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Fig.1 (A) Generalized map showing location of the study area; (B) Simplified geological map of the Shengli

River—Changshe Mountain area, showing location of the oil shale section (modified after reference[19])
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Table 1 Total organic matter and rock—eval data of the source rocks

P Eey i TOC/% Si/(mg/g) Sy/(mg/g) AR B (mglg) ST A" (mglg)
CSP-1 e IE 0.65 0.24 0.47 0.71 0.0314
CSP-2 e ICE 0.58 0.17 0.69 0.86 0.0543
CSP-3 e ICE 0.41 0.13 037 0.50 0.0252
CSP-4 ik =y 7.06 1.47 793 9.40 0.2693
CSP-5 ik =y 8.74 1.04 9.43 10.46 0.2578
CSP-6 ik =y 7.79 1.18 8.59 9.77 0.2408
CSP-7 e IE 331 0.50 131 1.81 0.0513
CSP-8 ik =y 453 1.03 521 6.24 0.1768
CSP-9 ik =y 9.49 2.10 9.71 11.81 0.3159
CSP-10 ik =y 9.27 231 8.98 11.29 0.2943
CSP-11 ik =y 7.30 2.16 8.95 11.11 0.3403
CSP-12 e ICE 2.63 0.86 191 2.77 0.1175
CSP-13 TE 254 1.35 3.26 461 0.1861
CSP-14 A 244 1.54 3.39 492 0.2381
CSP-15 TE 231 1.34 271 4.05 0.2173

CSP-16 A 2.19 0.59 223 2.82 0.0881
CSP-17 A 223 1.18 3.06 425 0.2254
CSP-18 e IE 2.50 1.21 3.14 435 0.1999
CSP-19 e IE 220 0.82 231 3.14 0.1341
CSP-20 e IE 228 0.53 1.65 2.19 0.0929
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Fig.2 Vertical variations of TOC, S,+S,, Ro, Pr/Ph and § "Cyp; of the source rocks from the Changshe
Mountain oil shale section
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Table 2 Organic petrographic data of the source rocks Table 3 Classification standard of organic matter type of the
WL L% TR source rocks in the Qiangtang basin (after reference[28])
B G FTHUT A
! JERAL BURAL MM R fibr 5 ARA 1 11 1, 117
CSPl R T0 > » 2 th TR 4 >80 80~40 40~0 <0
CSP-2 KA 80 2 18 60.50 I,
CSP3 eI 75 5 23 50.50 1, TUH H/C 1.25~1.75 0.65~1.25 0.46~0.93
CSP-4 UL 15 60 25 55.00 1 AT o/C 0.026~0.12 0.04~0.13 0.05~0.30
CSP5 i 40 25 35 -13.75 I
CSP-6 e 20 20 60 -55.00 11
csP7 mAH 78 3 19 5675 I 1E 0.1768%~0.3403% , A iZ i I F b ARSI
CSp-8 Hipiess 48 19 33 0.75 1. %E?}E%?j%(% 1>%:€[ﬁ ,tﬁﬂ%’lﬂ#ﬁﬁ%%ﬂﬁ
CSp-9 Hilia 44 21 35 -6.75 il
A E S5 R A vk B - N0
coro mms s w1 00 N BRI 1 P R v i (S, +S,) 7E 0.71~11.81 mg/g, -
CSPIl I S8 19 23 20.75 . %% 5.35 mg/g, BA BB AT Ty X e RE A
CsP-12 WAME 72 26 47.00 in DA DU 1Y 7= e v e B e, 7E 6.24~11.81 mg/g, &
ceis ;E w92 as L R IR B ATHLBR (TOC) AT BLIR 2L A (S2) B B 7™
CSP-14 Tl 76 3 21 5275 i, . 2 \
N R (S+S,) B AR R (B 3) LR
CSP-15 T 75 2 23 50,50 1 . . .
cshte E s 5 s 6050 I Bor BT 0.974 F100.965, i B R 12 (S,) 11
CSP-17 T 85 0 15 70.00 I, J A R b R FH 7= 0 1 S A BE B A M A e L
CSp-18  JdiKE T8 1 21 56.25 1 MTA A LT
CSP-19 VMK 75 3 22 50.75 1, 32 E*ﬂ)ﬁ ;‘é 7l
CSP-20  YhHIRYT 79 5 16 5925 1,

A4 L 256 80 00 B U 0 1 T
N B LSRR W 0 T 2 — B A L
F W AW AR R TE 0.0252%~0.3403% , “F- VL A HARTE S B AR OG . R I, R 02 6
FIO 017774 1) HPHPCA R GTITTE AR g g et om0 ey 9 7 (12 F 40 K 060 4 2 B 0
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Fig.3 Relationship between S,, S+, and total organic matter (TOC) of the source rocks from the Changshe

Mountain oil shale section
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Table 4 Organic composition of kerogen of the
source rocks
B SHE C% H% O HICEFH O/C EfH L6 |
CSP-1 MK+ 4363 217 283 0.60 0.05
CSP-2  BEKH 4936 260 326 0.63 0.05
CSP-3  WWMKHE 3992 198 260 0.59 0.05 brr
CSP-4  hTA 7590 384 675 0.61 0.07 %
CSp-5 JHIUA 7454 382 695 0.61 0.07 08 |
CSP-6 Tl 7566 382 737 0.61 0.07
CSP-7 K E 5954 324 333 0.65 0.04
CSP-8  JHTUA 7661 396 508 0.62 0.05 0.4 F
CSP-9 T 7746 387 617 0.60 0.06
CSP-10 s 7596 381 441 0.60 0.04
CSP-11 v 7648 392 453 0.62 0.04 0 0 0"05 0.'10 0.'15 0.'20 0.'25 0.30
CSP-12  WWMKE 5498 293 208 0.64 0.03 o/C
CSP-13 i 5848 316 240 065 003 T —# oA, I — R e e A 10— 5 Ve J e Y TIT— i g 7Y
CSP-14 by 5630 287 274 0.61 0.04 &l 5 i 1l i 0 ) T R TR e A ML
CSP-15 = 5130 261 217 061 003 Fig.5 The type of organic matter of source rock from the
CSP-16 i 7660 398 649 0.62 006 Changshe Mountain oil shale section
CSP-17 T 5416 279 239 0.62 0.03
CSP-18 ¥Ry 5672 287 209 0.61 0.03 600 o WEE
CSP-19 MR 7325 372 5.80 0.61 0.06 A RERKE
CSP-20  eMiK4 7481 378 6.80 0.61 0.07 or o
520
:
HR KA Ro KT 14, Ro AR 1 T |
VWA A T TR F R ﬂg L%
H5¢ e PRI BE (T, AR A8 IR IR T A LT A 440
Yok (.5,) W B U O EE , HC S 5 166 159 L5 3 P B, T -
LR BE SR, 38 Sk B b H A B 5 U0 T, 7E sogl———— L 1L
452~471°C, Ut WA HL BT BEA AL T B B, 1 T, — Ro/%

Ro I (o) Iz T IR 2 78 A T LA — 51 i
B A, I T R AR Ak AR Rl Y
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Fig.6 Relationship between Ro and T,,, of the source
rocks from the Changshe Mountain oil shale section
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Table 5 Maturity parameter of the source rocks

FE HE Twax/°C  Ro/% T AR i H/C
CSP-1 PRI 470 1.17 T 0.60
CSP-2 AR E 471 1.08 it 0.63
CSP-3 et R 470 118 A 4 0.59
CSpP-4 billaeey 455 1.18 [ 0.61
CSP-5 e 458 1.16 kRt 0.61
CSP-6 blieey 452 1.17 Bt 0.61
CSp-7 e R 469 1.13 bt 0.65
CSP-8 il v a 460 1.16 B 0.62
CSP-9 biilneey 454 127 reh 0.60
CSP-10 bilea 462 1.10 it 0.60
CSP-11 i piees 461 127 bt 0.62
CSP-12 Yot 469 134 30 0.64
CSP-13 T 462 138 3 0.65
CSP-14 T 459 1.38 [ZE) 0.61
CSP-15 T 457 1.39 Tt 0.61
CSP-16 BUE 457 138 EiH 0.62
CSP-17 U 461 139 (3 0.62
CSP-18 AR 464 143 Fi A 0.61
CSP-19 WKL 454 1.41 A 0.61
CSP-20 Tedh R 455 1.42 it 0.61

E SV ABEREHEAT T R e 45 Ja $2 ) & Pr/Ph
L (>3.0) 48 7 FAL &4 T /0 Bl U8 A AL A I LE
{H (<0.6) A B I Ll H & SR R 5T

s 1L I 0T R R A RE S Y Pr/Ph (E YR
(Kl 2, % 6), HH Pr/Ph 224 E N 0.69~0.93,
Pr/nC;; M Ph/nCys B 748 4k 5 [ 43 5 24 0.19 ~
1.35,0.25~2.18, W /n FELE 33X 1 B X L A 5
I 1 10 S i i K AR R B

R, FIH Pr/nC—Ph/nC s B EIRT LI
R INGSI A 1 G S AL W= TR =
FEMTE Pr/nCp—Ph/nCs B b FZ 4046 7 1T AU X 35
(7)), 3 ud WA U B o ok U5 LA Vg ARG 55 7K 2B A=
Y AR | R S e T @ U A T8 B K A4
SRR T DU K R R ORL A A TR IR S
TIX A

Kl 1L oUA F R I A 2 P X E 4 6 °C
TE—23.7%~—21.7%0 (B 2) , -3 H —23.12%0, LWk
R [ 28 2R R TR] | H AR AR 3R T s 1 1 g
AR FEN R IWAL R A — 25, KREZEHEDm
8 PC B 1 —24%0~—34%0 , B 2 —12%0~—23%0, A

®6 BRREXRK-HIER TFERKEELIR S TEIRE
Table 6 Analytical data of isoprenoid alkanes and
6 “C kerogen of the source rocks

FE FiE Pr/Ph PrnCi;  PhnCis 8 “Ceng/%e
CSP-1 R 0.72 0.37 0.56 234
CSP-2 R 0.76 030 045 -232
CSP-3 PR E 0.69 0.27 0.44 234
CSP-4 Bl 0.83 023 032 -22.9
CSP-5 W 0.70 0.79 1.19 227
CSP-6 bl 0.76 1.36 218 -23.0
CSP-7 VeI 0.80 023 031 -231
CSP-8 e 0.74 028 042 -22.7
CSP-9 bliiE e 077 020 030 -22.4
CSP-10 ol 0.77 026 038 222
CSP-11 biliE 0.74 022 037 -217
CSP-12 Ve SR 0.71 028 043 220
CSP-13 U 0.78 037 049 237
CSP-14 [ 0.92 0.34 0.42 -23.8
CSP-15 T 0.80 033 045 237
CSP-16 [ 0.93 0.29 032 236
CSP-17 i 0.81 041 0.50 -23.7
CSP-18 ALY o 0.90 0.39 0.46 239
CSP-19 PR 0.86 022 028 -237
CSP-20 R 0.86 0.19 025 236
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Fig.7 Determination of organic matter type by isoprenoids
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Hydrocarbon generation potential and sedimentary environment for the source
rocks along the Changshe Mountain oil shale section in North Qiangtang Basin

ZENG Sheng—qiang”, WANG Jian"?, FU Xiu—gen'?, FENG Xing—lei"’, SUN Wei'?

(1. Chengdu Center, China Geological Survey, Chengdu 610081, Sichuan, China; 2. Key Laboratory for Sedimentary Basin and Oil and Gas
Resources, Ministry of Land and Resources, Chengdu 610081, Sichuan, China)

Abstract:Located in North Qiangtang Basin in the northern part of the Shengli River—Changshe Mountain oil
shale belt (currently the largest marine oil shale belt in China), the Changshe Mountain oil shale section mainly
consists of oil shale, micrite limestone, black shale and marl. In order to determine the content of total organic
matter, organic matter type, thermal maturity and sedimentary environment of the source rocks along the
Changshe Mountain oil shale section, the authors collected twenty samples for multiple organic geochemistry tests.
The results show that the oil shale has the best hydrocarbon generation potential, followed by the black shale and
micrite limestone. The total organic carbon (TOC) content varies from 0.41% to 9.49%, with an average of
4.02%, and the oil shale samples have the highest values
7.74%. Chloroform bitumen “A” varies from 0.0252% to 0.3403%, and the average value of the oil shale sample

(ranging from 4.53% to 9.49%), with an average of

is 0.27% , indicating moderate to good source rocks. The kerogen types assessed from organic element
composition and organic petrography data show that there is mainly type I | kerogen, with small amounts of type
Il , and Il kerogen. The distribution of Ro ranges from 1.08% to 1.43% , with an average of 1.27%,
demonstrating a mature to overmature stage of the organic matter, with the Ro gradually becoming higher along
the oil shale section. The source rocks along the Changshe Mountain oil shale section were deposited in a
reductive and high—saline water environment, and the organic source material was mainly low—grade hydrobios.

Key words: oil shale; hydrocarbon generation potential; sedimentary environment; organic geochemistry; North

Qiangtang Basin
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