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Fig. 1 The structural position and borehole location of the Mahu and Jimusar sags in Junggar basin
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Fig. 2 The relationship of density vs. viscosity of
crude oil from the Fengcheng Formation and the

lower Lucaogou Formation in Junggar basin
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Table 1 Data of oil testing, physical properties and group composition of crude oil in the lower Lucaogou Formation of

Jimusaer sag and Fengcheng Formation of Mahu sag in Junggar basin

e | 2 LB & | B H?‘%E TERETR AL %;(m% K;rg Ak | 5 EE | dER | E R j;;f%
(m) BE(m) | & (/DD [(X10" m®) [(t/(m« d) . %) | % | (% | (%
(g/cm”) [(mPa -+ s) %)
F18 | P, f | 2894.5~2925.0 | 15.5 | 0.372 0.02 0. 8642 17. 04
F21 | P, f 3368~3385 17 9.21 0. 54 0. 8885 45.12 65 14 16 6 22
F26 | P f 3261~3285 24 0. 494 0.02 0. 8699 21.52
F26 | P f 3297~3321 24 0.939 0. 04 0. 8534 10.91
F3 P,/ 2983~3018 16 1.31 0.08 0. 8752 23.56
F501 | P, f 3298~3311 13 0.53 0. 04 0. 8877 56. 10
501 | Pof 3400~3420 20 28. 35 0.16 1.42 0. 8930 49. 64
F6 P,/ | 3260.5~3267.5 7 0.8811 38. 20
F8 P,/ | 3025.8~3033.8 8 0. 8788 30. 59
F8 P, f | 3052.8~3064.8 12 10. 68 0.101 0.89 0. 8817 32.29
F8 P,f | 3222.8~3234.8 12 0. 8764 23.83
FCo11| P, f 3788~3800 12 0.41 0.03 0. 8967 83. 35 52 14 27 7 34
FCol1 | P, f 3852~3864 12 28.35 0.631 2. 36 0.8911 51.78 55 19 25 2 26
FCo12 | P, f 3934~3947 13 0.9241 | 1357.44
FCo12 | P, f 4190~4228 18.5 0.9313 | 1164.21
FC1 | P, f 3960~3976 16 8. 96 0.073 0.56 0.8861 | 157.27 78 8 12 2 14
FC1 | P, f | 4193.97~4272.18 | 78.21 | 38.7 3.32 0. 49 0.8263 3.76 85 7 6 1 7
FC1 | P, f 4307~4319 12 12. 4 0. 237 1.03 0. 8565 10.71 72 10 7 11 18
FC001 | P, f 3220~3260 16 0. 66 0. 04 0.9250 | 937.61 53 15 28 4 33
FN1 | P,/ |4180.62~4212.79 | 32.17 | 0.09 0. 00 0.9109 | 1141.54
FNI | P, f 4444~4456 12 0.636 0.05 0.9188 | 387.25
FN14 | P, f 4316~4356 12 1.91 0.16 0. 8867 33.06 56 23 17 5 22
FN14 | P, f 4391~4458 30 10. 14 0.077 0. 34 0. 9038 64. 04 56 14 17 12 30
FN3 | P, f 3906~3926 14 0.27 0.02 0.9033 | 319.21
FN3 | P, f 3951~3963 12 0.181 0.02 0.9045 | 388.52
FN4 | P, f 4254~4268 14 2.03 0.15 0.9278 | 829.00 60 16 17 7 24
FN4 | P, f 4388~4402 14 1.25 0.09 0.9041 | 113.25 61 14 16 8 24
FN4 | P, f 4568~4618 23 10. 55 0.109 0.46 0. 8894 41. 65 67 15 12 6 18
FN4 | P, f 4635~4648 13 2. 34 0.18 0. 8889 41. 69 70 16 10 4 14
FN409 | P, f | 4374.0~4436.5 | 18.5 | 0.42 0.02 0.9086 | 164.08
FN409 | P, f 4475~4522 20 10. 04 0. 50 0.9137 | 280.02
FN5 | P, f 4418~4446 28 49. 31 0.353 1.76 0.8703 18. 09 78 12 8 2 10
FN7 | P, f 4296~4334 24 10. 96 0.46 0. 8858 85. 09 63 13 14 11 24
FN7 | P, f 4835~4895 19 0. 8670 15.35
FN8 | P, f 4256~4286 14 0.9090 | 173.36 54 15 24 6 31
MY1 | P, f 4579~4852 26 20.78 0. 80 0.8972 48. 94 60 20 14 6 20
MY1 | P f 4877~4937 22 16.03 0.73 0. 8784 22. 80 75 13 9 4 13
JA51 | Pyl 2224~2254 25 3.79 0.15 0. 9032 119
JjCc1 | Py, 2875~2945 23 0.71 0.03 0. 9256 551.8 | 47.77 | 21.34 | 28.66 | 2.23 | 30.89
JjCc3 | Py, 3664~3717 17 5. 51 0.32 0.9092 | 197.97 | 55.98 | 18.24 | 21.07 | 4.72 | 25.78
JA74 | Pyl 3255~3314 19 7.76 0.41 0.9222 | 510.35 | 48.11 | 17.30 | 30.82 | 3.77 | 34.59
JA81 | Pyl 4079~4091 9 10.2 1.13 0. 9020 61. 66
JjC6 | Py, 4209~4255 17 13. 88 0. 82 0. 8959 67
Jjcos | Pyl 3565~3588 13.5 | 5.76 0.43 0.9190 | 286.87 |55.22 | 18.10 | 22.70 | 3.99 | 26.68
Jjcs | Py, 2784~2794 10 0. 94 0.09 0. 8983 69.33 | 57.15 | 17.94 | 22.19 | 2.73 | 24.92
JCY | Py, 3982~3987 5 5. 82 1.16 0. 9081 97.28 | 59.94 | 14.51 | 14.20 | 11.36 | 25.56
JDo | Pyl 3579~ 3626 19 5.22 0.27 0.9278 | 525.29 | 46.14 | 23.96 | 26.01 | 3.89 | 29.90
D2 | Pyl 3498~3502 4 3.11 0.78 0.9174 | 167.06
D3 | Pl 2944~2954 7 0. 00 0. 9160 180. 5
JD5 | Py, 3279~3283 4 1. 14 0.29 0.9308 | 988.08 |33.33 |27.54|32.75| 6.38 | 39.13
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(m) BE(m) |7 (t/d) [ (X10' m*)|(t/(m =+ d) ) %) %) %) %
(g/cm®) |(mPa * s) %)
THBE P, 3703~3709 6 5.12 0. 85 0.9091 101. 39
P, 3683~3700 14. 5 6. 37 0. 44 0.9029 71.22
JH24 | P,[, 3623.5~3641. 0 11.5 5.6 0. 49 0.9127 154. 8 52.25 | 19.22 | 23.12 | 5.40 28.53
JH33 | P,/ 3414~3427 13 5. 76 0. 44 0.9302 800
P, 3621.0~3633.5 10 0. 16 0.02 0.9194 376. 8
JH35 | P, 3590~3612 15 5.42 0. 36 0.9097 143.7 53.69 | 24.59 | 20.49 | 1.23 21.72
P, 3567~3572 5 0.58 0.12 0.9194 376. 8 50.35 | 17.38 | 23.05 | 9.22 32. 27
P,l, 3992.5~4021. 5 19. 5 10. 42 0.53 0. 8970 21.16
JH10 P, 4037~4058 13.5 11. 21 0.83 0. 8952 51. 06 64.08 | 16.15 | 17.16 | 2.52 19. 68
TH45 P,/ 3855~3887 21.5 5.4 0. 25 0.9030 99.72
P,l, 3909.5~3925.5 13.5 5.61 0.42 0. 8968 63. 14 54.25 | 17.99 | 22.39 | 5.37 27.76
JH47 | Pyl 4061~4064 3 10. 88 3.63 0. 8867 25. 64 67.38 | 14.18 | 14.18 | 4.26 18. 44
P, 4040~4064 21 10. 37 0. 49 0. 8887 26.49
JH55 | Pl 4073~4085 9.5 2.31 0. 24 0.8774 16. 91
P,l, 4008~4030 19 10. 28 0. 54 0.9058 76.03
3 WENE IR 2 U2 R RV 2 T BRI B (O-FE (D HIER S R R R
Fig. 3 Relationship of density (a) and viscosity (b) vs. non-hydrocarbon content of the crude oil from the
Fengcheng Formation and the lower Lucaogou Formation in Junggar basin
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HEARY 3 - 2H L RE % 5 b S e B A e B o
(T8 B 3E 8% 45 1F 5 B BT oKk JR 2% 5 (Seifert and
Moldowan, 1981 ; Peters et al. ,2005) . XU ZH F1 A5
FVR AR BOFMAE AR W bR AL B W A R E ATV 2
LAk BAR R BAE 55 8 1 0 I (CTIC) W, 36 %
B-HH B I, FLFH U EE 3 m, B9 35 b be 4 5 LI
R A A, ) i A e U B B (4D, X E e T
DRI 0 3 2 30 AR A4 1 k3 4R (Hall and
Douglas,1981;Shanmugam, 1985) , XU 3% 2H Ji7 i #4
K bese A& i W W 0w, TP R A 0 2 A B
B e i X ULE T XU A A AR
DUHRE = 20 TR DT RS BH G T VA 4 20 O o R A
Xt 8 %2 (Peters et al. , 2005; Summons et al. ,
2006) ,

Berp iy Coy & BB & T Gy 1 Cyy, T A R H
Coy — I e D0 S5 AN B b, T S5 1 Uk 20 0 R B B2
TE T A E AT Bt (Waples and Machihara,
1991) . F3Ab KU 5T i) = B4 i e AR X 5 5 B 2
BE TR A X F G WEIOR IR A ¢, B i
JE T35 (AR 1) 3l 2 — BR s e 1 2 22 A U8, i A 1Y
F 5T 0 U 2H A PR AT v e B T R e
LREE T (A G ) (Cao Jian et al. ,2021), C,, EHE
A2 e B AR A2 B i St B ARAR, $8 8 T XU
2H R P R 2 AR TR T B A A U0 AR 3R B b
(Seifert and Moldowan, 1981) , iX 5 $k J& 45 & (19 4§
TS A W) A 1. KUIRZE Y A 25 i e 2 = B @ AR
TR 7 R A A D R AR AR R T XU A

R A A o 2 P O S, R T BRI AR B
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Fig. 4 GC-MS characteristics of saturated fractions from the typical Fengcheng Formation and the

lower Lucaogou Formation crude oil in Junggar basin

IR Gy J2A 4 3, 3 BE AR I — 28 (Moldowan et 5 I iR i e S e i i — 3. BE4h . N aaa-20S,

al. , 1986;]anior Sousa et al. ,2013), aBB-20R . aBR-20S 5 aaa-20R-C,y HL W {5 &g AH XF 75
WAL m /2 =217 BTk (& 4O X AT PLA B, 0 G (B 4) Sk B KU 5t 7R 09 B JBT k2 52

IR AL N 5 AL IR ) Cor \ Cog o Cog BRI ES B2 23 MNAAR B H 5 AT 43 A o W0 3 30 20 500t 1 B J57 1

YR ETHRLCE O s 7RI R RO A H B R AR T XU A

A AR g 2 2R P02k B8 (Liu Shiju et al. ,2022a) TSR s ch g

IR 2H R e 3 2 it e AT ) o S e 2 e D 45 A R RS OB

BT R o IR T ik 8 4 Y TR PR B iR YR A X AU ZH R0 BV 21 Be sl By AR A A RRAE B
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Fig. 5 GC-MS characteristics of saturated fractions of typical crude oil and source rock from the

Fengcheng Formation and lower Lucaogou Formation in Junggar basin

HoRFEE BB I (E X4 ,2017;Gao Gang et al. ,
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R 32 Bk & B, XU 2 il D9 eT A & 4 R
28 & A Gikv 4 2R b B R0 At v R T
G g R Hg . Hor & Shsor A i fe
AR 2 e TR FR AL o T S R AN W] TR BE B A L X A —
PR LR R T XA R i T — & 9\ mis B Ak
F . DB RIE 5 S ot S5 A8 b 2 B3R R B AR 1k 1A
(L 6) AT LA & B XU 2 v i a0 Dt v 1Y) 655 o8 5 4
S5 5 R IR A W) G R4 (& 55K 6a.b), i
) 4 30 8 9ol 5 800 30 VR A R — K, 2 I R
2 40y A T o UR T AR R (KL 5D, TR R
Tl A TR R AR R TR ISR R,
AT AR 1 DT 55 e A B S B BB/ (e +BR) Coy S
BEA @aa20S/(20S+20R) C,y 5 4 ) 2 B . 17 41
A (B 6a.b), BT IR D) T — & By 2 1)
IEAER] ok B VRIS Y A S iR .
FYR AL BRI S 4l v 7 D T . R S ot A
b % % BB/ Caa + BR) Coo % Al 0aa20S/(20S +

20R) C,, Hibe GBI I A 1Y 2L 5E 2 W& (18 55 K
6ed) . W BRI TR AT Bslihd B
JRIE % L A A F A Y UHCRR

WA, I A A s R A AR AE L 2 5 R I 4%
IR R e O (=R I RT3 i Rl o v (-2 et
( Tissot and Welte, 1978;
Peters and Moldowan, 1993; Liu Shiju et al.,
20200 s n-Cy/n-Copy WAE N (Cyp +Cyy +Co, TTH/
(Coy FEBE+Cy FELE+ N B L) LU B 55 5 ok
I TE A o8 e AN G BE 2 AL B W AR L . AR A XU
J AN 2 e o L 2 R TR R OC AR BT (BT T AT AL,
IR 2 44 3t 6 i Y B o L S 8 AR R e —
L LW IR B 78 Kk AR B i B T TR B AN W] S L T
AR R L e T AR AL B T SR
MR R 22 0 T s AR HLREE 12 % 07 10 (R
REARD 3z 7% 2o (R %00 SE A i 8 (1 7))

5 JELm 5 aE A oG R

8 s T KUIRALFN 5 By 24T B R am v fn gz
A L S8 HCI=100 X S, /TOC; S, /(S, +S,)]

Leythaeuser, 1988;
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Fig. 6 The relationship diagram of C,, regular sterane
maturity parameters vs. depth of crude oil and source rocks
from the Fengcheng Formation and the lower

Lucaogou Formation in Junggar basin
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Fig. 7 Relationship diagram of the ”7C2|’ /n*CZﬁ ratio
and the (C,, + C,; + C,; TT)/(C,hopane + C;, hopane +
Gammacerane) ratio vs. depth of the Fengcheng Formation
crude oil and source rock samples in Junggar basin

(TT represents tricyclic terpanes)
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Fig. 8 The relationship of the HCI (a, e), S,/(S,+S,) ratio (b, ), density (¢, g) and viscosity (d, h) vs. depth of

crude oil samples from the lower Lucaogou Formation and the Fengcheng Formation in Junggar basin
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Table 2 Basic geochemical data of thermal simulation samples from the lower Lucaogou Formation in Junggar basin

Jp RIE TOC T ax S S, HI HCI EOM | EOM/ R,
N (m) %) (‘C) | (mg HC/g rock) | (mg HC/g rock) | (mg HC/g TOO) | (mg HC/g TOO) | (%) | TOC | (%)
JHBE | 3627.7 | 11.3 444 2.98 82.09 726 3.6 0. 81 7.12 | 0.79

£ EOM Nl A LR .
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Fig. 9 Relationship between gas and liquid product yield of organic carbon per unit mass and simulated temperature

of source rock (a); relationship between (Polar+ Asph)/(Sat+ Arom) and simulated temperature of the oil discharged

from the simulated product and the remaining oil. and color characteristics of simulated products (b) in the lower

member of Lucaogou Formation, Jimusaer sag, Junggar basin
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Fig. 10 Relationship between fraction contents of total
simulated liquid procduct and vitrnite reflection from
thermal simulation experiment of source rocks of the
Lucaogou Formation in Junggar basin (data from

Hou Lianhua et al. ,» 2020)
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Fig. 11 Relationship between relative content and thermal evolution of components of thermos simulated liquid product

families in organic-rich oil shale in the Lower Permian of Tasmania, Australia (data from Lin Wenjing et al. . 2022)
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Fig. 12 Relationship between soluble organic matter conversion rate (a), CPI (b) and R, (¢)-depth of source rocks

of the Upper Cretaceous Laogebaba Formation in the Douala basin, Cameroon (after Hunt, 1979)

AU At AT TR A i Y R R R R R AR L
PIAH G . — Mk Ay o B U5 B B A 3 n 2k HE R
SR AR KR R 2 R R R AR . (HAIAT 13
AL R H PR RE (/) MR REFE B (1/ (m o« d)) Bl
TR B B8N e BRI S T o dicoh 0 3 YRR A 2 A AR TR
AR v R R B, SR Y H R AR L 7 BE PR AU AR
TF Rz Wos e 2E (B 13) 31X 0 18 5% 8 B4R
S VR A T R D A Y T B LB R G
RIS DX T A S A AR Y 06 R AT LLZG TR
fits % B2 AL T2 T B ORI & DU T D A

P25 UL 2R 7 o 400 R b DX ) 00 )= & s
YoV Ao B A JERURRAE o A il 7 0 2 i AR AR AR
TR 7 1 AR X A5 AFUHG i 4 B AR L B R 2 W 1
HAXS B4 X TE—E TR B oA T AR R AR R, H
A5 B A AU AR )2 KR B R A TR A A T3
5 A 7 Bt T AR B 5O A A B, AR i i By
BOFA A F B JZE B iz B Be B AR KR IR A AR Y
JELih 25 (EL 8% 0266 B ) S 5 vy I T LR B A
BB 38 5 7 R R R R R e 45 T kA
KA RZIR o AR A S AL B B R



St

1572 http://www. geojournals. cn/dzxb/ch/index. aspx

it
2023 4

13 HEME IR 0 KU 4 A A AR Bl iR 5 IR C R K

Fig. 13 The depth trend of the oil test results of the Fengcheng Formation and

the lower Lucaogou Formation in Junggar basin
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Abstract

The Fengcheng Formation in Mahu sag and the Lower Lucaogou Formation in which crude oil is
accumulated in the oil layers of closely interbedded source and reservoir combination with self-generated
and self-contained model, are considered as case studies to discover the transformation law of crude oil
physical properties with thermal evolution degree of source rock. The transition law of crude oil physical
properties with increased thermal evolution degree is determined based on (i) the analysis of physical
properties, organic geochemistry and enrichment characteristics of crude oil; (ii) the relationship between
physical properties of crude oil and thermal evolution degree of source rock; and (iii) comprehensively
considering thermal simulation experiment results of source rock and domestic and foreign relevant
literature materials. The density and viscosity of crude oil from a source rock has the characteristic of first
increasing and then decreasing with increasing thermal maturity, with the highest value at the oil peak
depth. This understanding is not only a further clarification and revision of the existing understanding of
the evolution law of crude oil physical properties with thermal evolution in petroleum geology. but also a
very important and realistic guidance for the selection of sweet layer and sweet spot of shale oil and the in-

situ transformation of shale oil.

Key words: physical properties of crude oil; shale oil and gas; saline lacustrine facies; Fengcheng

Formation; Lucaogou Formation; Junggar basin



