5 43 5 41 hOE R Vol.43, No.4
20164F8 H GEOLOGY IN CHINA Aug. , 2016

doi: 10.12029/gc20160415
TREVE, 2, AL, S SNAL R S R LA MR A 2R BT B (0], TR EHST, 2016, 43(4): 1291-1303.

Zhang Guotao, Peng Zhongqin, Wang Chuanshang, et al. Geochemical characteristics of the Lower Permian Liangshan Formation in Dushan area of

Guizhou Province and their implications for the paleoenvironment[J]. Geology in China, 2016, 43(4): 1291—1303(in Chinese with English abstract).

RMIELL T SRR A BRI FHFE
FETRPEES

KEZE ZrE Thw FEEL

(P RN FAE BRI FAE P 3k KX 430205)

RE W S EE AN Ll M X B 20 L A SR AR - S i e R S I AR BRI BT L M R AL SRR
SO Z AT R E B . G5 AN i 0 Z Mt (SREE)7E 127.23%10°~450.07x 107, F-34{H 271.09x 10 B i,
KT L VA + o 5 F M - L {8 (LREE/HREE ) 7 7.66~15.67, 144 9.51 , 5 T AHXT 574 . 8Ce 5 8Eu Dy./
Sm, . SREE =& Z [ AHSCHE R 2 IR o0 R AR DTRG0 57 51— R e VE 52 ), 6Ce S % (EAE A
AR TN TR ARAS R T 5, 2 i i 3 3 S i S0 2 FU(ELHE FR Ni/C0~0.20, U/Th=~0.2, V/Cr=1.09, §U=~0.73, V/Sc~
743 SRR A I RE B LA D URUIAL T 7 S8 — 3 A A KRS R AR A b R B e A R UE o AR SCHEIIN2 L 4100
TR T A2 1 ¥ K PR A58 1R Bl ) 70 A L R S i SRR, BT ] e L sl AR 4 e A R W v K BRI A
I A= Wy BB 0 SR I B R I A B SR S SRR BEL 1A HILSE A, vl B 0 43— : ORI A 0 A AL
JOR U ARt S R K TR A P S AU, K T AR TR E KA RS, IR ER BTt e AR I P AR B B R AL @781
TR — /K AL 5 2 A e A T A sl B L N8, FRa @ i i 1 (R (A 27 S — B i T, R
PIFET B MUBTHEAR B R AT AR DB S /K R 1) SR AS bR i/b , EL 28 708 WA SRR A

X # RSN TR BUE TR BOATUE AR R

FESES P534.46  XEAIRERS:A  XEHS:1000-3657(2016) 04-1291-13

Geochemical characteristics of the Lower Permian Liangshan Formation in
Dushan area of Guizhou Province and their implications for the
paleoenvironment

ZHANG Guo—tao, PENG Zhong—qin, WANG Chuan—shang, LI Zhi—hong

(Wuhan Center of Geological Survey, China Geological Survey, Wuhan 430205, Hubei, China)

Abstract: Corresponding relationship between geochemical characteristics and depositional environments was established through

analyzing distribution of mudstone, content and indexes of the trace and rare earth elements from the Liangshan Formation, Lower
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Permian, Dushan area, southern Guzhou. The results show that the gross amount of REE (ZREE) varies from 127.23x107° to 450.07x
10~° with an average of 271.09x 10°, which is obviously higher than the gross amount of American shale REE. And the ratio of
LREE/HREE is usually between 7.66 and 15.67 with an average of 9.51, which indicates enrichment of LREE. Relevance between
Ce anomalies and Eu anomalies, Dy./Sm, ratios, and bulk REE show that diagenesis had some effects on REE of the Liangshan
Formation during the depositional transformation period, and it seems that abnormal values of Ce anomalies are not a reliable redox
indicator. An oxygen and oxygen—depleted seawater environment was judged through trace element ratio indexes, such as Ni/Co=~
0.20, U/Th=0.2, V/Cr=1.09, 6U=0.73, V/Sc~7.43; in addition, abundant development of benthos can be a strong evidence. The
authors argue that the seawater environment of sedimentary period during the Liangshan Formation was an evolution process with
dynamic transformation, rather than a pure oxygenate, low oxygen or reducing environment. More specifically, the initial seawater
environment represented oxygenate condition for biological reproduction, then gradually evolved into low oxygen or even reducing
environment which hindered degradation of organic matter. The authors put forward two possible cases: (1) Deposition flux of high
organic—matter under humid climate and rapid accumulation of shallow—water deposit used much oxygen of bottom water, which
resulted in a transformation from oxygenate to low oxygen until the reducing environment;(2) The water interface overlapped or
fluctuated near the oxygenate to low oxygen interface of the Liangshan Formation, and the oxygenate to low oxygen interface rose
gradually with continuous transgressive process, then a low oxygen environment appeared with the death of early organisms, and
oxygen exchange between deposits and water became less and finally transferred into a reducing environment.
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Fig.1 Schematic map of tectonic units in southern Guizhou with location of Chengjiaba section
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Table 1 Analytical results(10°)and calculation results of rare earth elements and trace elements
idE| XQG-5 XQG-6 XQG-7 XQG-8 XQG-9 XQG-11 XQG-12 XQG-13  XQG-14 XQG-15 XQG-16 XQG-17 XQG-19 Vi
La 8030 7030 5770 8100  57.00 42.80 52.90 4110 7540 38.00 4830 3420 2690 5430
Ce 15500 13500 10900 16000 13200 9590 115.00 81.60 177.00 7630 102.00 67.50 5020 112,04
Pr 1900 1640 1320 2010  13.80 10.90 15.80 9.72 22,60 897 12.60 8.15 6.43 13.67
Nd 7550 6030 4680 7630 4500 3820 63.30 34.40 90.40 3250 47.40 2930 2350 5099
Sm 1510 1290 885 1330 6.07 6.05 16.80 645 21.60 575 10.00 545 450 1022
Eu 247 242 1.63 203 0.80 0.89 418 1.24 5.07 1.01 193 0.99 1.00 197
Gd 1140 1130 7.68 9.08 483 449 18.80 548 21.00 501 8.20 4.64 434 8.94
Tb 1.7 1.83 1.14 120 0.66 0.61 3.05 0.84 324 0.89 133 0.77 0.70 138
Dy 8.84 9.91 6.02 6.24 3.54 3.32 14.80 458 15.60 5.16 6.87 443 3.89 7.17
Ho 1.76 1.86 1.18 127 0.76 0.68 253 0.93 2.64 1.06 128 0.87 0.74 135
Er 478 499 324 3.80 233 207 6.32 266 6.51 3.02 343 257 203 367
Tm 0.83 0.82 0.57 0.68 0.44 0.38 1.00 048 1.08 0.53 0.62 0.47 0.36 0.64
Yb 527 561 3.70 4.62 323 252 6.12 320 6.97 3.60 3.89 3.01 230 4.16
Lu 0.77 0.78 0.53 0.68 0.46 0.38 0.88 0.46 0.96 0.53 0.53 0.45 0.34 0.60
SREE 38273 33442 26124 38030 27092 20919 32148 19314 45007 18233 24838 16280 12723  271.09
LREE/HREE ~ 9.82 8.01 9.86 1279 1567 13.48 501 937 6.76 821 8.50 8.46 7.66 951
Lay/Sm, 335 343 410 383 591 445 1.98 401 220 416 3.04 3.95 3.76 371
Dys/Sm, 035 0.47 0.41 028 035 0.33 0.53 043 0.44 0.54 0.42 0.49 0.52 043
Lay/Yb, 10.30 847 1054 1185 1192 1148 584 8.68 731 713 839 768 7.90 9.04
Gdy/Yb, 1.75 1.63 1.68 1.59 121 1.4 249 139 244 113 1.71 125 1.53 1.63
Y/Ho 2472 2484 2390 2417 2145 23.09 25.14 2387 2144 23.40 2031 2448 2459 2349
8 Ce 091 0.91 0.90 0.91 1.08 1.02 0.93 0.93 1.00 0.94 0.95 0.92 0.87 0.94
6 Eu 0.55 0.60 0.59 0.53 0.44 0.50 0.72 0.62 0.72 0.56 0.63 0.59 0.68 0.60
Ce 005 004 005 -0.04 0.04 0.02 -0.02 -0.03 0.01 0.02 -0.01 -0.03 -0.06 -0.02
Pb 1540 1340 13.00 918 2530 31.00 14.00 21.60 7.49 14.40 13.40 2030 1140 16.14
Cr 10800 9000 7720 11600 9850  107.00  111.00  107.00  119.00 79.40 75.60 78.10 63.60  94.65
Ni 1060  21.00 8.29 1080  17.80 67.20 80.90 64.10 37.30 26.70 69.50 31.40 2500 3620
Co 1.49 222 1.76 1.85 5.56 2630 56.90 32.00 8.19 18.80 30.70 15.70 1430 16.60
Rb 7120 8750 7860 6660 8020 4290 27.50 25.80 62.30 76.40 55.90 99.90 7640 6548
Sr 7090 11700 5360 9060 9030 25800  177.00 20000  157.00  280.00 80.60 31600 40800  176.85
Ba 26400  808.00 22400 307.00 22800 19400 16400 17300 25400 16800 19500  190.00  146.00 25500
\% 11600 9410 7440 12800 126.00  127.00 10400 11600  134.00 83.30 85.50 90.70 6390 103.30
Sc 3320 1790 1010 8.89 7.81 18.80 19.60 15.80 797 1570 776 15.00 13.20 1475
Nb 2280 2110 1710 2240 1460 14.00 14.40 1420 16.50 1330 13.60 11.50 8.03 15.66
Ta 2.09 1.98 1.67 2.09 132 124 135 1.30 1.46 123 122 1.02 0.70 1.44
Zr 22100 29400 34500 189.00 13500  109.00  130.00 20800 17400  197.00 22200  144.00 8110 18839
Hf 722 936 991 6.42 461 348 421 6.40 567 6.12 7.02 450 257 596
B 11200 117.00 10400 13200 12600  173.00 14500 14000 15900 13500 13800 14300  109.00 13331
246 2.44 3.14 1.69 1.65 277 332 258 0.84 242 1.69 2.89 1.74 228
Th 1660 1830 1400 1300 1030 13.30 12.40 11.80 6.78 11.90 752 10.50 738 11.83
Mn 1620 3130 2760 1640  141.00 23800 297000 114000  24.10 512.00 37.20 34700 90200  492.52
U/Th 0.15 0.13 0.22 0.13 0.16 0.21 0.27 0.22 0.12 0.20 0.22 0.28 0.24 0.20
V/Cr 1.07 1.05 0.96 1.10 128 1.19 0.94 1.08 1.13 105 1.13 1.16 1.00 1.09
Ni/Co 015 0.13 022 0.13 0.16 021 027 022 0.12 020 022 028 024 0.20
sU 0.62 0.57 0.80 0.56 0.65 0.77 0.89 0.79 0.54 0.76 0.81 0.90 0.83 073
V/Sc 349 5.26 737 1440 1613 6.76 531 734 16.81 531 11.02 6.05 4.84 8.47
V/(V+Ni) 092 0.82 0.90 092 0.88 0.65 0.56 0.64 0.78 076 055 0.74 0.72 0.76
St/Ba 027 0.14 0.24 0.30 0.40 133 1.08 1.16 0.62 1.67 0.41 1.66 2.79 0.93
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Fig.9 Benthos fossils from the Liangshan Formation black shale
(a—d are fossils of productides. a and b show the back; ¢ shows the abdomen; d shows both the back and abdomen.)

PO A AR PR, JF 48 sk b e Ry JL R UK
199 M3k T PR B Y SR S R AR ) Z AL Z (R
BRFR . B EENBOTUA DR E L EY
AP AR EE TR FLUT RS AR A 1 U R
GUF DU T 7K AR 38 78 4800 7K AR R 38 3% 4 1 31
BEPY, X SR TC A U I RO DU TR A FRali H 3
TEI B A I

Piper and Calvert) ™55 A A AT ORI RAE
i R YOE T A DU A AR i SR
o WIERA™ 7 e B R R (— RS KO 1)
X3, AU AR A WL O B AR A, T K =
BA TR REAS hE S i B AL T ORAE TR

La,/Yb, {8 A] [ BRBE A 7 iz o 72 v i KU
B, Y La/Yb, (H 5K B, 2 B i o B v /9
HREE A%} & 45 , U B £ h #5741 1) HREE DL #¢
T ) LIS O GBS R HREE 81 T RS
ML In L EVIE T 4w O , B Lay/ Y, (8
RRAIG, BRSSP B B Y, S 2 s B s

i, 24 La/Yb, EfH A T 5.84~11.92, ¥
9.04, B ARG AH TLARY) BT A &0 K IR B ik
i& . 74 Murray et al."" X Rl i1 % hik oA 0F 5T &
B, La/Ce, L K55 F 1, et T La/Ce~1 ) Fifi
TRSHCR i A BRI [ S B T TG Ce 75 458 B KBl
GG PRI . 221120 La/Ce, HUIHEFEE ,
F0.90~1.13, F M 1.03. LHKE, BILH K
% 3 B VR T (L4055 M ) ST TR K TR

Y b RE BB T 2R A o0 A 2S5 A R
Feont AR 5B, V. Cr Mn Ni,Co 7EHIIEER
P AR E 4 MK .Ca Mg Na ,Sr.Ba—JBeIH 0 2 AH
X E TR WA AT, i
O ICR VS LS A, Cr AR s
4 5Ni, Co MIA5 I 3, 385075 #0340 | S0 31
5 b5 5 1 Sr.Ba A B 740, — e FE A UL
PP TNELE NI AR o Rt S S A 3 T RS 7S E Ik e}
A7 1 D) R IR I T AR T A RS, TR
A I A LTI A R BT AR TR B4

http://geochina.cgs.gov.cn H1[EHLT, 2016, 43(4)



H43E 4l

SR EESE  SHNILT S5 BRI LA BRI AR AR B DO 2 1301

3.5

3.0

25

20

Sr/Ba

0.0

e
N 2 5 o X S 5 4 & 6 A
108" (067 06° ((0° (6" o $QG$Qo—‘$QQ—\;a0'\;QO'\$QO'\;QO'\ oo *Qo"q

R

Pl 10 5541 5 %114 Sr/Ba L (E R 4]
Fig.10 Curve graph showing Sr/Ba ratio between the Maping
Formation and the Liangshan Formation
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