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Abstracts: In order to further explore the provenance and sedimentatary environment of mud shale in the Mesoproterozoic
Hongshuizhuang Formation of northern China, samples were collected from outcrops of the Qinghe section of Honghongzhuang
Formation for elementary geochemical testing and analysis. The results show that the sediments were not only from terrigenous
clastics but also from marine sediments. The results of Y/Ho and XREE relationship diagram analysis show that the source
proportion of seawater sediments is 10%—20%. In addition, the distribution pattern of rare earth elements and the Ce and Eu
anomalies indicate the involvement of volcanic hydrothermal activity in the sediment source. Mo—EF /U—EF analysis results show

that Hongshuizhuang is a sedimentary environment of Marine non— stationary basin, and the evolution of redox conditions in the
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sedimentary period is as follows: in the period of the Lower Member deposition of Hongshuizhuang Formation, the water body was

in a strong reductive anaerobic—sulfurization environment; while, during the period of its Upper Member deposition, the reduction

degree of water decreased and the environment was anaerobic. It is concluded that the provenance composition and sedimentary

environment evolution of the Honghongzhuang Formation are closely related to the sedimentary tectonic setting.
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Fig.2 Outcrop of the Hongshuizhuang Formation in the Qinghe section, Kuancheng, North China (a—siliceous shale; b—grayish
black shale)
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Table 1 Contents (10°) of trace elements in the samples of Hongshuizhuang Formation from Qinghe section of Middle

Proterozoic in north China

R HiE Mo U Th V C Ni Co La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
QH-1 FEFJESE 1.8 27 627 1250 465 20.0 1.12 194 42 565 239 49 0.89 4.11 0.756 4.15 0.746 2.16 0.311 2.11 0.344 242
QH-2 TFEFUEHE 92 58 673 2640 51.6 322 541 255 48.7 697 30 648 132 638 1.34 842 1.65 5.08 0.762 5.02 0.803 63.5
QH-3 FEFJEE 25 24 464 1120 558 209 272 165 31 441 188 3.81 0.802 3.58 0.706 4.26 0.825 2.59 0.405 2.69 0.451 282
QH -4 T 52 37 113 1120 628 368 184 32.7 68 945 403 832 152 7.11 139 813 1.51 4.63 0.746 5.16 0.845 478
QH-5 T 250 7.8 113 487.0 657 67.9 546 385 66.2 897 36.1 688 141 6.03 1.19 733 152 4.86 0.804 5.44 0.904 50.6
QH-6 A 101 6.1 9.02 277.0 57.4 450 527 31.6 524 7.53 314 647 132 627 129 844 181 601 1.08 7.08 1.19 6l
QH-7 TH 43 52 79 338.0 458 294 294 257 394 464 17 291 0.652 2.84 0.615 486 1.17 426 0.828 591 0.974 39
QH-8 JE 357 107 7.08 353.0 43.5 63.8 6.05 29.8 51.1 695 284 58 122 532 111 732 159 527 0922 621 1.03 53.2
QH-9 TiH 231 8.1 826 332.0 50.6 79.9 5.88 31.7 543 7.43 30.1 6.11 121 569 1.12 744 159 545 0962 645 1.06 56.7
QH-10 Wi 434 134 9.75 3480 57.8 549 441 358 60.8 822 325 6.19 127 574 121 798 1.73 589 1.05 7.03 116 57
QH-11  Ti¥ 405 114 10.1 401.0 549 56.6 52 32.1 546 7.3 293 54 1.15 508 1.06 7.14 1.61 543 0951 658 1.08 52.7
QH-12  Wi¥ 191 9.8 132 4540 84.1 855 10.8 42.6 68.8 7.97 29.4 49 1.07 511 1.08 745 1.73 592 1.06 728 122 59.1
QH-13 Wi 162 69 123 240.0 624 460 7.42 39.1 68.1 878 347 6.71 139 627 1.18 7.01 1.46 4.83 0.809 529 0.907 48.1
QH-14 W% 101 68 128 2240 602 29.5 4.05 37.5 664 8.64 34 613 122 568 1.11 694 1.5 474 0.802 5.14 0.846 47.9
QH-15 Wi 231 74 125 4710 625 77.0 738 39.7 68.7 8.71 343 637 13 6.16 1.19 736 149 506 0.884 593 0.953 529
QH-16  Ui¥ 205 7.9 126 4040 62.6 49.9 473 36.7 61.3 824 327 65 132 595 121 747 1.56 5.17 0.897 591 0.945 51.6
QH-17  Wi¥ 266 79 11 4290 593 50.3 597 36.6 664 8.73 355 6.93 134 591 1.1 683 137 4.6 0756 492 0.803 472
QH-18 Y% 213 86 122 431.0 593 48.0 6.11 38.8 672 8.63 351 6.88 138 622 123 7.61 1.58 543 0.898 6.06 0.971 532
QH-19 4 179 68 10.4 401.0 59.5 58.8 546 33.1 594 7.5 295 546 1.12 4.88 0.933 584 121 4.02 0.695 4.66 0.753 39.9
QH-20 Y& 247 87 12 4640 662 62.6 501 37.9 66 8.76 34.6 6.61 133 588 1.13 7.03 1.45 496 0.792 542 0.87 485
QH-21 Y% 246 89 129 4050 656 524 17.7 39.4 705 9.56 39.7 7.66 147 7.04 131 7.81 1.55 524 0.878 551 0.87 525
QH-22 HZEHE 1.6 33 116 111.0 51.0 17.5 887 357 66.7 7.99 31.3 584 1.13 531 0989 621 1.28 434 0.72 4.64 0.715 41.1
QH-23 AZAYE 15 3.5 134 1160 645 198 873 372 68.7 822 333 674 134 604 1.14 677 1.37 459 0.731 497 0.803 44
QH-24 FZAJESE 09 3.0 128 101.0 575 156 993 38 71.6 841 338 633 122 563 1.06 627 128 438 0.727 4.64 0.776 40.7
QH-25 FIZEFJESE 07 3.1 139 101.0 59.7 18.1 698 37.9 71.1 892 374 808 1.65 7.14 134 79 1.58 512 0.87 5.69 0914 522
QH-26 HIZJEHE 05 29 133 780 556 193 112 39.7 73.7 9.2 379 7.56 14 655 1.18 7.02 142 472 0.769 5.4 0.859 454
QH-27 HAZAJEE 04 21 103 43.0 351 122 567 287 539 6.61 267 528 1 499 0972 596 121 4.02 0.685 4.5 0.704 389
QH-28 HZFAJEE 04 25 121 620 512 162 652 347 66 836 349 654 12 605 1.13 6.62 135 453 075 525 0.851 412
QH-29 FIZEFAJEHE 03 1.8 9.63 470 354 129 589 26.8 474 564 224 443 0.86 421 0.842 538 1.11 3.64 0.603 421 0.647 35.6
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Fig.4 Histogram of average content of trace elements and rare earth elements
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Table 2 Calculation results of trace element data of Hongshuizhuang Formation from Qinghe section of Middle Proterozoic
in northern part of North China

FEfh Sio; K0/ TFe,0s+ REE LREE HREE

. K.,O/Na,O V/Cr 60U U-ef Mo -ef Y/Ho (Nd/Yb)x Eu/Eu* Ce/Ce*
5 /ALO, (Na,0+CaO)  MgO /107 /107 /10°°
QH-1 13.64 3551 3.60 095 269 1.13 277 560 33.74 11143 96.74 1469 091 1.05 096
QH-2 991  33.88 3.95 1.09 512 144 453 2231 40.02 14843 118.97 2946  0.48 1.09 088
QH-3 1653 29.89 3.59 1.03 201 122 281 911 3555 90.83 7532 1551  0.56 115 0.87
QH-4 658  41.06 3.82 1.17 178 099 2.06 8.88 3292 189.81 16029 29.52  0.63 1.05 093
QH-5 515 44586 8.83 197 741 135 3.65 3643 34.62 186.14 158.06 28.08  0.54 1.16  0.86
QH-6 633 3807 10.18 143 483 134 331 17.00 3505 163.89 130.72 33.17 036 110 0.82
QH-7 7.64 3880 11.11 125 738 133 3.6 8.08 34.67 111.76 9030 21.46 023 120 0.86
QH-8 834 29.14 6.74 2.01 8.11 1.64 755 7809 3480 152.04 12327 2877  0.37 117 0.86
QH-9 736 3455 5.95 185 656 149 506 4506 37.09 160.61 130.85 29.76  0.38 1.09 085
QH-10 6.15  37.64 9.94 198 602 1.61 743 7464 3427 17657 14478 31.79 037 113 085
QH-11 578  39.72 10.84 218 730 154 6.06 99.03 34.04 15878 129.85 2893  0.36 1.16  0.86
QH-12 510 4440 15.27 175 540 138 441 2680 3553 18559 154.74 30.85  0.33 1.13  0.90
QH-13 474 4728 12.68 194 385 125 3.01 2198 3426 186.54 158.78 27.76  0.53 1.14 089
QH-14 460 5055 2435 1.65 372 123 2.82 13.10 3321 180.65 153.89 26.76  0.53 1.10  0.89
QH-15 498 4592 13.89 210 754 128 338 32.83 3692 188.11 159.08 29.03  0.47 1.10  0.89
QH-16 470  49.44 12.76 1.89 645 131 347 2777 3440 17587 14676 29.11  0.45 113 085
QH-17 507 4547 11.68 207 723 136 3.67 3838 3583 181.79 15550 2629  0.58 111 0.89
QH-18 470 4691 11.97 1.86 727 136 3.78 2890 3502 187.99 157.99 30.00  0.47 112 0.88
QH-19 575  46.40 1431 206 674 133 347 2822 3429 159.07 136.08 22.99 0.1 115 091
QH-20 501 4543 11.06 195 7.01 137 398 3507 3479 182.73 15520 27.53  0.52 113 0.87
QH-21 434 4318 10.00 255 6.7 135 379 3242 3523 19850 168.29 3021  0.58 1.06 087
QH-22 455 4879 1.01 645 218 092 1.68 248 3339 172.86 148.66 2420  0.54 1.08 095
QH-23 459 5042 3.74 3.86 1.80 0.88 1.54 2,10 33.40 18191 15550 2641  0.54 111 095
QH-24 445 5258 2.19 479 176 0.82 134 121 33.07 184.12 15936 24.76  0.59 1.08 097
QH-25 467 5172 14.15 294 169 0.80 1.29 0.87 3436 19560 165.05 30.55  0.53 115 093
QH-26 450 5463 6.16 3.68 140 0.79 122 066 3325 19738 169.46 27.92  0.57 1.06 093
QH-27 487 4327 0.46 9.25 123 076 135 072 3343 14523 122.19 23.04 048 1.03 094
QH-28 471  41.79 1.04 7.14 120 077 129 070 31.74 17823 15170 2653  0.54 1.01 093
QH-29 457 3973 0.42 10.16 133 073 1.16 0.62 33.35 128.172 107.53 20.642  0.43 1.06 093

1 AR B R FH SCHER Pourmand et al., 2012 ; Eu/Eu* = 2Euy/(Smy+Gdy),

Ni. Co. Cr, U % (Francois, 1988; Russell and
Morford, 2001) . H T o2 2352 2R R 4L 53 1)
SR, A7 B ) A1) FH B 0 2R 68 % 5 £ ke I W 7K AAR 1Y
A AR IR AN HER (1 B LA, 2018) o AL V/
Cr Ni/Co 85 1 A7 i AR 52ty 4 5% 8 A8 R
% (Hatch and Leventhal, 1992; Jones and Manning,
1994 ; (522414, 2018) , V/Cr>4.25 J KA KR ES,
2.00~4.25 A A, <2.00 N &AM, Ni/
Co>7 NIREIREL NT5~7T NEAENREE, <5 HE
AIBE, oU=[2U/(U+Th/3)]> 1 MREHREE, <1H
AP CREVAR MRS, 1999) . Mo &% #7E 5%

107~40x 10" LA _F AT 4R7R PURRIE 1 T3 5
{4 (Piper, 1994; Crusius et al., 1996 ), HIRA[F]2=E&
X3 260 2R K LB i S e A T RR AR S5 0] 43 Ty 1
A I 28 7 AR AN TUAR B B2 5 A i 1
5, X SESHE ARG

R F 3 A , FFH Ni/Co , V/Cr . 6U Fl Mo 5
F DO — BOFmEE — B i A A B A TR R
R (ER) S th AP 1 — B0k Pk —Bre A 28
BT 2 A PRI, it B = m BT
B AL IRR o KRR [ 1 AR A SRR S T g 2
T AR BB BE AR5 R Y, — AR TR K 55/ T
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25 A 5% (Zhou et al., 2015)

VTAFE3K , Algeo and Tribovillard (2009) 1 YK
AR U/Mo P K 5 5 22 %0 (J Mo—EF Al
U—EF &7~ ) 28 FR e TURR 23 P 0k A2 S AL ) A
o a0 B RS , L T ARV B 55
FA 5 T FE 3 FRIEE VE R B R AU U—Mo P A8 A X
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Fig.6 Percentage identification chart of source material in
Hongshuizhuang Formation(after Zhang et al., 2016)
(The red curve represents the percentage trend of the mixing content
of seawater deposition and UCC terrigenous clastic deposition. The
percentage represents the percentage of seawater sediments)
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R 3~10 1% 5 LA SR R QR A BRI B8 1B
H1, Mo/U HW(EARMR, —/NTIE# 18KH , H Mo/U
FABLAE IR AR A B h 23 Bl A o 4 R B B T FAIK
B TR ZU 0 s B4 B A T U A Mo I EE B b
95 U Mo iYW IGHE 3K+ U, 80K
i Mo kb U B = 46

BRAR I PR BT B Ak T BT o 114 T AR 0.3% 3%,
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Fig.7 REE distribution pattern of Hongshuizhuang formation
shale samples after shale standardization in Australia (data
from Pourmand et al., 2012)
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1998) , LW RERE WS HE 2 19 U JT &R, 1) Mo 1
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PRI Mo/U LB 2 2P I, f5 45T U~
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0.1
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