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Geochemical Characteristics and the Geological Significance of Oil Shales

from the Youganwo Formation, Maoming Basin, China

ZHOU Yuan-yuan'?, QIU Nan-sheng'’>* Tenger’, WANG Jie’,CAO Tao-tao’ ,LUO Hou-yong’
1. State Key Laboratory of Petroleum Resources and Prospecting ,China University of Petroleum ,Beijing 102249, China;
2. Basin and Reservoir Center,China University of Petroleum ,Beijing 102249 ,China; 3. Wuxi Research Institute
of Petroleum Geology , Exploration and Production Research Institute ,SINOPEC , Wuxi 214151, China

Abstract: Geochemical elements of oil shale in the Maoming Basin were analyzed to discuss provenance attribute and dep-
ositional environment of the Youganwo formation. Experimental date of the major elements, trace elements and rare earth
elements of 24 samples from the Maoye 1 well were examined. The analyzed oil shale samples were characterized by enrich-
ment of Th, U, Rb and LREE, depleted of Zr, Cr and Hf, negative Eu and Ce anomalies, indicating that these samples
were originated from continental crust. The chemical index of alteration( CIA ) values and the Zr/Sc-Th/Sc diagrams indi-
cate that source rocks had undergone intense chemical weathering and deposition recirculation. Based on the La/Th-Hf and
La/Yb->REE diagrams and the negative anomaly of Eu element, the oil shale in the Maoming Basin has diverse sources,
which mainly came from felsic source region of the upper crust or the mixture of felsic volcanic rocks, granite and sedimen-
tary rocks. Ratios of the Sr/Cu, Mg0O/CaO suggest that oil shale was formed in fresh water under warm and humid cli-
mate , shallow water column became deeper during the middle and late sedimentary period. The depositional environment is
interpreted to be limnetic with weak reduction at the early stage and gradually turned into semi-deep to deep lacustrine.
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Fig.1 Geological map of Maoming Basin, Guangdong Province ( modified by Yan et al.,2006)
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Table 1 Trace element contents of oil shale samples of Youganwo Formation in Maoming Basin (x107%)

Figms WE/m Co Cr Ni Sr Cu A% Zr Ba Th U Ga Rb Nb Hf Pb
MY1-1 815 19.69 43.66 36.44 100.41 37.73 82.44 53.15 520.53 33.37 6.89 25.54 141.80 16.88 1.80 28.47
MY1-2 816 16.22 52.26 30.67 101.39 32.58 85.67 51.77 510.40 3691 6.80 26.06 163.04 16.75 1.68 33.59
MY1-3 818.4 12.43 40.75 2398 83.81 28.25 74.43 38.45 496.14 29.23 6.13 20.35 134.40 13.10 1.24 27.56
MY1-4 819.6 12.00 39.08 23.22 93.59 27.01 75.14 5190 511.98 30.61 5.84 22.73 146.63 15.89 1.61 27.45
MY1-5 821 15.90 52.30 31.93 118.47 37.90 91.00 56.03 534.93 4531 8.37 30.90 165.96 20.62 1.87 35.65
MY1-6 823 14.20 48.32 28.59 101.87 36.00 88.26 58.36 506.94 40.70 8.95 27.95 156.64 19.05 1.79 34.49
MY1-7 824.6 15.15 48.45 28.78 110.87 34.89 91.47 59.41 521.94 42.60 9.26 27.99 154.51 18.58 1.85 33.50
MY1-8 826.8 17.13 45.71 32.56 115.12 30.93 77.60 76.90 538.31 40.38 7.70 24.12 15493 16.89 2.16 30.69
MY1-9 827.5 16.36 50.25 28.11 110.81 33.90 77.99 48.62 486.35 41.72 7.79 27.06 147.81 17.39 1.53 31.91
MY1-10 830.8 12.76 47.19 26.55 145.42 27.23 82.77 95.76 603.06 32.19 4.76 26.20 193.33 19.46 2.77 32.24
MYI1-11 833.1 16.47 49.66 29.75 143.21 3497 88.99 56.00 552.02 41.95 7.88 27.21 150.69 16.86 1.72 31.95
MY1-12 833.7 15.86 50.83 26.75 143.92 31.68 95.53 62.20 588.30 38.95 7.12 28.22 159.49 1791 1.88 35.21
MY1-13 834.5 13.38 43.44 31.11 155.66 32.99 77.82 68.96 590.23 33.12 7.11 2291 137.17 14.47 2.11 27.17
MY1-14 836.5 17.24 51.46 33.78 160.48 38.67 89.07 60.43 582.35 46.42 8.78 27.88 171.05 18.07 1.83 29.57
MY1-15 839.1 16.34 42.78 33.42 142.74 33.06 71.62 68.84 542.02 34.41 7.17 20.54 134.03 12.75 2.06 25.35
MY1-16 840.7 14.66 47.26 31.96 154.87 44.01 100.04 55.52 552.32 39.30 10.49 27.49 154.67 16.51 1.73  35.29
MY1-17 842.1 13.88 44.47 34.00 157.58 38.36 76.32 70.34 529.55 30.08 6.68 20.23  136.61 12.63 2.09 18.64
MY1-18 844.2 17.40 46.86 34.15 155.62 36.88 75.64 48.53 514.67 45.08 6.93 22.85 131.22 12.65 1.60 23.43
MY1-19 846.5 18.28 60.57 39.19 143.64 44.46 87.58 63.72 431.02 46.55 8.63 27.37 155.64 1499 1.98 30.31
MY1-20 849.6 21.32 63.20 45.21 147.56 54.73 91.44 79.63 467.40 40.75 7.44 28.93 173.30 16.29 2.46 33.58
MY1-21 851.9 15.43 44.70 25.85 126.82 21.75 68.17 98.09 344.22 27.75 4.39 17.54 101.47 11.54 2.76 24.86
MY1-22 853.1 18.83 64.39 40.69 159.45 39.61 83.94 129.86 456.29 35.87 5.74 27.69 202.48 17.33 3.65 37.50
MY1-23 854.5 12.17 57.11 28.11 169.61 33.39 80.69 133.45 482.80 29.01 6.28 27.63 205.37 18.54 3.78 41.24
MY1-24 856.8 13.40 58.21 29.11 150.89 29.55 71.11 215.59 432.05 28.58 4.57 25.25 203.96 18.30 5.98 36.87

PAAS 23 110 55 200 50 150 210 650 14.6 3.1 20 160 19 5 20
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Fig.3 Chondrite-normalized and NASC-normalized REE distribution patterns for the oil shale samples

of Youganwo Formation in Maoming Basin
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Fig.4 Zr/Sc-Th/Sc diagram for the oil shale
samples of Youganwo Formation in Maoming Basin

(modified after McLennan et al.,1993)
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Fig.5 Discrimination diagrams illustrating sedimentary provenabce of the oil shale samples of Youganwo Formation in Maoming Basin



1276

FER B b K 3 B X, w] B & K S Bk
a B A MTTR A RIS Y. $E85F (2009) 7EX)
44 AR P AR R AT WF 58 A O il i g 7E 1
P AR DA B e D0 R B ok L PR T ok
LU Bl W8 i e P s T AR B s B AR ] BE TR
T 10 G b i A - RV 2 N AR A R B R 3B
B A
4.3 HIRESW

St Ba £ IR 7K W1 1A PR 5% 1 LR g 2 £ 19 12 Ok
A (X3 25, 2007 ), 24 7K 4K B A iF, Ba 15 58 JE L
BaSO, JUVE (BIRAE,1997) , Ml /K iy Rk ik 31— 7
FEPZIS Sr A TUBE , 5o nT F) T Se/Ba {7 S5 5 A7 il A1
UUAR 34 8% 3F 187 1 7K & £ B ( Hatch and Leventhal ,
1992 X % 3 45, 2005 ; X1 74,2007 ; B £ g 5%,
2015) . ¥AH (FliAH 20 58 2 0] DUE sl vl s, 2o
ERI (e NI | o SRS 8 S B TN VA A
VU Y98 T I AR TOR BR 555, i 5 [ P (B M 4 3]
M A TR T R K WA A (B X R
2006) , 6 I 4 3t 3 T U T T R K I AR (5K
K,2005) . %44 4 il 0 s Sr/Ba (RS /N, Sl
0.17~0.37,F3 K 0.26, ¥ /NF 1.0, il T 24 [
W Bl AR K A DR PR (4% 55, 19795 AR 3

Jo TR I3 45 < 5 4% i AT 8 2L B A 0 3R M B A R AIE e b BT

e, 19935 /03,2001 ) , H 2 ] |- Fif 3 B2 i i
BIGE K (B 6) o b 32 2000 DU JT R #h Rk 2
FRAE (R 3) AT DL & 305 24 4 i i 00 5 IR K 1 26
BN IE B PE G U1 A Sr/Ba B 55 R $5 55, 1 5 7E
aob VAR K T T RR A 85 v TR B AR YR i T
(R % Je. %, 2015 ) A1 o W) B @ 85K, V/Cr AT H)
W 370 R BR 85 K A B TR R (R HE S, 2014 ), B 5L 1Y
V/Cr(H 2 1.22~2. 12, 5 ¥{E Hy 1. 68, Fifi 15 FF 38 Jin
M8/ (L 6) 32 BT 3l i s 4 0 BRI 10 7 A A XoF 3¢
W, BT H K A T IR . A Y A A ] 42
ST AR B AS W 0 R, R ARG T BRI 8, T
wIARHE TR A, LN A - EEENE
o3 T (GBRAAE ,2009) o — FLAL TF 36 SR A A0
T BT 24 7T R S BOUK R B EZ R WA
VORI T R B R T o — %, 15 W A K RO Ik
Hem .

RN 7 Uy o R = A AV R PSS
Z— , SR (2009) F] FH 16 %3 2H G ) W Jih At s 4H A
TURRUE Ak ek 22 3 9 %) SV Rty - ek oy PR 58 o, B R
HEAT TR 1Y) 3 3K A 27 48 A S A0 2% A 2 ) 28 AR R
A3 AT o Sr/ Cufi X A5 A2 A bb A RURK, 2 oy <A H
W %) i 45 s R ( RE/INRE RN I K, 2010) o i 9

St/Ba V/Cr St/Cu MgO/CaO 5Ce
0.15 0.40 1.0 22 2.5 6.0 1.0 5.0 0.8 1.1
810
<& I<> Oq (] <> "y
2 5 o AN Q
L * L] L -
S o, & o %
820 [ 00 r >ty PR 0
o e 3 0
¢ 2 < i Q
> IR o o
% o® o 8 %
L H L ‘s L ..'.. L o .
830 Q 6 ‘. <>:0 0
. - ® - .
g s & < P &
B % & 2B N
& Q 2 ¢ < <
] ~ . * *
840 | 6‘ L b'.. L ¢0 <>I z.>
Q “‘w Q: i y Q
Q¢ o & ‘.<>’ <Q
3 o 0 o ¢
o S o’ o, <
850 S B R S ’$-> &
g R N o | <l 2
< <& Q‘. """ v, (o4
od fod ", <& <&
8 || ¢ S s S
860

6 TEH MR AL 5 B 2 (LA

Fig.6  Depth profiles of geochemical characteristics of elements
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Table 3 Geochemical characteristics of oil shale in China
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