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Sedimentary paleo-environment and organic matter enrichment in the Lucaogou Formation

of the Jimsar Sag

Abstract: The Lucaogou Formation in the Jimsar Sag is the main target layer of shale oil exploration and
development in continental basins. However, its paleo-environmental information and organic matter enrichment
mechanism still need to be determined. In order to investigate the paleo-environment of the Permian Lucaogou
Formation, based on core and thin section observation, we carried out major and trace element analyses on 26
source rocks from Well J10025 by using X-ray fluorescence spectroscopy ( XRF) and inductively coupled plasma
mass spectrometry ( ICP-MS). This analysis, combined with GC-MS biomarker data and typical sedimentary
structures, reflects the paleo-environmental characteristics of the Luchaogou Formation. Geochemical indicators
such as C-value, Sr/Ba, V/Cr, Pr/Ph, P, and Co show that the Lucaogou Formation was generally developed in
a saline lake environment under an arid to semi-arid climate, with relatively deep water during deposition and
hypoxic to anoxic conditions. The upper member was deposited in a semi-arid, brackish lake with weak
reducibility, deep water body, and high productivity. In contrast, the lower member was deposited in an extremely
dry, highly saline, and strongly reductive shallow lake with low productivity. The paleo-environment of the upper
member fluctuated wildly, while that of the lower member was relatively stable. The correlation analyses between
paleo-environmental indicators and TOC show that the preservation conditions and dilution rate of organic matter
have limited influence on organic matter enrichment of the Lucaogou Formation. At the same time, the primary
productivity is the main controlling factor.
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Fig. 1 Structural location of the Jimsar Sag in the Junggar Basin and stratigraphic column of Well J10025
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Fig. 2 Photographs of cores and thin sections of the Lucaogou Formation in Well J10025

(a=c) Mudstone with fish scales, the top of the upper member, 3530.8 m; (d-f) Dolomitic lithic fine sandstone,

the middle of the

upper member, 3549.3 m; (g—i) Dolomitic mudstone with dolomitic lamina, the bottom of the upper member, 3603.1 m; (j-1)

Calcareous mudstone, half of the sample is alizarin red stained, the lower member, 3685.5 m

Core photos in the left column, transmitted light in the middle and orthogonal light in the right
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Fig. 3 Photographs of sedimentary structures of the Lucaogou Formation in Well J10025

(a) Calcite gypsum pseudocrystals, 3701.3 m; (b) Drainage structure, 3576.6 m; (c) Cracked fragments, 3595.4 m

x1 J10025s HEEHATOCEESEETESE
Table 1  Contents of TOC and major elements of the Lucaogou Formation in Well J10025
[ B R /m TOC 4/  Si0,/ ALO,/ Mg0/ Na,0/ K,0/ P,05/ Ti0,/ CaO/ Fe,0;/ MnO/
% % % % % % % % % % %

J-26 3499.5 5.77 18.68 4.58  0.67  0.52  0.53 0.13  0.18 .10 2.46 0.03

J-25 3506. 8 1.81 62.71 11.69  2.44  0.54 1.94  0.23  0.56 7.47 6.21 0.16

J-24 3515.0 7.76 65.33 11.85 1.68 1.18 3.29  0.40  0.62  2.84  3.92 0. 09

J-23 3523.7 6. 81 18.08  4.16  0.42 1.58  0.61 0.10  0.14 1.05 1.51 0.03

J-22 3526. 1 5.74 16.46  4.34  0.49 2,02  0.91 0.27 0.20  0.64 1.91 0.04

J-21 3530. 8 14.93 14.84  3.70  0.62 1.25 0.70  0.29  0.14 1.08 2.33 0. 05

J-20 3547.8 5.53 1549  4.16  0.81 1.81 1.01 0.09 0.17  0.41 2.01 0.02

B J-19 3569. 2 3.10 10.76  3.34  2.01 1.69  0.87 0.03  0.13 1.96 1.54 0.04
J-18 3570. 5 6.75 10.24  3.05 2.06 1.82  0.48 0.03  0.11 1.07 1.32 0.02

J-17 3574.2 19. 60 55.68  8.74 1.26  2.82 1.99  0.46  0.41 4.54 2.81 0.13

J-16 3576.6 16.97 6.10 2.44  0.41 .20 0.51 0.09  0.10 1.48 1.86 0.04

J-15 3595. 4 15. 80 46.24 8.64  4.52 3.22  2.05 0.13  0.39  5.67 2.67 0.08

J-14 3603. 1 7.04 38.92  7.12 8.42  2.26 1.66  0.22  0.28 13.85 3.29 0.15

J-13 3613.7 6.98 53.72 9.8  5.56  4.38 1.75 0.10  0.48  6.00  4.65 0.13

T HME 8.90 30.94  6.26 2.24 1.88 1.31 0.18 0.28 3.51 2.75 0.07

J-12 3624.3 3.62 49.98  9.74  6.05  4.64 .99  0.07  0.51 6.98 3.34 0.13

J-11 3629. 2 2.29 55.41  9.74 2.8  4.40 1.71 0.08 0.44 892 213 0.12

J-10 3664. 3 4.20 52.01 890  4.46  3.55 .79 0.11 0.34  9.94  2.90 0.12

J-09 3679.5 3.11 49.71  8.56  6.69  3.67 1.44  0.07 0.35 10.32  4.08 0.13

J-08 3681.6 2.44 52.87 9.50 516  3.92 2,29 0.06 0.39 7.39  4.30 0.13

J-07 3684. 5 3.48 39.19  7.97 8.09  3.62 1.68 0.09  0.38 12.67 3.56 0.13

TEB J-06 3685.5 5.82 58.81 11.19  2.51 4.00  3.39 0.15 0.60  3.45 2.67 0.08
J-05 3695.3 2.50 39.14 819 527 3.0 266 0.17  0.44 15.44  3.59 0.12

J-04 3696. 9 1.95 42.57  8.35 9.31 3.01 2.33 0.04  0.36 11.31 2.98 0.18

J-03 3699. 9 5.73 50.47  9.43 490 3.10 2.8  0.08  0.43 8.43 3.05 0.13

J-02 3701.3 7.87 29.90  6.37 8.39  2.52 1.66  0.11 0.28 17.03 2.67 0. 09

J-01 3708.3 4.85 43.00 8.09  7.35 2.99 1.95 0.09 0.36 12.42  2.83 0.15

B {E 3.99 46.92  8.83 5.92 3.54 2. 14 0.09 0.41  10.36  3.17 0.13

T {H 6.63 38.32  7.45 3.94  2.64 .69  0.14  0.34  6.67 2.95 0.10
FHI5E (UCC) — 49.50 15.80  4.40  3.20 1.88 0.20  0.70  6.40  6.60 0.14
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Fig. 4 Concentration of major and trace elements of the Lucaogou Formation in Well J10025
(a) Concentration of major elements; (b) Concentration of trace elements
&2 J10025 HAAEHBAMETERE
Table 2 Trace elements characteristics of the Lucaogou Formation in Well J10025
2 B W /m B/ Ga/ St/ A\ Cr/ Co/ Ni/ Th/ us Cu/ Ba/
(ng/g) (pg/g) (pg/g) (pe/e) (ng/e) (pg/g) (pg/g) (pe/e) (ng/e)  (ng/g) (pg/e)
J-26 3499.5 196.0 12.0 169.0 78.3 26.6 10. 40 28.9 4.4 2.16 36.3 170
J-25 3506. 8 300. 0 11.6 265.0 80.3 25.3 4.61 11.4 5.7 1.21 24.2 189
J-24 3515.0 363.0 13.5 321.0 108. 0 33.0 12.20 42.5 7.0 4.26 57.2 425
J-23 3523.7 60.7 12.3 229.0 70.5 181.0 13.20 93.5 4.9 2.65 98.0 370
J-22 3526. 1 74.3 17.1 293.0 91.9 373.0 16.70  209.0 7.4 6. 81 79.6 598
J-21 3530. 8 69.9 10.9 223.0 77.2 419.0 15.90 187.0 4.2 5.61 66. 2 261
J-20 3547.8 128.0 20.0 116.0 136.0 52.0 12.70 45.0 5.6 3.05 60.7 445
kB J-19 3569.2 132.0 13.3 161.0 74.1 37.0 10. 60 24.5 4.1 1.50 33.1 337
J-18 3570.5 74.1 11.1 304.0 55.2 225.0 5.21 95.3 1.5 1.53 112.0 508
J-17 3574.2 83.7 9.0 223.0 68.5 29.1 7.82 22.0 8.2 3.88 28.5 204
J-16 3576.6 88.7 10.2 293.0 70.0 28.2 7. 66 25.7 5.2 2.78 31.0 281
J-15 3595.4 91.8 6.8 429.0 62.1 20. 4 5.21 17.8 52.3 7.04 21.9 199
J-14 3603. 1 51.1 5.7 683.0 65.3 146.0 6.34 57.8 13.5 3.68 51.5 324
J-13 3613.7 129.0 12. 6 159.0 87.9 35.4 9.76 35.3 3.3 1.44 29.2 252
S 131.6 11.9 276.3 80. 4 116.5 9.90 64.0 9.1 3.40 52.1 326
J-12 3624.3 112.0 7.4 604. 0 67.2 22.2 6. 80 19.2 21.7 3.79 31.9 288
J-11 3629.2 106. 0 7.3 433.0 40. 4 26.9 7.29 19.0 3.6 1.52 8.3 377
J-10 3664.3 98. 1 8.6 506.0 86.2 21.7 5.82 15.2 7.8 2.72 24.5 292
J-09 3679.5 136.0 7.2 343.0 63.0 22.7 4.46 12.7 2.8 1.47 15.7 218
J-08 3681.6 118.0 11.4 523.0 87.9 32.8 6.20 19.4 3.0 2.29 15.5 234
J-07 3684.5 89.9 6.7 710.0 91.3 20.5 4.84 15.8 2.1 1.08 16.3 250
T B J-06 3685.5 82.5 9.5 579.0 91.2 23.5 8.63 30.6 10.5 2.43 43.0 459
J-05 3695.3 112.0 9.6 771.0 130. 1 38.9 11.01 31.1 18.0 6.00 38.1 426
J-04 3696.9 172.0 8.7 614.0 83.3 27.5 9.46 24.9 2.1 2.29 18.9 269
J-03 3699.9 128.0 10.0 489.0 113.0 37.6 7.16 25.9 2.9 1.39 50.3 377
J-02 3701.3 55.2 5.7 832.0 93.9 163.0 10. 50 109.0 11.7 2.84 103.0 327
J-01 3708. 3 103.0 5.2 885.0 95.5 19.6 5.48 17.0 4.6 1. 14 22.1 202
T8 109. 4 8.1 607. 4 86.9 38.1 7.30 28.3 7.6 2.40 32.3 310
S 4 121.3 10. 1 429.1 83.4 80.3 8.70 47.5 8.4 2.90 43.0 319
LH5E (UCe) — 16.0 325.0 131.0 119.0  25.00 51.0 5.6 1.40 24.0 390

AN, U, Cu BHEE L TESERIANEEE, B wHS5ETEROEE, W Ce, Ni JMEHME, b
PEEEREE NRE, Sc LR RINTE LB BMXEE, TEUWTHORE, HAMETR,
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W Ga, V., Co., Ba 7F I T B AR 2 B0 B &8 KR JE )
T, Hrh Co 7Pl R B ™,
3.3 MEEYMERELEY

J10025 F 4 B 36 ZH A% it 1E 44 o8 J Y 20 A1 5 B
BAIETRRFAE IR T 03 A E nC,—nCy Z[H]

(PE5) o 0 R A i v e A 381 = 1 28 S e —
Wk, Wt Ecke (Pr) FIAEKE (Ph), 7% &4 AHY
Pr/Ph AL B8 K (0.19~1.50), Hd F B
F0.47~1.50 (F¥1.00), FEAMNT0.19~1.14
(F0.64)
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Fig. 5 Total ion chromatogram of saturated hydrocarbon of the Lucaogou Formation in Well J10025

(a) The top of the upper member; (b) The middle of the upper member; (c¢) The bottom of the upper member; (d) The

lower member

BEAN, R AL RE A R AR R B R Y B
Noe, (ARG & &80 22 R K, &0 5
Kot & sk, B-fA % M BedR & (B-T1 & b i/
nC,..) “F¥HER2.72, Hf EBEAT0.03~2.22,
EIMEN 0.77; T B B-H S b BEAR O B E R A,
T 0.22~12.05, FEHI{EH N 4. 67,

L B e B GT (S ke C,, FERE) SFY
fHH0.21, Bikife, Kb EBRERMK, It
T 0.10 ~0.24, F¥MEA 0.19; FE GI i+ T
0.20~0.26, F¥IMEH N 0.23, AL/,

4 ik

4.1 HIRNEEZE
4.1.1 a4

FEVIRL &, DORR Y R DT AR 30 355 22 ) A7 7
O R 1) Hl BR AR 2 B, T — S 5 AR A Ak SRS
JCR T LLAR A b i s PO AR 0 B ol AU R AE .

TETEAM AT, RABEAKB A, HERAKDK
wmRK, KA H Ca, Mg, K, Na, Sr, Ba
FoRSREN B TR KRR Y d 7509
ST, DURE T Fe, Mn, V. Cr, Co,
Ni 85 JC 3R 3% 1 W AH X A8 (Eskenazy, 1987; 25
WS, 2012), B, ATRAHX BRI E &=
(BRI e S A, B S FR 2L C {A .
Cfi=Y (Fe+Mn+Cr+Ni+V+Co)/
Z(Ca+Mg+Sr+Ba+K+Na) (1)
s RW, CE/NT 0.2 R TRHEE, N
F0.2~0.4 B4R T HRIHIE, 0.4~0.6 B h2p
FR—PRIHIREE, 7€ 0.6~0.8 Z A5 /8 12 H
W, KT 0.8 W kil i 3 5% ( Moradi et al. ,
2016; Xie et al. , 2021), J10025 Jf j= B ik 20 7 o0
S CEAR TR, /v T 0.07~1. 14 Z[A]
(F3), H, WRWATE CEMMHIE0.07 ~
0.21, fE/RWME TS, AR E B TR ER
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A SHAE KA, R o B A o A AE 0. 11~ 0. 66,

®3 110025 HEERAHSESHREEER

fe 7R T R R A DURUER T

Table 3 Paleo-climate and paleo-salinity proxies of the Lucaogou Formation in Well J10025

. W SRR bR o R AR bR
)% "2
Sr/Cu C1E CIA Sr/Ba B/Ga Gl
. 1.91~19.59 0.11~1. 14 44~79 0.26~2. 16 4.35~26.89 0.10~0.24
LB 6.83 0.54 0.96 11.32 0.19
o 8.08~52.23 0.07~0.21 46~52 1.15~4.38 8.72~19. 85 0.20~0.26
P 26.25 0.13 2.10 13. 85 0.23
J—— 1.91~52.23 0.07~1. 14 44~79 0.26~4.38 4.35~26.89 0.10~0.26
15.79 0.35 1.49 12. 49 0.21

/M ~ Rl
F

HERMITE Cu 55 THITE Sr F L1
225, —SeE s ] S/ Cu BT R 5 Y
ARG (MREESE ) 2019; U7 B4 2021),
M Sr/Cu KF 10 BF, FE/R RIT R, 2N
AR, HarEE LT AR (JE B S, 2022,
BEP S, 2022) . J10025 75 H9R AR A A Se/
Cu fHAM ARG B (1.91~52.23), Hd FEIL
/N T 10 (CFXIE 6.83), 2 WA f 1 12
T B Sr/Cu U R K (CF¥IMH 26.25), Al
i£52.23, TR RAT RIS, R, M HIGH
MRS A B A, A ERRER DY) S Y i
AR RS, AR bR B HE RGP P A — T (Wei
and Algeo, 2020) , KW CHY5 St/Cu A3 R
FHEE G AVE S 2 B, DT B o ) b Sz B = R 9 4 I
Bl AR, PR AR O TR T
FRUCRA S, IR e W T B TR
(1) A 35 T 5 AR SRy b B T B2 R Y A

1.2

e

° * B
. e TR
1.0 .:ﬁ]ﬂ
08| *
%‘ 0.6 - 4136
041 g FFR
02 F ® ‘. ° o
L] 2 Ld .‘. :FE ™ = 3
0.0 . . . .
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Sr/Cu

H 6 J10025 # F E W4 CH-St/Cu X4 A
Fig. 6  Crossplot of C-value and Sr/Cu of the Lucaogou Formation

in Well J10025

R AR TR H (CIA) 2 ) W7 1 2 XU Ak R 2
WA — A R bR, HRUE MR, e

KACFR BBk | B2 (Mclennan, 1993; Xie
et al., 2021), HHEARXWMT .

CIA = [AL,O,/(ALO, + Na,0 + CaO" +

K,0)] x 100 (2)

Hr, CaO” /R CaO FE 7+ A1 BE R £R 1 43 (1)
e, IFHU T ARXHITKIE: Ca0'=Ca0~- (10/
3) P,O,, W CaO'>Na,0, HF4 CaO" =Na,O;
BN Ca0 " =Ca0’, PEILA T Bt CIA 70 i 7E 46 ~
52, feon A AR B T BRI, LB
CIA XT3 (44~79), 48 P SE—5m B0 b 2
WAL B | BT B sk, i, 7£50
UL 30 I S o = ST Sl = WD - T
7K F 3 45 1 fE 48 7R T 5 P T R IR B AR
55 MR Ak 2 HE AR R AR5 R — 3K
4.1.2 +#%E

FEIA 25 rp ) R R DU AR AR A A —
ANEENLE, BN EEIZ A Y5 kb2
vy rs e f TR TSR E A, B A
B AREERRATY . BOUE . RERALER .
EWkr AL S Y & (Zhang et al. , 2017; Wei and
Algeo, 2020) . I WKW 58 3 R FH #b BR AL 27 19 5
B, BB (S/Ba) . MW HME (B/Ga)
DL KA 5 5 e 18 K (G1) =S8 Bi X X 2 3 21
A K AR BE A A AT T

PEYL AR, HEETREHGE T HE
SR, TEKMRERERARE, Ba® &t Coy | SO
SEATEDUTE, 1 Sr™ AUk TR, BB AN K
WK, S AFFIRULTE (AT, 20035 PR SE,
2009) . K, WTLLA Sr/Ba i 52 ok AR, 4
Sr/Ba<0. 2 B}, #E/RIRAKIFEE; 2 0.2<Sr/Ba<0. 5
BF, FERTUBOK IR B s Y St/Ba>0. 5 BF, KRR
JKFA 5% (Rohling, 2000; Wei and Algeo, 2020),
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J10025 i I 41 BE Y Sr/Ba {3 3 K F 0.6,
8 A I NN = B O R RS B e A
Hop ) MR FEE St/Ba T 0.26~2.16 (CFH
{H 0.96) , sKMAERFERSAL; T FEVH 240 T B Si/Ba
BAK, AT 1.15~4.38 (CF¥{H 2.10), £HITFE
KRGk, — 22 #35 FH B/Ga $8 /8 K (R £
. M B/Ga<2 B, f8/RIRKIFEE, 2<B/Ga<6 15
RUROK RS, AR F 6 B S JROK B EE (b
M55, 2012; Wang et al. , 2017), WFFTH, P&
W2 1B B/Ga B T0ER BCHE B R Ah, HoAb A T
4.35~13.42, 87 OBOK—BOK 3R 585 T Bkt
fEE R E R (8.72~19.85), fRRHALIREL,
05 05 e 7 AR R BE L5 KR 4 )2 B R AR B
Beas Ul oG, PR ] AR T A 5 0 e 48 %% (GI)
FemEb A&, — BT, G BUAM K, Kk
B E (Schoell et al. , 1994 ; HAFEF-45, 2020)
PRI 2 W 4 B S IR L A AR R, T A
0.10 ~ 0.26, H v I BB H % o & /N (F 1
0.19), FEEHEMMAX KA (F¥0.23), R
KIS Z R BOK RS, A TFBEEEES (K 7),
5 St/Ba, B/Ga ZEUIMHE /R 45 B — 2, Wb,
TN R B WO A R R T DL Sy ek

WA PR R |
0.5
. * FB
. TFE < > A o TR
0.4 F
E:id
= 4
S
ﬁ 03+
/02 o ° e
g n -
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Fig. 7  Crossplot of Pr/Ph and GI of the Lucaogou Formation in
Well J10025

4.1.3 AMNZTREH

P E Ry o S TR AN ) 7 N I A
JFAMFRIE R AR 2, AR AW a %
DURUZEUE 3R, 2 o0 R H AL 38 br DL B — 26 4 P
kA W% (Algeo and Liu, 2020; i ¥ %5,
2022), HEHL V/Cr, V/ (V+Ni) PN TCHLHL AL T8
FRUAKGERE G (Pr/Ph) FiIB-8HE Medg 4k (B-iH

B NEE/C) WA HLI AL IR bR, R LR G R
B L GURR I S 3 A SRR I AR A (R 4)

Fz4 J10025 HFEE ALK TR ZGIER

Table 4 Paleo-redox proxies of the Lucaogou Formation in Well

J10025
N A A8 bR
J=3 0 y . b
V/Cr V/ (V+Ni) Pr/Ph B-HAE P hedE %L
0.18~3.27 0.29~0.88 0.47~1.50 1.19~66. 47
B
1.85 0.62 1. 00 21. 84
. 0.54~4.87 0.46~0.85 0.19~1.14 2.86~34.69
T B
3.09 0.77 0. 64 10. 01
B 0.18~4.87 0.29~0.88 0.19~1.50 1.19~66. 47
baEiE 2.42 0. 69 0.82 15.93
o dME ~ BORIA
’ FHE

V., Cr, Ni, Mo, U 452 % fbif i Uk T &,
FEATR B R AC RS 5 1 F USR5 08 XA 7,
T 22 B B 81 M BR Ab 2 M R 25 R A AR B
B, XEIT R LS M KIS B XA TE,
PR JE IR B of ) DS A 0% 25 H Al T 2 A BL TR
it , UBamE AR TR (Algeo et
al., 2011; IR, 2017), TEBRJEFEMT, V
B oW MmO, Cr, Ni WX S @, W
WA AR V/Cr, V/ (V+Ni) A SCH WKk E Ak
IR, BT £, V/Cr<2 B R E AL 5,
2<V/Cr<4.25 B4 /R LA B, V/Cr>4.25 $87R
B R B, V/ (V+Ni) {H7E 0. 84~0. 89 HfF5 /R /K
KRR ZLAY 2R R A BT, A F 0.6~0. 84 5787k
o )2 — B B AR S, A T 0.46~0. 6 B 7R 7K
&5y 285 3 A A 5% (Hatch and Leventhal,
1992 ; Jones and Manning, 1994; Tribovillard et al. ,
2006) , J10025 JF 75 D FEfH B V/Cr 43 Fi 7E 0. 18 ~
4.87 Z 1], b BBRAS BRI R T 2, T
FBV/Cr W e R (S YIME 3.09) 5 V/ (V+
Ni) A4 fi 76 0.29 ~0.88, FE:F#H 0.62,
TEBOE R 0.77, LU TEHL AL T8 AR AR B,
TV SR EO A R DU, H N
I SR R

U S5 Ao TR ot A 15 I 4 R v e 0 4 1Y
b, YT K AR S 48 Ak i R L I 4 TR R L 2 e
BRI A e, BT DU WAL (Pr/Ph) fE
J A AR JF B U FE AR (Peters et al. , 2005; D [
%, 2020), MEEHAMEME (Pr/Ph) AEfLE
B (0.19~1.50), Hp EBEEAN T 0.47~
1.50 (*F3#1.00), FEMNT 0.19~1.14 (P
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G, . FORBER I PR LB SR B 5 A B A 4 641

0.64), M EWH A UK B K A T8 R
Wh, HTFBOREMEA X 5 (7)., B-HE b
PR TS N, S8 N RAERWEAEY ., Bk
A S AR T AR TR, M UTBUK IR IR
JE RS B Y B B-HA B b ke IR RO AE, P DL Bt
I ot 8 B30 R Y i AR DT AR B Y 4R A
(Mukhopadhyay and Gormly, 1984) ., % K424 B-1
B MR EBBUN, A AAE 1.19~66.47 (PP
21.84), NEBEUEAAXT B K, 410 1E 2. 86 ~ 34. 69
(P34 10.01) , FBA P RN Boak Je vk 55
4.1.4 FAXKK

JCRAE TR v i 3R 05 TR A A ol KR
EYIM G, HEREREELE, Fe, Mn, P, Co,
Ni, Ca, Zn FCESFEAWIE M, Hrh, Fe 5%
b, ZIERFIXELE, Mn M Fe 8Fa5E, BETEIE
R, B, ol LU Mn/Fe 2 BUKERZE 4L,
MoRRAMERES T KREEMELR, Hi
HRT 0.01 B 48 /8 R WA A 58 (K 7k 4 %%, 2003;
FWAE, 2022) , J10025 J 7 FIE 2 A 0 B S Y
Mn/Fe /v F 0.01 ~0.05 Z [6], H{E¥shig /N, &
A 1 32 B R B 2K 1M 2 e ) A TR K AR AR

R T IR AN 5T B8 4L U0 R 30 S T A AR
FERLHEE, BF 58 R FH Al o0 2 & i 4 55028 A Y DT R
ROPEm A WA A KR, BRI E AT
(REF-FERBE, 2000, FiE% 2017) .

V5=V0XNCO/(SCU_tXTCO) (3)
t=S,/N,, (4)
h=3.05%10°/(V. x 10°)* (5)

Horpr, voORUTRR S v, N IE R AR EOR
0.2 mm/a; N, A IE & #8190 009 &Y F B2,
20 wg/g; Se, NFESHVEN B EE; ¢ WAL X AR A
MITTERE s T, ABGIREEE A e F R, 4.68 pe/g;
S, MRERREREIERE; N, N BRERREE A RS 1
FH, 38.99 wg/g; h KR, m,

Co THRITALRER (5£5), MEEHLED
RS 30 ol W0 901 K R B FE 3. 36 ~62.69 m, T BIK
TRAI 8 H, SEAKTE 14,67 my b BOK AR 42
W, JUHAE FBCTER K B3 KT 30 mo B
L, PR RIS BRI L KR AR R YRR
fitE, X—4iRE5CAHRTMEN S LHREF
AR (Liu et al. , 2022)

4.1.5 F4£2H
WA A A L R AR AR RS R R )

RS ComEIHJI0025 HAERAERKRSH
Table 5 Paleo-water depth parameters of the Lucaogou

Formation by Co calculation

W/ Se/ Su/ , v./ h/

VA =2
. m (rg/g) (ng/g)

o

J-26  3499.5 10.40 13.90 0.36 0. 46 31.11
J-25  3506.8 4.61 20.30 0.52 1.84 3.86
J-24  3515.0 12.20 31.60 0.81 0.48 29.39
J-23 3523.7 13.20 22.90 0.59 0.38 40.73

J-22 3526.1 16.70  26.60 0.68 0.30 59.85
J-21  3530.8 15.90 16.40 0.42 0.29 62. 69

. J-20 3547.8 12.70  31.40 0.8l 0.45 32.18
LB J-19  3569.2 10.60 19.50 0.50 0.48 28. 62
J-18  3570.5 5.21 17.90 0.46 1.31 6. 46
J-17  3574.2 7.82 13.80 0.35 0. 65 18.45
J-16  3576.6 7.66 17.00 0.44 0.71 16. 06
J-15  3595.4 5.21  26.90 0.69 2.02 3.36
J-14 3603.1 6.34 14.90 0.38 0. 88 11.71
J-13 3613.7 9.76  17.90 0.46 0.53 25.32
J-12 3624.3 6.80 22.80 0.58 0.98 9.87
J-11 3629.2 7.29 17.00 0.44 0.76 14.50
J-10  3664.3 5.82  18.60 0.48 1.12 8.19
J-09  3679.5 4.46 12.40 0.32 1.35 6.18
J-08 3681.6 6.20 19.30 0.49 1.03 9.23

. J-07 3684.5 4.84 10.60 0.27 1.12 8.12
R J-06  3685.5 8.63 37.70 0.97 0.97 10. 03
J-05 3695.3 11.01 10.55 0.27 0.41 36. 67
J-04  3696.9 9.46 17.10 0.44 0.54 24.31
J-03  3699.9 7.16  21.00 0.54 0. 86 12.05
J-02 3701.3 10.50  18.40 0.47 0.48 28.78
J-01  3708.3 5.48 16.00 0.41 1.12 8.10

TR B AR N AR 2 R AN [ bk
b2 48 b5 ok B ety 2B 7 KO, AR B LR
i MARNL R YRS S Y DL R T
EEE (8. 9. FF%,; Jiang et al. , 2020; F'
B4, 2022), BLIRBESER A TOC & &, P &4,
P/Ti HAE = A2 8Ok FAF ™ 55 90 40 B9 A4 7= 1 &
(F6).

A MU B DU A L b R,
SRR AR TR B B R R AR, 110025 H T
4 TOC & w2k K, i fE 1.81% ~
19.60%, b EBF¥ME R 8.90%, T EBFEHEN
3.99%, FE/NARXT RS R AR O AR, Hirh,
T BRI TOC & & i w, 5 LAl
BEXT R

TURL) H 8 00 R A0 B K40 A R S R R
WG A7 01 FAT AILBT A 25 %% DA ¢ (Tribovillard
et al., 2006), PHWH EEBMTE ST REE (K
K0.20%), RBUEFRY B R ERH A, X0l (82
Hy S 20 e O ) M A L s R R R R
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Table 6 Paleo-water depth, paleo-productivity and detrital input proxies of the Lucaogou Formation in Well J10025

o K/ m H ) TN
B Mn/Fe 43 H7t Co 4 Hr TOC &/ % P&®E/ % P/Ti Al,0,4/TiO,
- 0.01~0.04 3.36~62.69 1.81~19. 60 0.01~0.20 0.05~1.05 19~29
B8 0.03 26. 41 8.90 0.08 0. 38 24

. 0.03~0.05 6.18~36.67 1.95~7.87 0.02~0.07 0.09~0.37 19~26
T8 0.04 14. 67 3.99 0. 04 0.24 22

5 30 4 0.01~0.05 3.36~62.69 1.81~19.60 0.01~0.20 0.05~1.05 19~29
0.03 20. 99 6.63 0. 06 0. 31 23

/M ~ Bl

T i
TEFRE TR, N5 E T R a4 Bl
THZK KB & 5 F2 L B4 (Pan et al., 2020), %k
(Ti) EZORARGERE, HILE - P/T B kR
TR S, DT B e Ml e AAF WA 7 3R R . AE
Forh, PEIREIEA LB P/TI AR (CFHME
90.38), FEAXTEAL (CFBIEN 0.24), ixsk
FEbR AR B = YA A L B — R B A AR I
BEFOAEE, T B J MAH A,
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FRAE J10025 FH: 7 36 21 55 0 B 5 ) 1 BR 1k 2
B2 R NG T - R S N 1 N =
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J R B R WA TR B R, DOAR I 1B
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T BB A S T B A UK IR, 5
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WH TR I E R E, RN ET 5, $hER
R JEPEAR X R, HOKAR R, FE 110025 I
PR AL R (& 8), HEREER S
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Ga 5 GI WAHXI 8w, KW — PO 0 fe + 5
DR RO e, A N ) R R AR R I 4

HhfE HSE HEE

e |
RE | &M
4 Sr/Cu | Cifi CIA | St/Ba | B/Ga | GI
-‘E Eﬁ /m 0 60 | 0 1.2] 40 80| 0——5|0— 30 07,0.4
3500 Y ”

VI(VHNi)[  V/Cr Pr/Ph  |BH#F MEfS| TOCE R 0 PEH %
o— 1o s —60

IR HEPS) HBAN] cossi
%3

o | PITE | ALOYTIO, &k
—— 0—2]0 0—20{0—0.3 15—30 |0 ——70my

3510 / (

3520 [ \ /
3530 I \ \“;

[~3540
3550

3560 \ /

b3

g | 37 \ ¢
3580 \

= 3590
3600 / ’ \
-3610 / ‘
[ 3620 \ |
3630 \ | ‘\‘
3640

3650

Ho
-

3660 / )
3670

3680

1
\

[~3690

3700 <

a710 72 | wm | wme | we | =

> F e xS e

et S et

7 \

£E_| 8k

>

1 4 B4

REMEE RE

WA MEE

B8 J10025 # & v 4 & 1 9E S LA

AzRRAE REATE

Fig. 8 Evolution of paleoenvironment of the Lucaogou Formation in Well J10025
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B, AETREREOMZIEE ., BRIz, RAEK
TS A IR T 2% 14 1 A T AL L AR F8 AR V/Cr, V/
(V+Ni) 5HAAHLH LS8R Pr/Ph, B-HHE Do/
C,.. WRBE N, H657R 2 55 4 2048 — B AU 38
B, (HREERENZ, A 0NN Bk
BYh IR B-5A S N, B LAOCK B B-iH &
Nt/ C,.. TEAE R ECEGE IR BT 8 R bR

Sih IR ELE (E 8), M AFERKIM G
PRI N BT IR B AR VR0 A LU A 5. R
AT B IRE T 5 i S B R Ak 1 AF PR B
el R85 A5 2 48 A AR Ak iR B 0 U, R
B A X AR, 5L, AR A L
Bl BO80K B R IR BT, ol B S 800 )
PEER, HERH —E M BB ERRIE, ORI 5E
W BV 2 T B PR I U A SO S = AR L
OUIBTE AR, PR EE R ST R
BRI SR ORI IR S, EEVR A R

HEHARBRE; QUURE L, MR HS
o V0, ER B IT IR RRAIG, R IR, Nk TR
WM—HHHE, TEIRAsREES50EA R
iy QUIBEALM I, T 28R E L IR,
AKRER BE A )P T R, T R AR S B R
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