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Fig.1 (a) Regional geological map of Diangianbei/Depression (modified from reference [21]); (b) Ordovician-

Silurian stratigraphic column-section for the eastern part of the Dianqianbei Depression (modified from reference
[42]) ; (c)lithofacies paleogeographic map of the Wufeng Formation in the study area (modified from reference
[43]);(d) lithofacies paleogeographic map of the Longmaxi Formation in the study area (modified from reference

[45])
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Fig.2 Characteristics of black shale from the Wufeng Formation-Longmaxi Formation in the study area
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Table 1 Trace element analysis for whole rocks and kerogen in the study area (10%)

Fh Pb Zn Ag Ge Cd Bi Sb Mo \ Cr Co Ni U Th Ta Cu Ga Rb Zr Nb  Cs Ba Total V/Cr  Ni/Co  U/Th
ren
DSB-1-2 29 108 0.09 017 033 03 07 1.9 90 80 104 362 43 182 124 201 225 208 . 282 16 10 890 1829.1 1.13 3.48 0.23
DSB-3-1 30 44 035 02 0.05 03 06 1.8 85 90 13 418 45 205 43 234 236210 320 17 11 799 17374 0.94 322 0.22
DSB-4-2 29 47 005 0.16 0.4 0.4 1 22 84 80 144 419 4 181 1.2 243 224 204 227 16 11 749 1577.0  1.05 2.91 0.22
DSB-6-1 32 51 0.06 0.2 035 0% ) 0.8 73 80 141 365 33 178 1.1 297 213 208 244 15 11 660 1499.7 091 2.59 0.18
DSB-7-1 22 56 004 016 003 02 /04 09 70 70 99 294 35 17.5 1 194 182 177 - 336 ' 14 8 620 1473.3 1 2.97 0.2
LEA-IL 43 245 037 023 1.3 0.5 4. 4.6 1.2 146 100 3.1 305 44 179 16 439 239 207 302 34 12 655 1877.0  1.46 9.84 0.25
LEA-LS 34 116 07 015 237 03 54 14 516 80 63 688 . 9.6 11.5° 07 873 127 127 166 11 7 445 17209 645 1092 0.84
LFA-22 31 70 003 017 016 04 1.1 3.6 105 90 15 469 38 169 1.1 34 227 212 127 16 12 821 1629.0  1.17 3.13 0.22
MB-1-1 27 44 011 016 028 03 1.8 196 128 80 142 669 9.1 16.9 1 326 194 190 170 14 13 411 1258.4 1.6 4.71 0.54
MB-2-2 17 69  0.0F 4016 021 03 05 03 105 90 12 346 26 168 1.1 216 202 18 133 16 11 391 11279 117 2.88 0.16
TEEHR
KDSB-1-2 7 16° "026° 0.63 0.004 01 04 1.3 8 4 39 204 35 398 03 108 6.63 347 166 4 35 1930 2605.1 1.79 5.28 0.09
KDSB-3-1 10 21 033 H1.03 0003 02 06 24 10 7 10 266 49 478 04 183 . 9.09 410 303 6 47 2030 29652  1.29 2.67 0.1
KDSB-4-1 24 20 033 1.2 0026 04 1 3.8 10 5 187 409 45 568 02 336 766 538 192 2 63 1430 24523 2 2.19 0.08
KDSB-4-2 13 18 022 087 0005 02 <06 22 8 5 126  26.1 4 371 03 1887 627 285 162 3 31 1350 19852 155 2.07 0.11
KDSB-6-1 41 21 042 133 0037 05 08 1.4 9 4 199 305 26 323 03 469 654 345 144 2 34 1400 21433 215 1.53 0.08
KDSB-6-2 31 66 039 133 00357 05 09 23 10 5 177 367 37 495 03 116 758 430 217 3 43 1370 24127 1.86 2.07 0.08
KDSB-7-1 4 14 022 052 — 02 024 07 7 4 4.1 10.8 4 359403 792 507 239 16l 4 24 1310 1836.8  1.68 2.62 0.11
KLFA-I-1 23 50 1.01  1.58¢ 0013 04 34 1.5 12 11 55 9438 7 431 07 558 133 547 367 6 58 1600 29016  1.18 1736 0.16
KLFA-1-2 19 42 077 128 0034 03 3 0.9 14 8 48 964 47 414 07 541 122 518 327 7 55 1320 25313 171 19.96  0.11
KLFA-1-3 8 31 05 053 0024 02 29 52 51 5 33 905 153 277 03 426 41 156 124 2 18 955 15426 102 2776  0.55
KLFA-2-1 28 25 033 127 0052 05 25 98 13 5 18 656 7.6 346 02 49.1 6.5 259 157 2 29 1910 26244 244 3.64 0.22
KLFA22 40 21 035 139 0045 <07 23 91 8 4 304 683 22 331 03 628 59 377 140 2 41 1260 21102 1.89 2.25 0.07
KLFA23 28 14 024 104 0024 05 1.1 4.9 8 3 24 45.1 28 299 02 416 53 270 101 2 28 1160  1769.8  2.61 1.88 0.09
KMB-1-1 8 13017 072 0025 02 08 98 14 4 79 401 12 333 01 178 55 248 87 1 33 890 1426.6  3.89 5.06 0.36
KMB-2-1 9 12021 1.03 - 01 02 07 10 5 124 269 3.1 328 02 133 6.1 285 147 2 34 1030  1630.5  1.93 2.17 0.09
KMB-2-2 13 12024 1.04 0002 03 02 06 11 6 11.1 27 35 361 03 165 63 304 168 2 36 1140 17944  1.86 243 0.1
KMB-2-3 15 9 9.67 088 0001 03 03 07 6 4 115 266 44 313 02 192 49 235 126 2 28 895 14289  1.58 231 0.14
KMB-2-4 11 10 026 098 0.023 02 02 07 10 4 92 239 42 346 02 13 6.1 279 118 2 33 939 1499.2 2.2 2.6 0.12
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Fig.3 Comparison of trace element contents in whole rock and kerogen

(a) M DsB M LFA M MB
” N
16 in\
12
8
4 I
N,=§
5 lll III (] [} III I sl 000 ml) s III III
Pb Zn Ag Ge Cd Bi A" Cr Ni Co Th
(b) M xpsg M kLra M KMB
12 A \»—
. N
8
6

||| o 1 - “ IR | I ||| ||‘
Co

Zn  Ag Ge Vv Cr N1 Th

Bl 4 &8 T IOt R R R
() &s (b) TR Ny Rk A HTHE i i

Fig.4 Enrichment coefficient of the whole rock and kerogen elements
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Table 2 REE ¢haracteristics in whole rocks and kerogen (10)

FEdh La Ce Pr Nd  Sm Eu Gd 6 Dy Ho Er Tm Yb Lu Y SREE LREE  HREE L/H Lan/Ybx  8Eu  3Ce
By
DSB.l2 468 OLL 970 341 575 090 451 0.69 3.94 084 247 037 242 035 24.4 203.9 188.4 15.6 12.1 1.4 08 1.0
DSB3.1 05 959 1045 369 612 102 48l 070 415 087 259 039 254 040 24.3 2173 200.9 16.5 12.2 1.5 09 1.0
DSB4n 455 883 961 339 58 094 456 0.69 410 081 248 035 231 035 23.0 199.8 184.1 15.7 11.8 1.5 09 1.0
DSB6.1 457 876 967 345 593 101 452 0.67 385 077 221 033 212 033 22.0 199.2 184.4 14.8 12.5 1.6 09 1.0
DSB.7.] 426 824 932 334 600 N0.99 €470 070 415 0.84 2464 036 242 037 25.0 190.7 174.7 16.0 10.9 1.3 09 1.0
LFA.l 706 1365 1550 521 833N A30N 630 100 644 149 468 071 472 071 457 310.4 2843 26.1 10.9 1.1 08 1.0
LFA.l3 326 578 736 270 498 033 444 0.66 408 0.87 266 038 253 038 29.8 146.6 130.6 16.0 8.2 1.0 0.8 0.9
LFA2.2 438 885 989 356 634 100 495 0.74 425 084 240 035 230 . 034 25.0 203.3 187.1 16.2 11.6 1.5 08 1.0
MB.L] 434 828 956 350 611 095 483 070 417 083 241 036 226 034 24.5 195.7 179.8 15.9 113 1.5 0.8 0.9
MB.2-2 445 891 897 363 658 L1l 490 072 437 085 245 035 . 229 034 25.8 203.8 187.6 16.3 1.5 1.4 09 1.0
FREAR
KDSB-1-2  84.6 185 \24% | 793 12 246 107 152 841 173 544 0866 562 0873 49 386.12 35096 3516  9.98 111 .01 075
KDSB-3-1 113 194 3%/ 110 176 327 145 214 120 2484 779 . 122 804 123 69.5 520.87 47137 4950  9.52 1.04 0.95  0.72
KDSB-4-1 100 165 26 789 115 235 11 161 974 21 664 112 726 115 68.6 424.37 38375  40.62 945 1.01 0.97  0.74
KDSB-4-2 732 132 228 747 115 217 946 1.4 78 161 501 0789 505 07770 449 348.27 31637 3190 9.92 1.07 0.97  0.74
KDSB-6-1 747 123 203 653 9.8 1.85 823 118 686 143 458 0732 472 0742 422 322.80 29433 2847 1034 1.17 0.99 0.73
KDSB-6-2 921 149 235 745 4109 219 10.1 146 843 174 556 0916 58 0943 568 387.16 35219 3497 10.07 1.17 0.97  0.74
KDSB-7-1 682 111 19 647 102 209 872 126 721 . 144 452 . 0.707 < 443 0684 415 304.16 27519 2897  9.50 113 103 0.71
KLFA-1-1 181 310 508 168 244 427 204 315 21 493 157 256 157 244 85.2 824.15 73847  85.68  8.62 0.85 0.89  0.74
KLFA-1-2 161 271 444 14500221 403 198 307 201 455 148 241 148 23 85.3 729.36 647.53  81.83 791 0.80 0.90  0.74
KLFA-1-3 822 87 158 545 868 . 16 7.66 121 783 1.7 554 0884 548 0851 542 276.64 24548 3116  7.88 111 0.92  0.53
KLFA-2-1  70.6 125 22 74 113 198 . 9.64 136 799  1.63 503 0814 501 0766 483 337.12 304.88 3224 9.46 1.04 0.88 0.73
KLFA-22 746 126 206 658 996 193  9.03 139 831 173 532 0846 546 0.834 55 331.81 298.89 3292 9.08 1.01 0.95  0.74
KLFA-2-3 878 103 176 567 859 1.7 7.7 113 676 136 424 0669 427 0648 405 302.17 27539 2678 1028 1.52 0.98  0.60
KMB-1-1 619 104 182 628 101 173 857 124 723 146 452 0725 452 0695 425 287.69 25873 2896  8.93 1.01 0.87  0.71
KMB-2-1 9.1 119 19.8 629 948 171 865 131 803 1.66 529 0856 531 0817 504 335.91 303.99 3192 9.52 1.26 0.88  0.64
KMB-2-2 745 129 213 685 102 187  9.09 142 874 179 574 0932 578 0887 547 339.75 30537 3438 8.88 0.95 091  0.74
KMB-2-3 718 105 183 598 949 177 851 129 769 158 492 078 478 0.727 455 296.44 266.16 3028  8.79 111 0.92  0.67
KMB-2-4 702 123 207 667 10 183 865 138 814 176 54 0857 54 0.8 49.6 324.82 29243 3239 9.03 0.96 0.92  0.74
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Fig.5 PAAS normalized rare earth element (REE) partition curves of whole rock and kerogen

3.1 MERRESERTEBRPHSH

ANFLRAFE pi Z A A B e R A 2 R K UK e A A A,
Ba LA &R IE (391x100~411x106), HIKAE Rb. ZQ%\% 2z (100x10°~190x106).
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EE, HHRAE TIEHBAMK TR S ERHE . A TER T, TOEH B A Pb.
Ag. Bi. Sb. Mo. Ni. U. Th¥mEEEEL R, €M7 AIGH B X
Ag. Bi. U. ThE TR EEME R, A €M7, Sb. Mo XS &E 4, HAMN



LR 3R

BRI, o R KA Ag. Biv Sb. Mo. U. Th& oK EEME S, A TR
. (K4 £ D,
32 BERRELERTHRIRPHIH
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(7.88~10.34). 4o N TR oo R e il WRAE Ja K B P2 00E (PAAS) ARl )5
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M BRI AL, A2 Buy #4r Ce 255 0187 % (K 5A g TR AR R 30 H #5511
Ce 71 R% (0.53~0.75), Eu§9fi7H (0.87~1.03) (& 5B). 4% H Lan/Ybn LB LE 1.0~1.6

Z 8254k, T8 Lan/YbnfEH A 0.80~1.52 (& 2).
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the study area
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Table 3 Paleoenvironment analysis of the Wufeng Formation-Longmaxi Formation in'the study area
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Table 4 Trace element analysis in kerogén o Wufeng Formation-Longmaxi Formation in the

western ﬁianqianbel Depression

oy Bl TC R IRAEZ S % VI kit

Pb Zn Ge Ag Cd Sb Bi Mo Cu Ni Cu-EF  Ni-EF SEu

S11-1 301 191 7.33 2.56 0.257 14.5 4.66 59.4 443 437 14.29 13.24 0.75
S11-2 373 304 8.09 1.25 0.283 17.4 6.03 68 499 528 16.10 16.00 0.75
S11-3 339 261 71)’5 2.06 0.297 16.9 6.3 66.7 462 458 14.90 13.88 0.74
S11-4-1 322 368 /X9.72\‘6- 0.383 17.1 4.74 51.3 507 578 16.35 17.52 0.78
S11-4-2 305 363 \ L18 0.956 15.8 4.86 50 486 569 15.68 17.24 0.76
S11-5 342 271 8.1 1.24 0.285 17 52 58.3 473 528 15.26 16.00 0.75
S11-6 252 103 1.6 1.16 | 0.282 19.1 42 45.8 377 822 12.16 2491 0.75
S11-7 356 247 8.34 1.34 0.418 16.2 6.28 48.6 493 494 15.90 14.97 0.77
Rl 323.75 263.50 8.65 1.53 0.40 16.75 5.28 56.01 467.50 551.75 15.08 16.72 0.76
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Evaluation and Sedimentary Environment Analysis of Ore-
forming Elements in Wufeng Formation-Longmaxi
Formation in Eastern Dianqianbei Depression: Evidence

from kerogen trace elements
PEI ZiXuan, HU YuZhao, XU SaiHua, ZHANG QiMeng

Faculty of Land Resource Engineering, Kunming University of Science and Technology, Kunniing 650093, China

Abstract: [Objective] The Diangianbei Depression is not only an important exploration and producing area of
marine shale gas in southern China, but also an important large-super large Mississippi Valley (MVT ) type lead-
zinc metallogenic area associated with key metals in China. Asphalt or’ancient reservoirs with high Pb and Zn
contents are constantly found in lead-zinc deposits. It is of gr i g‘n{r’ance to explore the distribution
characteristics of trace elements in black shale kerogen in the study area for lead-zinc prospecting. [Methods]
Taking the black shale outcrops in Dashiban, Liangfengao‘and Maoba. areas in the eastern part of the Diangianbei
Depression as the research object; the kerogen in black shale was pretreated by microwave digestion method, and
the trace elements in black shale and kerogen W&e}h zed and tested in combination with petrographic and
mineralographic observation. The material cont;ibution :>mineralization and the sedimentary environment of
black shale were studied by the geochemical characteristics of elements in black shale kerogen. [Results and
Discussions] The whole rock Pb, Zn, Cd, Bi, Sb, V, Cr; and Ni contents are higher than those in kerogen, and the
contents of Ag, Ge, U and Th in’kerogen are higher than those in whole rock. The light rare earth is relatively
enriched and the heavy rare égfth i%a.ﬁvely depleted in the whole rock and kerogen. Eu and part of Ce in the
whole rock show weak negative omalies. The kerogen shows strong Ce and Eu weak negative anomalies, and
the total rare earth content is higher than that of the whole rock.Three redox indicators ( U / Th, Ni / Co, and V /
Cr ) in the kerogen of the Wufeng Formation-Longmaxi Formation showed that the Wufeng Formation was
oxygen-poor-anoxic, and the Longmaxi Formation was oxygen-rich-oxygen-poor ; the ancient water depth
calculated by Co element in the study area is 6.85 ~ 54.37 m. The paleoclimate reflected by Sr / Cu is warm and
humid, and the Sr / Ba value is less than 0.5, representing the sedimentary environment of brackish water.
Furthermore, the Wufeng Formation has greater paleoproductivity than the Longmaxi Formation. [Conclusions]
The trace elements in the black shale kerogen can provide a basis for the evaluation of regional prospecting areas.
The Wufeng Formation-Longmaxi Formation in the study area are an oxygen-rich-oxygen-poor turbulent
sedimentary environment, with a warm and humid climate of brackish water shallow shelf facies sedimentary
characteristics.

Key words: element geochemistry; kerogen; Wufeng Formation; Longmaxi Formation; eastern Dianqgianbei

Depression
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