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KTBREREEREN . FRABRRARAE, HXK S BRI MIRMFELNTZmBEA . EREA: (D FAR
REELZFKI. K8 K7=Z£HERSE, KI—KTERHEREFNFEENI ~1,#; & TOC 4 E N 3.25%~
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Geochemical characteristics of source rocks in the Chang 9-Chang 7 members
and their correlation with the tight oil sources of Chang 8 member in the
Ganquan-Fuxian area, Ordos Basin

JIANG Yang, GONG Hujun, PU Renhai

(Department of Geology, Northwest University, Xi'an 710069, China)

Abstract: In order to evaluate the quality of the source rocks in the Chang 9—Chang 7 members in the Ganquan-Fuxian area of the
Ordos Basin and explore the hydrocarbon sources of the Chang 8 tight oil. The technical methods of TOC, chloroform asphalt "A",
rock pyrolysis parameters, specular mass reflectance, organic matter microfraction, biomarker compounds, and monomeric carbon
isotopes were used to study the hydrocarbon generation potential, parent material source, and sedimentary environment of the Chang
9—Chang 7 source rocks in this area. Geochemical analysis and oil-source correlation were performed on the Chang 8 crude oil
samples. The results show that: (1) Three sets of dark mudstone mainly developed in the study area, specifically the Chang 9, Chang
8, and Chang 7. The organic matter types of the dark mudstone in the Chang 9-Chang 7 are Type II -1l ,; the TOC content ranges
from 3.25% to 7.92%, the hydrocarbon generation potential from 3.06 to 38.13 mg/g, and the chloroform asphalt "A" content from
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0.18% to 0.69%, identifying them as the best source rocks, all in a high mature evolution stage. (2) The Chang 9—Chang 7 dark

mudstone samples formed in a typical freshwater lake environment: the Chang 9 deposits under oxidation-suboxic conditions, the

Chang 8 deposits under weak reduction conditions, and the Chang 7 deposits under strong reduction conditions, indicating that the

organic matter of the Chang 9—Chang 7 source rocks is derived from a mixed source of lower aquatic organisms and terrestrial higher

plants. (3) The Chang 8, and Chang 8§, crude oils in the study area belong to the same type. The source rocks of the Chang 9-Chang 7

contribute significantly to the production of the Chang 8 tight oil, with the Chang 7 source rocks being the primary contributors.

Key words: Ordos Basin; source rock evaluation; biomarker compounds; oil-source correlation
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21 22 LIk, JE 5 B A R B KR8 IR % R
B A R B Y FE I 43, LRI R e S R AR
THERZERE, A5 Im AT nk E R Ae G 2%
fif I HA T4 B A s & L (James et al.,
1996; Andrews et al., 2013; Mauter et al., 2014; Estrada
etal., 2016; Stueck et al., 2016) . FLZE 2020 4EJiE, i
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TF 5 B B (ZE 45 46, 2022; #5945, 2022; 28 [F ik 4,
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FEANEH (LS, 2018; =%, 2018)

SRR 22 7 2 1 G A A Dy o SO o )
A, SR I T R R 30%10° ¢, £ 6.
K 7. K 8 )24 0 £ B A BUR B R 2 0L (25
B4 2019; BEEEANEE, 2020; R SCHE, 2021) . ANJA]
FAUR B IR A K 7 BEK M v Y X, AF5TIX
W 9 BEAE K TUR I TE A IZ IX K 8 T2 4
A8 i IR ] A ) A E 418 (Pan et al., 2016; Liu J et
al.,, 2019) . X T5P/R Z W 8 il &, A
N T VR 2098 TAE, 4 F L AEAE = FhoW s
Ok 7 RBIEA R, K 8. K 9 R A M (5%
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WG AE, 2022); QK 8 BRIEA I E, K 9 RIFEA N
i GIRIEARAE, 2016); @K 9 SR IE AR R 3 (355
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AR 22, 2021; AR 06T5 45, 2022) (K] 1¢). K 9—K
7 BT e — W A ik n o A, R R R R
TR B AR RRAE, 2k B IR —2 R A DT AR
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TGS (M L, 2021) (K 1e) . BFEX =B F
FIE R ZH ORI A 3 0 B A5, R IE AR KR, HE
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Fr i IR IGAREE, 2016) o B A, 231162 o)
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Fig. 1 Location map of the study area (a), plane distribution map of the sedimentary facies of Chang 7 (b), and stratigraphic

histogram of the study area (c)
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0.20~0.30 MPa, %5 £ /124 0.30~0.40 MPa, &<,
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PRRERGE B AR S 5B R b, RS, LR
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SR FIAY, IZAL B (0354 HP-5MS #PE 195 F  isoprime 100 A2 iE 7] o7 2 B 3% A%, 42 MR ) % b
I FE (60 mx0.25 mmx0.25 pm); &% K 99.99%  GB/T 18340.2—2010 Xif Ji {1 2 43 F1 T B M kR & 1F
M, FER A D IR AR R 7E 280°C, FERE Y FF [ MK
1 mL/min, &% £ By 300°C; R A EL(70 eV) HE o
, PRVSOERIETOE s e
FEA T, ST F 100 mA, B 7R B 250°C,
E W E I R YE P T RE S 3.0 ALRER
WEHEATAHOC T8 i (BT 2, 2023) . WS 90— 7 Bl @ Ue R A A B R R
T R0 K BRI TR A 2R FH X 2SN Elementar 25, RGNS U4l . BEldl | se 4], 1Bk 4 2%
£1 HE ZEHRK I K 7EBEERETHRRENEMAS

Table 1 Kerogen organic macerals of the dark mudstone samples from Chang 9-Chang 7 in the Ganquan-Fuxian area

s = % /m JEUH /% M BEFRA B4 KRR H KR
Htl-1 K7 1392.25+0.35 80 0 14 6 63.5 IT,
Htl-2 K7 1396.25+0.2 82 0 14 4 67.5 II,

1229-1 K7 1636.65 60 1 26 13 28 II,
L238-1 K8 1634.96~1635.25 84 0 10 6 70.5 II,
L238-2 K38 1638.04~1638.24 85 0 11 4 72.75 II,
Htl-4 K8 1529.19+0.25 85 0 9 6 72.25 II,
Htl-5 K8 1537.11£0.23 86 0 11 3 74.75 I,
Ht1-6 9 1549.95+0.25 84 0 12 4 71 II,
Htl1-7 K9 1551.5+0.18 83 0 6 11 67.5 IT,

*2 HREEEMXKIK7EGEREFNUMIKRULEN X KR

Table 2 Organic geochemistry data of the dark mudstone samples from Chang 9—Chang 7 in the Ganquan-Fuxian area

o e N o fUimE . .

FEmms ZEA R fm TOC/% " y» jo, HIREN R % T/CT  Si+S/mge) L/mglg) R,/%
Htl-1 K7 1392.25+0.35 5.33 0.18 3.29 467 11.13 100 1.33
Ht1-2 ®7 1396.25+0.2 4.36 0.19 4.47 462 12.55 117.73 1.4
Ht1-3 K7 1398.08+0.2 4.92 / / / / / 1.38
Q133 K7 1499.43 5.62 0.69 / 440 9.63 11521 1.21

L229-1 K7 1636.65 4.7 0.67 14.31 456 9.2 12222 136
L2292 K7 1636.05 4.67 / / / / 0 1.35
Ht1-4 K8 1529.19+0.25 3.61 0.57 15.75 460 5.64 164.88  1.42
Ht1-5 K8 1537.11£0.23 3.71 0.53 14.42 463 5.7 11725 148
1238-1 K8 163496~163525  4.03 0.5 12.29 462 5.63 108.68  1.47
L2382 K8 1638.04~163824 423 / / / / / 1.62
X119 %38 1639.5 3.25 0.45 / 462 3.06 13225  1.26
12383 K8 1640.99~1641.13  3.62 / / / / / 1.46
1238-4 K8 1667.78~1667.97  3.51 / / / / / 1.46
1238-5 K8 1671.02~1671.81  3.51 0.58 16.64 461 5.62 263.07 /
X120 K9 1501.6 7.26 0.53 / 459 22.61 123.12  1.22
Q136 K9 1625 5.32 0.55 / 461 38.13 135.31 12
Q25 %9 14073 7.56 0.51 / 453 26.98 12659  1.15
Ht1-6 K9 1 549.95+0.25 7.52 0.44 5.81 466 8.78 188.93 13
Ht1-7 £9 1551.5+0.18 7.92 0.42 5.3 467 8.61 92.55 1.32

He V7 RORRIAT LR
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WO A DL A (R D K9 BRI T4l
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K 4%~ 11%; K 8 Behf i Ve 4l B 43 e Ry 84%~
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3.2 AEFEE

K9 G ie s TOC & &0 5.32%~7.92%, -
Bk 7.12%; AT “A7 SN 0.42%~0.55%,
FEXIR 0.49%; A IR LR N 5.30%~5.81%, F-1
K 5.56%; W J1(S,+ S,)h 8.61~21.02 mg/g,
T8 21.02 mg/g(£ 2) . K S HE e TOC &
A 3.25%~4.23%, T3k 3.77%; EUihE “A”
BB 5N 0.45%~0.57%, 348 0.51%; L feF45 1k
R 12.29%~ 16.64%, V340 14.78%; A= 18 1% 71
(S,4+S,) K 3.06~5.70 mg/g, FH4 4 5.01 mg/g. K
7RG A TOC & & N 4.36%~ 5.62%, “F1 N
4.93%; AMiiE “A” T8N 0.18%~0.69%, T
9 0.43%; R AL RN TOC SED T “A” 1)
FUAE, B 7 A bk o ) B 28 iy 5 AL FR B2, LA R

3.29%~ 14.31%, 3K 7.36%; 4180 11 (S,+ S,)

4 9.20~12.55 mg/g, 14 10.62 mg/g.
33 EYIRENREY

K o—1K 7 B 1E A ot 45 0 3 Pl i A R 3 AR
I AHE nCyo~ nCys Z 8], F W Bk 53 75 £ A nC,,~
nC,, ZIAI(K 3), HZ MRl (K 2) . K 9B C,/
Cy B R 3.74; K 8 B3 A d [l R 1.08~1.68, -
YIE R 1.37; K 7Bt Cyy_/Cop HIZX AT Bl 1.26~
1.29, F¥120 1.28; K 9—1K 7 B IR UG A FE & CPT A
OEP fHHE 1, AL HAA B, X e 5K 9—
K 7 BRI AR G OC . K 9 Bt Pr/Ph A
1 1.33; K 8 Bt Pr/Ph {H Ll 0.59~1.33; K 7 B¢
Pr/Ph {E. 534 3 4 0.73~0.79.

K 9—K 7 BHRIE A = B bE Coo/Cpy 23 Hi 1
R 0.65~2.52, C,, TURAHEBE S Cy — R LEAYT LE
54 0.41~1.26; K 9—K 7 BRI A Cy $47. Cog
HS e Cyy 5 AT B2 A7 Y0 R 23301y 26.26% ~
47.72% 17.17%~41.46% 1228 27%~48.68%(F4) .

4 +Tig
4.1 BiFEHETEN
AEARMN, KK 8K AAVLTEA N

*3 HREEBMXEKARRSENRESRKEZHERE S HHHE

Table 3 Distribution characteristics of n-alkanes and isoprene of source rocks in the Yanchang Formation of the Ganquan-

Fuxian area

C,+ G,/

Mgy EM MR EmE BEGIE  OEP  CPI cotc. Cu/Co PrPh PrnC,  PhinCy
28 29

Htl-1 K7 e nC,  nCy~nCs 101 1.07 1.17 1.29 079 025 0.24
1229-1 K7 e s nCy  nCy~nCss 098 1.05 1.21 1.26 0.73 0.15 0.33
1238-1 K8 ks nCy  nCpy~nCs 098 1.09 2.66 1.08 0.85 0.14 0.13
L2382 K8 ek nCy  nCyp~nCsy 093  1.05 2.82 1.11 059  0.11 0.17
Htl-4 K8 s nCy  nCy~nCys  1.00 1.14 3.14 1.62 0.74 0.16 0.20
Ht1-5 K8 Vi nC,  nCpy~nCs 100 1.12 3.44 1.68 1.33 0.12 0.11
Ht1-9 K9 ks nCys  nCyp~nCsy 1.01  1.09 5.16 3.74 1.33 0.11 0.10
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Fig.2 Saturated hydrocarbon chromatograms of source rocks in the Yanchang Formation of the Ganquan-Fuxian area
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x4 HE SEHMXEKARFEESFEHE.

Table 4 Source rocks and steroidal and terpene parameters of crude oil in the Yanchang Formation, Ganquan-Fuxian area

& KE S

B it G 5

JZ AL

i R

A

B
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D

E

F

G

H

U8 e A0 R

Cy Cx Cy
Lp3 £38 Ji 3 006 087 057 057 051 0.16 045 058 023 4472 2499 3029
Lpl S JER i 003 065 077 073 055 0.15 050 056 024 4393 2530 30.77
Lp4 K8 JE 3 030 079 0.80 070 0.60 022 039 054 034 4404 2464 3132
Lp21 K8 JE i 0.17 076 0.61 0.16 053 020 043 054 0.19 3978 27.00 3322
Lp23 %38 J i 0.05 078 0.69 068 045 021 041 057 026 4290 21.70  30.00

£229-1 K7 ke 0.18 080 1.05 036 051 022 065 050 068 47.72 2125 3101
Htl-1 K7 ke 0.10 1.71 0.84 057 052 022 029 049 047 4453 2432 3115
Ht1-2 K7 A 012 / 1.19 096 061 0.02 055 062 070 4456 2583  29.61
Qt33 K7 A 0.15 080 0.69 066 050 003 052 054 056 3899 2790 33.11

1238-1 K38 k= 003 / 065 027 050 0.08 026 042 048 2676 4146 31.78

12382 K38 k= 033 1.17 092 024 049 022 031 050 039 3287 1846  48.68
Ht1-4 K38 ke 0.09 252 059 027 055 006 057 065 034 3435 2241 4324
Ht1-5 £38 ke 024 228 041 020 053 004 037 062 036 3559 2725 37.16
X119 S g 0.13 084 044 036 050 0.10 054 040 023 3430 3230 3338
Ht1-6 K9 Vg 051 /045 0.14 064 008 048 057 038 4643 2470 2827
Ht1-7 K9 k= 0.64 093 126 043 051 026 034 047 030 40.82 17.17 4201
X120 %9 k= 024 092 052 017 051 0.04 047 051 036 3651 3326 3023
Q136 %9 ke 023 091 051 016 053 0.03 045 053 031 3600 3400 3023
Q125 %9 k= 021 091 050 0.18 052 0.04 052 042 033 3800 3400 31.00
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