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Fig.1 Geological sketch map of Shizhu area,Chongqing city and

location of Jinlingxiang section( after Ma Yanfang,et al. (11 2002)
1.Sinian-Cambrian ; 2.0rdovician-Carboniferous; 3. Permain; 4.Triassic;
5.Jurassic; 6.stratigraphic boundary; 7. fault line; 8.provincial bounda-
ry; 9. sampling location
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Fig.2  The outcrop photos of Qixia Formation

A. Basic sequence: carbonaceous shale (a)—bioclastic limestone(b) , length of hammerhead: 12 em; B. Partial enlarged view of A, beaded chert

nodules in limestone; C. Nodular bioclastic limestone, height: 175 ¢m; D. Conformable boundary between Qixia and Liangshan Formations.
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Fig.3 Microscopic photos of Qixia Formation

A. Microcrystalline bioclastic limestone, bioclasts consist of trilobites ( white arrow) , ostracods( box) , bivalves and echinoderms, single polariza-
tion, sample No. 9-1 h; B. Partial enlarged view of ostracods in photo A, single polarization; C. Chert nodules in limestone can be subdivided into
5 layers ascendingly, a~e layers are on behalf of chalcedony ( chert nodule ) , recrystallized calcite and dolomite, canine quartz and calcite, pyrite,

microcrystalline calcite ( country rock) , respectively, orthogonal light, sample No. 3-1 h; D. Detail view of b~ e layers in photo C, white arrow

points calcite and yellow arrow points quartz, cross polarization light.
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Fig.4 Element contents and paleoenvironmental characteristics of the Qixia Formation
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Fig.5 NASC-normalized REE patterns for carbonate rocks of Qixia Formation
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Table 1 Major element content and calculated results of carbonate rocks of Qixia Formation at Jinlingxiang section

e 4th  51h 61h 7-lh 9-Ih 10-Th 12-1h 14-Th 15-1h 16-1h FIME 181k 2tk 31k 81h 1l-lh 13-1h 18-2h FEEFTK
itk (&) IR B WSk AN IR SRR R i)
Si0, 477 089 325 139 077 164 315 381 181 017 216 041 222 2109 539 1094 2225 1222 1438
AL, 029 025 027 014 02 005 015 010 010 004 017 017 081 05 011 032 037 008 029
Fe,0, 006 002 005 00036 005 001 00035 001 001 001 002 003 212 008 001 003 008 00 004
FeO 011 013 010 007 007 004 011 007 007 004 008 006 070 026 007 016 017 01 0I5
Ca0 5211 5470 5287 5462 5470 5405 5292 5050 5391 5566 S53.81 5535 SL19 3147 5093 4664 37.02 4157 473
Mg0 148 107 182 104 09 150 1.8 211 158 061 140 053 247 1239 301 437 897 166  6.08
K,0 0.049 0032 0040 0018 0.040 0011 0034 0015 0021 0012 0027 0038 0034 0011 0010 0035 0033 0062 0.030
Na,0 0.048  0.065 0050 0.045 0.052 0056 0042 0048 0.047 005 0051 0.047 005 0052 0040 0.068 0.071 0047 0.056
Ti0, 0.019 0013 0015 0008 0019 0010 0010 0008 0008 0010 0012 0009 0046 0032 0008 0014 0024 0005 0.017
P,05 0.010 0.009 0008 0007 0011 0012 0011 0013 0012 0008 0010 0014 0031 0025 0010 0014 0013 0013 0015
MnO 0.0034 0.0038 0.0028 0.0023 0.0023 0.0027 0.0036 0.0037 0.0032 0.0024 0.003 00028 0.0620 0.0160 0.0022 0.0038 0.0047 0.003 1 0.0060
LOI 4104 4281 4150 4265 4304 4261 4172 4121 4242 4340 4224 4333 4019 3397 4041 3740 3098 3827 3621
SUM 99.99 9999 99.97 99.99 99.99 99.99 99.98 99.99  99.99 100.02 99.99 100.00 99.93 99.97 100.00 99.99 99.98 100.05 100.00
10*xNa 356 482 371 334 386 415 312 356 349 415 378 349 393 38 297 505 527 349 4I3
T(ALO;+Ti0,) 031 026 029 015 030 006 016 011 01 005 0I8 018 08 061 012 034 039 009 031
Ca0+MgO+LOI 9463 9858 9619 9831 9870 98.16 96.46 9591 9791 99.67 9745 9921 9385 77.83 9435 8841 7697 8750 85.01
100xMg0/ALO; 517 431 669 759 348 3125 1221 2153 1580 1600 1241 308 303 2154 2787 1357 2457 2024 2156.18
Mg0/Ca0  0.028 0020 0034 0019 0018 0028 0034 0040 0029 0011 0026 0010 0048 0394 0059 0.09 0242 0035 0.165
Mn/Sr 0.016  0.017 0017 0013 0006 0014 0020 0024 0017 0006 0015 0015 0828 0138 0018 0018 0013 002 0.042
Fe/St 080 067 085 042 029 026 066 053 043 015 050 047 3480 28 064 08 069 088  LI9
1000xS/Ca 435 440 344 354 799 381 365 314 377 727 454 359 159 399 259 48 1040 315 500
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DU S e R s 4R, IR B SR A T, %
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Table 2 Trace elements contents of carbonate rocks from Qixia Formation at Jinlingxiang section
BE 4-th  5-1lh  6-lh  7-th ~ 9-1h  10-th  12-1Th  14-1h  15-th  16-1h M 18-1h  2-1h
Cr 12.30 9.03 11.80 8.12 47.10 6.46 14.20 8.10 7.21 8.91 13.32 14.70 12.00
Ni 6.65 5.18 5.36 4.92 9.50 3.52 7.16 3.03 3.55 4.18 5.31 4.81 7.79
Co 1.20 1.22 1.02 <1 1.00 <1 1.14 <1 1.10 1.11 1.08 2.60 2.48
Mo 1.09 0.34 0.96 0.77 3.19 0.99 1.31 0.21 0.80 0.66 1.03 0.26 0.36
Sr 1620 1720 1 300 1380 3120 1470 1380 1 180 1450 2 890 1751 1420 580
Ba 14.30 8.18 10.60 7.33 12.40 4.09 4.58 3.49 4.70 4.33 7.40 5.42 63.60
Vv 21.60 8.25 7.10 4.02 17.70 3.48 15.00 2.86 4.95 10.80 9.58 12.40 9.46
U 2.52 2.04 3.54 2.46 2.53 4.28 6.67 1.61 6.18 1.76 3.36 3.81 0.70
Th 0.22 0.16 0.33 <0.1 0.17 <0.1 0.12 0.10 <0.1 <0.1 <0.15 0.94 0.70
Sr/Ba 113 210 123 188 252 359 301 338 309 667 286 262 9
U/Th 11.45 12.75 10.73 >24.6 14.88 >42.8 55.58 16.10 >61.8 >17.6 >26.83 4.05 1.00
V/(V+Ni) 0.76 0.61 0.57 0.45 0.65 0.50 0.68 0.49 0.58 0.72 0.60 0.72 0.55
Ni/Co 5.54 4.25 5.25 >4.92 9.50 >3.52 6.28 >3.03 3.23 3.77 >4.93 1.85 3.14
V/Cr 1.76 0.91 0.60 0.50 0.38 0.54 1.06 0.35 0.69 1.21 0.80 0.84 0.79
La 1.06 0.68 1.64 0.38 0.72 0.16 0.68 0.80 0.41 0.20 0.67 0.89 3.42
Ce 2.40 1.44 2.90 0.78 1.51 0.39 1.34 1.23 0.75 0.54 1.33 1.80 5.28
Pr 0.30 0.18 0.35 0.10 0.20 0.06 0.16 0.18 0.10 0.06 0.17 0.23 0.68
Nd 1.04 0.65 1.26 0.37 0.70 0.17 0.58 0.71 0.39 0.22 0.61 0.81 2.46
Sm 0.18 0.11 0.24 0.08 0.12 0.04 0.11 0.14 0.07 0.05 0.11 0.17 0.50
Eu 0.03 0.02 0.03 0.01 0.02 0.001 0.02 0.03 0.01 0.01 0.02 0.02 0.12
Gd 0.17 0.12 0.21 0.06 0.14 0.03 0.09 0.13 0.09 0.03 0.11 0.17 0.52
Th 0.03 0.02 0.03 0.01 0.02 0.01 0.02 0.02 0.02 0.01 0.02 0.03 0.09
Dy 0.14 0.11 0.20 0.07 0.10 0.04 0.11 0.16 0.11 0.05 0.11 0.17 0.55
Ho 0.03 0.02 0.05 0.02 0.02 0.01 0.03 0.03 0.03 0.01 0.02 0.03 0.12
Er 0.08 0.07 0.12 0.05 0.06 0.02 0.07 0.08 0.07 0.02 0.06 0.10 0.35
Tm 0.02 0.01 0.02 0.01 0.01 0.003 0.01 0.01 0.01 0.01 0.01 0.01 0.06
Yb 0.09 0.08 0.14 0.06 0.08 0.03 0.08 0.08 0.08 0.03 0.07 0.12 0.40
Lu 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.005 0.01 0.02 0.06
> REE 5.58 3.52 7.21 2.00 3.72 0.95 3.31 3.62 2.15 1.22 3.33 4.58 14.62
Y LREE/ X HREE 8.84 6.90 8.10 6.11 7.25 5.88 6.93 5.85 4.17 7.21 6.72 6.00 5.77
8Ce 0.92 0.90 0.83 0.87 0.87 0.87 0.88 0.71 0.81 1.05 0.87 0.87 0.75
dEu 0.75 0.69 0.51 0.73 0.74 0.14 0.86 1.01 0.76 0.71 0.69 0.59 1.03
1:6Ce = 2xCey/ (Lay+Pry) ;6Eu =2xEuy/ (Smy+Gdy ) , FRAEALAEHE Haskin et al. , 19683
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Table 3 Correlation coefficients () between Al

and selected trace elements(n=10)

U/Al  V/Al Mo/Al Cr/Al Co/Al  Cu/Al  Ni/Al
U/Al  1.00
V/Al 031 1.00
Mo/Al  0.77  0.61 1.00
Cr/Al 038 0.80 0.81 1.00
Co/Al  0.69 079 0.78 0.74 1.00
Cuw/Al  0.63 0.75 0.65 0.68  0.93 1.00
Ni/Al  0.63 0.88  0.85 0.85 0.95 0.89 1.00
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Fig.6  Al-normalized metal concentrations in Qixia Formation

(the dashed line corresponds to Al-normalized concentration for North American shale'*)
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Geochemical Characteristics and Its Paleoenvironmental Implication
of Permian Qixia Formation in Shizhu, Chongqing

TIAN Yang ZHAO Xiao-ming WANG Ling-zhan TU Bing XIE Guo-gang ZENG Bo-fu
( Wuhan Institute of Geology and Mineral Resources, Wuhan 430205)

Abstract; Observations from outcrop, thin sections and geochemical analyses of limestone samples collected from
Middle Permian Qixia Formation at Jinlingxiang section in Shizhu, Chongqing City, make it possible to reveal charac-
teristics of geochemistry and paleoenvironment. The 10 samples have low contents in SiO,(<5%), MgO(<2.5%) ,
low ratios of Mn/Sr(<0.1), Fe/Sr(<1), high contents in Sr(average: 1 751x10 °), 8" 0,,,(>-10%c) , mean-
while, SiO, are strong positive correlated with MgO, which imply that samples have not experienced intense dolomiti-
zation and silicification implying no alteration on the chemical nature during diagenetic processes. Thus, they could be
used as reliable objects to reconstruct paleoenvironment. Samples are usually high in CaO (average;53.81%) con-
tent, low in Na,O(average: 0.051% ), Al,0,(average: 0.17%) , TiO,( average: 0.012% ) contents, which indicate
stable marine paleoenvironment barely with terrigenous input. Low ratios of MgO/CaO (average:0.026) , high ratios of
100x( MgO/Al,0,) (average:1241), Sr/Ba( average:286) integrated with 1 000x(Sr/Ca) (average:4.54) hint
that Qixia Formation deposited in continental shelf (far shore) under humid climate. Geochemical indices for palae-
oredox conditions, for example, U/Al, V/Al, Mo/Al, Cr/Al, Co/Al, V/(V+Ni) and U/Th, conform that the car-
bonate successions in the study area were accumulated in a dysaerobic-anaerobic environment. Terrestrial elements 2,
(AlL,0,+TiO,) contents decrease gradually, seawater depth indices: ratios of Sr/Ba and 1 000x(Sr/Ca) increase
steadily from bottom to top, which reflect the coast were further away, terrigenous supply reduced gradually and sea
level continued rising during deposition.

Key words: geochemistry; paleoenvironment; Qixia Formation; Chongqing Shizhu



