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fundamental works for in-situ upgrading of oil shale reservoir. In this paper, geochemical methods, e.g., TOC, major and trace
element, rare earth element and biomarkers, were carried out to restore paleosedimentary environment as well as discuss organic
matter accumulation mechanism. The results suggest that oil shale within the entire interval of Youganwo Formation is rich in
organic matter, and the bottom is composed of thin carbonaceous shale, sandstone and lignite. Mo content, Ba/Al, Ba,, and
biomarkers all reflect that Youganwo Formation has high primary productivity, with intermittent “algal bloom” phenomenon. V/
(V+Ni), Ceuoms Th/U, pyrite framboids and Pr/nC,;—Ph/nC crossplot indicate that Youganwo Formation was anoxic
environment. Sr/Cu, Rb/Sr and climate index C identify that the climate of Youganwo Formation was warm and humid. Sr/Ba,
Ba/Ga, Ca/(Fe+Ca), ALO,/MgO and gammacerane feature suggest that water of ancient lake is fresh. The ancient lake of
Youganwo Formation was semi-deep to deep, proved by Zr/Al, Rb/K and MnO content. Through the correlations between paleo-
environmental parameters with TOC content, it is deemed that the warm and humid climate and freshwater environment can
provide good conditions for the flourishing of algae, forming high quality productivity, and therefore it determines the quality and
development characteristics of Youganwo Formation oil shale. High primary productivity with abundant organic matter sources is
the main condition for oil shale formation, and anoxic semi-deep to deep lake environment, as a promoting factor, is conducive to
organic matter accumulation and preservation. To sum up, in this paper it proposes the accumulation model of organic matter in
high-quality oil shale of Youganwo Formation in the Maoming Basin.

Key words: oil shale; paleo environment; geochemistry; organic matter accumulation; Youganwo Formation; Maoming basin;
petroleum geology.
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Fig.2 Vertical variations of organic matter characterisitcs of Youganwo Formation oil shale in MY 1 well
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Fig.4 Organic matter type identification of Youganwo Formation oil shale in MY 1 well
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Fig.5 Mineral compositions and morphological characteristics of Youganwo Formation oil shale in MY 1 well
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Fig.6 Average enrichment coefficient of major and trace elements of Youganwo Formation oil shale in MY 1 well
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Fig.8 Vertical variations of paleoproductivity and paleo-redox indexes of Youganwo Formation oil shale in MY 1 well
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Fig.9 Gas chromatogram of saturated hydrocarbon of Youganwo Formation oil shale in MY 1 well

V/(V+Ni)>>0.83 4§ ¥ PR 355 . Th & — i A 2
MIICE W W EIER HJE b K UL ThiT b
225, U/Th{H ] RAE o KR B & ALk 5%, Th/U
24BN BAE I, Th/U>8 46 /8 A AL 345 (Pattan
et al., 2005).Ce 5 i $5 %4 Ce,,,, 72 AL L 5 55
45 b, 5 A Ce,,,,=1g[3Ce,/(2La,+Nd,) ],

Cepon KF — 0.1 ARFEEIAEE ,/NF — 0.1 W FE R &
EZE7N

BT 1 A B AL UUE Y V/ (VA NDEA T
0.67~0.78, F ¥ } 0.73; Cepon I T —0.100~
—0.008, ¥ =—0.1. X P45 b5 2B s e 1 IR B 4
T UT AT BT 43 J2 A5 0 38 SRR 8 A B T HLTR
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B HE B AR AF . Th/U {E A T 3.75~6.76, F- ¥
5.28, e T 5530 R EE X 5 E 1) TOC a1
TR i AR ) S B b I T AN A, T R 2 T I A b A
TH 7K A% Sy Jay B Ll D8 0 J5 1) i A R v A AIL B T9C AR
WSS T, Th/U lLEH B TR R B LR E
(EARESE,2007) , AREAE N B 5T X3 014 B W a
FACIE IR 2 5 F8 b5 . F8 AR I ) A A B
LR /I B B By S 3 TR A5 1 . 38R 1 g R B
B O >10 pm) |, RO T — 52 1Y SR, 148
KL B R AR AR BB (O 3 <35 pm) [ BB A
Fomid R BE (ZE BB A, 2021) . 4 L 0 5 ]
JHT T A B A T S kR A 1 Rk A
5pm 28 AT, A G B AR BB BTORL AR ALK, AT Gk
10 pm (&l 10a~10d) , 9 it AT 0, i A 58 48 9h o s &
NISSI a7

Pr/nC,; #1 Ph/nC, 58 I Kl fE 55 i 98 H3 Af Bt 5 1%
B Joe A $5 . BB AR 4 b S et T RRUK AR 1 S A A T
WS (Liu ez al., 2023). i I& 11 A 50, 5% 01 1 I v Al
5 2H Y DU 3 A AT AR I B o Y R R, 5 AR SR A
T EE RS A 22 5 H AL B A 1 Sz WAy ML B 5 R 4
F2 TR AR AT K A R U A ) A M B 5 1 DT R IA
55 ARZAE bR AR 0T M BER L 25 38 b S v

e b, BEE RSN, V/ (VAN 2588 m
Ji BTG A A, 28 ISR SRR GO L X 5 B R
1 AR fE T Cey (AN 58 4 — B0 BB &2 M
C @, 1L L TR JEE 180 001 85 A 28 186 000 ) A, 28 VS 0k I
T Rk b ot 0T A B B AR . AR ) = 7E 830~
850 m Z [ fFFE s IR I Bt ,1Z B TOC & HA 7w
A, 5 BT & iR Ce,,, [ELAF 76 AR S5 (0 X5 10
B5 V/(VAHND B X2 256 R E , TURUK AR
S AL I8 T A X B 1 48 BR R Cen (8 F1 B ER B
i, V/ (VA ND 8 b5 2 B I8 5 A 52 ), 50% 8 A 2%
AR R REAR S 45 b5
4.3 HRIRER

ARG SR T R R A DT B R
AR T K A Ak 2 P BT R R 9 A= 77 U (Shen
et al., 2017) , 1T BOHIAH 75 b 6 Ak B 0 AR ) 72 1Y
22 5 (Chen et al., 2016). i & JC & L BR 1k 2% = %
Sr/Cu Hl Rb/Sr X =45 A% 4k b 2 S0k, TRk 12 1 1 11
SR, Sr/Cu S N RAE , JE 2 1.3~5.0; T
B RMH S fEFHR B, Sr/Cufl K F 5 (Sarki Yandoka
etal., 2015). 5 Sr/CufHAH I ,Rb/Sr {8 Jy i {H 52 B
I I R B A 45 A, Rb/ S (E g AR AE S e TR

B0 7 B0 1 FE R 5 400 T B AU 3 Bl A 4 1

Fig.10 Distribution characteristics of pyrite framboids of

Youganwo Formation oil shale in MY1 well
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Fig.11 Crossplot of Pr/nC,, and Ph/nC of Youganwo For-

mation oil shale in MY 1 well

JRUAR S R T SR 5 R S S A (4 B AR Bk BB
2002) . S A% 4 M 45 5 Wi JE 0 A< 8 8 E (Fe .M,
Cr.Ni.V #l Co) fi T F AT & (Ca. Mg . Sr.Ba,
K. Na) i i # #l 3 i , % F S 48 80 C= (Fet+
Mn+Cr+Ni+V-+Co )/ (CatMg+Sr+Bat+K+
Na) [ ety S 4, — B C<<0.2 4% % T A %,
C>>0.8 £ W S M5, 0.2<<C<<0.8 48 e 2k 1 i =,
& (Moradi and Akkaya, 2016).

% U1 JF AT 55 4 0T Sr/CufH A T 2.66~
5.83, Z ¥ MK F 5.0, Rb/Sr{H » 0.80~1.61, T & 4§
BN T 0.67~2.72, FH{H R 1.46(E 12) , ik 88
B b 4 e T M2 I A S AR . Sr/Cu i A b



1376 HERFF=  http://www .earth-science.net %49 %
“h TOC (0),  SCu - oISt wmﬁaiﬁc Sr/Ba  ALLO/MgO Ca/(Fe+Ca)  Ba/Ga Zr/Al  Rb/K
0 . 0.1 04 10 30 0 02 10 30 0 0.0030.008 0.012
810 ._3 1 r 1 r 1 r 1 r 1
820
2 830F,,.|
P
¥ 840
850 T=—<-
860

Fgl 12 1#(H%*H.‘iﬁ2E(mﬁ%ﬁﬁ@ﬂﬁ%ﬁﬁi?ﬁﬁﬁlﬁ@i‘%

Fig.12 Vertical variations of paleoclimate and paleosalinity indexes of Youganwo Foramtion oil shale in MY 1 well
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A T B R A S R o (RO R R A AR R
G 1 b B4 30 BB RRAIE T B e () SR AR B o B 1
M F B A2 R4, 5 Sr/Cufl B A ARG i — 2ok
T[] | Rb/Sr {5 Sr/Cu{H M AEHE B CH AR fb 5
BN QU R R DI P EE N T SR (SN
R DN I S IR R R LG
Al — A A AR R (A A RURT R AR A
1983) iz M S A R T AL #h & R 2
e T DT T B L T o PR
44 HiEE

TURRK R 1 6 B A HLB DR A7 1) B 248 hn 2
— K R W K R R B 8 AR A Sr/Baff \Ba/
Gafd .Ca/(Fe+Ca) {H A & 1 k& (Wei and Al-
geo, 2020; 45 Z=1E 45 | 2020).Sr Al Ba It & 1E ¥R /K
AR AR T DL i TR R 1 % U A L Y KR & AR Ak
ik B — 5 B BE I, Ba &% W BaSO, UUE , 11 K £
LAk, St A TR VITE . — BAE BT, Sr/Ba> 148 7%
Vi AH K BB 5 T 525 T K S R 5% L St/
Ba<<0.6 1§/~ il MIR /K #1555, 0.6<<Sr/Ba<1 Jx ity
KK IR Ba/Ga i 88 5 , & WIUTRUK 7R £6 B AH X
BAR, =z 2 B K Ak B A o 458 s (P 4%, 2007).
Ca/(Fe+Ca) th n] J Wr /K 4R Eh BF , — it Ca/(Fe+
Ca)<<0.4 T Wk /K 3R 8E , Ca/(Fe+Ca)=>0.6 Nk
WES(FEFEL, 1994) Mg Fl AlJC £ i & 1 f7AE b
R UORUK AR 5 B B 48 bR 22—, ALOL/MgO fH K
F 7 HR R IR KR EE , ALOL/MgO /N T 7 48 78 Jadli AL 34
B (AR, 2009). BRIk Z 40, A Yrdr ik & 9 th
AT LR ok B Bt B AR M R B R R I FE A AT A2

ot FE 2 S e RO W e A AR IR BT b, A S ot A
Th2 S e 55 1 2800 B W) & AR R — A R 4
AR T e AR E T RUK AR A8, e =z, 46 7 BT AR K
PR R IR K R 5 i o e A 00 e S e T Rk
A VTRBUK AR R85, 0 2 W S IR oK 45 (W PRV 46
2020).

% BT 1t i A S 49k BT 1Y Sr/Ba Sk 0.17~
0.37, ¥ 4 0.26, B4 1% ; Ba/Ga U AH 19 5 [ R
15.75~20.38, ¥ {8}y 20.41; Ca/(Fe+Ca) lL{E A T
0.055~0.168, ¥ {H N 0.084; ALO,/MgO H {4+ F
15.96~28.78, it i T 7(F 12) . i A& m/2z=191
(4 5T 1 €03 1 (11 9) A AR AR 1) 27 55 6 0 T 22 S
Jot. LA A 00 380 400 5 5 e 1) AF AE L IX 28 5T R L AE R
L W e AR AE 347 s B T S AT 2 A TR TR K
KA FEm] [, Sr/BafH il Ca/(Fe+ Ca) {3 fifi I
JE 30 32 W 3G 0 E P 3 AR TR A AR Ak R A AN
[, B e T 46 b5 2 802 18] 10 25 5 . ALO,/MgO {H ki
R BTN, 5 Sr/Ba i ¥ M 2 s Ba/Gafl
B AN B G 7R I 2 T I AR Y R
TXSE R AR SR b R TN AT O B B K AR
SR K B B A TR RGO, K AR R R R i
B, 55ty S B TR BE S AR Y R I W) Al
AR FR Sr/Cu  Rb/Sr 57 45 B #6 b1 Sr/Ba Z [0 £
TE B AR PR (TR 13) , BVl A<M 28 Ak ml R 2 42 i
Tk B AR AR 32 DR BRI T ) A SR T A
IR K A BT 1 il &K
45 HIKR

VOB B th AL 2 5 Ak 2 5 S A AR ) DL R
YAk 2 53 S VR TS 3OS 2 00 3 Bl 25 5 IR R Y A8
i & A= A8 Ak, 38 3k 63X S8 I8 R 43 B, AT DL
KB Hp Zr/ALLRD/K F1 MnO 5 & 25 K Y
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Fig.13 Correlations of paleosalinity with paleoclimate param-

eters for Youganwo oil shale in MY 1 well
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AR s MnO 75 55<20.000 94 % FIEATEERT,0.000 94 %~
0.007 50% J ¥ ,0.007 50%~0.051 00% Hy > %
W, >>0.051 00% MW (Das and Haake, 2003; )
IS 20155 F— T %, 2015) . #F 551X Zr/Al He(H
Iy A 7E 0.46 X 10 *~2.16X 10 *, 3 ¥ i H 0.77 X
10 % Rb/K HAH 43 A 7E 8.09 X 10 *~11.33X 10 *,F
BIH 4 10.01X10 °( 12) ; MnO & 4 0.014 % ~
0.210% , $4{A 4 0.050% (B & 1) X} b = 35 i) 2
PRI AR KO T (Ze/ AL R 2.27X10 %
Rb/K ¥J{EH K 2.90X107°) (B WS, 2022), /%4
8 M AE  2H 0B I KA TR T A 2 R — IR
WA 5%

5 AP ERENLG]

50 BHREBEFEZERER
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T 1 S RE U8 A B R B AWl &k, o EH T
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2019). 7 A 77 SR A i B WD AE T T RE A R
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HHE 5 FH b 2R 7 e An L R RS TOC &
2 E] B OCHRME RIS, 45 R B Mo & f& \Ba/AlfH
Al Ba,, (6 ¥ 5 TOC & & 2 B & /9 1 A8 ¢ M (&
15a~15¢). X S RFAE 3 B 1 5% 44 TR 5 430 025 B
BB, R TR O AR 0 S R I A e ) R
THEAN AR T 44 T DU R R, T AR T
JE v AL E A AR I (2018) Al A 45 4 HL BR
MBS R E TR TS TOC HEZME
() XE A OGP L I AT UL AR 7 T R 44 A T
EIMIUE AN REN ERHEE .

T i AR AR bR 5 TOC & 8 22 1] iy Bk
PEWF 58 X T 8 7R % 44 2 Hh il M s 4 3 0TS A HIL R
BIPR AT S+ 4y B2 Ce,,,, BB & 5 TOC
i 2 A2 R 0 E A DG PE (1] 15d~15e) , Bt
TR R A R T AL RE AL V/(VEND
5 TOC & #t Z [a] 4 A8 & IF A B 8 (&1 1510) , Je Bt
TAERJEIREE T, 3 T 3 5 0 A AL 2R AR AL 1)
B IAS B LB R R 10 IR )2 i S K AR BR R
VTR PLB SR A T s A ) 1 DR A7 BB 1 A PIL
Yo 52 B A S T 2 AN L 25 2 08 BLE A BILT Y HE AR
FRAT .
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Fig.14 Correlations of paleosalinity (a—c) and paleoclimate (d—f) parameters with TOC for Youganwo oil shale in MY 1 well
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Fig.15 Correlations of paleoproducitivity (a—c) and paleo-redox (d— f) parameters with TOC for Youganwo oil shale in MY 1 well
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