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Simplified geological map and sampling sites in
Tongren ( base map modified from Ma,2002)
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Table 1 Chemical components( % ) of the Jiumenchong Formation black shale in the Tongren area
P S Si0, Al, 0, Fe, 0, FeO Ca0 MgO MnO Na, 0 K,0  P,0; V, 0, HHLC
MP 54. 85 18.21 1.63 2.31 0.10 1.19 0.02 1. 06 3.38 0.50 3.53 9.78
PM 65. 15 13.44 3.49 1.67 1.52 1.14 0.02 2.64 3.28 0.30 0.32 1.85
MZL 69. 67 14. 20 3.50 1. 67 0.10 0.58 0.01 1.16 2. 66 0. 66 0.72 3.54
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Continued Table 1
e Si0, Al, Oy Fe, 0, FeO Ca0 MgO MnO Na, O K,0 P, 05 V, 05 HHLC
MLS 59. 85 18.76 3.23 1.56 0.26 0.87 0.02 1.94 3.22 0.27 0.71 6. 84
wT 63. 05 12.93 3.32 1.23 0.78 0.81 0.01 1. 16 2.37 0.77 0.87 8.09
YKC 75. 51 7.55 2.13 0.97 0. 85 0. 67 0.01 1. 15 2.74 0.87 0.55 3.88
YY 64.27 15.5 4.29 1.54 0.43 0.94 0.01 1.32 3.33 0.34 0.43 3.40
QTP 57.25 19. 85 3.54 0. 69 0.24 1.76 0.02 1.57 3.87 0.39 0. 88 4.18
MR KV R BFSE B AT R I rpucs MK ] 2012 4F 10 A

3.2 WESTEMIRILFERHE o, B itaMmEn R WK 2, Hr Zn Cu,

Cu,Cr,Co Ni U Zn U R X UL EE FUA A1
W B R S, B R X LR R T & #E AT

Cr Ni U JUER AR T Hu7c A & AL 5, Co
Hire b SR

®2 FCHRANTTARBTERHETESWER(107°)

Table 2 Trace element abundances(10 ~°) of samples from the Jiumenchong Formation black shale in the Tongren area

MP PM MZL MLS WT YKC YY QTP 7
Zn 101.1 401.2 211.9 688. 2 386.9 168. 5 224.6 274.8 70.0
Cu 195.6 64.2 182. 1 193.8 540.5 86.3 68.5 150.7 60
Cr 402.7 112.8 279.8 342.2 134.8 255.1 60. 2 135.2 102.0
Co 33.2 26.3 18.9 31.2 28.9 18.9 20.2 22.6 25.0
Ni 335.6 269. 5 145.7 423.7 278. 4 41.2 114.2 121.7 84.0
U 84.4 90.2 83.1 92.6 116 35.7 11.8 113. 4 2.7
Ni/Co 10. 1 10.2 7.7 13.6 9.6 2.2 5.7 5.4
V/Cr 49.1 15. 9 14.4 11.6 36.2 12. 1 40.0 36.5
V/(V +Ni) 0.98 0.87 0.97 0.90 0.95 0.99 0.95 0.98
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W33, TUATH - S BR e, 1F 126.29 x 10 ~° ~
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TUA T (173.2 x 10 7°) AT 5 AS [ 1 X+
SRR B A [R) L DX B 0L ) sk Ak
PR AR R 2E R B A& &y 100.70 x
107° ~ 204.33 x 10°° ,SF-3y 4 143. 16 x 10 °; i

TV, O5 4055 0 DB« PR R R 5 5 S B e, KT ] :2013 463

T+ ARG, M 15.69 x 10 7° ~35.46 x 10 °° 34K
27.36 x10°°,

M5 T 4 SLREE/SHREE 2y 3.79 ~8.51, ¥l
5,45, /NFALETUA R HUAE (7. 5) (RS FIRRI,
1996) ; (La/Yb) 3 3. 07 ~6.97 , -4k 4. 04 ; F2 1]
BEMIORHE, B EHENEE, BAiiaTh
8Eu 4 0.56 ~ 1. 67, F-¥ K 1. 10, 484y 1E 524 B I 5
5Ce 47 0.48 ~0.74 , F4{E A 0. 59 , LB 1 S .

#3 EECANMEABETERLITRAR (10 ) RAFERE
Table 3 REE abundances(10 °)and characteristic values of the Jiumenchong Formation black shale in the Tongren area

MP PM MZL MLS wT YKC YY QTP Y(H
La 50.28 32.36 29.92 29.47 27.87 28.10 33.34 56.32 35.96
Ce 58.28 60. 11 36. 17 39.47 46. 45 32.08 56. 58 77.70 50. 86
Pr 10. 96 8.98 7.85 8.78 7.52 6.11 7.15 11.75 8. 64
Nd 49.18 39.35 34.62 44.94 32.98 27.11 29.55 51.62 38.67
Sm 9.51 7.26 6.24 9.28 6.07 5.52 5.10 5.82 6.85
Eu 2.40 3.00 3.06 2.38 2.11 1.78 1. 69 1.12 2.19
Gd 8.94 6. 84 5.93 9.08 5.41 5.58 4.25 7.96 6.75
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Continued Table 3
MP PM MZL MLS wT YKC YY QTP Bl
Th 1.51 1.08 1.09 1.55 0. 88 0.98 0.65 1.31 1.13
Dy 8.11 5.92 6.74 8.58 4.97 5.99 3.39 7.15 6.36
Ho 2.00 1.45 1.80 2.18 1.25 1.57 0. 84 1.74 1.60
Er 6.08 4.54 6.08 6.58 4.12 5. 04 2.69 5.83 5.12
Tm 0.94 0. 74 1.03 1.01 0. 67 0. 84 0.48 0.97 0. 84
Yb 5.14 4.14 5.79 5.54 4.02 4.74 2.84 5.62 4.73
Lu 0. 88 0.71 1.05 0.95 0.70 0. 86 0. 54 1.00 0. 84
SREE 214.19 235. 91 176. 48 169. 78 149. 10 147. 37 126. 29 145. 01 170. 52
SLREE 180. 61 204.33 151. 06 134. 32 133. 41 117. 86 100. 70 123. 00 143.16
SHREE 33.59 31.58 25.42 35.46 15. 69 29.51 25.59 22.01 27.36
EEZRHL}Z 5.38 5.94 3.99 3.79 5.59 3.93 8.51 6.47
(La/Yb) y 5.81 4. 64 3.07 3.16 4.12 3.52 6.97 5.95
(Gd/Yb) y 1.07 1.01 0.63 1.01 0.82 0.72 0.92 0. 87
(La/Sm) y 3.30 2.79 3.00 1.98 2.87 3.18 4.09 6.05
5Ce 0. 50 0.73 0.48 0.51 0. 66 0.49 0. 74 0. 60
5Fu 0. 86 1.41 1.67 0. 86 1.21 1.07 1.18 0.56
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782

B ,V/Cr 2.0 ~4.25 ft ke A B, V/Cr >
4.25 RFFLAMBEA T, PR XEEMS V/Cr
11.6 ~49.2 >4. 25, [ WL SR A0 T (DT RUIR B Ry 3%
AR I

V I Ni B G A R s 4 V/(V +
Ni) [ H B oK 48 7% 7K 1A 40 Ak 380 i 3% & ( Wingnall
1994) ,Hif V/(V + Ni) >0.83 i il JE 3R 8s,
V/(V +Ni) Jy 0.83 ~0.57 W}, L&A B, V/
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Ni) <0.46 Jy & A IBE . WFo8 X B TUA RS TP
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MR Ce’ nHA Sy Cet UL Tl B0 N IE 57
W BRI B Ce’ " B T K b, DU vh &
B Ce 51575 . La 15 HE 218 K 6Ce T LR
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Fig.2 §Ce -6Pr diagram of organic matter from Jiumen-

1.4

chong Formation black rock shale in the Tongren area( base
diagram from Shields and Stille,2001)
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Fig.3 Cross plots of REE parameters for Jiumenchong Formation black shale in the Tongren area
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Fig.4 Zn - Ni - Co diagram of Jiumenchong Formation
black shale in the Tongren area(base diagram from Cronan,
1980)

I =7 T - iRt AR

I - hydrogenic sedimentation; [l — exhalative sedimentation

s £ 0 R M A U R AR 4 b8 /R DUBUAE T
FRURIX o WEARPOKTURRY s oo R AR TUA TR
HEAL 2 T /K 8, Ce BT A9 17 5 45 IX
WL 4 A A TUE s Lo R LR TUA ARl
i Zems A2 (1 5) |, Ce SIS A 0 55 %, R 5%
DX PR TUA HE A ORI, #ORSE B T 5
JER R

(La/Sm) (fEHWBEFIWTITT A h 2 A S8 1)
JEIA, % (La/Sm)  LU{E < 1 B, FRETUTRAY) A IE
HWUU; 24 (La/Sm) > 1 I, FRETORR Y h A7 e
FEEL 5 5 W) 5t fin A (Toth, 1980) . X N & £ (La/
Sm) (B HAE N 1.98 ~6.05 > 1, RUICA Y A
iy A SR YOI

R4 La/Ce 1 HbAE AT LAARIA DT R A B BT .
2 La/Ce {28 2. 8 B, PUBLUE 2 B 7 A K sl

784

55BN ;2 La/Ce {H2R 0. 25 B, YIFA K Fe -
Mn FK 8 R B 5 — Mk i G 0T A o La/Ce
B < 1 B, A UTRUE TETE it 78 v 52 B AR
{52 (Toth,1980) o [X P4 il La/Ce B A 0. 54 ~
0.88 <1,7F La - Ce X AKIM (K 6) I, BLAFIE X
AR 68, 00 7 DU AR O A 32 B HOK BT RRAE Y
AL

10

—— IR —e— B —— BNl —e— B
o KL e WSl o AEHEYE ome B

Fedh/ LR TR

0'1 1 1 1 1 1 1 1 1 1 1 1 1 1
LaCe Pr Nd SmEuGdTbDyHoEr TmYbLu

BS ECANMEARBRERLITRILERNERENER
S
Fig.5 Standardized model of distribution of REE of Ji-

umenchong Formation black shale with reference to North

American shale
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Fig.6 La — Ce relationship of Jiumenchong Formation black

shale in the Tongren area(base diagram from Toth,1980)
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Fig.7 La/Yb - REE diagram of Jiumenchong Formation
black shale in the Tongren area ( base diagram from Zhu,
1994)
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1 = chondrite ;2 — oceanic tholeiite;3 — continental tholeiitic ;4 — alkalic

basalt ;5 — granite ;6 — kimberlite ;7 — carbonatite ;8 — sedimentary rock
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Geochemical Characteristics and Diagenetic Setting of the Jiumenchong Formation Black Shale

in the Tongren Area of Guizhou Province

HOU Dongzhuang' , WU Xiangbin® , DENG Xinnan®"

(1. College of Geology & Environments,Xi’an University of Science & Technology ,Xi’an , Shaanxi

710054 ;2. School of

Geosciences and Info — Physics , Central South University , Changsha , Hunan 410083 ;3. Orgainzing Department of Heng

yang Municipal Party Committee ,Hengyang ,Hunan 421001)

Abstract; The Jiumenchong Formation black shale in the Tongren area of Guizhong Province hosts metallic elements such as V,Ni and U, and is also
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a set of high — quality source rocks. This work conducted geochemical research to reveal its geochemistry characteristics and diagenetic setting. The result
shows that this rock is characterized by enriched Zn,Cu,Cr,Ni and U, high rare earth elements content, and relatively high content of LREE. Ce negative
anomalies, V/Cr and V/(V + Ni) suggest that it was formed in a static reducing slope environment. Co/Zn values,Zn — Ni — Co ternary diagram, ( La/
Sm) y , positive anomalies of §Eu,La/Yb — REE illustrations , discrimination diagrams of La/Ce,and the standardized curve of North American shale combi-
nation patterns demonstrate that this black shale has been influenced by hydrothermal activity during its disposition,and its abundant sources were from o-
ceanic hydrothermal fluid. Discrimination diagrams of K, O/Na, O — SiO, and REE parameters indicate that the research area was in a tectonic setting

dominated by a passive continental margin,while the effect of hydrothermal activity also implies a feature of an active continental margin.

Key words: geochemical characteristics, sedimentary environment,black shale, Jiumenchong Formation, Tongren area, Guizhou Province
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