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Fig.1 Geotectonic map and geologic general situation of Qinhuangdao area
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Fig.2  Sampling position of cherts in Qinhuangdao area
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Fig.3  Micrograph of Ordovician cherts in Qinhuangdao area
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Fig.4  XRD frofile of chert’s samples from the

Liangjiashan group in Ordovician
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Fig.5 XRD frofile of chert’s samples from the Majiagou group in Ordovician
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1 ( wB/ % /(pgl/g))
Table 1 Whole rock analyses of Ordovician cherts from Qinhuangdao( main elements% trace elemens pg/g)
SM14  SM12  SMI3  Lj18 LJI183 Lj19 SGI4  SG12  SGI3
( ) () DSDPLeg62 DSDPLeg32
0,/ 0,l 0,/ 0,m 0ym 0,m 0,m 0,m 0,m
Si0,  80.18  90.52 86.79 91.68 65.10 94.55 85.09 91.81 85.05 92.30 95.96 88.04
TiO, 0.04 0.03 0.05 0.02 - 0.04 0.05 0.03 0.03  0.09 0.03 0.016
ALO;  0.85 0.72 1.29 0.67 0.11 0.83 1.29 0.52 0.76  1.31 0.71 0.84
Fe,0;  0.09 - - - - - 0.03 - 0.01  2.89 0.51 2.54
MgO 0.57 0.18 0.39 0.10 0.18 0.17 0.52 0.11 3.56  0.28 0.28 0.19
MnO - - - - - - - - - 0.53 0.02 0.30
Ca0 15.31  5.73 2.25 3.6l 19.33 1.67 1.21 2.15 7.08 0.11 0.02 5.07
Na,0  0.07 0.05 0.05 0.05 0.05 0.07 0.11 0.05 0.06 0.16 0.06 0.18
K,0 0.40 0.29 0.55 0.28 0.05 0.34 0.50 0.16 0.23  0.35 0.05 0.16
P,05 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.02 0.03
2.12 2.30 8.90 3.37  15.58  2.06 11.55 5.01 2.87
99.65 99.84 100.27 99.79 100.40 99.74 100.35 99.84  99.65
Se 0.288 0.080 0.173 0.171 0.389 0.297 0.312 0.026 0.236
A 4.914  3.751 4.708 7.102 3.432 3.726 5.158 8.263 3.931
Cr 4.611 4.737 5.989 4.949 1.942 5.302 8.229 6.011 3.493
Mn 13.97  9.097 6.486 4.702 18.02 4.230 6.679 4.159 20.98
Co 75.30  167.9 299.2 378.5 79.04 376.4 309.9 379.6 137.1 <1 8.6
Ni 3.514  1.294 2,762 2.032 2.680 3.082 9.497 1.537 2.406 2.7 36
Cu 1.093  1.335 1.489 0.726 0.260 1.113 2.244 1.603 2.363 11.4 175
Zn 8.015 32.15 6.598 41.35 1.347 15.21 3.280 3.767 77.44 <15 57
Ga 0.916 0.817 1.476 0.820 0.180 1.114 1.703 0.951 1.041
Ge 0.705 0.865 0.881 0.561 0.607 2.228 1.669 0.027 1.338
Rb 5.085 4.714  7.991 3.901 0.844 5.593 10.05 3.641 5.110
Sr 99.51 36.22 19.91 25.13 147.7 24.76 21.03 33.68 47.86
Y 0.683 0.365 0.390 0.236 0.709 0.424 0.495 0.391 0.882
Ir 6.984  6.610 9.208 3.778 2.796 8.845 9.800 5.859 10.30
Nb 0.735 0.646 0.987 0.511 0.193 1.106 1.365 0.988 1.117
Ba 30.02  23.63 31.94 14.76 9.273  25.58 29.36 13.90 19.44 10.7 940
Hf 0.209 0.175 0.273 0.123 0.090 0.256 0.309 0.183 0.260
Ta 0.125  0.195 0.270 0.352 0.073 0.326 0.373 0.349 0.172
Pb 2,943 0.755 4.384 3.140 10.25 2.149 8.481 2.095 3.802 13
Th 0.727  0.49 0.721 0.424 0.164 0.762 0.962 0.636 0.804
U 0.703  0.310 0.523 0.271 0.201 0.517 0.406 0.544 0.350
La 1.184 0.601 0.912 0.561 0.921 0.7 0.723  1.068 0.487
Ce 2.308  1.098 1.49  0.937 1.902 1.33 1.237  2.174  0.912
Pr 0.273  0.124  0.156 0.1 0.226  0.168 0.148 0.265 0.104
Nd 0.991 0.453 0.51 0.365 0.892 0.568 0.522 0.98 0.374
Sm 0.174  0.08 0.078 0.06 0.154 0.098 0.103 0.192 0.069
Eu 0.031 0.016 0.018 0.011 0.025 0.016 0.02 0.036 0.011
Gd 0.144  0.075 0.076 0.055 0.167 0.079 0.086 0.179 0.064
Th 0.022 0.011 0.012 0.008 0.027 0.014 0.014 0.03 0.011
Dy 0.127 0.067 0.077 0.046 0.149 0.081 0.09 0.175 0.075
Ho 0.025 0.014 0.016 0.009 0.029 0.017 0.02 0.035 0.017
Er 0.07 0.04 0.047 0.025 0.076 0.048 0.062 0.097 0.049
Tm 0.01  0.006 0.007 0.004 0.011 0.008 0.0l 0.014 0.008
Yh 0.064 0.04 0.052 0.027 0.065 0.056 0.068 0.093 0.052
Lu 0.01  0.006 0.008 0.004 0.009 0.009 0.011 0.014 0.008
YREE 5.433 2.631 3.459 2.212 4.653 3.192 3.114 5.352 2.241
26 (). () 27 DSDPLegf2 3 DSDPLeg32
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Table 2 Ratios of some major and trace elements from Ordovician cherts in Qinhuangdao and different tectonic settings
Si/ Al 05/
MnO/TiO, K,0/Na,0  U/Th Ce/Ce" (La/Yb) y  (La/Ce)y  Eu/Ed"
(Si+Al+Fe) (Fe,0,+ AlLO,)
SM1-4 0.986 0.904 0 5.71 0.967 0.99%4 1.592 1.038 0.839
SM1-2 0.991 0 0 5.8 0.625 0.982 1.293 1.108 0.884
SM13 0.983 0 0 11 0.725 0.952 1.510 1.239 0.999
LJj183 0.998 0 0 5.6 1.225 1.022 1.219 0.980 0.663
LJ1-8 0.991 0 0 1 0.639 0.957 1.788 1.212 0.820
LJ19 0.990 0 0 4.86 0.678 0.950 1.076 1.065 0.779
SG14 0.982 0.977 0 4.54 0.422 0.923 0.915 1.183 0.910
SG1-2 0.993 0 0 3.2 0.855 0.991 0. 806 1.081 0.708
SG13 0.989 0.987 3.83 0.435 1.001 0.988 0.994 0.831
* 0.05~0.4 0.3+0.13 0.3 3.5
0.4~0.7 0.6+0.13 0.3~1.4 1.0~2.5
0.55~0.9 1.09 £0.25 1.1~1.4 0.5~1.5
* 0.5 0.8~1 .97 ~1.23
0.19~0.61 0.82~1.86 .97 ~1.63
- 1 1.27 ~1.45 0.8
* 31,36 . 37 38 ( NASC)
3.2 (La/Yb) 0. 3; (La/
Co. Sr. Yb) o ( La/
Ba ° DSDP- Ce)y 0.5~1.5 Ce/Ce” =1.09 £0.25
Leg62 ¥ DSDPLeg32 ™ (La/Ce) 3.5 Ce/Ce” =0.3+0.13
Ba.Ni.Cu.Zn (La/Ce) y =1.0 ~2.5 Ce/Ce" =
Co 0.6 +0.13,
Cu Ni Co ” . (2.212 x 107° ~5. 433 x
Th 107°) REE
U
U u/ . REE
Th >1 U/Th <17 Ce ( SM13
LJ183 U/Th 1 Eu
1 ) . (La/Yb) |
° 0.80~1.78 1.2 Ce/Ce 0.90 ~
3.3 1.02 0.97 (La/Ce) 0.98
REE ~1.23 1.1
6 0
<Ce (La/ i
Yb) .(La/Ce) y~Ce/Ce’
37~39
Ce 5 15
Ce 40
Ce 17
REE
Ce ¥ Murray 73
(La/Yb) 1.1 ~1.4; CJ9(9) REE



1152

HF HE A

( NASC 36 CJ9(9) 7J XQ2 SC 5 15 17 40)
Fig.6 NASC-normalized REE patterns for cherts

40

15 18
17 15
Eu
¥ 0,m Eu/Eu’ 0.754;
0,m Eu/Eu" 0.817 0,1
Eu/Eu’ 0.907
0,! 0,m Fe.Mn
. 0,1
Al Si
Om
_ REE
Ca Si
4
24

. Si0,



1153

PH .Eh

REE

(2) Fe.Mn Mn/TiO, O

Si/(Si+ Al +Fe) 0.98 ~0.99
REE REE
Ce (La/Ce)
(0.98 ~1.23) (La/Yb) (0.8 ~1.78) Ce/Ce
(0.92 ~1.02)
[
( References)
1 . M. 2002: 236240

Lu Fengxiang Sang Longkang. Petrology M .
2002: 236240

Beijing: Publishing

House Geological

J. 1999 15(1):
154 Liu Jiajun Zheng Minghua Liu Jianming et al. The geological

145-

10

and geochemical characteristics of Cambrian chert and their sedimentary
environmental implications in western Qinling ]

Sinica 1999 15(1):145454

Acta Petrologica

J. 2002 (2): 7079 Lei Bian—
jun  Que Hongpei Hu Ning et al. Geochemistry and sedimentary en—
vironments of the Palaeozoic siliceous rocks in western Hubei J . Sedi-
mentary Geology and Tethyan Geology 2002 22(2): 7099

J . 1990 5(2): 6271 Tang Zhao—
hui Zeng Yunfu. Petrology geochemistry and origin of cherts in the
Uraniferous formations middle Silurian west Qinling range J . Acta

Petrologica Sinica 1990 5(2): 62491

I 2002 9(1): 6946 Zhu Jie Du
Yuansheng. Geochemistry characteristics and palaeogeographic signifi—
cance of the Ordovician siliceous rocks from Laohushan area North Qil—
ian orogenic belt J . Journal of Palaeogeography 2002 9(1): 69-
76

J . 2007 25(5): 730936 Liu Xingyu Yan Jiax—
in. Nodular chert of the Permian Chihsia Formation from South China
and its geological implications ]

2007 25(5): 730936

Acta Sedimentologica Sinica

I 2006 80(4): 598-
605 Yang Ruidong Zhang Chuanli Luo Xinrong et al. Geochemical
characteristics of early Cambrian cherts in Quruqtagh Xinjiang West
China J . Acta Geologica Sinica 2006 80(4) : 598-605

I

1998 18(3): 331336 Ding Zhenju Yao Shuzhen

Zhou Zonggui. Genesis of the Bikou group siliceous rocks and geolog—
18(3): 331-

ical significance J . Acta Mineralogica Sinica 1998

336

I 2007 21(4): 675682 Feng

Shengbin Zhou Hongrui Yan Changhai et al. The geochemical char—

acteristics of cherts of Erlangping group in East Qinling and their sedi—

mentary environment importance J . Geoscience 2007 21(4): 675-

682

J. 1997 19(3): 2733

Xu Yuetong. Geochemistry and sedimentary environment of cherts in

the Permian period in Maoming area J . Journa of Xi’ an College of
Geology 1997 19(3): 2733

J. 2003 22(2): 174-

178 Zhang Weihua Jianglijun Gaohui et al. Study on sedimentary

environment and origin of black siliceous rocks of the lower Cambrian

in Giuzhou province J .

chemistry 2003 22(2):174478

Bulletin of Mineralogy Petrology and Geo—



1154

29

12

13

15

16

18

19

20

21

J . 2004 11(2): 373377 Zhou Yongzhang

He Junguo Yang Zhijun et al. Hydrothermally sedimentary forma—
tions and related mineralization in south China J . Earth Science
Frontiers 2004 11(2): 373377

N

J . 2005 12(4): 622629 Jiang Yong—
hong Li Shengrong. A study of the fluid environment of slicalite of
transitional Precambrian-Cambrian age in Hunan and Guizhou prov—
2005 12(4) :622-629

ince J . Earth Science Frontiers

I 1999 18(3): 22923
Mao Xiaodong Duan Qifa Chenzeyun. REE geochemistry and sedi—
mentary environment of Devonian cherts in Guangxi and Hunan J .
Acta Petrologica et Mineralogica 1999 18(3): 229236
J. 1996 25(6): 600-608 Xu Yue-
tong. The geochemical characteristics of hydrothermal sediment chert
of the Late Proterozoic era and their sedimentary environmental impli—
1996 25

cation in Xiqiu area Zhejiang province ] . Geochimica

(6) : 600-608

1 (2) J .
2007 27(3/4): 302314 Li Xiaobiao Luo Yuanliang Luo Taiyi
et al. PreEarly Cambrian black rock series in Chengkou district
Chongging: ( 2) Sedimentary environment study of chert in Lower
Cambrian Bashan formation J . Acta Mineralogica Sinica 2007 27
(3/4): 302314
I 2008 26(5): 797803
Cao Qiuxiang Guo Fusheng Liu Xiangtong et al. Origin of bed—
ded chert from Dingjiashan Formation in Jiangshan region Zhejiang
province: evidence from cathodeluminescence J . Acta Sedimentolog—
ica Sinica 2008 26(5): 797803
J. 1989(5) : 18 Zhu Tongx—
ing. Sedimentological features and the genesis of lower Permian Nodu-
lar and thin-bedded siliceous rock in Southern Anhui J . Journal

Palaeogeography 1989(5) : 1-8

7. _
2006 31(1): 101409 Du Yuansheng Zhu Jie Gu Songzhu. Sedi-
mentary geochemistry and significance of Ordovician cherts in Sunan
North Qilian mountains J . Earth Science-Journal of China University
of Geosciences 2006 31(1): 101409
J.
1993 13(4): 4655 Chen Rongkun Meng Xiang—
hua. Early Palaeozoic sedimentary suites and the evolution of the north
China platform J . Journal of Palaeogeography 1993 13(4): 46-
55

M .

22

23

24

25

26

27

28

29

30

31

32

2006: 7294 Liu Chengzhi. Beidaihe Geological-Practice
Instruction M . Wuhan:

2006: 7274

China University of Geosciences Press

J.
2009 17(2): 2950 Zhang Weixin Zhao Guorong. Analysis on the
Metallogenic condition of gold in Yanshan region J . Gold Science
and Technology 2009 17(2): 29-50
- N M .
2006: 548664 Ma Yongsheng. Microfacies of Carbonate

Rocks M . Beijing: Geological Publishing House 2006: 548-664
M . : 1996:
96426 Liu Benpei Quan Qiuqi. Historical Geology M . Beijing:
Geological Publishing House 1996: 96126
ICP-MS 40
I 1996 25(6): 552558 Liu Ying Liu

Haichen Li Xianhua. Simultaneous and precise determination of 40
trace elements in rock samples using ICP-MS ] . Geochimica 1996
25(6) : 552558
Yamamoto K. Geochemical characteristics and depositional environ—
ments of cherts and associated rocks in the Franciscan and Shimanto
terranes J . Sedimentary Geology 1987 52: 65408
Hutchinson R W.
— J. 1989 8(2):

Han Fa Hutchinson R W. Evidence for exhalative origin for rocks

2527

and ores of the Dachang tin polymetallic field: the ore-bearing forma—
tion and hydrothermal exhalative sedimentary rocks J . Mineral De—
posits 1989 8(2): 2527

J. 2008 26(4):
602-609 Xu Yonghang Zhao Taiping Hu Junliang et al. Geochem—
ical characteristics and sedimentary environments of cherts from the
Paleoproterozoic Xiong” er Group in the Southern part of the North
China Block J . Acta Sedimentologica Sinica 2008 26(4): 602—
609

1991 (13): 1537 Zhang Han-
wen. On hydrothermal sedimentary rocks and their relationships with
mineral resources in Devonian Period of Qinling Area China C .
1991 (13): 1537

Aitchison ] C Flood P G. Geochemical constraints on the depositional

NSW

Beijing: Geological Publishing House

setting of Paleozoic cherts from the New England orogeny
Eastern Australia J . Marine Geology 1990 94: 7995

Murray R W. Chemical criteria to identify the depositional environ—

ment of chert: general principles and applications ] . Sedimentary
Geology 1994 90: 213232
Edward H Chown
I

1994 12(3): 141 Zhou Yongzhang Tu Guangzhi Edward H
Chown et al. Hydrothermal origin of top Sinian Chert Formation at

Gushui  Western Guangdong China: petrologic and geochemical evi—



6 : 1155

dence J . Acta Sedimentologica Sinica 1994 12(3): 141 Geochimica et Cosmochimica Acta 1992 56: 18974913
33 Hein JR Vallier TL Allan M A. Chert petrology and geochemistry 38 Murray R W Buchholtz Ten Brink M R et al. Rare earth major
Mid-Pacific Mountains and Hess Rise Deep Sea Drilling Project Leg and trace elements in chert from the Franciscan Complex and Monterey
62 J . Init. Repts. DSDP. 1981 62: 711948 Group: Assessing REE sources to fine-grained marine sediments J .
34  Adachi M Yamamoto K Sugisaki R. Hydrothermal chert and associ— Geochimica et Cosmoehimica Acta 1991 55: 18754895
ated siliceous rocks from the Northern Pacific their geological signifi— 39 Armstrong HA Owen A W Floyd J D. Rare earth geochemistry of
cance as indication of ocean ridge activity J . Sedimentary Geology Arenig cherts from the Ballantrae ophiolite and leadhills Imbricate
1986 47(12): 125448 Zone southern Scotland: Implications for origin and significance to
35 Crerar D A. Namson ] Chyi M' S et al. Manganiferous chert of the the Caledonian Orogeny J . Journal of the Geological Society Lon—
Franciscan assemblage: 1. General geology ancient and modern ana— don 1999 156: 549-560
logues and implications for hydrothermal convection at oceanic spres— 40
ding centers J . Economic Geology 1982 7(3): 519-540 J . 2009 11(6): 670-680
36 Murray R W Marilyn R Buchholtz ten BrinkM R et al. Interocean— Zhou Xinping He Youbin Du Hongquan et al. Geochemical char—
ic variation in the rare earth and trace element depositional chemistry acteristics and origin of Permian siliceous rocks in Xuanhan region of
of chert: Perspectives gained from the DSDP and ODP record ] . Sichuan Province J . Journal Palaeogeography 2009 11(6): 670-
Geochimica et Cosmochimica Acta 1992 56: 18974913 680
37 Murray R W Marilyn R Buchholtz ten BrinkM R et al. Interocean— 41 . J. 1990 3: 1921
ic variation in the rare earth and trace element depositional chemistry Wang Dong” an. Bio-accumulation of silicon J . Advances in Earth
of chert: Perspectives gained from the DSDP and ODP record J . Science 1990 3: 1921

Geochemistry Characteristic and the Environmental Implications
of Chert from Ordovician in Qinhuangdao Area

XIAO Yi' > ZHOU Han-wen'® LIU Ai-ming' WU Qi'
(1. China University of Geosciences Wuhan 430074;

2. State Key Laboratory of Geological Processes and Mineral Resources China University of Geosciences Wuhan 430074)

Abstract The Qinhuangdao area is located in the northeastern margin of the North China Block. The Liangjiashan
and Majiagou Formation in this area are mainly composed of fine—grained dolomitic limestone fine—grained dolomite

leopardike limestone and calcirudite which generally contain nodular striped and lump cherts. XRD analyses show
that the major minerals of the silicalite are quartz calcite and some dolomite. The silicalite samples are wormike

spherical and needledike chalcedony aggregates with metasomatic structure in some of them under the microscope.
The silicalites are poor in Mn and Fe with Si / (Si + Al + Fe) ratios of 0.98 -0.99 low > REE and very weak
negative Ce anomalies in the NASC-normalized flat REE patterns. The characteristics of Mn / TiO,( < 0.5) U / Th
(0.422 =1.225) Ce / Ce (0.92 -1.02) (La / Ce) (0.98 —=1.23) and (La/Yb) (0.8 —1.78) reflects a
bio-chemical origin rather than hydrothermal origin formed in a setting of continental margin.

Key words chert; geochemistry; sedimentary environment; the Liangjiashan and Majiagou Formation; the North
China Block



