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Table 1 Analysis results of REEs for samples wy/107°
FERgiS REREM La Ce Pr Nd  Sm Eu Gd Th Dy Ho Er  Tm Yb Lu Y
GS-11 SJT 27.70 56.10 5.80 22.40 4.38 1.26 4.53 1.26 3.80 0.76 2.50 0.34 2.28 0.34  25.00
GS-10 SJT 14.90 34.60 4.24 15.30 2.85 1.03 2.77 0.79 2.16 0.42 1.36 0.16 1.11 0.18 15.10
GS-9 SJT 17.80 38.00 4.28 17.20 3.21 1.08 3.24 0.87 2.29 0.46 1.55 0.19 1.32 0.20 15.20
GS-8 SJT 16.00 34.00 3.97 15.90 3.11 1.12 3.12 0.89 2.69 0.55 1.82 0.25 1.80 0.26 17.10
GS-7 SJT 13.30 27.50 3.08 12.40 2.60 0.92 2.71 0.80 2.50 0.54 1.72 0.24 1.68 0.24  19.30
GS-6 SJT 15.60 30.20 3.38 13.00 2.39 0.78 2.47 0.71 2.27 0.46 1.52 0.21 1.48 0.23  15.50
GS-5 SJT 14.70 31.10 3.62 14.60 2.65 0.94 2.70 0.81 2.64 0.57 1.75 0.25 1.65 0.25 19.60
GS4 SJT 19.90 42.40 4.89 19.30 3.79 2.28 3.82 1.07 3.39 0.70 2.28 0.32 2.17 0.35 21.60
GS-3 SJT 18.20 37.90 4.37 16.50 3.18 0.96 3.23 0.90 2.90 0.60 1.88 0.28 1.90 0.29 18.90
GS-2 SJT 10.90 17.80 1.76 6.03 0.78 0.72 1.54 0.32 0.96 0.24 0.92 0.16 1.16 0.17 6.66
GS-1 SJT 26.00 46.80 6.20 26.10 4.87 1.41 4.85 1.45 4.61 0.96 3.02 0.41 2.74 0.40  36.40
GY-20 YJH-1I 24.10 31.00 4.83 20.10 3.74 1.05 3.93 1.10 2.89 0.56 2.01 0.23 1.53 0.22  21.30
GY-19 YJH-1I 24.50 35.10 5.39 23.10 3.89 1.20 4.14 1.15 2.96 0.60 2.06 0.22 1.50 0.21  24.60
GY-18 YJH-I 23.20 30.90 5.50 21.00 3.53 1.25 3.92 1.11 2.87 0.57 1.98 0.21 1.36 0.19 26.10
GY-17 YJH-1I 28.80 35.00 6.28 25.20 4.94 1.52 5.24 1.48 3.94 0.78 2.69 0.30 1.96 0.27  30.40
GY-16 YJH-I 30.80 42.90 6.43 27.50 5.09 1.56 5.11 1.45 4.03 0.76 2.55 0.26 1.80 0.25 30.40
GY-15 YJH-1I 26.70 36.40 5.62 24.30 4.51 1.71 4.72 1.36 3.67 0.73 2.48 0.27 1.87 0.26  28.50
GY-14 YJH-I 22.10 32.60 5.09 19.70 3.86 1.19 4.11 1.13 3.05 0.58 1.96 0.22 1.42 0.20  20.70
GY-13 YJH-1I 34.90 51.30 7.64 31.30 5.64 1.92 6.03 1.66 4.33 0.81 2.79 0.28 2.07 0.29  30.50
GY-12 * YJH-1I 2.64 2.78 0.62 2.76  0.63 0.30 0.64 0.22 0.80 0.18 0.54 0.08 0.50 0.07 6.94
GY-11 YJH-1 7.02 8.14  1.04 3.68 0.72 2.55 0.90 0.24 0.90 0.22 0.74 0.15 1.14 0.18 7.14
GY-10 YJH- [ 12.30 20.80 3.40 14.10 2.93 1.39 3.30 0.93 2.43 0.49 1.68 0.20 1.35 0.19  14.60
GY-9 * YJH-1 1.00 1.47 0.22 0.85 0.18 0.16 0.25 0.07 0.20 0.04 0.14 0.02 0.12 0.02 1.26
GY-8 YJH- [ 30.90 50.70 7.15 28.90 5.36 2.42 6.65 1.72 4.20 0.81 3.00 0.32 2.33 0.33  28.90
GY-7 YJH-1 10.60 15.00 1.94 7.06 1.28 0.54 1.70 0.42 1.09 0.24 0.89 0.12 0.90 0.12 6.85
GY-6 YJH- I 14.30 24.00 3.11 12.00 2.46 0.81 2.94 0.75 1.70 0.34 1.38 0.18 1.25 0.19 9.39
GY-5 * YJH-T 2.37 4.56  0.63 2.68 0.56 0.22 0.70 0.19 0.46 0.09 0.34 0.04 0.29 0.04 2.30
GY-4 * YJH- 1 1.17 2.04 0.37 1.55 0.35 0.21 0.41 0.12 0.27 0.05 0.18 0.02 0.13 0.02 1.05
GY-3 YJH-1 11.20 17.80 2.50 9.93 1.96 0.60 2.45 0.65 1.67 0.35 1.22 0.17 1.17 0.16 9.98
GY-2 * YJH- 1 1.36 2.04  0.34 1.64 0.38 1.32 0.41 0.12 0.25 0.05 0.18 0.02 0.18 0.04 1.10
GY-1 YJH- 1 13.90 20.60 2.98 12.80 2.40 0.86 2.85 0.76 1.86 0.36 1.35 0.15 1.11 0.15 11.10
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Table 3 Calculated values of analytical results for samples
. B w(2REE)/

BEAh G SRR AL Lo Ce 0Eu (La/Yb)x Y/Ho V/(V+ND U/Th Ve  Uee  Corr  Crge  Nige  Cuge
GS-11 SJT 133.450 1.020 1.332 0.897 32.895 0.685 1.385 1.940 9.531 1.586 1.282 2.438 2.986
GS-10 SJT 81.870 0.999 1.726 0.991 35.952 0.690 0.606 1.513 3.776 1.303 1.236 1.856 1.877
GS-9 SJT 91.690 1.004 1.577 0.995 33.043 0.671 1.007 1.912 6.842 1.389 1.228 2.551 2.708
GS-8 SJT 85.480 0.984 1.693 0.656 31.091 0.858 2.777 15,725 16.415 1.576 1.439 7.108 5.242
GS-7 SJT 70.230 0.991 1.632 0.584 35.741 0.836 7.021 30.143 40.674 2.478 1.748 16.152 8.406
GS-6 SJT 74.700 0.959 1.512 0.778 33.696 0.443 4.224  1.609 21.790 1.136 1.228 5.517 1.351
GS-5 SJT 78.230 0.983  1.655 0.658 34.386 0.844 6.848 31.475 41.469 2.226 2.012 15.875 9.215
GS14 ST 106.660 0.991 2.822 0.677 30.857 0.742 4.631 4.405 24.673 1.223 1.276 4.167 1.568
GS-3 SJT 93.090 0.980 1.410 0.707 31.500 0.866 2.963 18.829 18.599 1.694 1.696 7.968 5.493
GS-2 SJT 43.460 0.923 3.093 0.694 27.750 0.840 4.846 22.529 19.341 0.168 1.298 11.694 0.894
GS-1 SJT 129.820 0.850 1.366 0.701 37.917 0.612 11.290 10.374 63.807 2.539 1.613 17.948 3.297
GY-20 YJH-I 97.290 0.661 1.290 1.163 38.036 0.577 0.457 0.739 2.212 0.640 1.614 1.480 0.963
GY-19 YJH-I 106.020 0.705 1.408 1.206 41.000 0.580 0.530 0.767 2.606 0.634 1.722 1.516 1.209
GY-18 YJH-I 97.590 0.631 1.582 1.259 45.789 0.497 0.542 0.696 2.717 0.684 1.780 1.918 1.294
GY-17 YJH-I 118.400 0.600 1.407 1.085 38.974 0.635 0.721 0.842 3.671 0.650 1.545 1.320 1.012
GY-16 YJH-1I 130.490 0.702  1.440 1.263 40.000 0.552 0.451 0.667 2.639 0.658 1.553 1.474 1.096
GY-15 YJH-I 114.600 0.685 1.745 1.054 39.041 0.633 0.485 0.725 2.438 0.592 1.465 1.146 1.086
GY-14 YJH-I 97.210 0.709  1.407 1.149 35.690 0.601 0.575 0.699 2.994 0.573 1.318 1.265 1.195
GY-13 YJH-1I 150.960 0.725 1.550 1.245 37.654 0.611 0.579 0.676 3.044 0.558 1.313 1.172 0.872

GY-12* YJH-1I 12.753 0.501 2.225 0.390 38.556 0.584 17.958 5.970 87.072 4.466 16.966 11.615 32.817
GY-11 YJH-1 27.620 0.678 14.917 0.455 32.455 0.977 2.470 31.215 10.942 0.810 5.396 2.045 1.895
GY-10 YJH-1 65.490 0.739  2.105 0.673 29.796 0.990 4,339 20.630 13.895 0.113 3.128 0.581 0.866

GY-9 * YJH- T 4.733 0.723  3.552 0.615 31.500 0.828 10.029 17.771 45.661 4,103 19.687 10.045 14.760
GY-8 YJH- I 144.790 0.787 1.909 0.979 35.679 0.979 1.852  9.075 9.168 0.218 6.382 0.535 0.708
GY-7 YJH- I 41.900 758 1.724 0.869 28.542 0.821 0.717 3.074 4.034 1.149 4.121 1.833 0.922
GY-6 YJH- T 65.410 0.830 1.418 0.845 27.618 0.833 0.417 2.574 2.864 1.032 3.154 1.412 0.925

GY-5 * YJH- T 13.172 0.859 1.655 0.603 25.000 0.840 0.706  2.452 3.559 1.194 3.893 1.275 1.426

GY-4 * YJH-1 6.888 0.707 2.610 0.664 20.192 0.814 2.730 3.351 24.461 3.278 10.621 2.092 8.791
GY-3 YJH-1 51.830 0.776  1.289 0.707 28.514 0.871 1.256  2.930 5.744 0.909 4.717 1.181 0.800

GY-2 * YJH- T 8.333 0.692 15.747 0.558 22.000 0.779 3.091  4.153 17.791 2.059 11.030 3.221 19.725
GY-1 YJH- T 62.130 0.738 1.548 0.924 30.833 0.723 2.094 1.666 6.957 1.039 4.582 1.741 0.991

B2 2RAAHE@IAFRAHEDPAAS A RELB LT ZE S B4

Fig.2  PAAS shale-normalized REE distribution patterns for samples of Yanjiahe Formation(a) and Shuijingtuo Formation(h)

I NRLIEE7)NibE AP

41T RBAEEULERERFRITEXNTRKES
R FAR TS B HI 24
MR AL 8 JR 28 (R4 i/ ULV, Mo,

Cr.Co S5 B oo R A VLAY Ca) iy a2
JE  BERE 45 s DT BUK MR 1 S8 A JEOIR 24 Rk 52
T TR AL A JEUIR S R BEAE R AR AR
W B J2 o 70 M) A8 A8 R U R T R



%14

YW OEF CMRREAEXL - ERALENTPLER ZAMEHIERLIREE L

i B SR A I JRUIR S I 3 a0 500 R T AR B
(9 T 5 75 45 0 DU M s TR b S AL IE D i

EOTR B S T X S

R4 RN AL R BURITR A N A SR IT R VAL Oy Ui 42 $OR D REE G

Table 4 Correlation coefficients (R*) of redox-sensitive elements,some imcompatible elements, high field-strength

elements, Al, O; content and bulk REE for samples

MREE S B N=31  ALO; TiO: Zr Sc Th A% U Ni Mo Co Cr Cu  XREE
Al, O 1.00
TiO, 0.97 1.00
Zr 0.94 0.94 1.00
Sc 0.88 0.80 0.88 1.00
Th 0.94 0.89 0.95 0.91 1.00
Y4 0.29 0.15 0.19 0.25 0.23 1.00
U 0.36 0.26 0.48 0.36 0.37 0.49 1.00
Ni 0.26 0.16 0.39 0.29 0.32 0.52 0.92 1.00
Mo 0.24 0.15 0.39 0.29 0.30 0.42 0.96 0.94 1.00
Co 0.47 0.36 0.58 0.60 0.61 0.36 0.81 0.80 0.82 1.00
Cr 0.52 0.52 0.37 0.37 0.37 0.40 0.06 —0.11 —0.05 —0.01 1.00
Cu 0.21 0.03 0.21 0.30 0.35 0.62 0.60 0.72 0.62 0.75 —0.08 1.00
> REE 0.82 0.79 0.83 0.80 0.85 —0.05 0.28 0.23 0.24 0.45 0.20 0.21 1.00
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Fig.3 Stratigraphic distribution of relevent calculation results of REE and various geochemical parameters for samples
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Fig.4 Stratigraphic distribution of trace element enrichment factors for samples
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Implications for the Paleoenvironment
Hu Ya''?, Chen Xiaohong *
(1.China University of Geosciences (Beijing), Beijing 100083, China;
2.Wuhan Center of China Geological Survey, Wuhan 430205, China)

Abstract: Black shale units of Gunshiao section across the PC/C boundary in the Yangtze Gorges area
had been quantitatively analysed for the rare earth and trace elements compositions, and characteristics of
paleoceanographic evolution have been researched about this particular transitional period in this paper. In
addition, the petrogenesis of siliceous rocks from Yanjiahe Formation was preliminarily discussed. The
PAAS-normalized REE distribution patterns of black shales displayed LREE deficits, negative Ce anom-
alies and positive Eu anomalies in different degrees of the lithostratigraphic memberl, Il and [ll of Yanjia-
he Formation. The Shuijingtuo Formation rocks showed weak LREE deficits, negligible Ce anomalies
and slightly positive Eu anomalies. With reference to the PAAS, the whole black shale shamples exhibi-
ted significantly low total REE contents(SREE) , including the silicalite layers which show much more
lower contents than others and were possibly relevant to the dilution of the siliceous content. The enrich-
ment factors (EF) of redox-sensitive elements and V/(V-+Ni), U/Th values of the black shales dis-
played obvious evolutional trend during the transitional period. This may indicate that the early stage of
Yanjiahe Formation(Late Ediacaran) was deposited in strongly stratified and anoxic(sulfidic) water-col-
umn conditions. Afterwards, the reduction degree and stratification status of water-column was getting
gradually weaker when it came to Nemakit-Daldynian stage of Early Cambrian. At the early stage of Shui-
jingtuo Formation sedimentation (Early Tommotian stage of Early Cambrian), extensive transgression
made the seawater back to the not very strong layered, anoxic and perhaps even sulfurated environment.
Till Late Tommotian to Atdabanian stage of Early Cambrian, the oxygen content of the water-column
gradually increased, transitioning to weak reduction-weak oxidation or suboxic state, which implies the
instable physico-chemical characteristics of ancient seawater in this particular period. The bulk rocks neg-
ative Ce anomalies of Yanjiahe Formation are possibly relevant to the manifest effects of water-stratifica-
tion and redox interface fluctuations on regional enviroment change. Whereas the bulk rocks Ce anomalies
of Shuijingtuo Formation rose rapidly to unconspicuous from formerly negative environment, which
might be associated with the positive feedback effects on Ce anomalies of fine-grained sediments of Shui-
jingtuo Formation played by the detrital materials in the region during this period. Geochemical features
of siliceous rocks from Yanjiahe Formation near the PC/C boundary in the Yangtze Gorges area revealed
that they originated in hydrothermal fluids.

Key words: black shale; Yanjiahe Formation; Shuijingtuo Formation; Geochemistry; Yangtze Gorges

area



