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Abstract: The study focused on the typical shale profiles of the Chang 7 member extensively exposed along the southern mar-
gin of the Ordos Basin. To gain insights into the formation of source rocks and the prevailing sedimentary environment, de-
tailed geochemical analyses were conducted on 35 outcropped source rock samples collected from Tongchuan areas. These ex-
aminations include total organic carbon (TOC) analysis, rock-eval pyrolysis, GC-MS of saturated hydrocarbons, and trace
elements analysis. The findings suggest that the organic-rich black shales were deposited within a semi-deep lacustrine envi-
ronment characterized by freshwater and reducing bottom water conditions. The climate was warm and humid fostering the
thriving of algaet during the sedimentary period of Chang 7. The presence of highly enriched Mo elements indicated lake eu-
trophication and high primary productivity, with organic matter primarily contributed by algae. The source rocks are highly
enriched in organic matter, with 23.51% of TOC and 112. 93 mg/g of S,+S, in average. Furthermore, the organic matter
within the source rocks predominantly comprised a sapropelic-mixed type, indicative of substantial hydrocarbon generation po-
tential. The peak temperature of rock-eval and biomarker ratios suggested that the source rock has reached the threshold of

hydrocarbon generation, indicating promising exploration potential.
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Table 1 Geochemical data of dark shales

R s S,/ S,/ T/ TOC/ fﬁ{f”}iﬁ SR/ R 3Bk AL R/ %o
(mg-g) (mg-g') C % pase (mece) R wRe sER bR BIRR
NJH-2 T 1.97 38.55 438 23.63 0.53 163. 14 171.48 -32.51 -31.52 —
NJH-3 T 0.76 15.00 439 12. 18 0.24 123. 15 129.39 -32.36 -31.206 — —
NJH-5 TUA 1. 60 30.72 439 19. 88 0. 60 154.53 162. 58 -32.95 -31.69 — —
NJH-6 Tl 0. 31 8.74 438 10. 02 0.11 87.23 90.32 -34.43 -32.50 — —
NJH-9 T 0.20 7.62 440 10. 28 0.01 74.12 76.07 -30.44 -30.38 — —
TNH-2 T 3.13 68.43 432 19. 86 0.27 344. 56 360.32 -34.85 -32.56 -31.36 -30.91
TNH-4 Jig 4.35 79.02 431 18. 44 0.96 428.52 452.11 -34.06 -32.53 -31.15 -30.32
TNH-5  TU# 4.54 85.87 432 21.82 0. 89 393.54 414.34 -34.70 -32.45 -31.00 -30.03
TNH-7 Tig 4.27 70. 86 434 16.76 0.84 422.79 448. 27 -34.83 -32.38 -30.68 -30.75
TNH-8 TUA 3.67 86. 56 431 23.42 0. 83 369. 60 385.27 -34.98 -32.19 -30.40 -29.72
TNH-9 JigE 2.81 64.18 434 18. 30 0.73 350.71 366.07 -34.87 -32.30 -29.94 -30.32
TNH-10 Tig 4.05 101. 50 433 27.24 0.76 372.61 387.48 -33.69 -31.89 -30.43 -29.94
TNH-12 U 2.96 58. 85 436 18.47 0.57 318.62 334.65 -33.25 -32.08 -31.19 -30.27
TNH-14 W& 4.49 125.20 430 29.71 0.87 421.41 436.52 -33.49 -31.57 -29.95 -29.30
NJHN-2 TJig 8.85 197.57 431 32.57 1. 06 606. 59 633.76  -32.51 -31.38 -30.30 -29.45
NJHN-4 Tig 13.71 179.99 434 28.23 1.33 637.57 686.14  -32.47 -31.17 -30.30 -29.24
NJHN-5 Tig 17.67 190.27 431 33.91 1.26 561.11 613.22 -33.05 -31.02 -29.74 -28.72
NJHN-7 Tig 13.19 232.75 434 31.26 1.40 744. 56 786.76 -32.95 -31.46 -30.28 -29.98
NJHN-8 Tl 19.95 252.39 433 39.68 2.00 636. 06 686.34 -32.46 -31.16 -30.79 -29.55
NJHN-9 Tig  20.24 203.09 435 35.80 1.92 567.29 623. 83 -32.78 -=31.40 -30.53 -29.60




- 94 . T ELHKF PR ERAFR)

2024 2 A

B BR W AFE AN (PSRRI 9. 67%
9.95%) , HiAx 33 SRS TOC KT 10% (3
(a)) ALK EAEE &, A AR, WA
TUEA R S, +S, [ ARTE 3. 71 ~272. 34 mg/g,
SEEIME A 112,93 me/g, IR ETE 0~70 meg/g 1Y
T N BORE SR £ 9 11 S5 4 70 ~ 140 mg/g Al

14 13
12 11
10 9
3§ 8
6
B
4
) 2
o
0~10 10~20  20~30  30~40
14 TOC/%
12 11 10 10
< 10
;g 8
X 6
B ) 4
2 L
0
0~70  70~140 140~210 210~280
S +8,/(mg g™
<_
<
&
=

o9

2 5 5
AY AD NS
N

&) [
Q- Q-
~ ~ ~
NN

K[UIWH “A” RESE%
() ML F B 3 A7 RS AE

§,+8,/(mg + g

SFRHUL/(mg - g )
N
S

140~210 mg/g MY Rl P9 A 5 029 8 10 45210 ~
280 mg/g JEFE N HA 4 (K 3(a)) ., AiiE
“A” R S A VLA 0. 019% ~ 2. 0% , F-21H
H0.81%, TE32 DA, 29 DS & &
F 0. 2% (FH4 3 43510 0.01% 0. 02% 0. 11%) ,
feRIEA BRI R (B 3(a)) .,

1000¢
. 50N
ol @ EXREIHE ‘;g
L % YR VAT 3z
SWRIHE a
of  HRWALY
o FERE e
1 EREE
0-1 R
0.01 L HIHH HA .
0.01 0.1 1 10 100
TOC/%
(o) WA = B4
1000

= % 5 T
o B 5 b T
A i Y8 377 ) T

200
0 L " L L L L n
400 420 440 460 480
T,./C
(YA LR KR

B3 K7ERBEEENRFESHHEENRFETNSENRER

Fig.3 Organic matter abundance in dark shales and evaluation of organic matter

abundance and organic matter type
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Table 2 Biomarker parameters of source rocks
U5 a b c d e f g h i j k 1 m n
NJH-2  0.57 0.20 0.38 1.13 2.12 2.91 0.58 0.04 0.14 0.56 0.57 0.32 0.44 —
NJH-3  0.58 0.24 0.45 1.16 1.76 2.64 0.54 0.04 0.13 0.58 0.60 0.33 0.45 —
NJH-5 0.59 0.20 0.37 1.15 1.69 2.51 0.56 0.03 0.14 0.57 0.56 0.31 0.43 —
NJH-6  0.55 0.28 0.46 1.15 1.03 2.75 0.61 0.04 0.14 0.58 0. 60 0.31 0.43 —
NJH-9  0.59 0.17 0.28 1.13 1.55 3.23 0.67 0.03 0.14 0.55 0.59 0.32 0.43 —
TNH-2 0.68 0.36 0.51 1.15 1.41 3.11 0.52 0.05 0.16 0.56 0. 60 0.30 0.44 5.07
TNH-4  0.67 0.38 0.59 1. 11 1.46 2.52 0.56 0.04 0.14 0.57 0.57 0.31 0.42 3.70
TNH-5 0.67 0.34 0.53 1.10 1.53 2.51 0.57 0.05 0.15 0.57 0. 60 0.32 0.45 5.20
TNH-7  0.70 0.48 0. 66 1. 11 0.95 1.94 0.57 0.04 0.15 0.56 0. 60 0.32 0.44 2.93
TNH-8 0.73 0.28 0.41 1. 14 2.01 3.64 0.55 0.04 0.15 0.56 0. 60 0.31 0.43 3.76
TNH-9 0.73 0.34 0.47 1. 14 1.79 3.41 0.56 0.04 0.14 0.55 0. 60 0.29 0.43 2.18
TNH-10 0.75 0.34 0. 46 1.15 1.50 3.10 0.56 0.04 0.15 0.56 0.60 0.29 0.42 3.30
TNH-12 0.74 0.25 0.37 1.10 2.58 3.51 0.57 0.04 0.14 0.55 0. 60 0.28 0.42 2.48
TNH-14 0.73 0.25 0.37 1.13 2.03 2.95 0.58 0.04 0.16 0.55 0.60 0.32 0.44 5.01
NJHN-2  0.65 0.23 0.38 1.12 1.65 2.56 0.62 0.03 0.16 0.56 0.54 0.38 0.48 —
NJHN-4  0.63 0.29 0.51 1.13 1.28 1.93 0.62 0.03 0.15 0.57 0.56 0.37 0.47 —
NJHN-5 0.64 0.20 0.36 1.13 1.84 3.02 0.62 0.04 0.15 0.55 0.59 0.38 0.48 —
NJHN-7  0.65 0.22 0.38 1.10 1.56 2.54 0.63 0.03 0.15 0.56 0.58 0.36 0.45 —
NJHN-8 0.65 0.21 0.35 1.14 1.51 3.15 0.62 0.03 0.14 0.55 0.58 0.34 0.47 —
NJHN-9 0.64 0.19 0.32 1.11 1.68 2.92 0. 64 0.04 0.14 0.55 0.56 0.30 0. 44 —

¥ :a=Pr/Ph;b=Pr/nC,; ;¢-Ph/nC g ;d=CPl;e= X nC,,_/ X nC,,, ;= (nCy +nCy )/ (nCog+nCyy ) ;

g-R3h—Gr/Cyy ZEHE;1-C3oM/CyoH;j-Cy
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T (a7 (Coga ) HO AR,
2.5 BHERFKE
2.5.1 EMRIEL SR

T2 ] 1 ) I IE A8 Joe 08 I R B 53 A K nC ), ~
nCys, FWERK LA nC,, 23 T HLERY CPLEA T
L 13~ 1. 17,0 115, S WM HA L ; X nC,,_/
>nCy, N 1.03~2. 12, F4{H N 1.58; (nC,y +nC,, )/
(nCy+nCy) N 2.38~3. 61, {H N 2. 89 (& 6
(a)) , B IRBER Y IE AR Bt AF T o it 5 fIE 34, d B
IS TR K AR AR R B T A DR R DT R AR R
e AL HH IEA B I RREL A5 R nC, ~nCig , BR
— ARG EWETRAECH nC,, Hb, HARE S 055 Ky
nC,, , T B R, CPI(E N 1. 09~ 1. 14, F-3 K
L 12, & LA A X nC,/ X nCy, 4 0. 98 ~
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Table 3 Thermal simulation experimental conditions
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Y e e, R R/ HAOBE/, WeEEHs WURIES, RIS
) g C m (g . cm73) MPa MPa h
1 70 285 2984.8 2.4 80. 44 29.25 48
2 70 315 3506. 4 2.4 94. 50 34.36 48
3 55 345 4114.7 2.4 110. 89 40.32 48
TNH-15
4 50 375 4640.0 2.4 125.05 45.47 48
5 50 405 5113.9 2.4 137.82 50. 12 48
6 50 435 5559.7 2.4 149. 83 50. 83 48
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Fig.9 Hydrocarbon generation profile and thermal simulation of hydrocarbon generation
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