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Fig. 1

Geological sketch map of Lichuan area and

location of Huangnitang section
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Fig.2 Distribution sample location and fossil photomicro—

graphs of the siliceous rocks along Huangnitang section

o HNT414b

Fig.3 Photomicrograph of siliceous rocks
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I ( AFS230E: As Sb Bi) 0.01 ~0.2 o Leg32
5% 0.12 7% Kamiaso
2.1 0.60 * .
2.1.1 a4 Al/( Al + Fe + Mn) 0.64 ~0.83
Sio, 0.73( 1) o
76. 93 ~ 86. 15% 82. 45%; Al—Fe—Mn (4 4
Al,0,.Fe,0,.K,0 5.53% 1.18% - 5 Al
1.61%; 1% ( 1)
26 27 28 29 o
2.1.2 REZTBHE
Si0, MnO.Fe,0,  Al,0,.K,0.TiO, Si0,/( K, 0 + Na, 0) .Si0,/
— . Al 0, .( K,O + Na, 0) /AL O,
o ( 1) o
Yamamoto *° Fe Mn °
Adachi ¥ Leg32
42 TFe, O, Si0,—( K, O + Na, 0) .Si0,—Al, O,
( 5-a b)
29
6.68% o TFe, O, o (K,0
2.28% Mn 0.02% +Na,0) —AlL 0, ( 5¢
\ ® . Si0,—( K,0 + Na,0) 3
Bostrom Peterson °' Al/ 6
( Al + Fe + Mn)
Al/( Al + Fe + Mn) . Si0,—ALO, (K,0+
1 NN (wy!%)
Table 1 Major element contents of siliceous rocks at Huangnitang section in Lichuan area(w,/%)
34H 64H 74H 84H 94H 114dH 124dH 134dH 144H 26
27 28 29 29
Si0, 85.08 83.53 84.26 76.93 78.71 81.17 83.58 82.65 86.15 82.45 92.63 92.80 95.96 88.04 79.91 85.74
AL, 05 5.54 4.88 4.60 8.08 7.49 4.85 5.34 5.10 3.88 5.53 1.41 1.99 0.71 0.84 5.85 3.72
Fe,0;4 1.75 0.66 1.59 1.55 0.85 0.41 1.92 0.74 1.15 1.18 2.67 2.12 0.43 1.59 0.82 1.35
FeO 0.27 0.28 0.35 0.27 0.30 0.31 0.32 0.35 0.28 0.30 0.26 0.73 0.08 0.26 2.10 4.86
Ca0 0.68 0.45 0.38 0.22 0.18 0.77 0.41 0.57 0.38 0.45 0.11 1.03 0.30 5.07 2.82 1.00
MgO 0.37 0.39 0.36 0.65 0.56 0.45 0.36 0.41 0.49 0.45 0.33 0.95 0.02 0.19 1.15 1.26
K,0 1.46 1.68 1.27 2.25 2.04 1.48 1.32 1.45 1.50 1.61 0.42 0.42 0.05 0.16 1.05 0.53
Na,0 0.58 0.13 0.13 0.13 0.12 0.10 0.16 0.13 0.20 0.19 0.16 0.41 0.06 0.18 1.18 0.51
TiO, 0.16 0.26 0.21 0.38 0.32 0.22 0.27 0.21 0.10 0.24 0.09 0.08 0.03 0.016 0.46 0.20
P,05 0.49 0.03 0.05 0.04 0.04 0.04 0.22 0.06 0.24 0.13 0.03 0.11 0.02 0.03
MnO 0.04 0.02 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.02 0.8 0.78 0.02 0.3 0.11 0.16
2.96 6.98 5.88 9.33 8.68 9.95 5.32 7.52 5.20 6.87 2.93 0.34
99.38  99.29 99.09 99.84 99.30 99.76 99.24 99.20 99.58 99.42 98.91 101.42 100.61 97.02 95.45 99.33
TFeZO; 2.05 0.97 1.987 1.857 1.177 0.757 2.28 1.13 1.46 1.51 2.96 2.93 0.52 1.88 3.15 6.75
Al/( Al +Fe +Mn) 0.67 0.79 0.64 0.77 0.83 0.83 0.64 0.77 0.66 0.73 0.22 0.28 0.50 0.22 0.57 0.29
Si0,/( K,0 +Na,0) 41.71 46.15 60.14 32.38 36.39 51.50 56.47 52.24 50.65 47.51 159.7 111.8 872.36 258.94 35.75 82.44
Si0,/Al,05 15.36  17.12 18.32 9.52 10.51 16.74 15.65 16.21 22.20 15.74 65.70 45.63 135.15 104.81 13.66 23.05
( K,0 + Na,0) /AL,05 0.37 0.37 0.30 0.29 0.29 0.32 0.28 0.31 0.44 0.33 0.41 0.42 0.15 0.40 0.38 0.28
MnO/TiO, 0.25 0.06 0.06 0.03 0.03 0.05 0.05 0.06 0.14 0.08 8.89 9.75 0.67 18.75  0.25 0.80

% :TFe,0, = Fe,05 +1. 1113 x FeO
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Table 2 Trace element contents of siliceous rocks at Huangnitang section in Lichuan area (w,/pg/g)
34H 64 H 74H 84H 94 H 114H 124H 134H 144H 32
Cu 49.30 9.24 21.00 11.50 19.90 6.89 14.00 25.60 17.00 19.38 40.00 0.48
Pb 16.40 13.10 17.10 24.80 24.00 15.60 20.00 16.10 19.00 18.46 15.00 1.23
Zn 82.00 17.40 43.10 39.10 25.80 25.80 47.80 65.50 31.10 41.96 72.00 0.58
Cr 181.00 182.00 271.00 343.00 338.00 257.00 166.00 238.00 113.00 232.11 63.00 3.68
Ni 76.50 56.00 83.70 57.70 93.90 81.00 68.40 75.30 40.20 70.30 56.00 1.26
Co 36. 60 15.80 52.00 26.60 42.10 34.20 27.50 31.40 13.40 31.07 15.00 2.07
Rb 38.50 46.40 41.80 64.10 58.70 48.80 46.70 18.60 45.30 45.43 96.00 0.47
Cs 1.86 2.84 2.70 4.97 4.79 2.99 3.61 1.40 3.03 3.13 3.40 0.92
Mo 12.10 9.74 16.60  14.50 5.70 20.20 28.60 53.80 26.10 20.82 2.90 7.18
As 12.40 2.74 11.60 5.24 3.01 1.79 6.88 11.60 3.48 6.53 8.60 0.76
Sh 8.66 19.80 19.10 12.40 9.87 20.90 55.80 26.60 12.70  20.65 1.00 20.65
Bi 0.34 0.33 0.34 0.51 0.42 0.32 0.39 0.25 0.35 0.36 3.00 0.12
Sr 68.10 55.60 53.90 55.20 67.10 41.30 70.20 45.80 50.80 56.44 410.00 0.14
Ba 103.00 139.00 123.00 147.00 164.00 112.00 120.00 80.00 114.00 122.44 460. 00 0.27
AY 306.00 515.00 677.00 654.00 430.00 1380.00 657.00 414.00 352.00 598.33 90.00 6.65
Sc 15.90 5.22 5.13 7.28 7.31 5.09 7.61 3.68 4.61 6.87 9.00 0.76
Nb 12.00 8.48 6.11 12.70  11.30 6.19 7.87 3.00 7.64 8.37 8.00 1.05
Be 2.41 1.20 1.29 2.04 1.72 1.08 1.11 0.65 0.93 1.38 2.10 0.66
B 42.00 43.80 40.00 90.20 86.40 54.70 52.80 36.30 45.20 54.60 81.00 0.67
Ga 6.67 7.22 6.84 14.80 13.20 9.08 8.52 3.36 6.92 8.51 15.00 0.57
U 36. 60 7.24 6.83 7.38 10.20  11.60 15.90 14.00 16.10 13.98 2.80 4.99
Th 4.09 4.00 4.10 6.87 5.69 4.52 5.28 2.47 4.97 4.67 8.50 0.55
U/Th 8.95 1.81 1.67 1.07 1.79 2.57 3.01 5.67 3.24 3.31 0.33 9.10
V/(V +Ni) 0.80 0.90 0.89 0.92 0.82 0.94 0.91 0.85 0.90 0.88 0.62 1.43
38
< 3-1H ——8-1H ——12-1H ( 6)c Fleet
- 6-2H -—*—9-1H —13-1H
——7-1H -e=11-1H —14-1H
13 > REE Ce > HREE ;
E
. SREE  Ce > HREE
R
ita]
TIr
=
Z Ce
jui=] d
£
* . Ce 3)
> HREE ( 6)
-1 2 Ce Pr Nd Sm Eu Gd Tb DY Ho Er Tm Yb Lu o
6 REE 3
( Haskin er al. 1968 7 )
Fig.6 NASC-normalized REE patterns for siliceous rocks 3.1
at Huangnitang section in Lichuan area Al,O, TiO,
ALO, TiO,
2.3 =0.85)
3 o Sugisaki
> REE 105.58 png/g X LREE/Y HREE Mn
3.02 Ce (0.75 ~0.83 MnO/TiO,
0.79) Eu (0.61 ~0.95
0.84) , 0.5
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Table 3 REE contents of siliceous rocks at Huangnitang section in Lichuan area (w,/pg/g)
34H 641H 74H 84H 94H 114H 124H 134H 144H
La 30.50 16.30 19.00 23.60 27.20 13.50 21.60 10.90 19.30 20.21
Ce 49.90 27.20 30.40 40.70 48.20 24.50 36.70 18.40 36.80 34.76
Pr 6.76 3.47 4.04 5.07 6.16 3.16 4.70 2.28 4.82 4.50
Nd 24.80 11.60 14.20 17.30 21.40 10.90 16.40 7.84 17.60 15.78
Sm 4.76 1.69 2.63 2.49 3.40 1.77 3.32 1.60 3.02 2.74
Eu 0.82 0.30 0.49 0.44 0.55 0.36 0.66 0.33 0.40 0.48
Gd 4.58 1.49 2.33 2.13 3.04 1.56 2.79 1.44 2.76 2.46
Th 0.78 0.26 0.37 0.38 0.53 0.27 0.47 0.25 0.52 0.43
Dy 4.76 1.78 2.31 2.53 3.67 1.69 2.70 1.52 3.46 2.71
Ho 0.97 0.42 0.48 0.55 0.85 0.35 0.52 0.30 0.77 0.58
Er 2.65 1.34 1.43 1.72 2.74 1.03 1.44 0.84 2.32 1.72
Tm 0.45 0.26 0.27 0.33 0.54 0.20 0.26 0.15 0.45 0.32
Yb 2.89 1.90 1.83 2.28 3.88 1.34 1.79 1.03 3.15 2.23
Lu 0.42 0.28 0.26 0.33 0.58 0.19 0.26 0.15 0.46 0.33
Y 30.20 12.40 13.80 14.90 24.40 9.21 12. 60 7.72 21.70 16.33
> REE 165.24 80.69 93.84 114.75 147.14 70.03 106.21 54.75 117.53 105.58
> LREE 117.54 60.56 70.76 89.60 106.91 54.19 83.38 41.35 81.94 78.47
> HREE 47.70 20.13 23.08 25.15 40.23 15.84 22.83 13.40 35.59 27.11
> LREE/ Y HREE 2.46 3.01 3.07 3.56 2.66 3.42 3.65 3.09 2.30 3.02
3Ce 0.76 0.79 0.75 0.81 0.81 0.82 0.79 0.80 0.83 0.79
d3Eu 0.77 0.83 0.87 0.84 0.75 0.95 0.95 0.95 0.61 0.84
Ce nom -0.11 -0.09 -0.11 -0.08 -0.07 -0.07 -0.09 -0.08 -0.06 -0.08
Lay /Yby 1.02 0.83 1.01 1.00 0.68 0.98 1.17 1.03 0.59 0.92
:3Ce JEu Ce,,, Lay/Yby Haskin et al 1968 ¥ 3Ce =2 x Cey /( Lay +Pry) 8Eu Cegnom
0.5~3.5. MnO/TiO, 0.02 ~ Lay /Yb, 0.3
0.25 0.08( 1) Lay/Yh, ’ .
. Lay/Yby 0.92 6
3.2 1 3)
U Th o
o Th Wright * Ce La Nd
Th** U : Ce, o
4 40
U " U ° JOneS Cemmm = lOg 3( Ce) N /( 2( La) N +( Nd) N) ° Ceanom
- >
:U/Th>1.25 U/Th <0.75 -0.1 < -0.1
> Wignall * 2 -0.1
V/(V + Ni) 0.83 . Ce,,., ~0.1
U/Th 3.31 -0.08( 3) .
8—1H U/Th 1.07 U/Th 3.3.2 REEH
1.25 1.67 ~8.95
o 34H 94H V/(V + Ni) N
0.83 V/(V+Ni) 0.83 — —
0.88 . “H 100 x TFe, 0,/Si0,—100 x Al 0,/Si0,
3.3 5 4
3.3.1 aEwisiE ( 7-a);
Lay/Yby 1.1~1.4 TFe,0, /( 100 — Si0,) —Al, 0, /( 100 - Si0,)
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7b TFe, 0, /( 100 - Si0,) —AL 0, /( 100 - Si0,)
Fig. 7-b  Fe,0,/( 100 - Si0,) vs. Al,0,/( 100 - Si0,) diagram of siliceous rocks at Huangnitang section in Lichuan area

7 TFe,0, /Ti0,—Al, 0, /( Al,O, + TFe,0,) 4
Fig. 7« Fe,0,/TiO, vs. Al,0,/( Al,O; + Fe,0;) diagram of siliceous rocks at Huangnitang section in Lichuan area
7 Lay/Cey—AlL 0, /( Al,O, + TFe,0,) “
Fig.7-d Lay/Cey vs. AlL,O,/( Al,O, +Fe,0,) diagram of siliceous rocks at Huangnitang section in Lichuan area
7-e Y LREE/ Y HREE—100 x Eu/ ¥ REE 46
Fig.7-e Y LREE/Y HREE vs. 100 x Eu/ ¥, REE diagram of siliceous rocks at Huangnitang section in Lichuan area
I. — P — ; 9 i1 ;2. ;3.

;4. ;5. ;6.
I. continental crustal—shallow—sea depositional systems; I . oceanic crustal—deep—sea depositional systems. The solid circles represent nine samples
from Huangnitang area western Hubei; 1. ooze and silt from the East China Sea continental shelf; 2. continental sedimentary crust; 3. Pacific deep — sea

clay; 4. oceanic crust:5. oceanic basalt; 6. chondrite

( 7h);7 TFe,0, /Ti0,— ( 7-<);
ALO,/( ALO, + TFe,0,) 2 Lay/Cey—AL O, /( AL, O, + TFe,0,)
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( 64) 1
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Petrogenesis and Sedimentary Environment of Permian Wujiaping
Formation Siliceous rocks in Lichuan Southwestern Hubei

TIAN Yang ZHAO Xiao-ming NIU Zhijun WANG Ling-zhan
TU Bing XIE Guo—gang Wu Jun ZENG Bo-fu

( Wuhan Institute of Geology and Mineral Resources Wuhan 430205)

Abstract: The Upper Permian siliceous rocks of Wujiaping Formation develop in Lichuan southwestern Hubei. Con-
taining radiolarian and sponge the siliceous rocks appear with stone coal and volcanic claystone. The radiolarian as—
semblage is dominated by Spumellaria followed by Entactinaria and rarely Latentifistularia which represents the out—
er shelf environment. The siliceous rocks are rich in terrestrial elements ( for example Al Ti) poor in hydrothermal
elements ( such as Fe Mn) . Their Al/( Al + Fe + Mn) values are 0. 64 ~0.83 with an average of 0.73. In the Al-
Fe-Mn ternary chert samples locate in or close to Non-Hydrothermal siliceous rocks region. In SiO,« K,O + Na,0)

Si0,ALO; (K,O + Na,0) -Al, O, binary discrimination diagram samples plot in or near volcano-sedimentary re—
gion. Comparing with abundance of trace elements in sedimentary rocks life elements: Mo and V assemble hydro—
thermal elements: Ba As Sc deplete. X REE is lower and average SLREE/SHREE is 3.02 with Ce ( 8Ce: 0.75
~0.83 average 0.79) and Eu ( §Eu: 0.61 ~0.95 average 0. 84) slight negative anomaly. Their NASC-normal-
ized REE distribution patterns are nearly horizontal. These geochemical characteristics prove that siliceous rocks are
formed by volcano sedimentation with biological effect. Redox indexes: U/Th V/(V +Ni) and Ce,_,,,
environment indicators: MnO/TiO, Lay/Yby and discrimination diagrams: 100 x TFe, O,/Si0,-400 Al, O,/SiO,

TFe,0,/( 100-Si0,) AL, 0,/( 100-Si0,) TFe,0,/Ti0,-Al,0,/( AL,O; + TFe,0;) Lay/Cey-Al,0,/( Al,0; + TFe,
0,) and SLREE/3SHREEH00 x Eu/ZREE comprehensively make sure that the siliceous rocks deposited in continen—

tal shelf under anoxic condition.

sedimentary

Key words: siliceous rocks; petrogenesis; geochemistry; Permian; Wujiaping Formation; southwestern Hubei



