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Abstract : The trace elements in crude oils from Triassic Baikouquan formation, Permian and bitumens of Permian source rocks in
Mahu sag in Junggar Basin have been analyzed. And on the basis of the contents and ratios of trace metals, like V, Cr, Ni and
Mo, etc, the oils have been classified into three single-sourced oils (Al, A2 and B) and two groups of mixed oils (Cl and C2).
Trace elements distribution of source rock bitumens were investigated, then the recognition chart of distinguishing mixed oils has
been established. It is found that the transition metals like V, Cr, Cu, Mo are enriched in crude oils and the contents of rare earth
elements (REE) are very low. The ratios of V/Ni, Co/Ni and Cr/Mo can be effective index for oil-source correlations. And Al
oils are mainly from P, f carbonate source rocks, while A2 oils are from P, f mudstones, and B oils are from P,w mudstones. C1 are
the mixtures of Al and B, while C2 are the mixtures of A2 and B. This classification method has proven that the trace elements can
be effective tools for high-maturity oil classification and oil-source correlations in complex geological conditions.
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Fig.1 Distribution of crude oils, source rock samples and its comprehensive stratigraphic column
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Table 1 Data of basic characteristics and major trace element content in crude oils of Mahu Sag, Junggar Basin

) L BB/ Iz, Coo Fi5 TEGR/ (pg - o)
s 44 J=IA . . - -
(g-cm™) (mPa-s) BR/ac+BP v Cr Co Ni Zn Sr Mo Ba

MHY-8 H 94 T, b 0. 832 — 0. 50 0.122 0.188 0.049 2.280 13.900 0.100 0.024 0.852
MHY-27 K 4 P f 0. 908 230. 40 — 0.874 0.567 0.272 33.000 1.300 0.075 0.225 0.147
MHY -29 KUk 1 P f 0.904 110. 40 0.54 0.411 0.335 0.029 5.510 2.190 0.051 0.082 0.207
MHY -30 21 P, f 0. 879 25.10 0.48 0.571 0.190 0.104 17.600 1.160 0.084 0.033 0.195
MHY-41 AL 19 P, f 0. 841 59. 00 0.44 0.460 0.346 0.175 15.200 4.680 0.732 0.055 1.190
MHY-2 ik 9 T/ b 0.799 2.11 0. 60 0.143 0.102 0.015 0.361 1.090 0.267 0.002 0.362
MHY-5 #$Ht2 T.b 0. 837 7.94 0. 64 0.351 0.359 0.007 0.222 0.462 0.078 0.006 0.149
MHY-6 3202 Pyw 0. 818 3.56 0. 64 0.327 0.164 0.015 0.420 0.883 0.090 0.003 0.181
MHY-20 ¥132-H T;b 0.817 3.20 0. 60 0.155 0.099 0.110 0.567 0.673 0.047 0.006 0.163
MHY-24 K 4 T:b 0. 829 4. 60 0. 60 0.242 0.106 0.120 0.663 1.520 0.048 0.004 0.266
MHY-34 ## 401 T,k 0.818 3.44 — 0.160 0.080 0.180 1.140 1.270 0.062 0.007 0.191
MHY-35 P 1 Tib 0. 806 2.91 0.62 0.272 0.377 0.510 1.390 0.484 0.030 0.008 0.08

MHY -42 35006 Pyw — — 0.57 0.252 0.158 0.340 1.670 0.917 1.390 0.009 3.550
MHY-11 X 89 T,b 0. 878 — 0.58 0.819 0.199 0.178 15.800 0.772 0.060 0.030 0.176
MHY-12 H 88 P f 0. 881 45. 40 0.54 0.307 0.133 0.042 4.980 1.600 0.079 0.011 0.348
MHY-37 I 1 T,b 0. 824 6.01 0. 64 0.327 0.166 0.221 7.560 1.710 5.470 0.007 0.958
MHY-38 i 1 P,x 0. 863 — 0.58 0.348 0.250 0.124 4.410 6.620 0.112 0.009 1.260
MHY-40 L2 T.b 0. 804 2.56 0.57 0.170 0.540 0.018 0.499 4.040 0.071 0.022 0.616
MHY-14 3519 T,b — — 0.56 0.344 0.117 0.008 0.232 4.190 0.053 0.004 0.255
MHY-32 H 203 T/ b 0. 857 11. 60 0.54 0.219 0.296 0.129 2.660 2.220 0.102 0.007 0.310
MHY-22 35005 T/ b 0. 831 — 0. 56 0.303 0.094 0.017 0.797 0.543 0.044 0.002 0.098
MHY-13 X176 T,b 0. 858 38.30 0. 60 0.422 0.218 0.004 0.545 0.748 0.038 0.005 0.105
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Table 2 Data of major trace elements in crude oils and extracts of source rocks of Permian in Mahu Sag

A W/ L. . TOC/ Si/(mg« S,/(mg- T,/ TEEGR/ (pg - g7)

W5 =i A o o 0, e

m % g ) g ) C \% Cr Co Ni 7n Sr Mo Ba
Am4 4402.86 Pif JRRA=A 0.56  0.05 0.18 440 1.520 0.977 0.181 28.200 12.31 1.820 0.100 1.310
KEE7 4237.80 P f H=fies 1.11 9.35 1.96 407 0.630 1.490 0.290 40.500 9.03 0.390 0.149 0.602
KEF1 4096.50 P f H=EFles 1.42 1.72 6.89 435 1.240 0.990 0.384 41.900 2.26 0.136 0.125 0.375
K201 4719.80 Pf M#bFEes 0.94  3.62 1.61 412 3.424 1.030 0.044 4.710 1.94 0.172 0.011 0.463
576 3455.50 P,f k@ 0.53 1.27 1.38 435 9.170 3.879 0.130 13.600 2.25 0.632 0.061 1.030
H 88 3670.50 P f JKMBEer 0.87  0.48 0.55 423 4.170 1.880 0.202 9.600 7.89 0.429 0.035 1.410
4t 1 4010.50 P,w JRE@IIEE 1.71 0.19 0. 64 454 1.966 2.180 1.430 8.900 8.73 0.635 0.050 2.380
4211 3808.70 P,w JKM@er 0.96  0.03 0.30 447 2.430 1.130 3.560 7.740 18.80 3.570 0.053 6.380
PG 1 3849.20 P,w JK#E{RE 0.52  0.12 0. 07 544 4.960 10.200 2.696 12.960 34.80 2.360 0.282 6.750
XHi1 5667.00 Pj HZEFJSE 0.43  0.62 0. 87 447 0.285 1.470 0.049 2.311 4.32 0.672 0.034 1.460
4:218 3888.00 Pij JKEBMEEENKA 1.87  8.18 8.21 433 0.866 1.010 0.652 2.400 3.19 0.142 0.015 0.310
K1 5457.50 P,j @A 1.00 0.04 0.36 491 0.599 3.400 0.152 1.290 29.20 3.000 0.033 2.200
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Fig.2 Bar chart of trace elements distribution in crude oil of well Ma 132-H in Mahu Sag, Junggar Basin
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Fig.4 GC-MS graphs for oil-source correlation in Mahu Sag
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Fig.7 Scatter diagram of oil-source correlation of crude oils and source rock in Mahu Sag, Junggar Basin
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Table 3 Data of trace element ratios of crude oils and source rock extracts in Mahu Sag, Junggar Basin

FE 28 iRz 20 V/Ni Sr/ba Mo/ Ni Co/Ni Zn/Ba Cr/Mo
594 T,b 0. 054 0.117 0.011 0.021 16.315 7.833

K 4 p,f 0. 026 0.210 0. 007 0. 008 8. 844 2.520

Al 2 K1 P, f 0.075 0.246 0. 002 0.005 10. 580 4.085
K21 P, f 0.032 0.431 0. 002 0. 006 5.949 5.758

K 19 P f 0.030 0.334 0. 004 0.012 3.933 6.291

k9 T,b 0. 496 0.738 0. 006 0. 042 3.011 51. 000

A2 2R it 2 T,b 1.581 0.523 0.014 0. 032 3. 101 59. 833
3,202 Pyw 0.779 0. 497 0. 007 0. 036 4.878 54. 667
¥4 132-H T,b 0.273 0.288 0.011 0. 194 4.129 16. 500
g 4 T,b 0. 365 0.289 0. 006 0.181 5.714 26. 500

B 2 J5iiH # 401 T,k 0. 140 0.325 0. 006 0.158 6. 649 11.429
PG 1 T,b 0.196 0.375 0. 006 0. 367 6. 050 47.125

3,006 Pyw 0.151 0.392 0. 005 0.204 0.258 17. 556

¥ 89 T,k 0. 052 0.341 0. 002 0.011 4.386 6.633

¥ 88 P, f 0. 062 0.227 0.002 0.008 4.598 12.091

C1 &5 I 1 T,b 0.043 5.710 0. 001 0.029 1.785 23.714
FLIH 1 P,x 0.079 0. 089 0. 002 0.028 5.254 27.778

i 2 T,b 0.341 0.115 0. 044 0. 036 6.558 24. 545
#519 T,b 1.483 0.208 0.017 0.034 16. 431 29.250

e £ 203 T,b 0.082 0.329 0.003 0.048 7. 161 42.286

C2 &5

576 T,b 0.774 0. 362 0. 009 0. 007 7.124 43. 600
3,005 T,b 0. 380 0. 449 0.003 0.021 5.541 47. 000

P f L K 4 P, f 0. 054 2.916 0. 004 0. 006 9.397 9.770
W7 P f 0.016 0. 648 0. 001 0. 007 15. 000 10. 000

IR K1 P, f 0. 030 0.363 0.003 0. 009 6. 027 7.920
P 201 P, f 0.727 0.371 0. 002 0. 009 4. 190 93. 636
) 576 P, f 0. 674 0.614 0. 004 0.010 2.184 63. 590
B 5 88 P f 0. 434 0. 304 0. 004 0.021 5.596 53.714
P T A1 P,w 0.221 0.267 0. 006 0. 161 3. 668 43. 600
o £ 211 P,w 0.314 0. 560 0. 007 0. 460 2.947 21.321
IR ) PG 1 P,w 0.383 0. 350 0. 002 0.208 5.156 36. 170
P Pk Bl Pij 0.123 0. 460 0.015 0.021 2.959 43.235
4218 P,j 0.361 0.323 0. 026 0.272 10. 290 67.333
R ) U 1 P,j 0. 464 1. 364 0. 026 0.118 13.273 103. 030
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