54955 1 hOE R Vol.49, No.1
20224F02 A GEOLOGY IN CHINA Feb. , 2022

doi: 10.12029/gc20220120

TRELE, INT- B 25 TR0, 22, A nr AR B R, AR AT . 2022, MENE R 22 M 75 AN % AR b X % 3% 4 e 28 Tl DU M Bk A 27 R E 5 0 2%
PR3], MBS, 49(1): 311-323.

Xu Yinbo, Sun Pingchang, Li Zhao, Zhang Jiagiang, Li Feng, Tong Lihua, Tao Shu, Zheng Fanshi. 2022. The geochemical characteristics and
metallogenic condition of Permain Lucaogou formation oil shale in Jimusaer, Junggar Basin[J]. Geology in China, 49(1): 311—323(in Chinese with

English abstract).

HEEREMEARFRMX — & REENHB TS
KL IES T 551

AR, I E, FHE, KRR, FE, A e gAY LA

(1. P ERRIAE Bl AR RAS PO, b7 1000832, F EFAS B IEH I m AR € 5 ke, % 100083;3. T K F
WA FF R, FAR KA 13006154, F B3 K5 (A7) AR F 1%, 6T 100083;5. 13 7 4 46 R 3 Ji ) & - L AT 50 IR A PR ST 4L
8], ATT PlE 110013)

RE. (W5 BRI SCE Rl X F IS IR A 75 A= /- X B 23 By 2 5 b (57 FOAT 57 Y101 DL 25 149 S A
[RI22 5 $5 7R = b LT TUS DR R BT 25 1 o [ B 3R 7 3 0ot AR 15 2l IX 1940 1 SR 4 O 3 S R i , 984T TOC L A
fife A G R o IR, DA R 8 RMIG T AT TUA A AL ER AL 2= R e A T AR IR S 4%
P22 525501 . [ 3R 45 3R 15T DX s a7 i D58 AILBR AR T AR A A A MU AL T-11 8 . v IS
E I TTA T B Ba . Cr.Nb. StV . Zr F it e R i 22 5 W 0, & @ 0 DU th & 36 L oc 2073 & RS R L
FIEFE A XN ARG A DU, HAMEITTE AR WA AL, B T AR ER A . METEl
B SR FFE DX DU TR B IR W M M, TRK—F 0K 3R SRS . s T TUE S AR S AL DU A0 L, T st
IRURER BEQE TR A DL AR 7 0B i o [ G538 [l B Wi Sy 5 1, ARG A8 A B R S R4, W/ T XA WL 7
PRI, [ o) 48 13 R K AR 32 (S ) kAR 43 2%, DTG o — A~ s T 9 R A, P 3 v i AL A
FEIT TG T & S U
X B R IEWALIMIUA RSSO B S YA BT R A TR N SR A s
Bl F AR IRHL DI GUA T BT R R A IR K22 K R SR AAR 2% 4 5 AT 48/ A s I 3t

45 B KR FE R DL AR 7 I 1T v i BT D TR 1l
FESES P6I8.12 XHMARERT:A  XEHS:1000-3657(2022)01-0311-13

The geochemical characteristics and metallogenic condition of Permain
Lucaogou Formation oil shale in Jimusaer, Junggar Basin, Xinjiang

XU Yinbo'?, SUN Pingchang’, LI Zhao'?, ZHANG Jiaqiang'?,
LI Feng'?, TONG Lihua'?, TAO Shu‘, ZHENG Fanshi’

ks B H#A:2019-04—12; 2 [E HHA : 2020—-06—-16

ELTE PRI H (DD20189606 .DD20190101 & DD20221851) | [ - B W0 4 [l A9 U5 % M X I 28 70 H
(1211302108025-3 ) S I 5K A SR BR2E 5401 H (41772092) 66 58 1)

PEZ BT AR, 93,1987 428, TARRIW, 5= A IR Ll , 2 NS DU B BE DURE 2 HUZ2E 0198 5
E—mail : xuyinbo87@126.com,

http://geochina.cgs.gov.cn H1E LT, 2022, 49(1)



312 i [ Ho T 2022 4F

(1.0il and Gas Survey , CGS, Beijing 100083, China, 2. The Key Laboratory of Unconventional Oil and Gas Geology , CGS,
Beijing 100083, China, 3.College of Earth Sciences, Jilin University, Changchun 130061, Jilin, China, 4 School of Energy
Resource, China University of Geosciences (Beijing), Beijing 100083, China, 5.Liaoning Energy Geological Exploration and
Development Research Institute Co., Ltd., Shenyang 110013, Liaoning, China)

Abstract: This paper is the result of oil and gas exploration engineering.

[Objective] This paper aims to reveal the special metallogenic conditions of high— grade oil shale by comparing the quality and
genetic differences between high grade and low grade oil shale of Permian Lucaogou Formation in Jimusaer area, Junggar
Basin. [Methods]TOC, Rock— eval, oil yield, trace and rare earth elements were tested on outcrop samples collected from two
sections in Jimusar area, so as to analysis the difference of organic geochemical characteristics, trace and rare earth element
characteristics and metallogenic conditions of high—grade and low—grade oil shale. [Results]Research results show that, the organic
matter type of high grade oil shale is type I, but the organic matter type of low grade oil shale is type I-1I,. The trace elements
contents of the high grade oil shale (such as B, Ba, Cr, Nb, Sr, V, Zr) are significantly different from that of low grade oil shale. The
average contents of rare earth elements and the distribution range of rare earth elements in high grade oil shale are smaller than that
in low grade oil shale. And elements that are usually enriched in terrestrial detrital minerals of the high grade oil shale is lower than
that of low grade oil shale, which shows less terrigenous clastic input of high grade oil shale. The trace elements ratio shows that the
oil shale in the study area is formed in warm and humid climate, semi—salty water and reducing environment. Compared to the low
grade oil shale, the high grade oil shale was formed with higher salinity water and higher organic matter productivity. [Conclusions]
Under the background of warm and humid climate, the relatively small supply of terrigenous clastics reduces the dilution and
oxidation of organic matters, and high salinity is more conducive to water stratification, thus forming a long— term reduction

environment. Combined with higher organic matter productivity, high—grade oil shale is formed.

Key words:Lucaogou Formation; oil shale; high grade oil shale and low grade oil shale; metallogenic condition; oil and gas
exploration engineering; Junggar Basin; Xinjiang

Highlights: The oil shale in Jimusaer is formed in warm and humid climate, semi— salty water and reducing environment. The
relatively small supply of terrigenous clastics, and high salinity is more conducive to water stratification, combined with higher
organic matter productivity, high—quality oil shale is formed.
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Fig.1 Geological sketch map of the southern margin of the Junggar Basin and sample location (modified from Bai Yunlai et al.,
2008).
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Table 1 Organic geochemical parameters of Lucaogou Formation oil shale in Jimusaer area

Bzt w5 TWEY%  TOC/%  (S+S)/(mg/g)  Tw/C  S/(mg/g) HI/(mg/gTOC)  OI/(mg/gTOC)
S14 3.25 9.27 33.74 442 33.19 358.04 11.33
D28 3.35 9.52 36.46 436 35.46 372.48 19.64
D24 3.44 7.08 26.99 440 26.64 376.27 33.90
o~ D25 3.90 6.69 35.07 441 34.77 519.73 20.03
T S13 438 8.51 46.82 446 46.61 547.71 7.76
Si1 521 9.84 49.06 443 48.88 496.75 13.82
S10 5.60 10.6 64.6 448 64.24 606.04 6.04
D23 5.74 13.6 86.19 445 85.59 629.34 23.82
D08 5.86 10.6 62.55 441 62.19 586.70 32.55
D27 6.78 11.6 75.04 442 74.6 643.10 25.26
D16 7.20 19.0 112.37 444 110.98 584.11 30.37
D22 7.39 14.5 94.15 443 93.52 644.97 20.83
S12 7.49 15.3 78.72 448 78.5 513.07 11.24
man i D13 7.89 14.7 83.79 445 83.19 565.92 15.78
T S9 9.25 16.1 96.58 454 96.36 598.51 2.67
DI2 9.27 182 91.38 445 89.54 491.98 9.56
S08 10.10 16.3 101.81 447 101.49 622.64 13.25
D10 10.24 19.0 119.40 443 118.81 625.32 32.16
D14 14.28 202 13551 450 134.98 668.22 14.90
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Fig.5 Diagram of oil yield—TOC of oil shale in Jimusaer
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Table 2 Trace elements contents (10 °) of oil shale in Jimusaer
FE B Ba Co Cr Cs Cu Ga Li Nb Ni Sr Th U A% Zn Zr
S14 113 244 1.7 24 366 128 114 299 721 425 196 491 522 667 73.6 414
D28 167 496 11.3 506 585 993 152 335 782 424 216 5.88 3.1 101 923 267
{5 D24 89 518 11.5 43.6 477 125 13 243 641 239 482 445 457 171 74 407
HA
.. D25 433 449 936 515 129 639 169 76 109 31.7 121 7.12 391 138 803 326
fi S13 29.6 392 13.1 354 513 113 155 21.1 9.61 534 134 648 244 679 90.7 192
;‘i:i S11 40.5 283 83 28.1 387 36.7 101 323 6.07 17.7 389 3.57 3 49.7 47.6 172
. S10 26.6 256 145 289 539 115 162 238 792 49.6 107 502 267 394 938 167
“ D23 35.6 264 9.14 307 34 526 123 234 6.71 309 208 4.13 407 102 46.5 303
D08 61.8 352 10.8 428 229 54.1 17 296 96 412 131 391 25 772 709 203
D27 163 135 11 375 476 618 12,6 249 771 392 186 4.14 422 146 61.8 204
D16 30.7 281 891 265 247 422 141 665 7.61 29.1 320 473 558 376 71.6 281
m D22 41.2 306 10.8 319 3.69 60.1 137 71.1 812 387 629 3.63 272 492 563 201
it S12 40.8 161 8.11 225 307 834 997 21.8 519 287 222 339 472 565 63.1 136
iz DI3 314 274 949 312 186 38.1 105 481 6.8 305 298 387 347 534 61.6 215
iH S9 137 239 154 29 429 139 144 338 7.03 479 123 451 3.89 89.7 98.7 248
7 DI2 31.1 312 18 25 1.68 144 113 945 7.18 55.6 203 506 9.18 44 983 288
= S08 38.8 345 114 207 559 103 149 734 838 323 613 432 228 28 799 165
D10 31.3 261 9.57 356 2.18 549 13.1 57 875 299 240 498 331 624 62.1 233
D14 11.6 470 8.64 268 633 839 132 359 876 262 247 549 333 47.6 899 226
Ave fK& AL 1107 361.6 11.1 373 53 875 142 327 80 37.0 2204 5.1 35 903 744 2723
Ave.fminfn - 55.7 2784 11.1 287 3.6 81.0 128 442 7.6 358 1963 44 43 614 743 2197
g 100 580 19 90 5 45 19 66 11 68 300 12 3.7 130 95 160
NG 18 390 25 119 2.6 24 16 11 12 51 325 56 142 128 73 123

H: DUAEE S| A Turekian et al., 196 1; KBGHLSE 450 51 A #04 3C55,2003

TR B IRY B/Ga W AHDCHE A BT 2, 7ERR 25
£l D16 31X 578 B O B0 T ARt (32 R0 v ot o2
M ICA R B/Ga FH(H 22 I AR Ik B/Ga 2
100  mMBMIE
High grade oil shale
B (PR AT =)
it Low grade oil shale
&=
~0p————————— =
o2
&®
1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

P8 T ARBH AR DU T 3R BHORL R A1 43 oA
(BRALFR A %55 | H Mclennan et al.,2003)
Fig.8 Chondrite—normalized REE distribution patterns of oil
shale in Jimusaer (Chondrites data according to Mclennan et
al., 2003)

BEFH T R ECHIMH UTA T S 7K AR R

W T2 2R (22 51855, 2012) , A B/Ga.,
Sr/Ba 1 Th/U R EICHE T A 0™ S it 2R304 SRl 7K A8
BR TR AR B R F IR K —2F ok A 85, s
s S DL T S P K AR S v I A 7 9 U
5.3 SWEEEN
5.3.1 V/(V+Ni) }ufd

V/(VANI) F A — 7 BB AT DL B TR s
AL JE IR BE (X 22 305, 1993) , V/I(VAHNID (E 7E
0.84 ~ 0.89 i Ry K A4 43 J22 1 PR AR FR 4, 0.6 ~ 0.84 24
TKAA AT AR 1 R A R, 0.46 ~ 0.6 7K IAR 2 55
MIFEIAEE (T EE52,2001) . &I OF ISR 4 R AE
H1V/(VANDE 8 0.44 ~ 0.81, T3 0.65, F BT
DI DT B R4~
5.3.2 Ni/Co W1k

[, Ni/Co {ELARL AT RAVE K &2 /K AR S Ak 25 14
BRI 22 FE bR , /N T 2.5 B AL FRES , 2.5~5 it
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R3 HERERMRBETERLITESE(107)
Table 3 Rare earth elements contents (10) of oil shale in Jimusaer
K La  Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Y Yb  Lu
S14 205 374 448 194 371 0.753 3.22 0.6 344 0718 2.08 0.349 19.6 199 0.289
D28  22.6 44 527 21.7 468 1.02 41 0791 48 1.03  3.02 0.519 289 3.15 0477
D24 17.8 395 4.66 23 422 0935 36 0684 395 0838 249 0423 226 2.63 0.409
D25 26.7 51 6.14 239 494 0.848 4.16 0.736 426 089 268 0472 23 291 0451
&AL S13 25 547 657 259 608 1.14 532 1.02 588 1.18 327 0.528 309 3.04 0.445
S11 153 304 3.8 16.9 3.05 0.602 259 0478 271 0.574 1.75 0.298 16 1.82  0.275
S10 256 538 641 257 6.19 114 532 105 645 131 3.65 0.58 35 3.19 0453
D23 159 331 4.2 182 333 0.738 293 0536 3.11 0.651 191 0331 17.5 203 0.304
D08 222 454 556 238 492 0876 4.15 0.764 4.03 0.745 195 0289 193 1.63 0.228
D27 159 35 394 181 328 0.704 285 0.531 3.01 0.643 194 0335 168 2.08 0322
D16 19.6 375 449 197 338 0.679 291 0511 287 0.599 1.79 0.3 162 1.82 0.275
D22 161 334 419 185 346 0.674 293 0537 286 0568 156 0249 148 148 0217
S12 139 256 3.52 14 241 0499 2.08 0381 22 0476 144 0251 136 151 0.232
g D13 154 302 428 17.1 3.02 0.612 256 0468 268 0.562 1.69 0286 152 1.76 0.271
S9 182 36.6 428 20.1 3.61 0.779 3.08 0577 33 0.702 2.07 0.348 19.5 2.11 0.323
D12 229 40.1 545 222 479 0975 406 076 437 0904 262 0434 238 257 038
S08 19.5 388 473 20 3.73 0.7 3.04 0518 2.6 0497 142 0.231 13 1.41 0.208
D10 19.6 395 484 225 409 0.754 353 0.668 4.07 0.839 256 0452 221 272 0412
D14 246 50 6.1 241 541 0.696 459 0892 536 1.13 34 0592 30.1 3.63 0.544
T4 HARFERMBXMTTERT ZHSE
Table 4 Parameter of metallogenic conditions of oil shale in Jimusaer
R IREE/10° Sr/Cu Sr/Ba Th/U U/Th V/(V+Ni) B/Ga Cu/Zn Ni/Co
S14 118.53 1.53 0.80 0.94 1.06 0.61 9.91 1.74 3.63
D28 146.06 2.18 0.44 1.90 0.53 0.70 10.99 1.08 3.75
D24 127.74 3.86 0.93 0.97 1.03 0.88 6.85 1.69 2.08
D25 153.09 1.89 0.27 1.82 0.55 0.81 25.62 0.80 3.39
[T A S13 170.97 1.19 0.34 2.66 0.38 0.56 1.91 1.25 4.08
S11 96.55 10.60 1.37 1.19 0.84 0.74 4.01 0.77 2.13
S10 175.84 0.93 0.42 1.88 0.53 0.44 1.64 1.23 3.42
D23 104.77 3.95 0.79 1.01 0.99 0.77 2.89 1.13 3.38
D08 135.84 242 0.37 1.56 0.64 0.65 3.64 0.76 3.81
D27 105.44 3.01 1.38 0.98 1.02 0.79 12.94 1.00 3.56
D16 112.62 7.58 1.14 0.85 1.18 0.56 2.18 0.59 3.27
D22 101.53 1.05 0.21 1.33 0.75 0.56 3.01 1.07 3.58
S12 82.10 2.66 1.38 0.72 1.39 0.66 4.09 1.32 3.54
. D13 96.09 7.82 1.09 1.12 0.90 0.64 2.99 0.62 3.21
S9 115.58 0.88 0.51 1.16 0.86 0.65 9.51 1.41 3.11
D12 136.31 1.41 0.65 0.55 1.81 0.44 2.75 1.46 3.09
S08 110.38 0.60 0.18 1.89 0.53 0.46 2.60 1.29 2.83
D10 128.64 4.37 0.92 1.50 0.66 0.68 2.39 0.88 3.12
D14 161.14 2.94 0.53 1.65 0.61 0.64 0.88 0.93 3.03
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Fig.9 Diagram of correlation between oil yield and geochemistry parameter of Jimusaer oil shale

AIEE (Jones et al., 1994) . AFFE X Ni/Co {EBE P4
FERMAMIRTE 2.5 LU, B ik JE RS (% 4,81 9g) .
5.3.3 U/ThIu1h

U/Th LU AE [RIRE AT DAAE A 340 W S Ak i 2% 1 1
— 5% (Jones et al., 1994), U/Th<0.755 /"% 1k
B, TE0.75 ~ 1.25 L EIALE , U/Th > 1.25 IR

EE OR—T4,2015) . WF5EIX KRS U/ThH (55 4)
$90.38~1.81,F-H4{H 4 0.86, WK Oh F HY , A #23—
RS U/Th FUIEAE 0.75 LR, 1% 5 Hfth 2508 R
(25 FAHP 6 , v] BB IZ HIKT X (B 5 R X I A
7o fHJE M Oh AT LR B, B T 14 LR
(1) U/Th {5 5, Hofth 5 5 67 46 19 U/ Th A 53 A X
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(] 5500 i S it U/ Th (B 53 A DX TR AR AR BL . X 36
B, P T S TR R A — 3
5.3.4 Cu/Zn HAi

Cw/Zn {E AL AT VE A WU ERBE 1) S AL AA I 4%
PRIFR ., Cu/Zn i Fom il R4 IR R A AL &%
P, 1 Az AN Z AV E 5200 (Mclennan et al.,
1995) . BFFE XKL Cu/Zn (8 A HL AL A B 52 (&
1), I it 2 T 15 i S T DA i 9 Cu/Zn (B 53 A IX.
[ IEAR— 5, BERH P 1 AR SR AR 1 —2

SRS, I DX ARG b A8 R 5 A 3 0 TR B
A SR AR S AR AT, #0 R A
54 BHREFH

AU T A MU A = i —Fh 2y
2, RO AT RS BB A 7 T (AR 15
45 2002)

g=Pl=e) (1)

0.0035™

AN R MR 1 (g/m?-a) , C ALK (%),
S HUTH A (cm/ka), p iy T IR (g/em),
FALBE (%) o

AT A B ff R AR E AR ], 2 AR SR
AU 57 T g i (57 0 B AT B, 9T A AT AR (R
AEK it 52 R 55 it (57 30 7 AT B P A OB 1T
s FLBR AR . B4 P& A MU A ™ T
R HEAGHURR CHIZE, NF 1 Hp ] & H I A 30 07
TOC & HA T 6.69% ~ 13.6% , V-3 9 9.5%, 1M {5
23 T TOC 25 8 11.6% ~ 20.2% , SF-HI{E N
16.49% . & a2 31 U2 1 TOC AR 2 19 1.7 %
HAMUAE = B &S TGN . H, S L
JE A 7 R ST DU TR A L
6 4 1B

()RR DX b A 3 A L) = B A B
I AR S AV I BT, A LS A TR B, A
BILITR 1 A KA RN , AN M3 0 A o

(2) =5 fi S I S A3 90 7T # 1 B .Ba . Cr \Nb., St
V. Zr TR E 2 S SO TUA A
+ TCF VI B RN A5 R S AR 4 DX R AR /N AR
LI I, HANECE & SR AL,

(3) T AR B IR - DX T 1 e i S
IRAK—2F K, 38 I FRE 5 &5 i 0 I DU SR 7

A AR E T8 B AR AR ER BEAE TR [RIE AR X4
R ) i DR AR i AR, 9D T X LS P R 4R
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