some E-
W trending basins in the Western Desert of Egypt (Dolson, 2020). These rift basins extend to involve
the Nile Delta cone and the Levant basin in the East Mediterranean. It is uncertain what the contribution
of the deep Jurassic and Cretaceous source rocks might have HC in the Nile Delta and the East
Mediterranean. Another significant geological feature is the Hinge Line, which indicates the southern
limit of the rifted continental margin of northern Egypt. Its origin dated back to the Jurassic crustal
break-up of the southern Neo-Tethys (Said, 1990). WNW to ESW faults split the delta into two sub-
provinces. The faulted flexure divides the south delta province and the north delta basin. Four reactivated
fault systems the Bardawil Line, Qattara-Eratosthenes Line, Pelusium Line, and Hinge Zone controlled
the northern deltas. The Hinge Line marks the abrupt transition from the continental facies and
unconformities to the south and the deep-water Oligo- Miocene turbidites to the north. The Oligocene
to Early Miocene sediments are well developed north to the Hinge Line which is marked by strong
subsidence and deposition in a marine environment (Fig.2). These sediments constitute the Tineh
Formation (Oligocene) and Qantara Formation (Early Miocene), with an unconformity between them
(Bertello et al., 1996; El-Heiny and Enany, 1996). Diapers, overthrust faults, and asymmetric folds are
some of the geological features that define the Nile Delta. Its origins can be traced back to the Syrian
Arc system, which followed an arcuate path from the northeast to the southwest, crossing through the
northern portion of the Nile Delta and terminating in Egypt's Western Desert (Hemdan et al., 2002).
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Fig.2. The stratigraphic succession of the Eastern offshore Nile-Delta and East Mediterranean (Younes,
2015; Edress et al., 2022; EI-Moghazy et al., 2023)

In general, the stratigraphy of the Nile Delta and East Mediterranean concessions is quite similar
as shown in Fig. 2, summarized by different authors of Said (1990), Khaled et al. (2014), Lashin and
Abd El-Aal, (2005), Shaaban et al. (2006), Dolson (2020), Ismail et al. (2020) and Edress et al. (2022),
El-Moghazy et al. (2023) as following events. An wide marine transgression that covered the Nile Delta
occurred in the Aquatinian- Burdigalian Time and led to the deposition of thick marls and shales of the
Qantara Formation. During the latest Burdigalian to Langhian time, the Arabia/Eurasia convergence
plates boundaries led to positive highlands, which subsequent to a strong erosion of the exposed
formations. During Serravallian a high subsidence and the deposition of thick terrigenous sediments of
the Sidi-Salem Fm. From south to north, transitional to shallow marine deposits gradually pass to finer
sand and shale prograding complex. The Serravallian turbiditic sandy systems of the Sidi Salem
Formation were deposited at least in the Temsah and Wakar fields (Bertello et al., 1996). A strong
erosive event occurred at the end of Serravallian due to a new series of positive movements and caused
the Serravallian/Tortonian unconformity which was recorded over all the area (EI-Heiny and Enany,
1996). The Tortonian Wakar Formation is represented by a turbidity complex deposited in frontal areas.
About 8 million years ago, a regional sea level drawdown with 550 m of sea level lowering occurred. It
is thought to be due to the closure of the straits of Gibraltar, which created the Messinian crisis.
Widespread salts and evaporites were deposited in the Mediterranean Basin (Pigott et al., 2014; Leila
and Moscariello, 2018). Pliocene delta progradation made the youngest traps and reservoirs in the Nile
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Delta and Mediterranean (Dolson, 2020; Ismail et al., 2021). A wide transgression occurred at the
beginning of Pliocene Time and led to the deposition of thick marine sequences, favored by the gradual
sinking of the Mediterranean where Kafr El-Sheik, El Wastani, and Mit Ghamr formations were
deposited (Said, 1990) (Fig. 3).
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Fig. 3. Litho-statigraphic correlation of the studied well from the NW (Temsah-NW) to SE (Temsah)
directions

3. Materials and Methods

The data used in the current study include well logs and composite mud logs from six wells; four
from the Temsah field (T-3, T-4, T-5, and T-E1 wells) and two from the Temsah-NW field (H-1 and T-
NW-2 wells). Geochemical analyses involved both TOC and Rock-eval pyrolysis analysis involved 49
ditch samples from T-4 well, representing the Temsah areas. The electric well-logs including gamma
ray (GR), deep resistivity (ILD), sonic (DT), density (RHOB), and neutron (NPHI) are used to interpret
the lithological compositions with mud logs according to the basis of well-logging interpretation (Rider,
2002).

The amounts of TOC (total organic carbon) for the wells lack geochemical analysis (T-2, T-3, T-
E1, and T-NW-1) are measured according to the A-Log-R technique (Passey et al., 1990) based on sonic
and deep resistivity logs as follows: A Log-R=10g10 (LLD/R baseline) + 0.02 (AT/ AT baseline) Where;
LLD: is the deep resistivity measured in ohm.m; AT: is the sonic measured in u sec/ft.; R baseline= 2
ohms.m, AT baseline = 100 p sec/ft.; Then the TOC is calculated from the following equation: TOC =
(A Log-R) x 10 (2.297-0.1688 x LOM); LOM= 7 (it corresponds to the onset of maturity for oil-prone
kerogen)

The ditch samples were pulverized to 0.420 mm and stirred in a beaker with 10% concentrated
HCL for about one hour to remove any carbonate contents in the specimen. Further heating at 70°C
applies to samples rich in carbonate and dolomites. Then the samples were washed and dried for the
next geochemical analysis applied. A semi-quantitative analysis by combustion of 1 gm samples in an
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oxidized medium using a Leco-crucible at approximately 1200°C. The organic carbon that was
converted to gases state measured its amounts by an infrared detector and sensor (Leco C230 system)
and then measured organic carbon was calibrated to express as TOC (wt,%). SRA (source rock analyzer)
instrument is used in pyrolysis techniques to measure a quantitative amount of released hydrocarbon
during each stage of continuous sample heating (Si1, S2) express as (mg HC/g rock) by FID. Tmax
represents the threshold maximum peak of the S, curve. Whilst Ss is the amount of CO- detected by the
IR detector throughout the pyrolysis (mg CO2/g rock).

Many parameters are used in the present study from rock-eval pyrolysis, including HI (hydrogen
index) = S2/TOC x100): it is used to characterize the origin and maturity of the kerogen. It is measured
in milligrams of hydrocarbons per gram of TOC; Ol (oxygen index) = S3/TOC x100, it is measured in
milligrams of hydrocarbons per gram of TOC; PI (Production index) = S1/ (S1+S2) it is used to indicate
maturity state, how much of the organic matter is converted to hydrocarbons and Ro (vitrinite
reflectance) calculated according to Roca= (0.0317 x Tma)- 13.224 (Lohr and Hackly, 2021); OSI (oil
saturation index) = S1* 100/TOC). RHP (relative hydrocarbon potential) = (S1+S2)/TOC (Peng et al.,
2019). Calculated Ro versus the depth relationship is established by regression chi-square exponential
fit correlation coefficient using Origin Pro v.2014 software. Petromode software v11 was used to
illustrate the burial history diagrams of the studied well T-4. All the geochemical analyses are done at
laboratories of SCS (strato-chem-services), Cairo, Egypt.

4. Results

The penetrated formations in the six studied boreholes is variable in thickness, from the base to the
top, as shown in Fig. 3. The thickness of the Tineh Formation is not determined because the bottom
depth is not recorded. Qantara Formation is recorded in Helm-1, T-NW-2, T-3, T-4, T-5, and T-E1 wells
composed mainly of shale and carbonate. The vertical thickness of the Qantara Fm ranges from 28 to
246m, showing a maximum thickness toward the east than the west direction. Sidi Salem Formation is
recorded in all studied wells and is composed of shale with sandstone and siltstone intercalation. The
thickness of Sidi-Salem Fm ranges from 299 to 444 m. Wakar Fm is recorded in all wells and is
composed of shale with sandstone intercalation. The thickness of Wakar Fm is variable and ranges from
323 to 491 m. The Miocene succession ends with a sequence of evaporites (Anhydrite) of Rosetta Fm
with a strong variation in thicknesses from 5 to 67 m. Kafr EI-Sheikh Fm is recorded in all studied wells
with vertical huge thicknesses ranging from 1700 to 2163m composed of thick shale with sandstone and
siltstone intercalations. EI-Wastani Fm recorded in all studied wells range from 350 to 550m in thickness
composed of shale with sandstone and intercalated siltstone. The sedimentary succession in all wells is
capped by the Pleistocene Mit-Ghamr Fm which is composed of sandstones with thin siltstone
intercalations.

The TOC and rock pyrolysis of TOC-rich interval depths >1 from depths of 3120m to 4140m in
the studied well T-4 are summarized with the result of calculated rock pyrolysis parameters and
calculated vitrinite reflectance in the measured intervals (Tables 1). TOC for other boreholes for which
geochemical data are not available ( T-NW-2, T-5, T-3, T-E1, and Helm-1) is determined from depth
resistivity and sonic logs using the formula of Passey et al. (1990) (Fig. 4). TOC from log data shows a
lower zone of high TOC in the lower part of the Qantara Fm. in all wells studied, two zones of high
TOC in the middle part of the Sidi Salem Fm. in T-3 and T-5 that are absent in well T-NW-2, and a zone
of high TOC in the Wakar Fm. in T-3 and T-5 that is absent in well T-NW-2 (Fig. 4).
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Table 1. Rock-eval pyrolysis data and their calculated parameters of three penetrated Qantara, Sidi-

Salem and Wakar Fms, T-1 well, Temsah concession, east offshore Nile-Delta.
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5. Discussion

5. 1. Quantities of OM in Investigated Boreholes

The amount of biomass preserved is a function of primary productivity. Many factors control the
amount of OM preserved in sedimentary rock (Bjorlykke, 2010; El Atfy and Ghassal, 2022). As the
amount of preserved OM increases the opportunity for sedimentary rock increases to be considered a
source rock and vice versa. The geochemical quantitative measuring of the TOC in the examined rock
is expressed in weight percentages, which refer to the quantity of the accumulated and preserved OM in
any sedimentary strata (Tissot and Welte 1984; Edress and Abdel-Fatah, 2018; Hazra et al. (2017); Hunt,
2000). The maximum recorded measurement of TOC equal to 2.02wt.% was recorded within Qantara
Fm of the T-4 well while the lowest average values were recorded related to Wakar Fm of T-4 well
(Table 1). The 2-D distribution of TOC was illustrated in the present study for two formations of Wakar
and Sid-Salem based on the accompanied TOC gathering values from both geochemistry and well-log
calculation of wells without the geochemistry measurements, as shown in Figs. 4 and 5.
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The quantity of the OM was classified by Peters and Cassa (1994) into five categories according to
their TOC amounts of poor OM bearing formation of TOC 0.5wt.%, fair of TOC (0.5-1wt.%), good of
TOC (1-2wt.%), very good of TOC (2-4wt.%) and excellent exhibit much higher TOC > 4wt.%. The
average TOC values of the investigated formations of Wakar (1.02wt.%), Sidi-Salem (1.13wt.%),
Qantara (1.52wt.%), characterized good quantity of OM in the present studied wells.

As shown in Fig. 5, the Sidi-Salem Fm appears to be the richest in TOC than the Wakar Fm. The
south-eastern and central area of (Temsah) is characterized by preserved a higher quantity of OM of the
studied formations than the North-western area (Temsah-NW), which may attribute to the site of
excellent anoxic-dysoxic accumulation and preservation of OM in these areas. That eastern trend of
increasing in TOC may be synchronized by a high pale OM productivity associated with commonly
well-preserved anoxic conditions than oxic ones (Edress and El-Moghazy, 2022; Taha and Edress,
2022).

Rock-eval pyrolysis also gives an investigation the potentialities of source rock based on both S;
(free HC in Rock) and S, (HC generated by thermal cracking of kerogen during the pyrolysis). However,
before applying the Rock-eval parameters and indices for many of examined analyses in the present
study, the author used the OSI (oil saturated index) (S1/TOC)x100) suggested by Smith (1994) and
Jarvie et al. (2001) to eliminate either the contamination or staining samples from indigenous HC. Jarvie
et al. (2001) suggested the samples of OSI > 100 may consider contaminated (non-indigenous) samples
and must be excluded from any further interpretation. The present studied samples recorded the highest
value of OSI equal to 35.29 of Wakar Fm, which confirms the validity of all collected samples for further
measurements and interpretation (Table 1).

Fowler et al. (2005) considered that the S; values of <0.5 mainly occupy the source rock of poor
OM quantity. All the examined samples in the studied borehole have a S1 values less than 0.5 mg HC/g
rock, which corresponds to poor quantity source rocks according to the previous author (Table 1).

The sedimentary source rock, which contains S, (generative potential) values of <2.5 mg HC/g rock
is considered a poor source rock (Garry et al., 2016). While as the S, values increase, the source rock
transforms from fair to excellent of S;>20 mg HC/g rock (Peter and Cassa, 1994). Accordingly, all the
recorded S; values of the studied T-4 borehole are ranging from poor (1.76 mg HC/g rock; Wakar), fair
(2.64 mg HC/g rock; Sidi-Salem) and good (6.26 mg HC/g rock; Qantara) (Table. 1). Plotted of studied
samples on the TOC versus (S2) diagram according to Peter and Cassa (1994) (Fig. 6) show that all
represented formations in the studied formations have a poor-fair to good potential with of the T-4 well.
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Fig. 6. Cross plot of S2 versus TOC for penetrated formations in T-4 borehole in the Temsah area
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5.2. Types of Preserved OM

The HI (hydrogen index) plus the S,/S; ratios can give a direct identification of the kerogen types
involved in the studied formations (Waples, 1985). Peter and Cassa (1994) mentioned that the kerogen
type-11l mainly characterized by S./S; ratios <1 with HI <50, while the kerogen type-IV possessed an
S2/S3 ratio range between 1-5 with HI ratio within the limits of 50-200mg HC/g rock. In the T-4 well,
the studied formation shows a relative difference in OM types. The Wakar Fm in T-4 well has an S,/S3
ratio of 1.47 and HI of 162mg HC/g rock are belonging to kerogen type-111, whilst the Sidi-Salem and
Qantara are belonging to kerogen types-11/111 and 11 of S»/S; ratios (2.26 and 6.98) with HI values equals
(209 and 405mg HC/g rock) characterizing gas and oil-prone in respective order (Table 1).

The same previous conclusion was obtained by plotting all samples related to the T-4 borehole on
the S2 versus TOC diagrams established by Delgado et al. (2018) (Fig. 7). Most of the T-4 borehole, the
Wakar and Sidi-Salem Fms lay within types ranges from IV to Ill. While the Qantara samples occupy
the area of type Il kerogen. Parts of samples in related to T-4 well lay in organic lean area, which is
characterized by a considerably low OM preservation and/or oxidation of TOC less than 1 (Fig. 7).
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Fig. 7. Cross plot of the remaining hydrocarbon potential S2 against TOC for penetrated formations in
T-4 borehole in the Temsah area

The types of HC productivity of the present studied boreholes samples are expressed by plotting
samples' presentive formations on the HI against the TOC diagram according to Delvaux et al. (1990)
(Fig. 8). Fig. 8 showing the T-4 samples beside gas-prone potentiality considerable parts of samples
related to the Wakar and Sidi-Salem Fms belong to the fair-oil source. The samples represented the
Qantara Fm within the same borehole showing another potentiality of a good oil source (Fig. 8).

210



Iragi Geological Journal Fagelnour et al. 2024, 57 (1D), 201-218

104 +
T—4 : W Wakar
® Sidi Salim
y A Qantara
)
2 10°;
o0 g
Q
=
o0
g
=
10% ] - |
r (=} I
=2 @ | // G S
£t s G asSource
= 8
o :
0 2 8 | Gas Source ?
0.1 1 10 100

TOC (wt. %)

Fig. 8. Cross-plot of HI versus TOC according to Delvaux et al. (1990) showing the types of HC
produced sources of investigated source rock penetrated formations in the T-4 borehole in the Temsah
area

5.3. Maturity of the Preserved OM

R, (random vitrinite reflectance), Tmax and Pl (production index) are commonly used as ideal
parameters to distinguish the progress of OM maturity in any borehole-bearing strata (Hunt, 2000; Atta
Peters et al. 2015; Hazra et al. 2017). Instead, the measured Ro the author used Rqca (calculated vitrinite
reflectance) according to the formula of Lohr and Hackly (2021) (Roca = (0.0317* Tmax)-13.224) to
distiunguished the maturity level in the present studied well. The roca based on the previous formula
shows that in the T-4 well, both Wakar and Sid-Salem Fms have average Rqca Values of 0.33 and 0.52
less than <0.6 belonging to the immature diagenesis stage of maturation, whilst the Qantara Fm show
average Rqca Values of 0.92 characterizing the late-mature catagenesis stage of maturation according to
maturity levels of both Tissot and Welte (1984) and Wust et al. (2012).

Plotted of the studied samples on the R, versus TOC discrimination chart apply in the present study
to determine the suggested values of SRI (source rock index) according to Pang et al. (2019). The
logarithmic curved lines of the SRI were established by Pang et al. (2019) to determine the actual
expelled HC compared to the promised HC expelling for optimal source rocks (Fig. 9). Most of the
samples in the T-4 borehole included the Wakar and Sidi-Salem are concentrated in the same area of
poor source rocks with few samples related to non-HC source rocks of SRI <zero. In the same T-4
borehole, most of the Qantara samples exceed the SRI line of 25, representing an intermediate actual
expelling HC of medium source rock (Fig. 9).
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Fig. 9. Discrimination chart of TOC against Ro of studied samples determining the SRI values of each
penetrated formations in T-4 borehole in the Temsah area according to Pang et al. (2019)

Plotted of the studied samples in the investigated boreholes (Helm-1 and T-4) on the Ghori and
Haines (2007) and Delgado et al. (2018) Diagram as shown in Fig. 10 showing the Wakar Fm is not
proceeding value of Tnax=435°C indicating immature stage, while nearly half of Sidi-Salem Fm samples

occupy both of immature and mature oil-window stages. The entire samples of Qantara belong to the
mature stage of the oil window in the T-4 well (Fig. 10).
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Fig. 10. Cross plot of PI against Tmax Of the penetrated formations in T-4 borehole in the Temsah area.
According to Ghori and Haines (2007) and Delgado et al. (2018)
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5.4. Expulsion Threshold, ASDL and Suggested Depths Of Maturity

Two methods are used to predict the maturity levels, Expulsion threshold and ASDL depths in the
investigated T-4 borhole, taking into account the thermal maturity level changes from one type-kerogen
to another according to the method established by Pang et al., 2019, Edress et al., 2021, Edress et al.,
2022 (Fig. 11). Tissot and Welte (1994) and Al-Areeq (2018) measured the Ro, which characterized the
different maturity levels concerning each kerogen type as follows; the Onset stage of oil generation is
differentiated based on R, as (0.65 for type-1; 0.5 for type 1l and 0.55 for type-11l kerogens), while the
stage of peak oil generation has R, of 1.1 (type-1), 0.8 (type-1l) and 0.9 (type-I11). The stage of the end
of oil generation is characterized by R,>1.4 for all kerogen types.
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Fig. 11. a) Prediction of maturity level depths and expulsion threshold depth in T-4 well by using
statistical exponential fit 1% order between the depth and R, based on OM types according to Edress et
al. (2021; 2022); b) another method used to predict the expulsion threshold and ASDL depths based on
the maximum peak curve of the RHP values according to Pang et al. (2019)

Based on the previous identification of the kerogen types within the studied OM-bearing formations
in the T-4 borehole. The statistical chi-square exponential fit applied for the studied samples between
the depth against the Ro, identifies the depths of each maturity stage by methods of Edress et al. (2021
and 2022) as illustrated in Fig. 11. The measured expulsion threshold depth by these methods are
recorded at a depth of 3750m in the T-4 borehole that fits the intersected lines of the R, value of (0.65).
From the above-mentioned results, the depth of 3950m is considered the limit between the immature
(diagenesis) stage from the deeper mature (catagenesis) stage in the T-4 borehole.

By applying another method according to Pang et al. (2019) to determine the expulsion threshold
depths in the studied well by showing the depth of the apex points represented the maximum curvature
of the RHP values throughout the studied wells (Fig. 11). Moreover, the ASDL (active source rock depth
limits) was distinguished by Pand et al. (2019) as a direct minimum retreat of the RHP values from the
peak apex points by increasing depths. The expulsion threshold depth of HC generation within the T-4
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borehole is recorded at a depth of 4450m (Fig. 11). The relatively shallowing of the expulsion threshold
and ASDL depths in the T-4 borehole may attribute to the ancient geothermal gradient in the studied
areas.

5. 5. Lithology Against OMRI and OMPI

Based on the previous results, it should consider the concept mentioned that not all the previously
believed formations which contain sufficient organic matter are capable to be considered a source rock
when thermal maturity is applied. To realize this concept, the author used the three-step method
suggested by Edress et al. (2021) to distinguish the OMRIs in the studied well based on the previous
results concerning the quantity, quality, and maturity parameters (Fig. 12).
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Fig. 12. Lithology against the OMRI and OMPI in the studied borehole representing the Temsah area
according to Edress et al. (2021)

Geochemical analysis and lithological identities of the postulated OM-bearing formations in the
investigated well distinguish a four-thick OMRI (organic matter-rich intervals) in T-4 borehole. The
OMRI comprises 66.68% of the Wakar, 65.17% of Sidi-Salem and 100% of Qantara Fms in the T-4
well. They comprised intervals depths of 3120m-3150m and 3300m-3559.4m belonging to Wakar Fm,
from 3580-3870m belonging to Sidi-Salem Fm and from 3977-4170 m belonging to Qantara
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Formation. The geochemical data reveals that Wakar Fm in the T-4 well considers immature source
rocks. While mature OMRI within Sidi-Salem and Qantara Fms in the T-4 well represented as an
effective mature source rock.

Greatly observed notice as shown in Fig. 11, the T-4 well at the depth of 3780 m within the Sidi-
Salem Fm and the depth of 4440 m within Qantara Fm show a reservoir character of sandstone pay
Zones.

5. 6. Burial History and Age of Maturation

The burial history models of the investigated geochemical studied borehole was illustrated
according to Easy% Ro (Sweeney and Burnham 1990) (Fig. 13). Burial history of T-4 show that the
Lower Qantara enter the early oil zone at 2.8Ma at a depth of 3800m. the Lower Sidi-Salem enter the
same early oil window at 2.3Ma and Lower Wakar at 0.7Ma at depths of 3890m and 3420m,
respectively. The Qantara enter the main oil zone at 1.8Ma at a depth of 4000m and the lower Sidi-
Salem at 1.5Ma and did not proceed to the main oil zone yet.
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Fig. 13. Burial history of the penetrated formations in T-4 borehole in the Temsah area

6. Conclusions

Source rock evaluation of the Temsah and Temsah-NW concessions in the offshore Nile Delta
recognizes varieties of different quantity, quality and maturity levels of the boreholes penetrating
formations of Qantara, Sidi-Salem and Wakar from the Rupelian to Tortonian periods. The geochemical
analysis combined with the types of sedimentary succession throughout the T-4 (Temsah-4), recognized
relatively four thick organic matter-rich intervals (OMRI) in T-4 well comprising Wakar Fm (30m) and
(259.4m), Sidi-Salem Fm (290m) and Qantara Fm (193m). They represent 66.68% of the entire Wakar,
65.17% of the entire Sidi-Salem and 100% of the entire Qantara thickness. These facts spotlight the
conclusion that not all thicknesses of previously believed source rock-bearing formations are acceptable
to assign as source rocks. Just OMRI within any formation may be acceptable to consider source rocks
than the other OMPI. The OMRI in the present studied borehole shows zones of either immature source
rock intervals involved (Wakar Fm in the T-4 well) or effective mature source rock intervals of Sidi-
Salem and Qantara Fms in the T-4 well. The 2D illustrated maps of the measured and calculated TOC
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throughout the studied boreholes reveal a trend of OM richness eastward from the Temsah-NW to the
Temsah areas. Besides the recorded types Il and 11/111 Kerogen-bearing Fms of the Temash area indicate
the origin of marine oil-prone source rock than terrestrial gas-prone sources. Expulsion threshold depths
of HC generation within the Temsah area were recorded at a depth of 3700m, that depth coincides with
the depth of the peak of oil windows that are equivalent to R, (0.65) in the studied well. The age of
2.8Ma is the time of early hydrocarbon generation stages where the base of Qantara Fm enters the early
mature stage at the T-4 well. The maturity continues to most of Sidi-Salem Fms in the T-4 well.
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