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Hi BT M BR A2 S I R LR 2 i TR 1 )
. 5 E MG AR E A AR L 3R EE A DR RS AR
KR AR A UURRUSE B2 R AT AIL BT - FE AR A LB v
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VU P 2% B P 251 U4 D B HE B (A L
Jo A2 AR O3 77 55, 2007 s PRAL LS . 20105 B A 45
2011) » TGk LA JE 7. 58 PRI AR DU D iy A e ok
TIPE b ofE

SEH T 10 AF R AR X 3 [ i A TR ke P
B AT A TS R b KRBT LA T T R
SR A T A e R i R s e ke
A BRI ER A T ELA B A B 0 A Y LK O i S T
R IR G A e v 1 PR B o 5 0 ik 4R 10 T R4
A A o AR SRR 3 o 0] 3k 28 50 ol 7l A SR
BRATIE A/ DU VIR IR e A HUBR 5 B 2R e )
(3 M7 AL T P Z 1B AR OG 5C 2R 05 A - I AE I 5%
filh b ST T3 A R A SRR PR I A R v
TP AR 5 5 1%
1 [ N A AR U5 D AR R A
1.1 ESMBHEERE TN IRE

KT IE PR e E P LA T A —3
NP [ Ah 2 2 LA [a] IR Tk R 8 0 AR 1 3t o 552

] FH O Sk ) e J5 FF0 e R A 2 6 ) L TR 4 b B TE Tk
B2 £k 12 V8 A 19 F74iF (Ronov, 1958; Gehman, 1962;

Hunt,1967; Tissot et al. ,1984; Palacas ,1984),1A
AT BB R R Ja 5 1 AT LA T i 2 R A
BLJS RS TS 1T 5 & 2, DU — I B A= B
T BT B e 36 B A e S B 58 b AL &5
KT 15% A R e U5 A HLE 3 BT BRI AS
/NTF 0. 3% T IR X —F B T A 35 5ol 2
Je 2 2 A i S W BT R b HE R S 2 T A 2 )
4 e 1

Peters (1986) 4t 1 Hifi ik I 5 73 2 1) A Ml ik
RS LR T 00 1 R BRSJarvie (1991) #8471 #b 58
SR 1), 6] 55 A4 0 1 O i Bk R £6 5 A L
B & B UE A 1Y L2 R [ A 2 5 3k A h T
A HLER S P RE S AR 1 S W ke U B AR e
W) 1 P SRR S A LT R 2R AL (5000 P 4H o
15 1A BILJBT A S A Je ¥ O 2 2B s s A AL
fFi (Tissotietval. , 1984 ; Jarvie, 1991), [Nk, 76 52
B 1o FH HHE A A LB B i 000 ~ 0. 520 Z (] 1Y
Ry S IR NV o W G <8 B = SR IR el
0. 5%~ 1. 0% Z [f] (¥ Ay s S A 85K U6 A LRk &%
A 10 LA A B R I R R . A s&
i (Jarvie, 1991),

x1 ENBHEBEESRTENGE (BETERETEH) (45 Peters, 1986 1 Jarvie, 1991 f£2)

Table 1 Classic interpretation describing source rock generative potential (based on early oil window maturity)
(modified from, Peters, 1986 and Jarvie, 1991)

CX ] I IR LA

(Generative potential) TOC (%) Si(mg/g &) S;(mg/g &) TOC (%)
2% (Poor) 0~0.5 0~0.5 0~2.5 0~0.2

- (Fair) 0.5~1.0 0.5~1.0 2.5~5.0 0.2~0.5

I (Good) 1.0~2. 0 1.0~2.0 5.0~10.0 0.5~1.0

R (Very good) 2.0%5.0 >2.0 =>10.0 1.0~2.0
e & (Excellent) =50 >2.0

Peters 28 (1994) M

45

4 AR A B E X

A B 1 FAEE A A 2 IR O A B0 e 1 AR ke

e 30 o3 W A A i e R AR S 45 B (3R 2D
HBA Ko a 9 B i - 45 S A PL I A 2
— AR ST B I SR AR PR IUA R A (R

W (S +SHOMMAT 2.0~2.5 mg/g, HHEFHE?2
A LR IR S, 5 S, AHEE L Peters %5 (1994)
e Fie B A HE B 500 mg/gTOC, 4 2 W 1135 % 600

A AT T7) ZARAE AT AL 5 A B Y 28 7

R 2 MO RBARIEEERENPHIKWLFIER (I Peters & ,1994, B H1£)
Table’2” Geochemical parameters describing the petroleum potential (quantity) of an immature source rock

(modified from Peters et al. , 1994)

mg/gTOC, 3 B J& ML 7 ) [T, A5 AL 5k L ok a7 9 A1

B8 1 (Generation potential) TOC(%) S (mg/g) S, (mg/g) Wis ACY%) IS8 <AEZD)
2% (Poor) 0~0.5 0~0.5 0~2.5 0~0.05 0~0.03

— % (Fair) 0.5~1.0 0.5~1 2.5~5 0.05~0.10 0.03~0.06

4 (Good) 1~2 1~2 5~10 0.10~0. 20 0.06~0.12

RAF (Very good) 2~4 2~4 10~20 0.20~0. 40 0.12~0. 24
e 4 (Excellent) >4 >4 =20 >0, 40 >0, 24
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e T2 6 S A R e U2 1 A R BT T R 3R
B A R R AR 2 7 R A T DR SE Y
TR M - MR L2 [n] B Cpp 7 77 %5, 20044, 2004b)
VEZ 230N R B IR £ 5 R IRA A LA & 1 A1
RS AR A A SRR S WA LIRS & T
BE A 13 1% EE I8 A1 5 — S 2 3 1A Bk IR 46 A A AL T
FREEMA AT LA HE KRB IR A b H P 2
SR TR E R R R R U R 0 R L 3o
2, IR A HLER & TR B L T HCOR A T RS
W RZF2~3, BB E) . Hk, X TR £k 7w F
R RURVEE R B AS TR 1 2 35 AR 6 AN [ 19 5%
LR T AR T R, B E M 0.05% ~
0.5 % A P45, 19745 M 5455, 1982, 1989 5 {8 5 155
4 1977,1984 K8 41 4= 2, 1984,1996 5 BRAS 1% 1985 5
X R, 1985 BRZE . 1996, 2005 ; 4 va B 45,1996 5
X B S5, 2000 5 BB, 2000 5 B2k W45 . 20005 5K 7K
B4 ,2002, 2004 ; 58 FF 45,2003 ; F 22 A 45,2003 ;
J155,2004; FIE = 5F,20045 Z5 @ P 4E, 20045 Bk
A, 2006 ; 8 V-2 55 ,2008) ,

XF 0 R £ AR A RO IR A A LR T FRAEL
TR TF VA 1 [0, 7 22 B4 T AR 1 & Tk (R
NI ZE, 2000; 3K 7K 5 48, 2002, 2004 ; T 3 45, 2004) .
2Rk W45 (20000 2 1 TOC=0. 1% ~ 0. 2 Yozl fin
A AN BEAE N A BUR IR Z s B I8 JE AN AR R fH 20
HE AL E B (TOCZ=0. 5%) 1 )2 BESE 46 7l
PERR U5 CRLHE U6 o 2 B IR 46 ) AL DTk 7 it &2 /0
AMIETF 0. 5% (g — 3 A X AT FEAISE 0. 4 %0) , Fill
PEAUE A WA HURK T FR AR 17 55 90 Y 25 A o AH O

k7K B 55 (2002) X [ N A IR 1 25 1 PEAN DE 4T
TTZ W TN R B BR 3R5HI 18 8 a5 a YA TR A
23 SO AR R ) R J G 2 T 1T I R N 25 5 AE
U A b 2 BBk R £ A 2 R R R R s T
0. 5 Y0 1F A HLGEE BT B A58 19 AR B 1 i
A R BE B A R R 5 W A R R A R PE A T
DL4% B Peters 75 (1994) 42 H 19 PEAN HR o L O 45 1h ¢
T A AR ARBRTR 8 5 I TR 1 TR B S B 2 00
rh I 8 R A O AR TR AT RE T

P o7 25 (2004a, 2004 ) I FH R 00 52 56 A AR 2
Bl 12520 R A A R 0 T R R A R
R R IR IR A A LT R B R A (R AR R AT TR
WFFE P& T AR ER 3h A KR IR A =F B2 T BRI 5 U A A
[, TOC & & KF 0.4% ;% F 11 BIA ML DL AE

K B B A ALK 1 AR A A K U IR S AR R
AR T A BB HE R BT e 1 BRAE A5 A
TR A SH TOC A ¥ B 128k,

MK 3 B SCHR R A B P T 16 AR B R 3k 25 g
A A SO IR A ) B e, B0 [ SE A O
17— R AE R U A P T B PR s — R o
LAY B R AR A 1A DLk & e S TR R . A
] 2 AR B O3 4R 00 BE R AR TR B S 50 7 kL 4R
TR S o 2B ISl R T U A T RR A
AR AT S PE T . B ) RN BE R BR T
R &k K U5 A AL T IR i 5 2 A5 B R AT
A HURK S B R 40 [ B 2 B ik PR 3k o 5 TR TR
R 0 A R L O B 25 — 2 AH N 1 PF
VIR N
2 WA SNEAHTTRA AL S A kR

AR

Tl vl A AR B L L 1 0 A e VR 4 b R
— WA B T LR B s H O A AR B X A
FEAR BT A U6 A 5 B R R 5 AR B, A0 B P R AR [
R T RS/ DU mE TR AR e e K
R BOm U D) A e AL G IR S R R
HERKA . XL R BRI A R E A R E A AR
TR R R R A RV I AR S T IR T
Fent o SR AR 2 B B ET A R AE E N IR RR K
AR Tl AR R AR R A . SEPR b, B Ab
A A P N AE R R R A WEAEE A BIEA b
A I B 1) U AR VR A (Klemme et al. ,1991)
P, HRTAR TE 3k g o ol 248 R R s A DL 3
BEHARE LR,

SR [ PN AN E i A BB A R R TR A A A L g
Iz 3% B 2 AR 3 U A AR I ) I A T
o5 H T RE SR 4R B AR i BCR A XS B . TE &
RAMA R EMBRAT G RIRES . Kb L AR
FR R Z Bk AR WA B A AR AR T A
DURR L JZ A BT 48 2L A AR R PE S DA i i 26
SURMIEE N £ B A RN A R Y T
UGB DRI 2 rp A HL I 4 B R K 2 R
L A SO — & R4 kg, Mg e & &
B FAER T A R AR IR
2.1 ZERBHRES

DU 2t P b Ll 2 1 X 7 A H AT SR AL T
TR AL B B i) — & RV A IR Fh A B . %
T & R Ve IRIR R A IR T — WA 432
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~445 CZ i) B R4 I 3 3 7E 0. 6% ~0. 8% Z [H]
Horp REPPA 1 YRR B AL R S %0 0.57 %,
i — 25 & B 2 T 0 VR 2 Ak IR BT b B B
b, B IZ ) 1T LA ST A LR S AR A R T T 2 )
R %68 Bz 5 R » DT FT DADEAd H A4 T 5 3 BB Be
(bt AR R U A AR A B B AR R T . I
SN & R K ELE — B KT A i
JEVe A K R K A [ BT R (CFE — W4 ,2006)
A LT AR AR H e S K BT e e R o ¢
FHLE A UBAR R I X O HE U A 2 Lk
i IR AR T Z O R UL R LA S
T R R A DL 4= BE $R AL T a0 R 251

SR IS R TR e S8 R SR IR s ]
BB ARV T (P, B S, +S) Z M AETE B AR IF 1 28
MR P,=2.86 X TOC—1. 13, & EH AW S
55 H6H R A LA R DL 3, v X B A R
J10 0.5 mg/g B, HATHLBR I & /R 0. 57 % A2 A s
P A R Tl 2.0 mg/g L HA HLER B A B
L 1A . R WL IR BILBR & e A O
AR R I 1) U
2.2 ZERBHKRBRES

2 JE DU 75 M VG J0 2R L 2 5] 1A LA B
R ER A OR A R D A WLk (TOC) 55 #4 g A=
RV (P, B0 S +S) e R IE . iz E AT LLAE R
HEME LW E Z B 2B L AP, =
3.33XTOC—0. 86, % = %A S v Jy 5 X 0 11
A BB & i WL 3, Ho Y R AR IR 1 0.5
mg/g if . HA HLBK 19 & 5o 0. A%284 5 YR Ak
KRR 2.0 mg/g i, H TOC FrfE ol 0. 85% A
YIRSk 6.0 mg/g W, H TOC & &
N 2.0% A AT L A B A A Y R R
HEEN R EE A,

H A A & BUIEREA m A MLk & i 5 s
FETE T BRIR R DR AN BE T 48 1 e AR A v )

0 P=2.86XTOC-1.13
604 r=0.94

50
40+
30+

201

PRA AW )) S +S, (mg/g)

25

TOC (%)

BT P 2 G b G A T2 b DX e 28 {1 2 A1
VA HLbR & B SRR AR I R R

The correlation between TOC and generative

Fig. 1
potential of the le'wsmature marine shales (Permian)
from~Kuangshanliang outcrop section,

the.northwestern Sichuan basin
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Y IJg= 33X 10C-0.50 - )
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= S |
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PN D4l Vo 1
0.0 T i T r )
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Fig. 2 The correlation between TOC and generative
potential of the low-mature marine limestones (Permian)
from Kuangshanliang outcrop section,

the northwestern Sichuan basin

15 6 mg/g LA b BB N A HLBK & i, [H=, A
TE R YA O Tl S SR IR B A AR B B fif
JEH (3K X T A P& KT 2. 02010

®3 PEHTERRAASHERAREGINRSESABERBAMMXR

Table 8™, The correlation between TOC and generative potential of the low-mature marine source rocks

in the Chinese and the West Canadian Paleozoic basins

A AR E2i<3 B W A Y2 71(mg/g) STOCKT RIAE (%)
Si+S, 0.50 1.0 2.0 6.0 10 20 30 40 50
_ A 0.57 0.75 1.10 2.50 4.0 75 11.0 14.5 18.0
PO A/ — B 3R "
K& 0.40 0.55 0.85 2.00
SRR N TOC 0.30 0.40 0.50 1.20 1.8 3.5 52 6.9 8.6
P RESKE
VOISR AR 7R 0.50 0.60 0.80 1.50 22 4.0 5.8 75 9.3
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HE IR U2 AT WL B ik 55 A 08 0 BT 1 56 R d0, e DREANIE e
VT ST P 7 o AL 9 T o 2k 2 3| o Deks -y
2.3 RERBHRES f 30 ""_"D'ﬁﬁ;%éxﬁ%ﬂﬁ‘ﬁ"'"""""":__').;: =
ZRBRN SR T AR GHRERRE 5 2 Shale from WCSB -
B MTCEFRE AP E R SRS B 5 20 coee , 5
K 300 IR G SIEA LA RS A D s i §
WK RIA B P, =5 93XTOC—0.75, % £ = 10 r-mmmmmomes e ;
W U5 HOX B B i L 3. S sy | '
AR A RS S M 0.5 me/g B, FE A HLIR R & B o AT LN S I
(L0 0. 3% 76 5 s M 4% K 15 47 3 2.0 ma/g B, b P aeew ¢
HTOC &8N 0. 5% 4 M LR 1k 6.0 1401
me/g I 5 TOC G W 1. 2% e 45, 5ok . 34 P L2 s

e A J Vs 6 I A LR (ELAIR T & R E SRR
. MR ERMZ TR A AL & EE
LN Ak A . 3 A FE Y A P B S &Ik )
54. 24 %0, A KR T 13k B 306. 75 me/g, F 3 E
e Bk ) 565 me/gTOC, 54 HL 3 B2 A X 8K
e SO AR Y

PN R 454, 3 B i AR I e e 7 48 Keg
River 4}y 012 FR K 5 B IR A48 Duvernay 41 %%
U5 AR U 75 I KA TR KA B 0 IR 8
MO S T A MR K & (Creaney et al. , 1990;
Allan et al. , 1991; Creaney et al. , 1994; Flower
et al. , 2001) . 24 AR B I 19 A DL Bk Gk
SRR ) BT AR L n AR S (18 8B, P,
=5.63XTOC—2.37, 5= m e &I 3k 5 A8
oL, & B4 JR T 7 (H -5 6 R 0 A B 7 B LR
.M T oM R .
2.4 THFEMREES

Ae b M b 5T P AR b X AEAE AR AR
BoC T Sl ik U A g 3L R B AE A
58 T 21 CBEIR M40 2 9 %650 0. 590 ~0. 706 Z ),
LY S TUA A LR Y B S IR SRR
[t 2 ARG A 2 56 R (B 4) . P, =4. 67 X TOC
—3. 33, A MBS B 0. 9 Yo I, B A= 12 vk I AE
2.0 mg/g AEAISE WL & R 2. 000 i, # AR 2k
W 6.0 mg/g 724 YA E =R 2.9%
B B e 8V I 1 10. 0 mg/g 7245 (35 3) , Hf IA) 4
il A= SR VERIIAEL N L 1) A LB i TR 4 R R R

3 EAHRR IR W TV b v 5 7
ik

BEREEENREE TR

0 i X U 5 s O 4

3.1

100

IREIEWETT S +S, (mg/g)

3 E = SN R A U A R AR AR R
AP B S PR R R
Fig.3 The correlation between TOC and generative
potential of the low-mature source rocks
from the Devonian in the Yunnan Province,

Sourthwest China and in the

Western Canada basin
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Fig. 4 The correlation between TOC and generative

[ 4

potential of the low-mature source rocks from the Xiamaling

Formation, Proterozoic, western Beijing, China
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OB RS 1 S2 50 J5 vk TR TR RRAE S
FEITE 0. 0520 ~0. 5% Z i), fr L H A R, R U, 2
SRAR N RRME 5 = T R 0 2% 3 45 B ¥A 78 2 AR
. WNERmEAREMNMEER, REEAILIY
REAE MU ZE . NS BRI IR A B OR E L IRA DL & &
R IRIER D AR R L R AL 545 A 8 &l
Bt RPAR D AR S ReHE T . SEBR b 7R TR i AH T
BURZR T B R B KRR A DU & k8 K
(YRS 1 5 8 DU JF AN B = s A AL o 2 52 1 78
KW PR IR A N R IR S A HLEk T R 2
0.1%.0. 2% 38 S 0. 4% 88 0. 5% FH- & A 2 K Lhxr
RO AR [ N A T kR R A R D R R
o YA Bk T BRAE AR B B3 oy 2 A F iz 25
AL AR ZHCEFH NN IZ N 0. 4%, X 51
i WA FLB BT R — B0 . A SO AR AR 1 iy
Az U A IO AR 23 b ) SR VT AT B RE it SR AR ) X 8l
TRA 2 Pn 2 SCA AL 2 T RR .

M 5 53 3 FTLUE L AE A DL 3 R
MG OLT AT /s KRS S A LIRS RS
A LB R T 2 A) B R e RARAARL . SR PR b 7R
AL A RN T 1 0% B IE BT - ¥ AR TR Bk IR
o A SRS R 2 T R WA R A TE A DLk
HES AR ZE KR WL T A X CE
5b) .t B 22 S 10 AR A LT B I A0 RO
5a). [HUL, Toit I i AH ik R A6 2 Ui 4 i S2AH 8
AR IR A A AL FE T B B A2
MG IA BERORE L Y A A 208 T8 8180, 5 mg/g
B A ALK 7 R m] AR SE AE 0. 4 %0 (BT 5) L H %
JEF A 7 0 5 (8 1 5 S TR 2 B G e A
AAAT BILJST 9 2 2 2 H Hij 3k S {1 A Al il BB 2 22
BT b R S BN AR 0 A T 1 A B IR A TR
2 (At 2 2% [ A0 0 i AR I SR R oy A R
W1 0.5 mg/g ME AR AT B, 48— fik 1R 48
S WERIE A WA HLER T B2k 0.5,

3.2 REEENMREERS EH

Y F 3R [ VA R R A R IR A A LR E AR
BARM AR D F N RAERER T T A
B 75 1 I BRI, 52 S 3 OB Bk IR 6 R IR A
(A6 HL TSR D AT IR A R T B3 LA L
J A BGP I R U5 e O A AE . 1984, 1996 5 7% 5 B 48,
19965 5 J1%5,2004 ; 25 g v 45,2004 5 PR 2 78 . 2005)
1T S K W45 (2000) | 5K 7K B 45 (2002, 2004) B3 77
% (2004a,2004b) AN — A THEIRE

SEBR b AT AR AR Ao 2R e e kL AR

o gL R ™ T 4t

oP e  eD e @ P v = D VUi 3
Mudstone ~ Mudstone Mudstone Shaie from WCSB

e P IEH oD Jpie A P, ST S gy

AR SRS =] © 1 2K A wAnvedal R

T Soas sedpiva L I T asiatssng madasnelha)e
LIIICSioiie LIMEStone LaCusiriing imudasioné/snaic

IRAEIZHETT S, +S, (mg/g)
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PR ) S48, (mg/g)
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Fig. 5 The correlation between TOC and generative

potential of the low-mature source rocks

FI AR 8 A Hl e i A AL o e ) i 9 SR T
FLEA HLBK S i (TOC) 1Y FEARIE R AE— 2 A A4
R R S BT R ICE A U R B R AR B B
AT . ABJE b0 T A & TOC B i A 2
AR A B B 2 X TR S AR G 5
A I A LR 4 0 A I AN 58 42 4 (]
Thafirh TOC [k A P HAE AL B R Z A
P 5 R A DR S5 4T TG R 3R 52 i . e U
ETEAE IR SRR A T R R A LR 26 X S A
AL N ICHLE™ 9 L 7K B H A 2% I 9y Joi A A 43
Ko ARIZEBIA BB b T H A KR T A TR A $A i A
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fift SR B 200~600 mg/gTOC Z [ , % I A5 HL i
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Table 4 The evaluation criteria of the generation potential for the\Paleozoic marine source rocks in China

. AR A B ()
Si+S; (mg/g) Tl A A I T b AESRCT D AR ER

E[5 <0.5 <0.5 <0.5 <0.5

% 0.5~2.0 0.5~0,(75 0.5~1.0 0.5~1.0

H 2.0~6.0 0.75x1.5 1.0~2.0 1.0~2.5

It 6.0~10 1.,5°%270 2.0~3.0 2.5~4.0
R4 10~20 2.0~4.0 3.0~5.0 4.0~7.0
W7 =20 =>4.0 >5.0 >7.0
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Abstract

The evaluation of the hydrocarbon generation potential for the Proterozoic — Paleozoic marine source
rocks with the highly maturity to over-maturity in China’s marine sediment\basins has long been disputed,
and there have been no applicable evaluation criteria and methods. Khe geochemical analyses for low-
mature Proterozoic— Paleozoic marine mudstone/shale and carbonatic(rock reveal that there are distinctive
linear relations between the total organic carbon content (TOC) and‘generation potential of different types
of immature or low-mature Proterozoic—Paleozoic marine sourcerotks. Judged from hydrocarbon potential
of rock pyrolysis, there are no big differences of the lowest TOC threshold (TOC must be greater than
0.5%) for the mudstone/shale and marine carbonate, bath™of which are regarded as effective potential
source rocks. The source rock with TOC value less than,75% is poor of hydrocarbon potential for the
Proterozoic to the Lower Paleozoic marine source rocks. and TOC 0. 75% ~1.5%, fair; 1.5% ~2.0%,
good; 2% ~4%, very good; >4%, excellent. TheXI ®C limit of each level for the Upper Paleozoic shale
is slightly higher than that of the Lower Paleozoi¢ Shale. The initial potential of source rocks with highly
or over-maturity in China’s Proterozoic—Paleozoic tnarine sediment basins can be calculated by its TOC and

the equations obtained from the immature or40w-mature marine source rocks.

Key words: marine source rock; evaluatfon criteria and method; Paleozoic; organic carbon; generation

potential





