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Abstract: In order to investigate the relationship between the methylphenanthrene index (MPI1) and the vitrinite reflec-
tance (R,) , the extracted chemical composition of marine shale that dominated by type I kerogen and the aromatics frac-
tion in its related crude oil in the Upper Cretaceous of a basin in Western and Central Africa Rift Systems were analyzed us-
ing gas chromatography—mass spectrometry (GC—MS) technology. According to the distribution patterns of phenanthrene
and methylphenanthrene and other polycyclic aromatic hydrocarbons, the relationship between the methylphenanthrene in-
dex and the vitrinite reflectance of the source rocks in this area was researched , and the maturity of source rocks and the re-
lated oils in this basin were evaluated. It shows that the R, value has an excellent positive linear correlation with MPI1 rang-
ing from 0.50% to 0.90% with a coefficient of 0.92. This equation is significantly different from that proposed in previous lit-
erature based on coal and type Il kerogen. The difference of R, value between the immature to low mature stage and high
mature stage after oil window can approximately reach 0.2%. Therefore, it can cause significant effect on thermal maturity
of the organic matter in the source rocks and hydrocarbon resources assessment. The oil maturity was evaluated by this
equation. The results are in good agreement with the geological background of this basin.
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Tablel Basic geochemical characteristics of organic matter in Upper Cretaceous marine
shale in a basin of Western and Central Africa Rift Systems
MG-1-K2-01 1849  ¥RKEOJesA 1.11 432 183 0.86 1.15 0.17 23.27 13.87 20.81
MG-1-K2-02 1942 K EIRA 1.35 432 292 0.77 1.01 0.13 23.48 12.31 24.24
MG-1-K2-03 2011  HKERA 1.18 431 273 0.73 1.08 0.13 23.88 16.94 26.33
MG-1-K2-04 2170 FEKEGIEAE 1.01 432 185 0.54 1.00 0.13 34.56 15.25 25.10
MG-1-K2-05 2341 HKEIRA 0.90 431 154 0.85 0.78 0.10 35.02 17.93 21.73
MG-1-K2-06 2617 IFKEIRSE 097 439 180 0.70 0.70 0.10 55.88 13.92 16.46
MG-1-K2-07 2808 K EIEHA 1.22 430 105 0.86 0.71 0.15 45.45 14.70 22.05
MG-1-K2-08 2937 KOS 1.04 431 94 0.75 40.21 14.69 20.28
MG-1-K2-09 3079 ¥RKEOJEA 0.84 424 88 0.60 0.89 0.14 18.94 9.25 17.18
ONS-K2-01 2112  BWK@es 3237 428 284 0.63 1.09 0.29 22.02 16.51 18.35
ONS-K2-02 2445 HIRERA 232 439 151 1.27 1.13 0.25 17.58 14.56 11.55
ONS-K2-03 2562 KEIES 1.36 434 205 0.51 0.98 0.12 21.66 15.29 22.93
ONS-K2-04 2700 VRKEOJEHE 1.00 437 115 0.67 0.95 0.11 32.89 14.47 29.61
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Fig.1 Aromatics mass chromatography of the organic matter in Upper Cretaceous marine shale in
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a basin of Western and Central Africa Rift Systems

R 2 PRI R it 1 B8 T AL S S 300 7 25

R BB S RS R R (MPID G R

M2k, M2 AT L, FOEAEFR B B R SR 2

] 5 AR AF LM IEAH DG OC R , B B2 S %y
0.59%~0.91%I5} , Fi 5 {1 2y

R,=020+0.88MPI1  R*=092 (1)

A R, ARIEARAT A A A 2

B AL S R, % 5 MPI W ESEE % R 9

DS 45 o 2H B2 5k 32 O KR U, Radke S5 BF 5T A

K, 24 R<1.35% M), REIEFE 805 B B 40 S A% 1)
By
R,=0.4+0.6MPI1 (2)

A R, PG SCHR 1A 2 BB I 4 R
L %,

RS R (F 3)RULAHX () A ER 21
FEIG R A i 0 45 51 2H IS 58 R 0.66%0~0.95% 5 4
R.<0.85%MH} , RIVAH 4 T A= i 7 - 1y 21 A= i oo e
9, R AB LS R B A =5 o 8140 25 REA 0.60%
i, H R EZ 4 0.70% , i 55 294 0.10% , 24 it 20 %



$22% H3W R BLAE AR DUS A P BIEHE RS B G R 65+
1.1 1.6
—.—Rcb
Lot 14r —~R,
09 1.2F
X NN
2 0.81 z 31.01
;4 KR
0.7 0.8+
0.6 0.6
0.5 1 1 1 1 1 ] 0.4 1 1 1 1 1 ]
0.4 0.5 0.6 0.7 0.8 0.9 1.0 0 02 04 06 038 1.2 14 1.6

MPI1
B2 HEERSRRZM EAESBEREFIR
MPI{ESERAR SR X R
Fig.2 Relationship between the methylphenanthrene index
and the vitrinite reflectance of organic matter
in Upper Cretaceous marine shale in a basin
of Western and Central Africa Rift Systems

1.2
* R,

1.0

%

0.8

R,,

0.6

1 1
0.4 0.6 0.8 1.0 1.2

R %

hEERASR M FAESGERNETIRARIE
EHHESINERAERHESTUE

Relationship between the calculated vitrinite reflectance

by the methylphenanthrene index and the measured

3
Fig.3

value in Upper Cretaceous marine shale in a basin
of Western and Central Africa Rift Systems

SRR kB 1 B B i 25 B K, B KA 22
290.2% . K, FI AT 25 i@ e RAE S
MPIEZ AIROC RS, PRI IZ A R A
TER KA 22 o 45 1) 2 78 A A — AR B B B i 2
B 5 = B B . X R 2 R E R T
R A AR IR TR A AR S T BR BB, AT 5
WA S PR A R4

I FH 2 ) 45 T A J S % 5 R R BIOC &R
2, X P AR A I G B O B ) R A T
PEMY . E 4R IE R AN 0.56%~1.17% , R.(H
7 0.44%~1.32% , B 2 4> 6 R A5 B A0 S 2
[ FETE—EM 5. Y4 MPI{E/NT 0.80 1, R A
T R M 5 TAE MPIAE KT 0.80 FH 7 B BX
R.EALT R H

PG T E [ gt S S R 2 W b = O T
AR E | RIRA AT 1z A K,
A ML LAV B B, DA K T 300 2% I s 32
[T 8 1) v A S B E A AT Tt o DA 285 3 6
F4) RT3 381 g S R B I YA A A o AR BT A

MPI1

El4 HFEFERSFEAMRE MPIE
THEAS R R IR i A A

Fig.4 Maturity of crude oil calculated by MPI1 for a basin in
Western and Central Africa Rift Systems

(1 B I 2 B R 5 T R AR AR B0 AR AR 2 10
RofH L R E B i 8 0.15% (£ 2) , izt B
WG W e A RS R — U

F2 HREI0MABHFFERIERESE
Table2 Maturity parameters of 10 typical crude oil

samples in the research area

5 J=3A MPIl MPR R\ % R, %
0-1 K 0.98 1.19 0.99 1.05
G-1D Es 1.10 1.17 1.06 1.16
YS-1 K 0.53 0.84 0.72 0.66
YS-1 K 0.67 1.00 0.80 0.78
YW-1 K 0.56 0.87 0.73 0.68
YW-1 K, 0.44 0.90 0.67 0.58
YW-1 K 0.60 0.82 0.76 0.72

S-7 E, 0.27 0.67 0.56 0.44

B-1 E. 1.29 1.26 1.17 1.32
BE-1 E, 0.37 0.77 0.62 0.52

4 g

X R PG AR A A M T A GV A DU AL
J R HE FIBE L SE AT RRAE B AT TS, IESE Y 3R E
FEEC S A R BT R IE A G OC R, ST
TizAEH b S AR U R—MPI R FR

55 i N IR T AR AR 7 S ) ok R Uk
TTXF L, R AP —E 22 57, R R FE AR B
A B R A T 7 S 0 Y v G B L 1A
P53 1 58 Jo 41 S 3 3R s KA 25 24 0.2% , PRl IR T
H A PTG 1 SO ST IR I A S AR R K
Lz

HR 4k FE ST B R—MPI e R 200 71 L 25
VA DU I i B AT T, B R T AR
WA 1 ¢ R X LT AN 2250 20 X H A5 210 1 I
T B VI L O, A 45 SR 5 0% A S B R R



-66°

o R

5‘

R ol %

20154F5 H

AR HLBR AR ) & B UESE TR 2
AL TS AT 5

SE 30k :

(1]

(3]

(6]

Radke M, Welte D H.The methylphenanthrene index (MPI) : A
maturity parameter based on aromatic hydrocarbons [ C ]//Bjor@y
M.Advances in organic geochemistry 1981.Chichester: John Wiley
and Sons Incorporation, 1983 :504-512.

FRER A 21, XA B , 45 T B SR B0 TP TR (] S A LB
AL e R——LUSEIA AR AL G X O [ ] A7 iR
¥ %,2010,37(4) :508-512.

Chen Yan, Bao Jianping, Liu Zhaoqian, et al.Relationship be-
tween methylphenanthrene index, methylphenanthrene ratio and
organic thermal evolution: Take the northern margin of Qaidam
Basin as an example[] 1].Petroleum Exploration and Development,
2010,37(4):508-512.

IR, % HERE A P B A W A A N It P be SR e
FEAERY RN [) ] P2 R HARRMER, 2012,27(1)
81-86.

Xiang Tingsheng,Ma Fei, Pan Ke.Effect of mild—to—moderate bio-
degradation on alkyl naphthalene and alkyl phenanthrene in
crude oil[J].Journal of Xi”an Shiyou University : Natural Science
Edition,2012,27(1) : 81-86.

KT, AU, NI, 5 R o HREAE 1 43 A SO i i
SRR ] AL, 2007,29(2) 1 183-187.

Song Changyu, Jin Hongrui, Liu Xuan, et al.Distribution of meth-
yl phenanthrene in sediments and its impacting on maturity pa-
rameters [ ] |.Petroleum Geology & Experiment, 2007, 29 (2) :
183-187.

TREIDR, 257K 2R, A5 ARURR I3 S D e 2SR AIE B s ok
P LI UUBAAR, 2009, 27(2) :367-371.

Zhang Gangqing, Li Shuifu, He Sheng, et al.Composition charac-
teristics and geochemical significance of aromatic hydrocarbons
of crude oils from the Banqgiao Depression| ] ].Acta Sedimentologi-
ca Sinica,2009,27(2) :367-371.

1o B AR T G S v 0 B S B AR e P R R A
LI ] CHL 5 R i3, 2014, 21(1) 1 10-15.

Gao Yang.Characteristics and distribution of salt lake source
rocks from lower submember of 4th member of Shahejie forma-
tion, north Dongying depression [ J ].Petroleum Geology and Re-
covery Efficiency,2014,21(1):10-15.

R TR, R RIS IR S P I I s R ——
DIRAL G AR W X H S 91 L) ) A A5 T 2%, 2009, 36(6) -
790-796.

Zhu Zhanjun, Jiang Yongjian, Cheng Zhe.Evaluating maturity of
source rocks by aromatic compounds: A case from Dongling
Block, Songliao Basin [J].Petroleum Exploration and Develop-
ment,2009,36(6) : 790-796.

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

AV, FA5E, 8 T Fy, A5 R LU S A DL HGE f i ¢
AL LD e, 1992, 14(4) :8-13.

Bao Jianping, Wang Tieguan, Zhou Yuqi, et al.The relationship
between methyl phenanthrene ratios and the evolution of organic
matter [ ] ].Journal of Jianghan Petroleum Institute, 1992, 14(4) :
8-13.

SR, BEER T AL AR SRR T 2 RO IR 2 URAE () ).
AR S I K ,1997,24(2) : 10-14.

Zhang Liping, Huang Difan.Characteristics of polycyclic aromatic
hydrocarbon associations in some marine source rocks [J].Petro-
leum Exploration and Development, 1997,24(2) : 10-14.

TR AT T R VS 2R I e R AL PR A Bt
AT L) L LT 5 R W, 2014, 21(3) : 10- 14,

Ren Yingzi.Geochemical characteristic of light hydrocarbon in
crude oil , Shawan formation of Chepaizi uplift[ J ].Petroleum Geol-
ogy and Recovery Efficiency,2014,21(3):10-14.

BLIGEJ , TR, VMR SRR AR S 5 e 2 U AR S b Al 7
SC——LLSEIE R 2 74 AR R DX B [0 . A dh R AR el
2011,33(2):39-44.

Mo Xiaoye, Zhang Min, Meng Jianghui.Geochemical characteris-
tics and significance of aromatic hydrocarbons in saline lacustrine
crude oils—A case study of southwestern Qaidam Basin [J].Jour-
nal of Oil and Gas Technology,2011,33(2):39-44.

R TG SRR 2 AR LR IRE A AL R AL SR AR L) .
AT RO, 2012, 19(5) : 10-14

Han Zongyuan.Organic geochemical characteristics of source
rocks in well-Zhentan1, Ordos Basin [ ] ].Petroleum Geology and
Recovery Efficiency,2012,19(5) : 10-14.

PRIm e, B, 255 SR RGBS I B A e R IR IUA DT
LT A5R0h R, 2014,21(5) 14347,

Chen Yingbin, Hu Ye, Wang Yanqing.Evaluation on Carbonifer-
ous source rock in Delingha Depression of Qaidam Basin[]J ].Spe-
cial Oil & Gas Reservoirs,2014,21(5) :43-47.

R SREL, 95 S ST BRI T R R —— AL
R DS DL E S SRR A R A S [T ] A R R
*#42,2013,35(12) : 35-40.

Tang Youjun, Zhang Kai, Su Fei, et al.Evaluating index for over—

matured source rocks—By taking the source rock in upper Perm-
ian Linxi Formation of Well Lu D; for example [ ] ].Journal of Oil
and Gas Technology ,2013,35(12) :35-40.

TR AR T S AR LM At A Tl AL
1993.

Wang Peirong.Mass chromatogram atlas of biomarker [M ].Bei-
jing: Petroleum Industry Press, 1993.

Wan L, Liu J,Mao F, et al.The petroleum geochemistry of the Ter-
mit Basin, Eastern Niger [J].Marine and Petroleum Geology ,

2014,51(3):167-183.

g AR



