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Fig.1 Gas chromatogram of saturated hydrocarbon in extracts from typical source rocks with different polarity solvents
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Fig. 2 A comparison of isoprenoit%s ratios among extracts from typical;source rocks with different polarity solvents

K%Mﬁ*ﬁﬂi%%@ﬂ@ﬁ@%%%%i%
1 S0 i 5 2 5 R DR S R A AR K
XS ET AR YRR EH R K5 R R
EAT B AR S5
2.2 EMGRHSH y |
BI 1R 40 SR R U85 BT B 2 L A0 0 A
1.5 ¢
10+
05}

0

= v
w o W o
T T

—
th O
]

SR E VIR E WBRE (me/e)
5

e
W

150 1

10.0 |

50

0

3 4 6 8 9 21 2
-4— [EC4t Hexane ~0— K4 Chloroform

VB AP0 S ) 500 52 A A 3 P oty
A, BRRKE RERRE RRRE EEE
B R ATVRA 151 RE 5 1 AFH R ) A 7 R 42
LG B 4 A P ALE A 3K 401, A T 22 (A B 3 SR R
N AR 7 IE B SEd 32 9 3018 M BB E I B AR
F R X A BB A S R — AL X SR A
TRUAH VS BB A% b2 JEUBE . A0, 7T R By T 4R 43 B 1
TR AR S R R R R R R R BOE R
RERH-LER,XETFRRRE,
2.3 ARKBEBHNG

ARG AR R FERR B RR
(953 AT RE B _E LB AL, B R B — o
R R KRR AR E RRARS (B,
LL % FI#49 Pr/Ph {8 7 6] (B 2) , 2 $0RE & I © 4% 4
29 9 Pr/Ph {8 LR R IS B — 5
- BB g 2 B R K1 5L, TF el R A o
Pr/Ph {8 H 400 i1 $82 99 H B AR — A, 35 o B A
S B DA 15T o 6 T I b 4 R AR e
%R RESBRR R HIERMZNBNE R

B3 AR AR R Ry
ARG SRR
Fig. 3 A comparison of absolute concentration of
biomarkers among extracts from typical source rocks
© with different polarity solvents
@O— T R s 0k 5 RBEIS (O — kB R
(O—THRRWARRE s BTFRTRE A4 L 4
(a)—Jurassic mudstone; (b)—Jurassic carbonaceous shale; (c)—
Jurassic cogl; (d)—Permian lacustrine mudstone; the compounds

represented by the numbers aside the axis, see the Fig. 4



Hel

I%F_‘ﬁslz%‘? I 2R S TR A TR A A 8 ) ik 42 0 A W A A ) R AE

919

RNE, TRERLEIEPHRRIE RN ELRERS
[l FB T XN E S lttﬁl\"—?iﬁﬁ}ﬂfﬂﬂﬁ'%‘ﬁ
— AR ﬂﬂf“ﬁ/ﬁiﬂﬁﬁﬁ"ﬁZlﬁJB‘J%’Sﬁﬂi:
HICB B A 2 R R B (B 2a), WIAHRREZIH
XHE& i) Pr/Ph {8, T #E & 52 1R 5 2 B X & 8 Pr/

Ph {i , 43T » BD 68 A B4 , & RS2 4919 Pr/Ph (8

mﬁu%ﬂtm§ﬁ$mmwﬁam%mmﬁ§ﬁ
S50 Pe/Ph (YL SIBUTI L2049 Pr/
Ph {475 {48 L JLE 77 L2286 . dh 5, 48 42 R

R 43 B 1R 22 3 ALEG L R R AR AR VA R AR M 2 R R B
AT '
2.4 HEXREVRTOHEARSHSH

B8 23 5 45 (2000) Fil Guo 25 (2000) {8 FH & 05 #n
IR AR P CS,-NMP X 4 3547 i 82 3F Xt fhiR
o A AR R B o A AT T L, 2 BT R 0 R
BRYPEYREDH S ARFIEFERKER XY
BEEARRHHMBAEFNMEES LEREFIERE
BB BRIRES MR A YRS S A AR

T 0 e R R X T IE M s A Y 3
nCig) 15 1 42 ¥ 77 B9 1R 1k 22 18] e
n B E WA B AL PR (B 2be) s
i

m/z 191 A¥HE5E Terpane

4
6

3 (al)

(22)

al: RRR A K E TRy

Extracts from & carbonaceous|shale with hexane

a2: BRVEE MR HRY

Extracts from a carbonaceous shale with chloroform
B4 BRETR A IR Y TR (B AR Atk VA R 4k 42 4 8 e

EIE (Pr/nC, 1 Ph/ KRG ABR  RAED SR R A& X

A 2R 3 AFPAS R M S R 3R A R 2R BB RS BoR , TR Y
EEMBEVLENE AR RS RRE YR SR LN &8 K
m/z217 4% Sterane m/z 191 FIR@E4R Terpane mvz 217 K§4% Sterane
i 23 4 23
3 |9 (b1)

wn

22
78,
l 16
12
11, 13 19‘ 2108 21
- WL
10
(b2)
m _A/JAA}AJ&MLL,

bl: REIECSEHRY
Extracts from a caol with hexane

b2: R HRY

Extracts from a coal with chloroform

(m/z 19 F 4% (m/2 21D R E AEE

Fig. 4 Terpanes (m/z 191) and steranes (m/z 217) mass chromatogram for extracts from a carbonaceous shale

5 R B A E R WBE m/z 191

T4 22R 5 10— 4 I 8 Bt 5 11—Bo-Can B b
£ 205 + af-Coy 5 M 5 52 20R 5 17— Ba-Coo T HE 5 55 20R 3 18—afB-Coo B HE 8§ £720S 5 19—awa-Cor L Hf 47

i 52 20R ; 16—Ba-Coo BT HE i bt

aao-Car I #§ 42 20R 5 21 —aoa-CoaiH § 5% 20R ; 22— aaa-CaolH i 52

m/z 191; 3—Tm; 4—aB-Cyy norhopane;

C31 homohopane 22R; 10—Gammacerane;
217: 14—Ba-Cgz; diacholestane 20S; 157
diastigmastane 20R; 18—aB-Cpg diastigm,
22—aaa-Cyg stigmastane 20S; 23—aaa—C?

[ . . .
‘ and a coal with different polarity solvents

|
13_Tm;4_013-029%)‘§ﬁ 35— Ba-Coo B &% 5 6—aB-CaoBE £ 5 7—Ba-Cao BT ; 8—aB-Ca1 B $2228; 9—af-Cyy
12— af-Cor 2452253 13—aB-Car ik 22R . 8455 m/z 217+ 14—Bo-Cor T HE 1 £ 2085 15—Pa-Cor E HE
$E20S;20—
£220S; 23—aaa-CyoflH § $E20R

5—Ba-Cye normoretane; 6—aB-Cso hopane; 7—Ba-Cyo moretane; 8—aB-C; homohopane 22S; 9—af-
11—Ba-C3; homomoretane; 12—aB-Cs; bishomohopane 22S; 13-—aB-Cs; bishomohopane 22R. m/z
L 32-Cy; diacholestane 20R; 16—fa-Cgy diastigmastane 20S + afiB-Cz7 cholestane 20R; 17—fa-Cyg
hstane 20S; 19—aaa-Cyy chloestane 20S; 20—aaa-Cy; chloestane 20R; 21—aaa-Copg ergostane 20R;

9 stigmastane 20R

d



920 -

%

2006 42

B 5 FIBIRAE A 36, 1 F A B 4 AT R AEJF IR A
AR AR AR T 2 BRI E 5.

Bl 32 ML AU RIS IR 5 MM A e 55 IE T A FI R
PR P CoE i CooBLE Tl Coo S br S5 8Fp EE
TELE A S e s S BT L R B FEHREAE .
Bk RV A R AR Y b, 06 A IE © Be AR D i R 4R
AR IR Y X e R E A YR B Y 4R & B AR
FEUMBEYHMEMEEYRER, BEDIREY
MWK S, E R B AT, ?ﬁ*ﬂ%%ﬁﬁﬁﬁﬁT
[F) A8 5 3R 3R AR B 1 52 0 o A A 7 0 ) 2 X
HEEEHNHENER BR . XWF— ﬂﬁ@‘i*ﬁ()@aﬁﬁ
BHECHEETUERERE S L RIS EY
BEY . BRRENEZEFASRBMED DS RE
YR EMZEENEZS S FHRAREBEENS B
R RERNEDREDBE P4, XHER
BEFEERREE PSR EYIEY Z EAHXT
fH 24 ?

453 B BA T b 5 55 09 1E © b AR o B o
B S il B T B R 2 A R AR A8 R B 4 R LA A
A B AR EY A6 . B BRI, X F [/ —4
Al T S B R I 79 il 52 9 P A W R Y 4 R
SEAVEESR, HAE YR EY 83T H RS
FRAE B A — 30, B T 38 A BB 3O R 28 2 A W14
BYZHEIENER,

ESRR T AFEIZBEZE A FECEME
XTI R Y EEAEYAREY R .
BIXE B A YRR YU Tm., Co 28 B M E 2 . Cyo
BB CoER K Cpy~Co i I E MBS 2
A, A [ AR 4 05 390 et 2 90 2 0 s 75 ) 00 4 5
FEERMN FERGEZEBLBERY . Z5 K
/N IO AR I Ui A B X B R S R 4R 4 A9 18
M EBEEYREY I8N IR EZEN ST R,
HXIRZTEL S AT MBHE S52%, XHR Z 2%
PITFBEE & 67% AT IRZAES U LA T I BUHE &
840, X IRZEFEIOW L, L BTN % S HEE
H R JEFO W AR U 5 — A, W R AR MR VA 3R 42 4 o A=
VBT EEZRSHERD.

7 — 77 0, RAE A B IR AE AR TR A R 2 Al
IR A TR Y A WA W 2 A AR AR AT LUR B A
&, Klﬂ#unZlﬁlsﬁﬁﬁm%ﬁE(&M\IEIS).HJ%F‘%‘
P MBI RARE Y Ts.CoTs. Coo B HEZE bt
BHREHME, T Tm., Cpe B bE . ConZE S %HCMEI’*E‘J
FEFINE, SRR B P L Co B bE 2 E,Cor
B AR B A TSR R AR R A SRR A

KAl T b E B Coo b b £, KA 8 b2 10 & B
R, SRR BE W S YR EDNERA S,
BARAESRAREZMNEREHE,

7 S T L 7 LA S D 0 AR 9
B PO I O AR 22 R A | A B SR R ok
£ MR 3540 0 A Yot 43 A AT L R R £ OIS A AR
R M 2 L 1 B A, N T 8 S 2 5 6 9 0o B B
HR.
3 Zip

VAR X B 4 R R S A R SR
K 9 B B T AR O G P R 0 B A B

f§%% Sterance

54X Terpane

1.0q @ 10
0.5 0.51
0.0 $————T—r—rv—T—— 0.04
123456 728910111213 16 17 18 20 21 22 23
~o— IE @4% Hexane —— ®4ff Chloroform
Bs5 EChEMEGHEYPIEEAYRED
X FEEXT b

Fig.5 A comparison of relative content of some major
biomarkers in terpans and steranes among extracts from
typical source rocks with different polarity solvents
(—RBREE; OO—EP FHRERE; O— KT RE; (D—
TR RYIAIRAE ;1 —Coy IR P47 5 2—Cos U IF B8 52 KA F AR

R &Y 2R ILE

(a)—Jurassic mudstone; (b)-—Jurassic carbonaceous shale; (¢)—
Jurassic coal; (d )—Permian lacustrine mudstone; 1—Cy
tetracyclic; 2—Cjs tetracyclic; the compounds represented by the

other numbers aside the axis, see the Fig. 4



%6

WREEF- 45« M AR R YR A5 O IR AR ok 4 0 o B2 400 2 047 75 A 4 4 921

SR AR Y PR ANRR BT & LB B S5 R
EU s g 2, AR S T 7 I B4 LB B B 8 (HL R
Y PR FURAEXT T A A S E R AR 4
FrEm Ry T IEC MR FHARSERE
WERML REERNNRELZRTUSBHESESH
HUBE F B R TEA i S 90 P AR R R AR X & B AR A
Y Y X R A AR A (ER T B R Y R VA
BAETEE N MY P EMRER BRI IERE.
i 5 R o 28 A W s 7 00 4 L R 23 A R AE 3 B
B, R SEYWHEZEE LEERR
SR B, AT 2 % R R X 45 R .
VAR S5 A S 1A 2 T 700 X 0 AR B B 8 5%
R A LB B VR A SR BT AR R b 4R 4 A
WA R AL 56 42 P LARL A T il IR X L

2 £ X W

R, HEE . 258,85, 1999 R EWKTLERMSIEN
BA R #RER,73(2) : 140~152.

BREEF. 2003, v G Jb b X 0k B 40 b b BR AL 2. P DL K3
WL AE 30, 1~225.

Bl 8 KE HEEH.ME%E, LK Z,Moldowan ] M, Greene T
J. 1999, b ws M E BT RH AR P EE LA G, 13
(2):109~111.

B, BB ,Moldowan ] M, Greene T J. 2002a. it I& 75 i1 18 5 2
Procnit e, ViR, 20(3) :456~461.

B, B3, 9 BT ,Moldowan J M, Greene T J. 2002b. I £ #h
KRR AMER,23(4):13~17.

FRIDA A A, S XU Tz 1996, K LI M R X LU B 5T . b ER AL
2,25(4):324~330.

BN, EILHE, BRET KT, 2005. 4§ B R IR A& 7 7 45 1 78 77 b
Y ES BRI BB EFR,32(01):48~52.

AW, EART,BEEE, ZESE. 2000 BRABRHEAEWBRREASEN
R R H R EE . Al REER(BAREIR,24(3):50
~53.

HEE BES E48,. 888, 1995 HRmE RS REvIE. Jt
B Tl i KA, 1~ 425.

B, SN 1999, H R IR 2R BUR 5 R B R %6
(8 F)>:183~194.

BEE. 200l Z+—HEVNREMTBRAEZHEGESMRE.
TR, 19(1) : 1~6.

FER BEH. KB, K. 1998, it & ik D R E B MR
. JEER - Rh2E R AE 1~ 342,

Alexander R, Noble R A, Kagi R 1. 1987. Fossil resin biomarkers and
their application in oil to source-rock correlation, Gippsland Basin,
Australia. Australian Petroleum Exploration Association Journal,
27(1): 63~72.

Chen Jianping, Huang Difan, Li Jinchao, Qin Yong. 1999. Main
Source Rocks of Petroleum from Jurassic Coal-bearing Strata in
the Turpan — Hami Basin, Northwest China. Acta Geologica
Sinica, 73(2): 140~152(in Chinese with English abstract).

Chen Jianping, Qin Yong, Bryan G Huffe, Wang Darui, Han Dexin,
Huang Difan. 2001. Oil source correlation in the Turpan Jurassic

coal-bearing Basin, Northwest China. Organic Geochemistry, 32

(9): 1103~1126.

Chen Jianping. 2003. Geochemistry of oils derived from Jurassic coal
measures in the Northwest China. Thesis for the award Ph. D. ,
China University of Mining and Technology, 1~ 225(in Chinese
with English abstract).

Cheng Keming, Zhao Changyi, Su Aiguo, He Zhonghua. 1997. Coal-
generated oil in Tuha Basin. Science in China (Series D), 40(4) .
439~442.

Cheng Keming, Zhao Changyi, Su Aiguo, He Zhonghua, Wang
Zhaoyun, Moldowan ] M, Greene T J. 1999. Novel
understanding of the study on the coal-derived oil of Turpan —
Hami Basin. China Offshore Oil and Gas (Geology), 13(2); 109
~111(in Chinese with English abstract).

Cheng Keming, Xiong Ying, Moldowan ] M, Greene T J. 2002a.
New advances in the research of coal-derived hydrocarbon from
the Turpan — Hami Basin. Acta Sedimentologica Sinica, 20(3):
456~461(in Chinese with English abstract).

Cheng Keming, Xiong Ying, Zeng Xiaoming, Moldowan J M, Greene
T J. 2002b. Research on coal derived hydrocarbon in Turpan—
Hami Basin. Acta Petrolei Sinica, 23(4): 13~ 17 (in Chinese
with English abstract).

Dai Qinglin, Hao Shisheng, Lu Shuangfang, Zhang Aiyun, 1996.
Discussions about the correlation of oils from coal and their
sources. Geochimica, 25(4): 324~ 330(in Chinese with English
abstract).

Deng Chunping, Wang Huitong, Chen Jianping, Zhang Dajiang.
2005. Chemical features of extracts from source rocks in coal
measures with different polarity solvents. Petroleum Exploration
and Development, 32 (1): 48 ~ 52 (in Chinese with English
abstract).

George S C, Eadington P J, Lisk M, Quezada R A. 1998.
Geochemical comparison of oil trapped in fluid inclusions and
reservaired, oil in Blackback oilfield, Gippsland Basin, Australia.
Petroleum Exploration Society of Australia Journal, 26(1): 64~
81.

Greene T J, Zinniker D, Moldowan J] M, Cheng Keming, Su Aiguo.
2004. Controls of oil family distribution and composition in
nonmarine petroleum systems: A case study from the Turpan —
Hami basin, northwestern China. AAPG Bulletin, 88(4): 447~
481.

Guo Shachui , Li Shuyuan , Chen Zhiwei, Qin Kuangzong. 2000.
Mixed solvent extractionof immature sources and its geochemical
significance. Journal of the University of Petroleum, China
(Edition of Natural Science), 24(3): 50~53(in Chinese with
English abstract).

Guo Shachui, Li Shuyuan, Qin Kuangzong. 2000. CS,/NMP
extraction of immature source rock concentrates. Organic
Geochemistry, 31(12). 1783~1795.

Huang Difan, Lu Shuangfang. 1999. Current situation and prospect in
geochemistry of oil from coals. Earth Science Frontiers, 6
(supp. ): 183~194(in Chinese with English abstract).

Huang Difan, Qin Kuangzong, Wang Tieguan, Zhao Xigu. 1995.
Formation and Mechanism of Oil from Coal. Beijing: Petroleum
Industry Press, 1~425 (in Chinese).

Huang Difan. 2001. The task and prospect of petroleum geochemistry
in china in early 21st century. Acta Sedimentologica Sinica, 19
(1): 1~6(in Chinese with English abstract).

Katz B J. 1994. An alternative view on Indo-Australian coals as a



922 . wom ¥ R ; 2006 4

source of petroleum.  Australian Petroleum  Exploration Sun Yongge, Sheng Guoying, Peng Pingan, Fu Jiamo. 2000.
Association Journal, 34(1): 256~267; | Compound-specific stable carbon isotope anlysis as a tool for
Li M, BaoJ, Lin R, Stasiuk L. D, Yuan M: 2601. Revised models for correlating coal-sourced oils and interbedded shale-sourced oils in
hydrocarbon generation, migration and atcumulation in Jurassic coal méasure; an example from Turpan basin, Northwestern
coal measures of the Turpan Basin, u NW China. Organic China. ‘Organic Geochemistry, 31(12): 1349~1362.
Geochemistry, 32(9): 1127~1151. © | Wang Changgui, Cheng Keming, Xu Yongchang, Zhao Changyi.
Peters K E, Snedden ] W, Sulaeman A, Sarg J E, Enrico R J. 2000. 1998. 'Geochemistry of Jurassic coal-derived hydrocarbons of
A new geochemical sequence stratigraphic ‘if'nodel for the Mahakam Turpan — Hami Basin. Beijing: Science Press, 1 ~ 342 (in
Delta and Makassar Slope, Kalimant_an,‘ Indonesia. American Chinese).
Association of Petroleum Geologists Bu.lletin, 84(1): 12~44. Wilkins R W T, George S C. 2002. Coal as a source rock for oil; A
Scott A C, Fleet A J. 1994. Coal and coal beariog strata as oil prone review.; International Journal of Coal Geology, 50(1~4): 317~
source rocks? Geological Society Special Publication, No. 77, The 361.

Geological Society of London, 1~213. 1y

- ,
Biomarker Characteristtics of Extracts from Source Rocks in Coal Measures
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‘ Abstract
h
There is a great difference in the gross composition and blomarker distribution between chloroform extracts

of coal and oil from coal measures, which results in a difficulty in oil-source correlation in a coal-bearing
petrolific basin. An experiment extracting 9 coal-bearing source rocks and 3 lacustrine source rocks with four
different polarity solvents, hexane,ti benzene, dichloroformethane, chloroform, shows that, with the increase of
polarity of solvents, the content of extracts increases, and the relative content of saturated hydrocarbon in the
extracts decreases. The chemlcal composmon of the hexane extracts$ is the most similar to that of oils from coal-
measure basins in the four kinds of solvent extracts. Although ‘there are great differences in content and
chemical composition among the four extracts, the distribution pattern of normal hydrocarbons and isoprenoids
have little changes. A compar1sor]1 mdlcates that the absolute concertration of biomarkers of sterane and terpane
in the hexane extracts is relatlvely lower than that in the chloroform extracts, and the difference of biomarker
concentration between the two extracts of coal-bearing source rocks is greater than that between the two
extracts of lacustrine source rocks, :but the components and distribution characteristics of biomarkers in the two
extracts of a source rock are essentially similar within the polarity Trange of ordinarily used solvents. Based on
the statistics of 18 kinds of biomarker in each extracts from 10 source rocks containing different content of
organic matter, the percentage excéeds 84 % , whose relative error of a compound between hexane extracts and
chloroform extracts (including anal‘!iytical error) is less than 5%, and the percentage is less than 5%, whose
relative error is greater than 10%. 'This result indicates that polarity of solvents controls the relative content of
saturated hydrocarbon and absolute concentration of biomarkers in coal extracts, but cannot change component
and distribution pattern of blomarkers in coal extracts. So, the difference in gross composition and content of
saturated hydrocarbon between hexane extracts and chloroform extracts does not influence the application of
biomarkers to correlating oil and scl)urce The biomarkers in extracts obtained by chloroform as an ordinarily
used solvent to extract organic-rich ;[source rocks, such as coal and carbonaceous shale, can be applied to the oil-

source correlation in coal-bearing: petrolific basins. ;

li

|
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