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CHARACTERISTICS OF TRACE ELEMENTS IN OIL SHALE AND
PALEOENVIRONMENT RECOVERY IN THE METALLOGENIC PERIOD IN
SOUTHERN SONGLIAO BASIN

CHANG Si-yang'? GUO Wei'
1. College of Earth Sciences Jilin University Changchun 130061 China
2. International Petroleum Engineering Co. Ltd. SINOPEC Beijing 100120 China

Abstract The paleoenvironment in the metallogenic period of oil shale controls the organic type and abundance of oil
shale which is important for research of the origin and enrichment regularity of oil shale. In southern Songliao Basin the
oil shale formations are generally stable deep lake tosemi-deep lake facies. The characteristics of trace elements are
sensitive to the changes of ancient environment. Therefore the contents of trace elements in oil shale and their ratios can
be used to restore the paleoenvironment of oil shale in metallogenic period. This article through test of more than 20 trace
elements and analysis for their ratios of the oil shale samples from southern Songliao Basin restores the paleoenvironment
of the Qingshankou Formation and Nenjiang Formation. The results show that the oil shale in the metallogenic period
experienced a warm humid-subhumid and dry heat climate in a reduction environment of brackish water. To compare
with the counterparts of Nenjiang period the climate and salinity changes of Qingshankou period are more stable with a
slightly drier climate and a higher salinity.
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Fig. 1 The first-order tectonic units in Songliao Basin
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Fig. 2 Correlation of trace elements in the oil shale of Nenjiang Formation and the crust
1— average of Baliyingzi area 2— average of Yongan area 3— average of Nenjiang fm. 4—
average of crust
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Fig. 3 Correlation of trace elements in the oil shale of Qingshankou Formation and the crust
1— average of Qingshankou area 2— average of Changchunling area  3— average of Qingshankou
fm. 4— average of crust
. 1
B.Ba.Co.Cr.Cu.Hf.Li.Nb. Table 1 The correlation coefficients of oil contents with
) trace elements and their ratios
Ni.Pb.Rb.Sr.Ta.Th.U.V.Zn.Zr 18
1 Cu.Ni U,
V4 Ga.Hf \Li.Nb. B -0.147 A 0.569 B/Ga -0.059
Pb.Rb.Sr.Ta.Th Ba  -0287 al 0.023 Sr/Ba -0.095
UV Nji Cu 0.338 P 0.22 Sr/Cu -0.33
3 Ga -0.074 Fe -0.036 Mn/Ti -0.184
) Mn -0.155 Fe* -0.321 Th/U -0.457
Li.Nb.Pb.Sr
Ni 0.372 Fe* 0.242 Mg/Ca -0.009
Sr -0.259 Mg -0.106 Fe/Mn 0.054
Th/U.V/ V+Ni Th ~0.1 Ca  -0213 | Fe¥fFe*  -0338
St/Cu.Fe*/Fe*  V/Ni. Ti 0.201 Na —0.161 | V/(V+Ni)  0.489
U 0.382 K -0.067 Sr/Ca -0.182
Na/Ca -0.091
V/Ni 0.274
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4
4.1
3
4.1.1
Sp B B/Ga.Sr/Ba.
Ph/K 2.
2
Table 2 Trace element discrimination for paleosalinity
B /10°° B/Ga Sr/Ba Pb/K Sp / %o
>100 <3 >1 0.01~0.5
60~100 3~4.5 1~0.6 0.5~16
<60 4.5~5 <0.6 16~47
9
B
58.62% 29%
2.04%0~20.49%0 3
0.5%0~16%0 2
16%0~47%o 10.82%o.
logB,=1.28logSp+0.11 B,
8.93
15%
B/Ga 2.13~5.94 4.16
3~4.5
B/Ga 3~4
Sr/Ba 0.26~
0.59 0.34.
— . Pb/K 0.0046 ~

0.0051

3

Table 3 Paleosalinity calculation of the Nenjiang Formation

SN-Y-042 4.5 124.80 95.00 2.04 4.63
SN-Y-011 5.6 181.69 138.00 6.33 6.61
SN-Y-003 5.5 287.04 208.00 13.31 9.27
SN-Y-027 6.1 307.18 225.00 15.00 10.26
SN-Y-028 4.8 285.58 210.00 13.51 9.65
SN-Y-041 6.0 191.00 142.00 6.73 6.51
SN-Y-091 5.5 201.00 152.00 7.72 7.79
SN-Y-075 3.6 187.27 150.00 7.53 8.40
SN-Y-083 3.9 20549 163.00 8.82 9.09
SN-Y-089 6.1 207.83 158.00 8.32 7.81
SN-Y-205 7.3 218.67 170.00 9.52 8.40
SN-Y-209 0.9 25448 202.00 12.71 10.96
SN-Y-117 04  227.41 170.00 9.52 8.16
SN-Y-206 0.5 217.33 173.00 9.82 9.39
SN-Y-118 274.35 220.00 14.50 11.86
SN-Y-119 3.0 343.39 273.00 19.79 14.37
SN-Y-120 1.1 211.60 165.00 9.02 8.65

10.25 8.93

4.1.2
Fe*/Fe?* .Cu/Zn.

Ni/Co.V/Cr.Th/U  V/ V+Ni

4

4 .

Table 4 Trace element discrimination for redox conditions

Fe*/Fe* Cu/Zn Ni/Co V/Cr Th/U  V/(V+Ni)
>>1 <5 >2 <0.46
>1.3
>1 5~7 2~4.25
=1 =7 =425 0.8~1.3 0.46~0.54
<1
>7 >4.25 <0.8
<<1 >0.54
Fe*/Fe* 0.59 Cu/Zn 0.79
. V/ICr 1.66~2.65 Ni/
Co 2.62~5.63
. Th/U 0.15~2.37 V/ V+Ni 0.68~
0.87
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6
_ Table 6 Paleosalinity calculation of the
ingshankou Formation
4.13 Qing
Sr/Cu C ( ) ( )
10 5. SN-Y-058 3.8 125.55 102.00 2.74 6.26
5 SN-Y-052 3.8 206.47 172.00 9.72 10.12
Table 5 Trace element discrimination for paleoclimate SN-Y-048 42 20758 169.00 9.42 9.76
Sr/Cu (C)  FelMn Mg/Ca SN-Y-100 4.1 16624 130.00 553 7.49
0.8~1.0 ]
13-50 SN-Y-101 4.8 17138 133.00 5.83 7.42
0.6~0.8 SN-Y-121 0.9 19736 153.00 7.82 8.30
- 30 0:4-0.6 SN-Y-122 2.0 175.04 145.00 7.03 8.52
0.2~0.4
55.0 SN-Y-123 13 210.47 174.00 9.92 10.69
0.2
N SN-Y-124 2.1 174.79 149.00 7.43 9.01
Sr/Cu 1.6~6.89 2.74 SN-Y-125 1.8 182.43 172.00 9.72 9.22
6.89 . Sy/Cu SN-Y-207 3.6 179.94 151.00 7.62 8.92
3 Fe/Mn 67.63 Mg/Ca SN-Y-126 1.1 209.64 173.00 9.82 10.78
0.33 SN-Y-208 4.1 179.64 148.00 7.33 9.19
C= Fe+Mn+Cr+Ni+V+Co / Ca+Mg+Sr+ SN-Y-127 22 15131 122.00 4.73 7.29
Ba+K+Na . 0.59~0.80 SN-Y-128 12 195.73 168.00 9.32 10.02
SN-Y-129 180.38 150.00 7.53 9.32
SN-Y-130 4.4 140.56 118.00 433 7.14
- 7.40 8.80
4.2
. 422
3 Fe*/Fe* V/ICr  V/ V+Ni
4.2.1 )
Fe*/Fe**  0.45~1.14 0.82 V/Cr
B B/Ga.
2.07~2.80 2.39
Sr/Ba.Pb/K .
. V/ V+Ni 0.80~0.84 0.82
7.4%0 .
6 8.8%0
19% 423
B/Ga 2.32~3.78 C.Fe/Mn Mg/Ca
3.14
Sr/Ba 0.36~1.63 1 C 0.35~0.46
0.96 . Pb/K 0.0041

Fe/Mn 87.25 Mg/Ca 0.61
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