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ABSTRACT

Ras Budran area is located in the central eastern offshore area of the Suez Gulf. The sedimentary
successions from the Paleocene to the Lower-Middle Miocene were chosen to assess in the well EE85-1A
at the Ras Budran area. Thegeochemical analysis of the Rock-Eval and vitrinite reflectance was applied for
evaluating the studied Formations from the viewpoints of the petroleum systems. From which fifty-four
cutting samples represented six Formations of Esna Shale (Paleocene), Thebes (Lower-Middle Eocene),
Darat (Upper Eocene), Nukhul, Rudeis (Lower Miocene), and Kareem (Lower-Middle Miocene) were
analyzed. The present study distinguishes three different categories of petroleum source potential. The
first is very good to excellent source of Thebes Formation has 3.2 wt, % TOC and 22.1 mg HC/g rock of
Production yield (Py=S1+S2) on averages. The second is fair sources of the Nukhul, the Darat, and the
Esna Shale Formations of averages 1.23, 1.6 and 0.85 wt, % TOC and 1.67, 3.12 and 1.8 mg HC/g rock of
Production yield respectively. The third is a poor source of both the Kareem and the Rudeis Formations of
averages 1.4, and 0.95 wt, % TOC and 1.5, and 0.92 mg HC/g rock Py. The kerogen types of oil-prone
(Type 1) and mixed oil/gas prone (Type II) are the main OM (organic matter) constituent of the Thebes
Formation of HI (hydrogen index) > 400 mg HC/g TOC and S2/S3 ratio is 6.97 mg HC/g rock on average.
The results are categorized the Thebes Formation to be an effective source rock if buried enough to reach
the oil window zone. The other Formations of Kareem, Rudeis, Nukhul, Darat, and Esna Shale include
kerogens of gas prone (types III) and inert (Type IV) of HI (hydrogen index) < 200 mg HC/g TOC and
S2/83 ratio < 2 mg HC/g rock too.

Keywords: Organic geochemistry, Sea level cycles, Geothermal gradient, Vitrinite reflectance, Ras
Budran, Suez Gulf, Egypt.

INTRODUCTION

The area of Ras Budran is situated among three main oil field concessions in the central Gulf; east of
North October, northwest of October, and north Belayim concessions (Fig. 1). It lies nearly 4 km to 13 km
from the western road connected the coastal cities of Abu Zenima and Abu Rudeis. The area lies north to
numerous discovered oil fields in the central Gulf such as Sidri, Feiran, and Belayim Land and Belayim
Marine. The wells EE85-1A has the coordinates of 33°07" E and 28° 58" N. It lies in shallow water depths
of forty meter within the lower shore-face of the continental shelf bounded the present day eastern Gulf
coast. The EE85-1A well reaches its total depth of 3829.5m (12564 ft) penetrate the Rift-infill and pre-
Rift sequences until Nubia B (Upper Carboniferous). The well under investigation produces oil from five
sedimentary intervals (reservoirs) of the Matulla, the upper and lower Raha, the Nubia A (Mallha) and the
Nubia B (Rod El Hamal) Formations of pre-Rift sequence.

Since the nineteen century, The well EE85-1A drilled by Deminex was the first from many other
exploratory offshore wells drilled by SUCO and GUPCO oil companies that draw the considered area to
be a major oil field in the Gulf with an oil reserve reaches billion of the oil-barrels in place.

The stratigraphic successions of sedimentary strata within Ras Budran recognized as pre-Rift sequence
(from the Cambrian to the Eocene) and Rift-infill sequence (from the Oligocene to the Recent) (Alsharhan
and Salah, 1995). Many authors divided the span time of Rift-infill into syn-Rift (from the Oligocene to
the Late Miocene) and post-Rift (from the Pliocene to the Recent) (Chowdhary and Taha, 1987;Darwish
and El Araby, 1993; Darwish et al., 1998; Dolson et al., 2001).The Matulla and the Raha Formations of



Khaled, K. A. M. and Edress, N. A. A.

the Upper Cretaceous andthe Nubia (A, B, C, and D) sandstone intervals from the Cambrian to the Lower
Cretaceous are the main oil-bearing reservoirs in the studied area (Chowdhary et al., 1986; Alsharhan,
2003; Boukhary et al., 2012).
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The Suez Gulf is considered one of the most important petroleum provinces in Egypt. Therefore, the
petroleum source potential and types of OM of many Formations within the Gulf are documented by many
authors (Shahin, 1988; Salah, 1992; Younes, 2001; El Nady, 2006; Abu Al-Atta et al., 2014; El Diasty et
al., 2014; El Nady and Mohamed, 2016; El Nady et al., 2016; El Khadragy et al., 2017; Nabawy and El
Sharawy, 2018). Also, many thermal maturity studies and geothermal gradient are investigated. Recently,
From those literatures, Abdel Zaher et al (2014) examined the high geothermal gradient in the Gulf and
founded that it is restricted to its margins and center, with the general trend of increasing toward the west
that leads to increasing the opportunity of oil-bearing Formation to become mature at the lowest depth of
high heat flow toward east Gulf margin and west toward the axial Gulf.Moreover, Abu Al-Atta (2014) and
Atia et al. (2015)by studying the thermal maturation modeling of organic matters concluded that the
younger organic-rich shales of the lower Miocene (Rift-infill) act as source rocks in some deep basin
within the Gulfrift as an increase in the thermal maturity by increasing the burial depth.

The aim of the present study is focused on the application of the measured parameters of the Rock-
Eval pyrolysis data to determine the quantity, quality, thermal maturity of the OM constituent and
transgression-regression cycles of a selected sedimentary sequence in the well EE85-1A. It is combined
with the data obtained from the vitrinite reflectance to predict the geothermal gradient, total erosion
thickness, and measures the stage of the thermal maturity. Consequently, a total of 54 cutting samples of
sedimentary sequence of pre-Rift strata (Esna Shale, Thebes, and Darat Formations) and Rift-infill strata
(Nukhul, Rudeis, and Kareem Formations) were geochemically analyzed to accomplishing this work.Also,
an attempt to reveal the depth intervals of the oil window within the studied well from the relationship
between the depth and Rowasillustrated within the present study by a statistical regression line.
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GEOLOGICAL SETTING

Ras Budran field has its own distinguished NE-SW anticlinal faulty block features extend to the
western coast of Sinai (EGPC, 1996). The structure consists of northeast dipping flank (14°-15°) (Rahman
and Zahran 1986) broken into several blocks by a system of step normal faults down steps to the south and
southwest (Chowdhary and Taha 1987). The structure was formed contemporary the deposition of Rudeis
Formation of the Lower Miocene according to Attia et al. (2015). The cumulative throw of these faults are
measured by Khairy and Swidan (1992) attains 610 m. Ali and Khairy (1996) state These faults have a
combined horizontal and vertical displacements.The horizontal one is predominant and they transferred
the older antithetic and synthetic rejuvenated gravitational faults with different lateral offsets. Henaish
(2018) classified the geometry ofthe fault-related domes on the Suez Gulf to domes formed in strike-slip
zones or domes formed by drag along normal fault and domes formed at transfer zones of normal faults.
Accordingly,The antiform-structural faults in the Ras Budran area may relate to the first and the third
types of fault-related dome structures.Zahra and Nakhla (2015) using 2D and 3D seismic data profiles
attribute the complexity of the Pre-Miocene structure of Ras Budran area due to the effect of faults at
different levels and various directions.

The sedimentary sequence in Ras Budran area, as recorded in the drilled wells of Ras Budran oil field,
ranges in age from Paleozoic to Recent.The EE85-1A well penetrate throughout a sedimentary sequence
from the Holocent till the Upper Carboniferous with a total drill thickness of about 3829.51 m (Fig. 2).
The selected sequence within the well under investigation is differentiated from the top to the bottom into;
Kareem, Rudeis, Nukhul, Tayiba, Darat, Thebes, and Esna shale. Cutting samples from Tayiba Red Bed
and anhydrite at the base of Kareem Formations are excluded. Kareem Formation (178.61 m); is
composed mainly of limestone with shale, sandstone, and anhydrite bands. Rudeis Formation (421.06 m)
is mainly composed of limestone with shale bands. Nukhul Formation (74.02 m) is characterized mainly
of shale with limestone, and sandstone interbeds.Darat (48.16 m) and Thebes (285.29 m) Formations have
nearly the same lithology that consists mainly of limestone. Esna Shale Formation (44.20 m) is composed
mainly of shale.

SAMPLING AND METHODS

A total of 54 cutting samples selected andprepared for geochemical analysis. Eight, twenty-one, four,
three, fifteen, and three samples are collected from Kareem, Rudeis, Nukhul, Darat, Thebes and Esna
Shale Formations in respective order.About 70 to 80 mg of the bulk sample mode were analyzed using the
Rock-Eval- 6 instrumentin the laboratory of the Egyptian Petroleum Research Institute.The measured and
calculated parameters from the Rock-Eval techniques are considered in the present study.The measured
parameters are:S1, free volatile hydrocarbon content flushed away at 300°C (mg HC/g rock); S2, the
cracked hydrocarbon from solid kerogen at temp between 300-600°C; S3, carbon dioxide generating from
the pyrolysis of OM (mg CO,/g rock); Tmax, the pyrolysis temperature at the peak maximum of S2
(Tissot and Welte, 1984; Espitalie et al. 1997).

The calculated parameters are HI, hydrogen index = S2 x 100/TOC (mg HC/g rock); OI, oxygen
index= S3 x 100/TOC (mg CO/g TOC); S2/S3 (for determine Type of Kerogen; PY, potential yield = S1
+ S2 (mg HC/g rock); PI = production index = S1/S1+S2; OSI, oil saturation index = S1 x 100/TOC,;
RHP, relative hydrocarbon potential = (S1 + S2)/TOC (Fang et al., 1993; Peters and Cassa, 1994; Hunt,
1996; Espitalie et al., 1997; Fowler et al., 2005; Giirgey and Bati, 2018).

Another portion of the samples was crushed to a grain size of 850 um then treatment by HCI and HF to
concentrate the OM (Barker 1996). Polished samples of the remain dispersed OM is made for determining
the Random vitrinite reflectance (Ro). Ro is measured according to the intensity of the light reflected from
the surface of the collotelinite maceral of vitrinite maceral group. For each sample a constant of 20
counted points under incident, monochromatic light, oil immersion objective and calibration standards
(ISO 7404/5, 2009) are measured in the Institute of rock structure and mechanics at the Czech Republic.
Statistical relationships and fit linear regression between the components of depth, and the obtained data
of vitrinite reflectance are carried out using Origin-Pro statistical-graphical software version §.
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Fig. 2: The drilled lithostratigraphic sections of the EE85-1A well on the left and the selected sedimentary
sequence at the right.

RESULTS

The obtained Rock-Eval data from the selected sedimentary sequence (Table 1) were used for the
purpose of both determine the hydrocarbon potential of the enclosing Formations (Kareem, Rudeis,
Nukhul, Darat, Thebes, and Esna Shale) in one hand, and to examine the fluctuation of sea level during
their deposition on the other hand. Vitrintere reflectance data also give an optimal application for
detecting geothermal gradient, measuring the missing thickness of sediments at the studied well, and
predict thermal maturity of organic carbon. Moreover, statistically, relationship using Ro and burial depth
gives an idea to predict the oil widow interval within the studied well.
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To obtain a real interpretation of the obtained results, either sample contaminated by liquid
hydrocarbon or overmature samples is excluded. The first is recognized by the amounts of the values of
OSI = (S1/TOC) x 100 (Jarvie et al., 2001). All the present samples have the oil saturated index in the
ranges between 3.71 and 71.59. S1 versus TOC diagram shows there are no samples proceed the line
OSI=1 (Fig. 3).

The postmature samples are recognized essential based on Ro and Tmax values in the present study
(Peter and Casse, 1994; Rahmani et al., 2013). The Tmax values of the studied samples are ranging from
419 °C to 430°C whereas the Ro ranges from 0.32 to 0.62. Both values of Tmax and Ro show an increase
in its values of younger to older Formations throughout the studied well (ie; they increase with increasing
the burial depth).
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The quantity of organic richness

Quantity of the OM is generally expressed by the amounts of TOC (wt, %), S1, and S2 (Tissot and
Welte, 1984; Peters and Cassa, 1994; Hunt, 1996). The TOC values through depths show that the
minimum values of TOC are recorded within the intervals 2008m to 2430m (0.8 -1.2 wt, %) of the Rudeis
Formationand from 2860 m to 2905m (0.8-0.9 wt,%) of the Esna Shale Formation (Table 1; Fig. 4). The
intermediate values of TOC are measured within the Kareem (1.2 -1.6 wt%), the Nukhul (1.12-1.2 wt, %),
and the Darat (1-1.8 wt, %) Formations. The recorded highest values belong to the Thebes Formation of
TOC ranges from 0.58 to 5.3 wt, % TOC (average; 3.2 wt, % TOC). The other parameters of S1 and S2
confirmed that the sole zone of the studied sequence exhibits intermediate to high values of S1 (0.14-2.9;
average 0.48 mg HC/gm rock) and S2 (1.01-38.42; average 6.9mg HC/gm rock). The other Formations of
the Kareem, the Rudeis, the Nukhul, the Darat, and the Esna Shale have a minimum S1 (0.05-0.43 mg
HC/gm rock) and S2 (0.43-3.5 mg HC/gm rock) values.
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Table 1.TOC, Rock-Eval pyrolysis, and vitrinite reflectance data and indices of Kareem, Rudeis, Nukhul, Darat, Thebes, and Esna Shale formations,

Wells no. EE85-1A, Ras Budran area.

2 3 2| w - ks 5w | o 9|5 5 |3
5 @ 3 & N - S.%| o | £85 | Ba5| S4x | B | o
g £g | Depth | 78 | 88 28% Tmax | Ro | 23| 2 58 | 588 | 5L | 2828 | 838
g 3 (2 (m) (Wt, 0) T T zéo = (Oc) (%) 8 > g‘ w2 e %DF‘ g %D[—‘ e — 5 wn — Eﬁ) QlL =
< ? 2| & s A 5= |88 |2 L5 3 |z
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K-1 1840 1.4 0.18 2.1 1.4 419 0.32 2.28 1.5 150 100 0.08 12.86 1.63
K-2 1860 1.4 0.23 2.09 1.4 421 0.33 2.32 1.49 149.29 100 0.1 16.43 1.66
K-3 1880 1.58 0.24 2.17 1.64 422 0.33 2.41 1.32 137.34 103.8 0.1 15.19 1.52
Kareem K-4 1900 1.6 0.16 1.6 1.86 423 0.34 1.76 0.86 100 116.25 0.09 10 1.1
K-5 1920 1.6 0.12 1.4 2.21 423 0.34 1.52 0.63 87.5 138.12 0.08 7.5 0.95
K-6 1950 1.4 0.08 0.87 1.51 424 0.35 0.95 0.58 62.14 107.86 0.08 5.71 0.68
K-7 1965 1.38 0.05 0.52 1.38 423 0.34 0.57 0.38 37.68 100 0.09 3.62 0.41
K-8 1980 1.2 0.05 0.44 1.44 423 0.35 0.49 0.3 36.67 120 0.1 4.17 0.41
R-1 2020 1 0.08 0.5 1.98 422 0.35 0.58 0.25 50 198 0.14 8 0.58
R-2 2040 0.82 0.08 0.43 1.64 422 0.35 0.51 0.26 52.44 200 0.16 9.76 0.62
R-3 2060 0.86 0.1 0.47 1.72 423 0.35 0.57 0.27 55.65 200 0.17 11.63 0.66
R-4 2080 1 0.12 0.5 2.02 422 0.34 0.62 0.25 50 202 0.19 12 0.62
R-5 2100 1.04 0.1 0.55 2.08 422 0.34 0.65 0.26 52.88 200 0.15 9.61 0.62
R-6 2120 1 0.11 0.57 2 424 0.35 0.68 0.28 57 200 0.16 11 0.68
R-7 2140 0.8 0.09 0.52 1.58 424 0.35 0.61 0.33 65 197.5 0.15 11.25 0.76
R-8 2160 0.9 0.12 0.65 1.64 424 0.36 0.77 0.4 72.22 182.22 0.16 13.33 0.85
R-9 2180 0.98 0.12 0.73 1.8 424 0.36 0.85 0.4 74.49 183.67 0.14 12.24 0.87
R-10 2200 0.8 0.11 0.62 1.44 423 0.37 0.73 0.43 77.5 180 0.15 13.75 091
Rudeis R-11 2220 1 0.14 0.8 1.66 423 0.37 0.94 0.48 80 166 0.15 14 0.94
R-12 2240 0.92 0.15 0.87 1.49 422 0.37 1.02 0.58 95.57 161.96 0.15 16.3 1.11
R-13 2260 0.8 0.13 0.78 1.18 423 0.37 0.91 0.66 97.5 147.5 0.14 16.25 1.14
R-14 2280 1 0.18 1.02 1.44 423 0.37 1.2 0.71 102 144 0.15 18 1.2
R-15 2300 1.2 0.24 1.26 1.68 423 0.37 1.5 0.75 105 140 0.16 20 1.25
R-16 2320 1.26 0.26 1.39 1.71 423 0.38 1.65 0.81 110.32 135.71 0.16 20.63 1.31
R-17 2340 1.06 0.21 1.22 1.38 423 0.38 1.43 0.88 115.1 130.19 0.15 19.81 1.35
R-18 2360 1 0.23 1.22 1.4 422 0.37 1.45 0.87 122 140 0.16 23 1.45
R-19 2380 0.92 0.16 0.78 1.47 423 0.38 0.94 0.53 84.78 159.78 0.17 17.39 1.02
R-20 2400 1 0.19 0.75 1.8 423 0.38 0.94 0.42 75 180 0.2 19 0.94
R-21 2420 1 0.18 0.72 1.62 424 0.37 0.9 0.44 72 162 0.2 18 0.9
N-1 2440 1.12 0.22 1.01 1.57 425 0.38 1.23 0.64 90.18 140.18 0.18 19.64 1.1
Nukhul N-2 2460 1.2 0.26 1.35 1.44 425 0.38 1.61 0.94 112.5 120 0.16 21.67 1.34
N-3 2480 1.2 0.33 1.5 1.2 424 0.38 1.83 1.25 125 100 0.18 27.5 1.52
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D2 | 2545 18 0.28 309 | 252 | 424 | 04l 3.47 126 | 177.22 140 0.08 15.55 1.93

D-3 | 2560 1 0.16 18 112 | 422 | 042 1.96 161 130 112 0.08 16 1.96

T-1_ | 2580 2.8 0.84 112 | 224 | 424 | 042 | 12.04 5 400 80 0.07 30 43

T2 | 2600 | 436 18 2834 | 349 | 420 | 044 | 30.14 | 8.12 650 80.04 0.06 4128 691

T3 | 2620 47 12 2876 | 385 | 418 | 043 | 2996 | 747 | 61181 81.91 0.04 2553 637

T4 | 2640 3.6 118 2241 | 216 | 419 | 044 | 2359 | 1037 | 6225 60 0.05 32.78 6.55

T-5 | 2660 | 5.06 1.42 3415 | 3.04 | 420 | 045 | 3557 | 10.87 | 6749 62.05 0.04 28.06 7.03

T-6_ | 2680 3.6 2.13 2835 | 2.16 | 423 | 046 | 3048 | 13.12 | 7875 60 0.07 59.17 8.47

T-7 | 2700 41 2.16 3382 | 287 | 425 | 047 | 3598 | 11.78 | 824.88 70 0.06 52.68 8.77

T8 | 2720 3.6 131 315 | 432 | 426 | 049 | 3281 | 729 875 120 0.04 36.39 9.11

T-9 | 2740 2 0.42 10 202 | 424 | 05 1042 | 472 500 106 0.04 21 521

T-10_| 2760 24 0.57 10.8 192 | 425 | 052 | 1137 | 5.62 450 80 0.05 23.75 474

Thebes |_T-11 | 2780 2.1 0.5 1207 | 134 | 425 | 054 | 1257 9 574.76 63.8 0.04 2391 5.98

T-12_| 2800 2.8 112 175 | 336 | 426 | 055 | 1862 | 521 625 120 0.06 40 6.65

T-13_| 2820 53 2.9 3842 | 1505 | 428 | 058 | 4132 | 255 7249 | 283.96 0.07 54.72 7.8

T-15 | 2840 0.9 0.64 472 198 | 429 | 059 | 536 | 238 | 52444 220 0.12 7111 5.95

T-15 | 2860 | 0.58 0.14 1.01 099 | 430 | 06 115 1.02 | 17514 | 170.69 0.12 24.14 1.98

Eema E-1_| 2870 0.8 021 1.42 131 | 430 | 0.6l 1.63 1.08 177.5 163.75 0.13 26.25 2.04

Shals E2 | 2880 0.9 0.22 1.64 149 | 430 | 0.6l 1.86 1.1 18222 | 165.55 0.12 24.44 2.07

E-3 | 2890 | 086 0.26 161 146 | 430 | 0.62 1.87 1.1 18721 | 169.77 0.14 30.23 2.17
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By plotting of the calculated production yield (S1+S2) against the TOCvalues of the studied
sedimentary sequence on the diagram of Ghori and Haines (2007) indicate that; the majority samples
of the Kareem and the Rudies Formations fit in the area of poor potential; the samples represents the
Nukhul, the Darat, and the Esna Shale Formations are located in the fair area, while the 13 samples of
the Thebes (87 %) lay in the areas of verygood to excellent potential (Fig. 5).
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Kerogen types

Generally, three and/or four main types of kerogen within the studied sedimentary sequence are
distinguished (Figs. 6 & 7). Type I and Type II are the genetic precursor of oil. Type II/III® is in
between Type II & III of either oil and/or gas prone. Type III of terrestrial plants of dominatinggas-
prone and Type IV of inert carbonor oxidized OM (Tissot and Welte, 1984; Waples, 1985; Jacobson,
1991; Van Krevelen, 1993; Peters and Cassa, 1994; Hunt, 1996; Espitalic et al 1997).

The expelled product at the peak maturity is depended essentially on the types of kerogen. The
main geochemical parameters identify the kerogen types are HI (mg HC/g TOC) and S2/S3 ratio
(Peter and Cassa, 1994). The calculated HI values of the studied samples show that the Kareem, the
Rudeis, the Nukhul, and The Esna Shale Formations are belonged to type III kerogen of HI values
between 50-200 mg HC/g TOC, with the exception of the Lower Kareem and Upper Rudeis Formation
of inert Type-IV Kerogen have of HI values less than 50 mg HC/g TOC. All samples of the Thebes
Formationare located within Type I (40 %, of HI > 600 mg HC/g TOC) and Type II (60 % of HI
between 300-600 mg HC/g TOC). The S2/S3 ratios of the studied sequence show more reducing the
types of kerogen than HI values (Fig. 7). The inert Type IV is prolonged from the lower Kareem
Formation to cover the entire Rudeis Formation of S2/S3 ratio < 1. Type IlI is characterized the Upper
Kareem, The Nukhul, The Darat, and The Esna Shale Formations of S2/S3 ratio range from 1 to 5.
The Thebes Formation displays three different types (Type II, 27%; Type 1I/I11, 40 %, and Type 111, 33
%) of S2/S3 ratios range between 10-15, 5-10, and 1-5 in respect order (Fig. 7).
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By the plotting of the studied samples on HI versus Ol diagram established by Van Krevelen
(1993) (Fig. 8). The samples of study Formations of the Kareem, the Rudeis, the Nukhul, the Darat,
and the Esna Shale reveal a Type III, with a little bit of Type IV of three samples belong Kareem
Formation. On the other hand samples of the Thebes Formation are situated within the areas of Type I
and Type II of oil and oil/gas-prone respectively.
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Maturity

The rate of the decomposition and alteration of OMto produce oil, wet gas, and finally, dry gas
with the increasing temperature, depth, pressures, and time is called maturity (van Krevelen, 1993).
Other important factors affect the maturity is the quality and quantity of OM encompass the
sedimentary strata (Tissot and Welte, 1984). The measure of the degree of thermal maturity of the
studied sedimentary sequence is determined by the Rock-Eval Tmax, PI, and by the measurements of
Ro(Peters and Cassa, 1994; Taylor et al., 1998).

The measured Tmax for the whole studied sequence ranges from 419°C for younger Kareem
Formation to reach its maximum value of 430°C for the oldest Esna Shale Formation. The PI values of
the whole formation show the generative potential of low values immature (37 %; PI < 1) to dominate
early mature of the majority of samples of 73 % of 1-0.2 PI (Table 1).
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Vitrinite reflectance data assemble to the Tmax values initiates with the low values (0.32 %) for
younger strata and reach progressively to its maximum values (0.62 %) for the oldest Esna Shale
Formation in the studied sequence.

The relationship between vitrinite reflectance against depth observes that the depth of 2500m
appears to separate the low-rank gradient of the Kareem, the Rudeis, and the Nukhul Formations from
the high-rank gradient of the Darat, the Thebes, and the EsnaShale Formations. The measurements of
vitrinite reflectance data after preceding that depth increase six times than its values in the upper
sequence at the similar depth interval (Fig. 9A). An estimation of the thickness of eroded sediments in
term of maximum depth of burial of the studied sequence is established according to Suggate (1998).
The profile of the Roagainst the depth (Fig. 8A) is plotted on the standard diagram with taking into
account the slope of low-rank gradient and curve of bending and the slope of the high-rank gradients.
The fittest linesmatching with the proper profile perfectly match with the line of the geothermal
gradient of 28° C/km. The subtraction distance of the upper-end line of zero depth to the standard
profile of Suggate is used to presume the maximum burial depth of the selected sequence of
approximately 2090m (Fig. 8B).
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Thermal maturity is also illustrated by the plotting of the studied samples on the thermal maturity
diagrams of both Chori & Haines (2007) of the Tmax against PI and Tmax versus HI according to
Koerverdon et al. (2011)(Figs. 9 &10). The half of samples lay within the area of low-level conversion
and half within stains or a show on the immature stage of maturation (Fig. 9). Koeverdon diagram
shows also the premiere of the Thebes Formation of Type I, II, and II/IIl than other studied
Formations of Type III, IV-III, and IV. Although the entire formation site in the immature zone with
the exception of marginally mature in case of Esna Shale samples (Fig. 10).
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Potential sea level sysles and detecting oil window interval

The relative hydrocarbon potential RHP (=S1+S2/TOC) parameter derives from the Rock-Eval can
be used as proxies for sea level oscillation (Fang et al., 1993, Giirgey and Bati, 2018). The present
studies of the studied sequence show two major cycles (Fig. 11). The lower cycle is characterized by
RHP > 2 in which the highest sea level is recorded (9.11 RHP) at the middle part of the Thebes
Formation.In contrast, the upper cycle is distinguished by RHP < 2 in which the lowest sea level is
recorded(0.41 RHP) within the Lower part of the Kareem Formation (Table 1; Fig. 11).

Within these major cycles, a minor sea level oscillationis pointed out, of four oscillations related to
the lower major cycle and of five oscillations in the upper major cycle of the relative dominance of
anoxic-oxic conditions (Fig. 11).
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The dogleg shaped of the measured vitrinite reflectance versus the burial depth of the selected
sequence within the EE85-1A well give us the ability to separate each zone of data and applied
statistical studies to give a linear relationship concerns each part (Fig. 12). By applying a coefficient
of the linear regression on the upper sequence (the Kareem, the Rudeis, and the Nukhul Formation)
above the depth of 2500 m shows that the vitrinite reflectance increase slowly by trigger increasing in
depth (n= 32, r=0.94, and Sd= 0.006). Dissimilarity, the lower part of the Darat, the Thebes, and the
Esna Shale Formation displays a rapid increase in vitrinite reflectance with little increase in depth
(n=22, 1=0.98, and Sd=0.01). By drawing lines representing a different maturation zone based on
vitrinite reflectance crossing the extended dot lining that was drawn according to the statistical
regression relationship of the studied samples, the active oil zones are recognized between 2890 m and
4450 m.

DISCUSSION AND CONCLUSION

The selected sedimentary Formations from the well EE85-1A is an important sequence in the Suez
Gulf. It includes two mega-sequences from the main fives mega-sequences throughout the Gulf history
(Bosworth et al., 1998; Peijs et al, 2012). The third mega-sequence of Pijis et al. (2012) initiated from
The Duwi Formation until thevDarat Formation synchronousonset of the Syrian-Arc to the clysmic-
Rift tectonics. The fourth mega-sequence corresponds to the Nukhul, the Rudeis, and the Kareem
Formation of the Rift-infill contemporary the proper clysmic rift to the onset of the Dead Sea tectonics
(Patton, 1994; Moustafa and Khalil, 1995).

The above-mentioned mega-sequencesare coinciding with the obtained results of the present two
mega-cyclesof sea level illustrated by the geochemical parameter of RHP (Fig.11).

The TOC contents of the studied Formation according to the classification of Peters and Casss
(1994) show three categories of petroleum potential (Fig. 4). The first is fair related to both the Rudeis
and the Esna Shale Formations. The second is good for the Kareem, the Nukhul, and the Darat
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Formations. The Thebes Formation is a very good to excellent. Generally, the high values of TOC can
give conformity of either good preservation or high biota and/or flora productivity (Jasper et al.,
2010).
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However, the TOC cannot be used as the sole parameter to interpret the OM quantitative due to its
contents may be coming from (organic) oxygen, hydrogen, nitrogen, sulfur, etc. (El Atfy et al., 2014).
Furthermore, the OM may be subjected to reworking, oxidation or reach to a high post-mature level
where exhibit low level of petroleum to be extracted.

So that, both amounts of S1 and S2 are almost used to confirm the petroleum potentiality in
combined with the previous TOC contents. The amounts of hydrocarbon release at 300° C of the
pyrolysis (S1) and those came from cracking of kerogen at = 600° C (S2) denote all sedimentary
Formations are of poor potential with the exception of the Thebes Formation of the majority good to
excellent potential (Fig. 4).

Additionally, plotted the obtained data of the studied Formations on Py versus TOC diagram
established by Ghori and Haines (2007) demonstrate that the petroleum potential of the all Formations
within poor to fair zones, whereas, The Thebes Formation displays dominance (80 %) of very good to
excellent potential (Fig. 5).

Quality is expressed in the present study by HI and S2/S3 ratio (Peter and Cassa, 1994). The
change in the kerogen type can also give a good idea in term of transgression- regression assessments
(Habib and Miller, 1989). Omara and Hoyanagi (2004) reported that the transgressive sea suggested
by high amounts of HI and low amounts of terrestrial OM (Kerogen III) and increase in aquatic and
marine OM of Type I and II. Hart et al. (1994) stated that the increase in the percentages of the Type
IV and III in a sedimentary sequence is attributed to the deposition close to the shoreline of dominant
regression.

As to plot of study samples on figure seven, according to Peter and Cassa (1994) show the majority
of Type IV and III (inert and gas-prone) in all sedimentary Formation excluding the Thebes Formation
of type Il and I (oil-prone).

Moreover, the values of the S2/S3 ratio of the studied sequence show that the type IV is prevalent
in both the lower part of the Kareem Formation and the entire of the Rudeis Formation samples (Fig.
6). The latter observation can point toward either reworking of OM or oxidation by dropping of sea
level toward the lower part of the Kareem Formation and deposition of evaporates (anhydrite
minerals) that commonly precipitate by decreasing the volume of seawater to reach 70% water loss in
comparison to its original volume, that associate exactly by considerable fall of the sea level (Einsele,
1992). Type Il is the dominance in the upper Kareem, the Nukhul, the Darat, and the Esna Shale
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Formations. Again, based on S2/3 ratio the Thebes Formation is the prime quality one in the studied
sequence comprises of prevailing Types Il and II/III (Fig. 6).

Kerogen type diagram of van-Krevelin (1993) is also used to detect the types of the studied OM-
bearing the sedimentary Formations. In which, all studied Formation occupies the area of Type III and
three samples (K6, K7, and K8) of the lower Kareemoccupy the type IV pathway (Table 1), while the
types Il and I belong only to the Thebes Formation (Fig. 7).

The aforementioned result reveals that the Thebes Formation is the only of the studied sequence is
capable to be the effective source rock of both high TOC and very-good quality of Kerogen Types I
and II if it is subjected to the appropriate thermal maturity level.

Unfortunately, the obtained results of the thermal maturity parameters of Tmax, Ro, and PI in the
present study show all the studied Formations are immature or marginally early mature in case of the
deepest burial depth of The Esna Shale Formation (Figs, 9-10, 12).

The most important conclusion that the promising Thebes Formation cannot be an effective source
rock except if it is buried enough to proceed the active, measuredoil-window zone suggested by the
present study intervals between 2890 and 4450 m under a geothermal gradient of 28°C/km. Maky et al.
(2010) mentioned that the Thebes Formation is one of three considers a very good source rock within
the central Gulf area. In his study, the Thebes Formation was founded at great depth intervals between
3716 m and 3945 m in the well WFA-1 and between 3109 m and 3429 m in the well GS 197-2. From
the above-mentioned wells, the Thebes Formation reaches to burial depths enough to subject an
appropriate thermal maturity level that suggested in between 2850 m and 4450 m depth of the oil-
window potentials in the present study (Fig. 12).

Generally, in the subsurface wells, the relationship between the Ro and depth are characterized by
two linear gradient segments connected together by a bending segment. Suggate (1998) stated that the
Ro in the lower gradient segment increases more rapidly than within the upper gradient segments.

Consequently, by drawing a dots relationship between the Ro and the depth of the present samples,
a two trend of the approximately linear relationship is present above and below a depth of 2500 m
(Fig. 8A). To illustrate the upper and lower linear gradient a statistical regression line is measured by
software of Origin Pro (Fig. 12), in which the rate of increasing Ro in the lower linear gradient is six
times more than the rate of its increase in the upper linear gradient (Fig. 12). The lower linear gradient
is used in the present study by a combination of maturity values according to Peter and Cass (1994) to
predict the active mature oil-window interface.lt is suggested within the depths of 2890 m and 4450 m,
after that depth a postmature is present. The fifth produced oil reservoirs from the present well are
situated within the present study peak and late mature horizons (Fig. 12).

According to Suggate the values of Ro of the present day well are not coinciding with the
nowadays measured depths. So that, Suggate (1998) draw a standard diagram to detecting the ancient
depth before any missing of strata occur either by erosion from the surface of the studied sequence or
by an unconformities in between or within the different studied Formations (Fig. 8B). By transfer, the
previous relation between Ro and Depth (Fig. 8A) on the standard diagram of Suggate (Fig. 8B), two
important data are revealing. Firstly, the studied sedimentary sequence is located within the
geothermal gradient of 28° C/km. Secondly, the missing of strata reaches 2090 m, or by another
meaning, the ancient burial depths for Ro values of the studied sequence must be higher than the
present day depths by adding 2090 m thickness.

The sea level cycles based on geochemical parameter RHP and HI in the present study have
inappropriate with the fact of invasion of the sea overEgypt reached its fairly deep marine during the
deposition of Thebes Formation and sea retreat again at the end of Late Eocene (Issawiet al., 1999).
The sharp cycle (lower cycle) of the pre-rift strata were started by a high transgression from the end of
the Esna Shale Formation to reach its threshold during the middle of the Thebes Formation of
prevailing anoxic condition (Fang et al., 1993). After that, the sea retreats again by sharp regression
until the end of the Darat Formation (Fig. 11). The second cycle (upper cycle) is a mild one, was
started by transgression during the syn-Rift deposition of the Nukhul Formation, then sea retreats
again throughout the Rudeis Formation till the Lower Kareem Formation, then the level of sea flooded
again during the deposition of the Upper Kareem Formation.
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It worth to mention from the present study there is a vital relationship between the type of kerogen
and transgression-regression sea level change (Figs. 6 & 11). The maximum transgression
characterized by dominating Type I and II of the Thebes Formation mainly of marine origin and oil-
prone potential, whereas maximum regression characterized by the dominators of Types IV and III of
terrestrial origin and inert to gas-prone potential. The maximum oxic condition in the present sea level
cycles associated with the presence of anhydrite streaks minerals that precipitate chemically by a fatal
drop of sea level at the lower part of the Kareem Formation.
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