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Geochemical characteristics of the Mesozoic source rocks and the remaining
resources in the Western Desert Basin, Egypt

Yang Xiaolan

(International Petroleum Exploration and Production Corporation ,SINOPEC , Beijing 100029 , China)

Abstract ;: The West Desert Basin is one of the three major hydrocarbon-bearing areas in Egypt,with a large number of oil
and gas fields discovered therein. At the middle stage of exploration and discovery now , the risk of preliminary prospecting
increases. The study focuses on the quantitative analysis of remaining resource potential by basin numerical simulation
technology following the detailed evaluation of geochemical characteristics of the source rocks. The results show that the
dark shale of coal measures in the Safa and Zahra members of the Middle Jurassic Khatatba Fm and that of the AR-F
member in the Upper Cretaceous Abu Roash Fm are the three sets of major source rocks in the basin; and the source
rocks are widely distributed in each depression with the thickness varying greatly. The source rocks in the Khatatha Fm
have a TOC content ranging from 0.5% to 10% and a high content of cracked hydrocarbon S, ,thus are fair-to-very good
source rocks. While the AR-F source rocks in the Abu Roash Fm have a TOC content varying between 0.5% and 3%
and a moderate-to-high content of cracked hydrocarbon S, ,thus belong to fair-to-good source rocks. The kerogen of these
source rocks is dominated by mixed Type II,followed by Type III and minor Type L. It is pointed out that the two sets of
source rocks in the Khatatba Fm within the whole basin are at the thermal evolution stage of hydrocarbon generation and
expulsion in a large amount; that in the center of the depression reaches high mature stage and even over mature stage lo-
cally ,with oil and gas co-generated. As for the AR-F section of the Abu Roash Fm,only the source rocks in Abu Gharadig
and Natrun Sags enter the mature stage of hydrocarbon generation. It is suggested that the hydrocarbons in the northern
part of the basin are mainly contributed by the source rocks of the Jurassic Khatatba Fm,while those in the southeastern

part are supplied by source rocks in both the Jurassic Khatatba Fm and the Cretaceous AR-F section. The calculation
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shows that the remaining volume of recoverable resources in the basin reaches up to 6. 51 x 108t, indicating huge resource

potential. The Paleozoic, Jurassic and Lower Cretaceous AEB in the Abu Gharadig Sag in the south,and the Paleozoic in

the Matruh Sag and the Upper Cretaceous in the Faghur Sag in the north,are low in exploration maturity and high in re-

maining resource potential ,thus being favorable targets for future exploration.

Key words : numerical simulation, remaining resource, potential exploration target, evaluation of source rocks, Western

Desert Basin, Egypt
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Fig. 1 Tectonic units of the Western Desert Basin, Egypt
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Table 1 The measured geothermal gradients( °C/km) of different layers in different depressions of the Western Desert Basin
e Faghur [V Ghazalat [V} Shushan [H][# Matruh U1}
=
i Bt 24.9~32.8 28.9 24.1~29.5 26.8 33.9~34.4 34.2 31.5~32.8 32.2
ANEEZ5 29.3~39.4 34.4 29.0~32.8 30.9 35.0~39.4 37.2 36.6 ~41.5 39.1
i AL THYES 23.0~28.9 26.0 24.1~27.1 25.6 30.3~34.3 32.3 31.3~35.3 33.3
% % 23.0~29.1 26.1 24.9~26.7 25.8 29.8 ~30.0 29.9 30.8 ~31.4 31.1
AR 24.0 ~28.6 26.3 24.2 ~24.8 24.5 29.1~29.5 29.3 30.9 ~31.2 31.1




430 A5 KR A iR

Fal %

BN, rp R B 4¢ Khatatba 2l Zahra Bt 125 =, &
Faghur MIFEPE 8 Abu Gharadig M1 9 5 /)N B9
A REEL T R, (6 0. 5% ~0.7%4b, 445 b HiAth
HIXAERTUE IS R, 2 IBEIKT 0.7 % i) R4
J A HE SRk B (& 8a) 3 Shushan, Matruh, Alamein
Abu Gharadig [MIFE A R, (EHE T 1.3%, 3 A E
DA B, AL T RE G Zahra BT AR 1) Safa B
REDE W AR HEA R, (HR T 0.7 % B9 B — R i
A HERE I B, AALBUSGAEE A, B FTSESE Abu Roash

f AR-F Brig I MU e Ik, R, 8 3K 21 35 5
0.7% LA EH, {¢ Abu Gharadig Y[ , Natrun [Y][3 3= {4
X, LA Abu Gharadig [M15¢ .0 BT (141 8b)

4 IJ/\J {}?{#{jj

4.1 FREFEFEENTH

e LR FEREAR b iz RIS R D7 k3 T Py v i
AR FR AR IR . Hoh R BE AT PR

S
) Umbarka#tg

Siwal ke

Missawag & 3l

# ¢ 3

50 km

/\'J‘/ Nl

// A
4 ’
( Faghur V][4 tm

]

\ 0
IS
Y’ ‘7 —

\\\\ abaaﬂ; ﬁ‘
) Unmbarkallie ﬁ uSh Matruhl’il Fﬁ
( <

Qgttamlﬁﬁ\ b

50 km

o]

MERE R

iT{F?ﬁﬂiEl WL ER% A

K8 BRMPIVPEEEH IR ST Zahra Bt (a) Il Abu Roash 41 AR-F Bt (b) J&iE

Fig. 8

---:IE----

0~0.5

0.5~0.7 0.7~1.0 1.0~1.3

A B SR (R, %)

13~2.0 >2.0

Isograms showing the current source rock maturity(R,/% ) of the Jurassic Zahra member(a) and Cretaceous AR-F

member of Abu Rosh Fm(b) in the Western Desert Basin, Egypt



52 4]

Plbe 2. 30 K PU Vb4 3t v A SRR IR R R A SR Sp A1d 431

P A2 P VD T 43 M 1) A SR A )l 587 x 10° t
1602 x 10° t, 415 4 594 x 10% t, ##% 10%i5 B A2 BT
BRI YE R 59. 4 x 10° t, ] SRS 11.88 x 10° ¢,
FASPIRIE IR AL 7.52 x 10 t; Fi T B PP 41 32 T
R TR (5.2 ~8.1) x10° t, PRy 6. 51 x
10° to AT UL, PG V05 2 o 40 A T UL B4 0 A 9 R, AR
WIRRBEAN 5 5 # 2 AETE M PR WH AR B A 36. 7 % , 42 R
FIRBLE S TEAG S R A 2 B2 40. 11 %, 2 47 4k - ik
I A T B, A R A R SRR O .

MFEIRFBZRMAE(R2), AR KD
AN HAXES AEB 21 42 0] R IR BB A R, 29 5
SRR 7T % o A S B R 7, Abu Ghara-
dig MG )t A R 2P & U H 248 AEB, Matruh [1]
B fh ity 2R Bt Faghur MR E 2, AR I, )
VA S U

4.2 FEFREEIRF @

YL P 1 G B A A R R Ak
A 3 i — R ARIA LA TOC > 2% Y A HL
ik 3 R BRI s AL LA R, > 0. 7% 19
B - RVRAE D E SRR RRE I B R TR
— A 2 B ZE, IR Tz 01, Wb
Foh AR PR IR A AT SRR R A, T EL AR A
P B, & T S ) B T A A I, S5 SRR T
PRI ATIRDL AR T AT IR AT o

1) D22 U8 i R0 ek 3t 1 3 2 P e A2 i)
BATHL K, Hodr, Siwa, Qattara [ Al Kattaniya 58
AL 1S U5 H 45 Khatatba 20 Zahra Bt Fll Safa B ARG ik

R2 BREADVREMFIRTFERESHER

Table 2 The remaining resources of the Western Desert Basin

Rl AT R e 5

=0 PR, ENHS S ¥kt
108 ¢ %
Abu Roash 0.65 8 Abu Gharadig [V
. Faghur Y[  Matruh [YT[ |
Bahariy: 0.90 11
ahatya Abu Gharadig M1} .
Kharita 0.18 2 Shushan M1} Matruh [Y1[4
Alamein 0.18 2 Alamein [Y1}% Matruh [Y1[3
Abu Gharadig [M1[{ Matruh [H1[ .
AEB 1.28 16
Faghur [V
B Shushan [H][# Matruh [UT[ .
ES 1.97 24
A Faghur [V
Matruh [MT[ . Shushan [“1[& £
: 2.99 37
CES4 Abu Gharadig [V} | Qattara [
Ait 8.15 100

TR I R RE AU Rkt B 45 = & i AR, Tl LS
BEVRIT 2R H 17 , 7 % T S H bk 418 1 e ke A o
DX, TACRT LA SR AR TR 1 0 1M1 5 3 AR Jeg 5 A S i T
FakR Bk 2 EEdeestsh , A 2SS Abu Roash
H AR-F B i it 45l I 25 F AR e =t
f7 RS M IR Z R E 2. B, iavd
LA I SR E B S X U R BGE A G, T
A3 1 B I8/ 5 11015 i 4 35, DR s 4 T JE 4%
RK

2) DA TSIV 98 IR A0 A B AT b g
AP A AR, HAT, X X AR A X
125 L DA ST R, o A B/ i KA 1 bR AN T 1B
PR VAR b T AR B R D R A B
A AR o A S M AT AR SR o

3) WMz 5t , B R R B ik vk
RN, A X F A AR, DL 2 R
BEARI 1 301 24 I 34 66 7 b 1) i AL R Bl A 36 o 32,
BEAAR S R A AL T TS Tt R s MR AL At RA
e R A, Rk B R AR R, L)L 0. 65% ~
1.309% 2 3, il e M 1] 12 7 2] 55 b 20 ~ 25 km 4b
FURE, T [0S RS A 3 km SR L ROWARIX,
WS AR /D A S 2 AR AR Ay 2 0 1) 34 3 M T G
AW R 2 I B 7 235 5 Y
FAFTEGF AU R B 5 PR Ok S 3R R R T
A SO R U 2 —

4) WA MFERIAR TR 2 R E , FIR TR RN
b 3 B AE R0 A 7 Shushan Y15 . Abu Gharadig Y]
[ S Matruh [U1FE A1 Faghur Y[, 54k% & Khatatba 21
SRR 2 FCAEE 43 A1 1 FEL AR XS o
5 45k

1) YRR VGV LS 2 B R % & Khatatba 2 ( Safa
BOFN Zahra B2 ) JERBE IR TUA AR AR-F B {4
e via 3 BEF RIS, & U0 8T o A 28 ALK
1k % % Khatatba 4| Safa BtIE R AR — it h 10 ~
450 m,Zahra Bt 30 ~200 m, SR F LB X
E R R TR X AR, ¥R AR-F Bl lia o
AT, SR — A 30 ~ 100 m, (g ) b J2 5 i
A5, Shushan Matruh [VT[3 R 3K

2) 3 BRI WSS, TOC S S, &l
Bm, HRS # ARG THERRE S =Bk
PR BLUR G BT B & R I a iU 22 57K,
PRE IV AR 15, A 73 © L, 34 VR T 1l X



432 145 KRR R $4l &

IRE A S BE, R AR AR, AU AR
9 Abu Gharadig [M1% Natrun [116 35 31 BG2G BX

3) VGV A T A R T O, 4 TR R
6.51 x 10° t, H ipb T & & B s e o B 9 R 390, LA
TREF R EI RS J1. Abu Gharadig [M1Fg i) 7t 42 B¢ AR %
Z TS AEB, Matruh [VT[4 478 24 53, Faghur [UT(3
O RS T K W22 WA 2N £ (A 3 R 2 E <)
A FIT5 18]

2 £ X #t

[1] THS Energy Group. International petroleum exploration and produc-
tion database. Englewood , Colorado,2017.

[2] Gazzar A M E,Moustafa A R, Bentham P. Structural evolution of the
Abu Gharadig field area,Northern Western Desert, Egypt[ J]. Journal
of African Earth Sciences,2016,124 :340 —354.

[3] Beialy SY E,Atfy H S E,Zavada M S, et al. Palynological , palynofa-
cies, paleoenvironmental and organic geochemical studies on the Up-
per Cretaceous succession of the GPTSW-7 well, North Western Des-
ert, Egypt[ J]. Marine and Petroleum Geology,2010,27(2) ;370 -
385.

[4] Shalaby M R, Hakimi M H, Abdullah W H. Organic geochemical
characteristics and interpreted depositional environment of the
Khatatba Formation , northern Western Desert, Egypt[ J]. AAPG Bul-
letin,2012,96(11) :2019 -2036.

[5] Zobaa M K, Oboh-lIkuenobe F E,Ibrahim M I. The Cenomanian/Tu-
ronian oceanic anoxic event in the Razzak Field,north Western Des-
ert, Egypt : Source rock potential and paleo environmental association
[J]. Marine and Petroleum Geology,2011,28 .1475 — 1482.

[6] Foohk, HBuBL, FIBE:, 55, MR T H LR A RS

TUESEHRE I (1] £l 5 R H 5, 2016,36 (6) : 893 -
902.
Meng Yuanlin,Shen Wanqi,Zhou Xingui, et al. Characteristics of the
Lower Cretaceous source rocks and shale gas exploration potential of
eastern basin group, NE China[ J]. OIL & GAS GEOLOGY ,2016,36
(6):893 -902.

[7] Shalaby M R, Hakimi M H, Wan H A. Geochemical characteristics
and hydrocarbon generation modeling of the Jurassic source rocks in
the Shushan Basin,north Western Desert, Egypt[ J]. Marine and Pe-
troleum Geology,2011,28:1611 —1624.

[8]  Zeavii. WIRHIR A A HE R ML B A HE e 3 22 e e—— LA

SRR E G R EI[T]. 43905 KRR T, 2012,33(3)
329 -345.
Cai Xiyuan. The mechanism of hydrocarbon generation and expulsion
and the difference of hydrocarbon generation and expulsion efficiency
of lacustrine source rocks: A case study of Dongying Sag, Bohai Bay
Basin[ J]. Petroleum and Natural Gas Geology,2012,33 (3) :329 -
345.

(9] PMoo, L, X4, 2. P H B T ER G KIF
U SR RAE S B [ T]. il 5 9 < 3, 2019 ,40
(5):999 -1010.

Luo Shengyuan, Chen Xiaohong, Liu An, Li Hai. Geochemical fea-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

tures and genesis of shale gas from the Lower Cambrian Shuijingtuo
Formation shale in Yichang block , Middle Yangtze region[ J]. Oil &
Gas Geology,2019,40(5) :999 -1010.

WIS B, R ep TP A SR HUR & i 45 A R AR s 2
PO (I ] A SR 5T, 2017 ,39(4) 1505 - 510.

Shen Baojian, Qin Jianzhong, Feng Dan, et al. [ J] Dynamic evalua-
tion of organic carbon content and oil production and discharge effi-
ciency of source rocks[ J]. Petroleum experimental geology,2017,39
(4) :505 -510.

BRI, 230 DX 1= FE 3 A - v 2R T ol A 2t 247 DX 080
IA RIS T]. £l 4, 1982,3(2) :9 - 13.

Hu Chaoyuan. Source bed controls hydrocarbon habitat in continental
basins, east China[ J]. Acta Petrolei Sinica,1982,3(2) .9 -13.

B SC BRI S, FEREOE. B At A2 SO SRR X () fE
JAAIAG L] AR 597 & ,1986,13(1) :1 -8.

Hu Jianyi, Xu Shubao, Tong Xiaoguang. Formation and distribution of
complex petroleum accumulation zones in Bohaiwan Basin[ J]. Petro-
leum Exploration and Development,1986,13(1) .1 -8.

AR AR AR, TEBE A, 5. B A IR 8 1 e NS
XL AR 591 % ,2004,31(2) 1130 - 142.

Zhao Wenzhi,Zou Caineng, Wang Zecheng, et al. The intension and
signification of “sag-wide oil-bearing theory” in the hydrocarbon-rich
depression with terrestrial origin[ J ]. Petroleum Exploration and De-
velopment 2004 ,31(2) :130 —142.

Ret A FEMEE , BTIAE S5 ORI L PG JE Bl 281 R IR 8 425 4t 9%
TN )], A IS5 530 57,2018 ,40(6) 808 - 817.

Kang Hongquan, Lilinan, Jia Huaihuai, et al. Resource Potential As-
sessment of NorthCARNAVON Basin on the Northwest Shelf of Aus-
tralia[ J |, Petroleum Experimental Geology,2018,40 (6) ;808 —
817.

FEHE T AT, NS = 45 SRR 2 AT 7 B S b 26 b X T
GUA MM TR AR XS LE (1], A3 il 55 56 3 57, 2018,40 (2) 1 133 -
140.

Gao Hui,He Mengqing, Zhao Pengyun, et, al. Comparison of geolog-
ical characteristics of Chang 7 shale oil in Ordos Basin and typical
shale oil in North America[ J]. Petroleum Geology & Experiment,
2018,40(2) ;133 —140.

JEI R RRURL, A RAT, 55 SP0Y - WAL X T g - e SR
TUR SRR AT LT ], Al S B 57,2019, 41 (1) 11 -
9.

Zhou Zhi,Zhai Gangyi, Shizhanshi,et al. [ J ], Petroleum Experimen-
tal Geology,2019,41 (1) .1 -9.

KRB, AR e, RN R, BIGE, B, JLEA, N,
S, JRES, M. o Bl AR B O LB S R LA,
A5 RIRTHUT,2019,40(6) 1168 - 1184,

Zhu Rukai, Zou Caineng, Wu Songtao, , et al. [ J ], Mechanism for
generation and accumulation of continental tight oil in China[ J]. Oil
& Gas Geology,2019,40(6) . 1168 —1184.

RN, 2R A B B AR K XS TROK X AR B L
ZESFEPERZ R R ZEAFFE [T ] FeFhih e, 2019,26 (1) :69 - 74.
Liang Gang,Gan Jun, Li Xing, et al. Influential factors of thermal evo-
lution difference of source rocks in shallow and deep water areas of

Southeastern Hainan Basin[ J]. Special Oil & Gas Reservoirs,2019 ,



52 4]

Plbe 2. 30 K PU Vb4 3t v A SRR IR R R A SR Sp A1d 433

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

26(1):69 -74.

X Fip. Sh AL A5 T B A o A X LA [T ]
il SE I 5T ,2010,32(6) 1541 - 546.

Liu Yurui. Comparison analysis of Meso-Cenozoic hydrocarbon gener-
ation between the North Jiangsu basin and the South Yellow Sea basin
[J]. Petroleum Geology & Experiment,2010,32(6) ;541 —546.
JUAATT, PEMERT O R Ja P e 1D R A HE b = FE v i)
FALT]. PURS A=A 4 ( B SRR RR) ,2012,34(5) 165 - 70.
Fan Bojiang, Pang Xiongqi, Shi Liang. Application of Hydrocarbon
Expulsion Threshold in Studying the Hydrocarbon Generation and Ex-
pulsion[ J]. Journal of Southwest Petroleum University; Science &
Technology Edition,2012,34(5) :65 -70.

KRULAR 2k, XA, A B R A T JE R G Ok i 40T 2R R U
HPEABI T[T ] I RGN 5 TF K ,2018,8(6) <7 — 12,
Zheng Jianchao,Li Bin, Liu Yiling, et al. Study on thermal evolution
modeling of lower Cambrian Yuertusi source rock , Tarim Basin[ J].
Reservoir Evaluation and Development,2018,8(6) :7 —12.

Rossi C, Goldstein R H, Ceriani A et al. Fluid inclusions record ther-
mal and fluid evolution in reservoir sandstones, Khatatba Formation,
Western Desert, Egypt: A case for fluid injection[ J]. AAPG Bulle-
tin,2002,86(10) :1773 - 1799.

Moretti I, Kerdraon Y, Rodrigo G, et al. South Alamein petroleum sys-
tem ( Western Desert, Egypt[ J ]. Petroleum Geoscience,2010, 16
121 -131.

Metwalli F I,Pigott J D. Analysis of petroleum system criticals of the
Matruh-Shushan Basin, Western Desert, Egypt[ J ]. Petroleum Geo-
science ,2005,11:157 - 178.

Awad G M. Habitat of Oil in Abu Gharadig and Faiyum Basins, West-
ern Desert, Egypt[ J]. AAPG Bulletin, 1984 ,68(5) :564 - 573.
Younes M A. Burial History and Hydrocarbon Generation Modeling of
the Jurassic-Cretaceous Formations in the Alamein-Shushan Basins,
Northern Western Desert of Egypt. AAPG,2012.

VEMERT , PRECH, B . S At sl Pl A B R A S
{ERHUBE S KR U PO [ M. Jbat: T Hh R, 1993,
Pang Xiongqi, Chen Zhangming, Chen Fajing. Study on Numerical
Simulation of geohistory, thermal history and hydrocarbon generation
and expulsion history of petroliferous basins and quantitative evalua-

tion of hydrocarbon source rocks [ M ]. Beijing: Geological Press,

(28]

[29]

[30]

[31]

[32]

[33]

[34]

1993.

The Egyptian general petroleum corporation. Western Desert, oil and
gas fields( A Comprehensive Overview) [ M].1992.

Said R. The geology of Egypt[ M ]. The Egyptian General Petroleum
Corporation , Conoco Hurghada Inc. and Repsol Exploracion,1990.
BUAAE. A RO S B PRk R B A R ()] B SR,
2014,32(8) ;76 - 83.

Jia Huaiyun. Exploration Progress and Exploration Enlightenment of
Global Large Oil and Gas Fields[ J]. Science and Technology Re-
port,2014,32 (8) .76 - 83.

AT, B, B 5, 45 PR — ot DX B s A b i st o
FEAERBE P [T ] 473 5 KA H 5T, 2017,38 (3) : 582
591.

Tian Naxin, Yin Jinyuan, Tao Chongzhi, et al. Petroleum geologic
characteristics and resource evaluation of key basins in the Middle
East-Central Asia region [ J ]. Petroleum and natural gas geology,
2017,38 (3) :582 -591.

KM, sk4x Ty, st A5 BF BHI B e e B v A 2 T B 2 TR AN
JERRR LT ] A e g 57,2018 ,40(2) 159 - 167.

Zhang Peng, Zhang Jingong, Zhang Liang, et al. Multi-source hydro-
carbon supply and accumulation model of the second member of Sha-
hejie Formation in Bonan Depression, Jiyang Depression[ J]. Petrole-
um experimental geology,2018,40 (2) :159 - 167.

IR, SRR, B 3R, A T8 UL e R R AR
TF——RLZR 8 M B 8k B S [T ] T Bl <, 2019, 26
(02) :137 — 141.

Xu Tianwu,Zhang Chengfu, Lyu Lishuang, et al. Lower limit discus-
sion of hydrocarbon generation factor for large scale oilfield; taking
Mazhai Oilfield of Dongpu Depression as an example[ J ]. Fault-Block
Oil and Gas Field,2019,26(02) :137 —141.

IMEISC, B, BAERT AT, R, E IR W AL 1R R
A ) S B A B SR RE SR [T ] Al S R AR R R,
2019,40(5) ;1011 - 1021.

Sun Tongwen ,Gao Xicheng, Lyu Yanfang, Fu Guang, Wang Haixue,
Wang Haoran. Research progress in fault transformation zones as lat-
eral or vertical hydrocarbon migration pathways[ J]. Oil & Gas Geolo-

€y,2019,40(5) ;1011 - 1021.

(%% REH)





