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Fig.2  Lithologic characteristics and sample locations at the bottom of the Niutitang Formation

(source from the drilling of shale gas exploration wells)
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WY Ti TCERIFEAXS B — £ IEFE S ALO, 5
TiO, A AR 47T 35 0.87 , $8 7% 32 B M Bili Y5 iy A2,
1155 H5E rf SF- 34 i s f S (ELAR LU, BE A TR ALO,
i A, U B B DR B AR A XA L TR
Z b LR 25 Rl M AT | ALOL Y & B iR ik . AR
HA ALO, 5 TiO, [l L334, ol BE+5 7 bk U5
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Table 1 Distribution of major minerals, major elements, and organic carbon content (%)

FEfh FE SRR /m TOC - ALy R

IEES Lo WEE BRERETY Sio, ALO, TFe,0, Ca0 Ti0,
HY-8 251023 0.79 21.40 15.40 330 40.60 30.00 13.09 471 16.30 0.59
HY-7 2515.10 2.01 26.00 19.00 8.60 2530 40.20 10.00 5.00 8.54 0.63
HY-6 2548.70 10.82 51.10 2130 10.40 5.80 38.90 9.50 5.07 2.73 0.40
HY-5 2558.17 9.27 42.70 15.90 9.10 6.10 59.10 9.10 471 2.16 0.53
HY-4 2564.24 5.72 42.20 24.80 9.90 4.60 67.29 9.07 3.67 0.99 048
HY-3 2564.68 6.87 28.90 26.00 5.50 36.00 40.33 5.35 2.76 15.54 0.28
HY-2 2595.03 1.24 42.60 8.90 2.00 43.60 59.06 2.83 1.21 12.36 0.12
HY-1 2598.90 0.25 59.60 12.20 0 25.00 73.76 4.12 1.26 8.12 0.15
XJ-8 1934.60 1.62 43.90 4130 4.40 0.90 67.78 13.63 1.61 0.49 0.50
XJ-7 1978.10 246 28.30 28.60 4.90 7.70 63.25 13.78 4.37 1.68 0.53
XJ-6 1998.30 3.09 25.00 34.30 5.60 16.10 5277 13.74 4.28 6.34 0.52
XJ-5 2008.80 9.98 43.60 22.50 9.80 0 5275 8.96 5.90 2.50 0.44
XJ-4 2019.70 8.95 48.30 24.90 13.90 12.00 55.57 10.00 444 5.30 0.53
XJ-3 2025.00 7.89 15.50 40.40 14.40 15.10 53.62 9.12 6.22 5.52 0.44
XJ-2 2035.30 4.87 32.70 19.80 13.20 10.10 79.65 3.40 5.45 1.23 0.13
XJ-1 2040.10 11.32 87.20 0 4.00 0.90 73.54 1.49 1.33 0.92 0.06
XA-8 798.00 6.02 78.00 15.20 4.80 0.70 81.86 2.72 2.40 1.27 0.10
XA-7 813.90 9.34 52.60 23.30 13.10 0 62.41 9.53 5.22 0.78 0.49
XA-6 821.60 14.38 68.30 19.00 9.20 0 64.34 5.05 3.33 1.03 0.29
XA-5 827.80 8.42 73.50 10.80 10.20 0 70.93 6.37 3.66 0.79 0.36
XA-4 840.20 10.45 72.50 6.10 7.40 11.40 72.96 3.81 3.99 0.85 0.19
XA-3 853.00 1.53 91.70 0 0 8.30 94.17 0.10 1.10 1.32 0.01
XA-2 866.20 1.14 72.60 15.60 4.80 5.10 85.54 3.87 2.63 1.10 0.16
XA-1 869.30 1.14 69.60 17.40 7.20 4.20 76.48 543 3.77 3.11 0.28
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FOE SRR AR IRER T XA-3 5 HY-7
FE it S s A TS I IE S5 2 80, AR b SEu A T
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AT Lo M ER AL A FR AR A R TR B4, IE
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Ba/Sr, U/Th BIE K T 1 875 32 20K B ST R i
S, R IR RE L B R T 1(£2), #4
IKTUBRPH Y Co/Zn (EARMR (G424 0.15) , 111 1E 4 DL
TR A =522, HY 19 Co/Zn fH A T 0.01~0.16, -1
}0.07,XJ1 4T 0.000 6~0.210 0, 4 0.07, XA1
AT 0.001~0.450, -3 4 0.13(F£2) . HUKTE Sh 5200
() Lay/Ce, B3 F 58 , 100 1E DR A 28 B A,
POK YUY ik H AT 10 R Mg (S REE)IK, #2
fii 1702 (X LREE) 5E#M + 50K (3 HREE) [ Fb{E
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Table 2 Distribution of indicators for the geochemical tracing of hydrothermal activity
B AI/(Al+Fe+Mn) Fe/Ti U/Th Ba/Sr ColZn 3Eu Y/Ho La/Ce, SREE  SLREE/SHREE
HY-8 0.67 9.41 2.39 23.01 0.11 0.51 28.49 1.33 173.55 12.07
HY-7 0.67 7.50 1.50 4.32 0.10 1.56 30.99 1.41 130.78 6.27
HY-6 0.58 14.71 1.13 1.67 0.16 0.58 29.74 1.29 106.54 7.84
HY-5 0.59 10.31 8.41 38.95 0.11 0.68 38.69 1.62 144.94 6.61
HY-4 0.65 8.86 578 126.44 0.01 0.66 33.97 1.76 106.61 5.51
HY-3 0.58 11.35 20.98 333 0.06 0.86 47.76 1.94 84.15 4.23
HY-2 0.63 12.14 1.81 321 0.03 0.84 30.96 1.73 58.68 3.27
HY-1 0.71 9.78 0.39 5.80 0.02 0.88 29.14 1.55 65.87 5.29
XJ-8 0.65 13.30 0.67 28.05 0.07 0.62 30.66 1.17 121.29 7.50
XJ-7 0.70 9.68 0.79 20.00 0.14 0.62 31.10 1.21 159.06 8.15
XJ-6 0.70 9.52 0.75 26.66 0.21 0.69 28.50 1.20 153.75 9.26
XJ-5 0.53 16.24 9.77 32.44 0.02 0.53 42.26 1.71 177.55 6.29
XJ-4 0.63 10.03 6.18 30.78 0.02 0.48 35.38 1.49 149.03 5.79
XJ-3 0.52 16.50 11.39 24.88 0.08 0.56 38.22 1.70 155.40 5.65
XJ-2 0.61 13.78 11.03 37.39 0 0.48 46.71 1.74 96.97 2.93
XJ-1 0.46 22.20 17.33 49.31 0 0.50 41.23 2.38 45.51 3.56
XA-8 0.46 22.88 8.79 34.87 0 0.57 40.98 1.27 110.81 3.19
XA-7 0.58 12.12 14.05 224.65 0.15 0.50 43.24 1.53 157.58 6.03
XA-6 0.52 13.81 13.33 100.99 0.17 0.58 49.06 1.69 116.34 4.61
XA-5 0.57 11.47 15.13 179.08 0.22 0.41 34.90 1.78 120.56 6.15
XA-4 0.42 25.00 17.60 118.35 0.45 0.53 40.00 1.62 61.02 248
XA-3 0.08 50.00 25.88 7.19 0 1.33 36.00 1.03 2.34 1.39
XA-2 0.50 20.10 0.36 38.61 0.02 0.66 25.29 1.57 41.10 13.22
XA-1 0.51 15.61 0.29 13.43 0.01 0.63 26.70 0.97 69.23 2.84

1 : 8Eu=Eu /(Sm+Gd )", La/Ce, ' T AR N 4 BROBL B A1 AR HEAL , T IR
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Table 3 Enrichment factors of certain elements and related redox index

. LR EERE EMERARTR
HR
EF,, EF,, EF, EF, EF, EF,, EF,, Ni/Co V/V+Ni V/Cr oU
HY-8 15.43 26.35 1.88 9.08 2.11 1.17 0.77 7.27 0.68 3.30 1.76
HY-7 12.73 7.69 0.92 3.81 1.42 0.78 0.83 3.85 0.75 2.01 1.64
HY-6 522 4.13 0.83 2.73 0.92 0.75 0.53 4.85 0.68 2.20 1.54
HY-5 9.08 28.31 0.90 9.22 2.15 0.61 0.70 4.32 0.82 2.63 1.92
HY-4 25.24 34.54 2.09 16.59 6.78 0.49 0.63 11.04 0.94 11.99 1.89
HY-3 36.79 41.88 2.69 23.81 21.47 0.35 0.37 14.68 0.86 10.97 1.97
HY-2 2.39 4.46 0.35 2.06 1.14 0.35 0.15 7.41 0.86 1.50 1.69
HY-1 3.35 1.81 0.25 0.56 0.39 0.44 0.20 6.58 0.75 0.50 1.08
XJ-8 4.00 9.92 1.10 2.31 1.65 1.06 0.60 5.02 0.74 2.38 1.34
XJ-7 5.79 8.19 1.13 2.45 1.48 0.95 0.68 5.05 0.71 1.92 1.41
XJ-6 51.26 3.88 0.90 2.16 1.25 0.88 0.68 3.21 0.73 1.62 1.39
XJ-5 26.40 133.46 5.18 28.78 9.54 0.91 0.56 21.08 0.78 7.75 1.93
XJ-4 63.14 340.77 3.56 15.11 12.54 0.75 0.68 37.54 0.76 16.63 1.90
XJ-3 44.62 352.69 4.69 26.41 10.54 0.72 0.57 25.12 0.81 15.57 1.94
XJ-2 17.60 30.77 7.40 9.81 28.23 0.27 0.18 75.63 0.97 7.86 1.94
XJ-1 15.43 18.04 3.49 6.32 53.23 0.11 0.09 84.64 0.94 33.36 1.96
XA-8 2.15 25.58 1.64 8.24 9.00 0.29 0.16 23.72 0.91 16.71 1.93
XA-7 32.88 61.92 4.38 33.11 21.38 0.73 0.66 21.13 0.85 20.84 1.95
XA-6 15.78 41.92 0.70 18.38 2.24 0.43 0.38 5.56 0.86 6.47 1.95
XA-5 27.94 76.35 3.84 24.86 13.31 0.51 0.49 20.55 091 27.80 1.96
XA-4 29.18 34.23 2.60 17.46 9.54 0.31 0.25 16.19 0.88 25.31 1.96
XA-3 1.83 3.07 0.28 1.12 1.57 0.01 0.01 48.25 0.91 3.29 1.97
XA-2 3.36 0.51 0.12 0.32 0.29 0.28 0.21 3.95 0.82 0.86 1.04
XA-1 2.50 0.57 0.36 0.73 0.48 0.77 0.37 2.78 0.72 1.29 0.93
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Fig.5 Vertical features of the enrichment elements in different wells
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Fig.6

Intersection of the enrichment coefficient of different elements, pyrite, and total organic carbon (TOC)

(a) the enrichment coefficient of U and Mo; (b-f) the enrichment coefficient of different elements and the content of pyrite; (g-k) the enrichment coefficient of different elements

and TOC; (1) the relationship between TOC and the relative enrichment degree of these elements
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Table 4 Correlation among main minerals, enrichment elements, and geochemical indices tracing

hydrothermal activity in different wells

SHOKIE SR ERFEARAAR DG

1YE/Si0,/ SE U] 5 ALO,

g [EE ST ColZn La/Ce, SREE SLREE/SHREE A E AR
-0.33\-0.21 0.45\0.14 -0.53\-0.67 -0.22\-0.40 -0.66\-0.24 -0.34\-0.35

XJ1 —\—\-0.45 —\—\0.18 —\—\— —\—\-0.26 —\—\— —\—\-0.16
-0.17\-0.43 0.11\0.38 —\-0.40 —\-0.80 —\-0.34 —\-0.74

13E/8i0, —\-0.53 —0.18 -0.33\-0.31 -0.15\-0.35 —\-0.34 -0.26\-0.34

HY! Ba/Mo/Ni —\—\— 0.35\0.31\0.11 —\—\— —\—\— —\0.40\0.58 0.25\—\0.20
uv —\-0.23 0.34\0.25 —\— —\— 0.31\0.38 —\—

—\— -0.59\-0.73 0.10\— -0.72\-0.44 -0.89\-0.73

XAl — 0.50\0.52\0.28 —\—\— —\—\— —\\— 0.47\0.44\0.47
0.46\0.30 —\— —\— 0.14\— 0.57\0.25

T — R R A A G (A DG R BT T 0.1) , BOUKIE 8l 7R B 46 48 Co/Zn (S REE (S LREE/SHREE 5 La /Ce [ 22 URFAEAH I, B =
S 1 /1N 2 U $AK T 352 WA RS 2 1A Lay/Cey W2 /8 0K 388 I #ROK 3G 30 52 i iR 210, IR

F5 |WEFREETOCRHKENRERIERZ BHHEXME

Table 5 Correlation between redox and TOC and hydrothermal activity tracing indices

SIS SR BRI AR ARG

I SR 5TOC ARG
Co/Zn La/Ce, SREE SLREE/XHREE
XJ1 0.34\0.21 -0.55\-0.47 0.75\0.67 -0.64\-0.60 —-0.88\-0.88
Ni/Co 0.69\0.75 -0.34\-0.61 0.80\0.66 —0.43\— -0.46\-0.70
Y1 V/(V+Ni) —\— —-0.26\-0.50 0.61\0.80 -0.11\-0.16 -0.11\-0.49
V/Cr —\0.19 -0.12\— 0.44\0.19 —\— —\—
8U —\0.13 —\— —\0.14 —\— —0.23\—
XAl
—\— —\— 0.33\0.13 —\— —\-0.21
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Abstract: [Objective] The hydrothermal activities during the Early Cambrian in northwest Hunan significantly in-
fluenced the sedimentary strata at that time. However, the specific influence of the hydrothermal activities on the sur-
rounding area remains unclear. [ Methods] Based on the analysis of total organic carbon (TOC), X-ray diffraction
(XRD), major and trace elements, etc., the differences in the sedimentary geochemistry at the bottom of lower Cam-
brian Niutitang Formation in wells Huanye 1 (HY1), Xiangan 1 (XA1), and Xiangji 1 (XJ1) in northwestern Hu-
nan were compared and analyzed.[ Results ] Research shows that combined with the sedimentary setting and structur-
al characteristics of the early Cambrian, the specific influence and extent of hydrothermal activities on the peripheral
sediments were systematically revealed. These wells were far from the hydrothermal activities, and the contribution
from the hydrothermal activities is small. However, certain geochemical indicators suggest that there are both normal
and hydrothermal deposition characteristics at the bottom of the Niutitang Formation black shales. XJ1 was the most
affected by the hydrothermal activity, XA1 was practically unaffected, and HY1 was moderately affected. Co/Zn,
Lay/Cey, > REE, and > LREE/> HREE are indicators for showing hydrothermal activities. Ba, Mo, Ni, U and V
are highly enriched in that stratum. The sedimentary environment of strong reducing or vulcanization may be the main
factor for the enrichment of these elements. The abundance of organic matter within a certain range has a positive
correlation with the enrichment degree of the different elements. XJ1, HY1 and XA1l, which are affected by the
hydrothermal activities in turn, differ in their response of sedimentary geochemistry characteristics. XJ1 in the deep-
sea basin is more dependent on the supply from the deep internal source of the remote debris.[ Conclusions] The
hydrothermal activities provide a material basis that is rich in these elements by the contrast in different wells.
Furthermore, the hydrothermal activities strengthen the reducibility of the surrounding sedimentary environment,
which is conducive to the further enrichment of these elements and organic matter. This influence gradually decreases
with the increase of the distance from the hydrothermal activities. However, the response of hydrothermal sediment is
relatively confusing and vague owing to the complex factors on the content of elements in the black shales.

Key words: northwestern Hunan; Niutitang Formation; hydrothermal activities; black shales; element enrichment;

redox conditions



