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Geochemistry of cherts froin Madaer area in Southwest Tianshan Mountains:
Implications for deposition environments
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(State Key Laboratory of Geological Processes and Mineral Resources, China University of
Geosciences, Beijing 100083, China)

Abstract: The Wupataerkan Group is characterized by cherts in contact with basalts through a thrust fault in
Madaer area, Southwest Tianshan Mountains. However, definite evidence on the age of the group is absent.
Based on the radiolarians picked up from the cherts, the authors hold that they were formed in Late Devonian to
Early Carboniferous. Eleven chert samples have the SiO, and Al,O; content ranging respectively from 88. 80 %
10 93.28% and from 2.02% to 3.72% . Four samples could be classified as pure cherts, which have SiO, con-
tent of 91.0% ~99.8% . However, all samples have much lower SiO,/Al,O; ratios than the pure cherts (80~
1400). These values suggest that the cherts contain high ratios of continental margin materials in the sources.
The Al/(Al+ Fe+ Mn) ratios of 0.57~0.72 and Ce/Ce™ ratios of 0.90~1.21 suggest that these cherts are ge-
netically biological sediments. Moreover, the Al,O3/ (Al Oz + Fe,O3) ratios are between 0.64 and 0.77, 10.92
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X107 ~26.7%x10 ° for V, and 2.15xX 10 ©~34.10 X 10" ® for Cu. The Ti/V ratios vary from 25.53 to
44.93. The cherts have a total REE concentration of 30.78 X 10 ©~59.26 X 10 ®, averaging 45.46 < 10 °.
The (La/Ce)y ratios range from 0.81 to 1.12, between the typical ocean basin and the continental margin. In
100 Fe,03/Si0;, versus 100 Al,O3/Si0,, Fe,O3/(100 — Si0,) versus AlL,O3/(100 — Si0, ), Fe,O3/TiO, versus
ALOs/ (AlLO; + Fe,O3) and (La/Ce)y versus ALOs/ (Al O; + Fe,O3) diagrams, the samples fall into the area of
continental margin. All these geochemical characteristics suggest that the cherts were formed in a continental
margin setting. The Ceanom values range from —0.06 to 0.08. The characteristics of Ce,ppy> — 0.1 and sig-
nificant negative Eu anomalies indicate that the sea water was in an anoxic environment during the deposition. In
combination with regional geological setting, it could be inferred that the cherts of the Wupataerkan Group were
formed in a small ocean basin, probably at the stage of closing of the South Tianshan ocean basin. The re-
searchers have basically reached consistency on the basic process of tectonic evolution history in Southwest Tian-
shan Mountains. However, there are different opinions about the collision time between Karakum-Tarim plate
and Kazakhstan-Junggar plate. The geochemical characteristics of cherts in Madaer show that the cherts got
much continental clastic materials during their formation and that their sedimentary environment was a continen-
tal margin. The formation age of cherts is from Late Devonian to Early Carboniferous. Based on these results, it
is inferred that the ocean basin experienced shrinking in Early Carboniferous. Moreover, the collision time of the
two plates is likely to be Late Carboniferous.

Key words: radiolarian cherts; geochemistry; origin; depositional setting; Southwest Tianshan
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Fig. 1  Sketch geological map of Madaer area modified after 1:200 000 Geological Map of the Aheqi sheet
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1—Quaternary sediments 2—siltstone of Permian Biyoulieti Group 3—limestone of Late Carboniferous Kangkelin Group 4—mud stone and shale
of Early Carboniferous Aketike Group 5—sandy conglomerate of Keziertage Formation 6—siltstone of Yimugantawu Formation 7—shale
and siltstone of Tataaiertage Formation 8—limestone of Tuoshenhan Formation 9—shale and siltstone of Wupataerkan Group 10—siltstone and
shale of Silurian Kepingtage Group 11—dolomite of Late Cambrian to Early Ordovician Qiulitage Group 12—alkali granite 13—fault and con-

cealed fault 14—normal fault and reverse fault 15—section AB position
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Table 1 Major element analyses of Madaer cherts in Southwastern Tianshan area

S MDE-1 MDE-2 MDE3 MDE4 MDES5 MDE6 MDE7 MDE-10 MDE-11 MDE-12 MDE-13
SO, 90.04 90.87 89.26 93.28 92.27 92.07 90.43 90.60 92.03 90.99 88.80
TiO, 0.15 0.16 0.14 0.08 0.14 0.12 0.10 0.10 0.09 0.12 0.15
ALG; 3.38 3.28 3.09 2.02 3.20 2.94 2.45 2.52 2.23 2.93 3.2
Fe 03 0.24 0.18 0.16 0.15 0.13 0.15 0.12 0.18 0.14 0.16 0.24
FeO 0.96 0.77 0.75 0.62 0.52 0.54 0.45 0.71 0.58 0.78 0.29
MnO 0.03 0.02 0.06 0.02 0.01 0.02 0.07 0.07 0.04 0.10 0.10
MgO 1.35 0.90 0.91 0.64 0.44 0.77 0.58 0.94 0.82 0.96 1.72
CaO 0.13 0.30 1.62 0.43 0.13 0.20 2.26 1.25 1.09 0.60 0.69
Na,O 0.30 0.25 0.20 0.09 0.08 0.11 0.12 0.13 0.39 0.24 0.36
KO 0.84 0.94 0.87 0.50 0.80 0.89 0.65 0.67 0.42 0.76 0.72
P,0s 0.05 0.08 0.05 0.03 0.06 0.06 0.11 0.07 0.08 0.12 0.09
LOI 1.42 1.24 1.98 1.20 1.34 1.14 1.98 1.82 1.22 1.44 1.98
Total 99.45 99.39 99.38 99.41 99.40 99.41 99.61 99.47 99.42 99.47  100.14
MnO/ TiO, 0.17 0.14 0.39 0.24 0.04 0.19 0.67 0.67 0.39 0.82 0.62
K;0/Na,O 2.83 35 79 4.39 5.60 10.12 8.17 5.43 5.17 1.09 3.21 2.03
Al/CAL+Fed 0.59 0.65 0.66 0.58 0.72 0.67 0.68 0.59 0.62 0.65 0.61
SiO,/ ALOs 26.61 27.68 28.89 46.11 28.83 31.29 36.96 35.96 41.36 31.62 23.84
A/ CAL+ Fe+ Mn) 0.59 0.64 0.65 0.57 0.72 0.67 0.66 0.58 0.61 0.63 0.60

AbLO/ (ALO; + Fey O30 0.66 0.71 0.72 0.64 0.77 0.73 0.74 0.66 0.68 0.71 0.67
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Table 2 Trace element analyses of Madaer cherts in Southwastern Tianshan area
MDE-1 MDE-2 MDE-3 MDE-4 MDE-5 MDE-6 MDE-7 MDE-10 MDE-11 MDE-12  MDE-13
Li 13.08 8.26 7.75 10.68 17.64 8.29 9.23 14.43 7.68 9.14 12.35
Be 0.66 0.49 0.43 0.30 0.43 0.43 0.34 0.33 0.35 0.40 0.51
Sc 3.60 3.55 3.21 2.20 3.13 3.20 3.24 2.93 2.34 1.73 3.71
Ti 860. 60 984.80 783.40 450.40 828.80 684.20 566.40 525.00 482.00 649.60 890.00
\ 21.00 21.92 21.28 11.36 23.40 16.28 13.64 14.26 10.92 25.44 26.70
Cr 13.39 18.91 20.84 6.45 11.19 10.04 8.84 8.64 8.03 10.39 15.23
Mn 177.38 153.98 360.80 122.16 26.26 140.84 438.80 434.00 240.00 610.60 633.60
Co 7.40 9.04 5.75 2.11 2.15 2.51 1.83 5.72 2.05 4.93 6.25
Ni 15.05 18.71 17.05 8.53 9.57 9.93 8.71 12.18 9.14 14.45 13.04
Cu 19.12 29.66 34.10 16.47 31.00 21.74 10.13 2.31 2.15 13.37 8.79
Zn 33.84 20.30 24.10 18.66 18.81 16.57 13.49 27.72 14.62 20.14 28.32
Ga 5.27 4.51 3.91 3.37 4.73 4.32 3.30 3.21 3.30 3.48 4.63
Rb 25.42 28.58 25.36 14.98 22.00 27.74 20.02 19.58 9.23 26.08 25.06
Sr 24.38 37.60 36.46 28.38 28.76 21.02 32.78 20.02 14.48 47.52 51.40
Y 6.59 9.07 6.56 4.01 6.80 5.94 11.72 7.34 7.75 16.11 13.04
Zr 28.48 39.02 28.20 19.63 35.66 30.04 22.96 21.56 21.00 29.66 37.28
Nb 2.72 3.49 2.64 2.24 3.96 3.00 2.24 1.92 2.28 2.34 3.18
Mo 0.40 0.18 0.10 0.12 0.04 0.15 1.11 0.06 0.26 -0.01 -0.03
Cs 1.83 1.78 1.87 0.85 1.12 1.65 1.11 1.09 0.49 1.92 2.21
Ba 175.78 341.60 336.00 266.40 203.00 173.24 196.90 332.20 87.94 872.40 454.20
La 7.99 8.71 7.66 5.95 9.06 6.69 11.02 6.47 10.25 11.46 11.11
Ce 17.81 21.80 16.56 13.27 18.98 15.10 20.94 14.12 20.52 20.76 22.06
Pr 1.91 2.25 1.86 1.47 2.19 1.76 2.57 1.56 2.26 2.81 2.89
Nd 7.44 8.90 7.26 5.60 8.59 6.96 10.25 6.24 8.77 11.21 11.70
Sm 1.52 189 1.47 1.13 1.77 1.44 2.19 1.29 1.76 2.42 2.54
Eu 0.34 0.44 0.38 0.27 0.41 0.30 0.45 0.30 0.37 0.63 0.54
Gd 1.49 1.86 1.42 1.06 1.72 1.33 2.36 1.34 1.76 2.60 2.63
Tb 0.20 0.27 0.20 0.14 0.23 0.19 0.34 0.20 0.24 0.38 0.38
Dy 1.21 1.60 1.18 0.81 1.38 1.11 2.00 1.19 1.46 2.38 2.27
Ho 0.24 0.32 0.23 0.15 0.25 0.21 0.38 0.23 0.29 0.49 0.45
Er 0.71 0.90 0.64 0.43 0.71 0.60 1.03 0.66 0.80 1.38 1.25
Tm 0.10 0.12 0.09 0.06 0.10 0.08 0.13 0.09 0.11 0.18 0.17
Yb 0.67 0.80 0.57 0.39 0.62 0.52 0.84 0.56 0.72 1.09 1.09
Lu 0.10 0.13 0.08 0.06 0.09 0.08 0.13 0.08 0.11 0.16 0.17
Hf 0.68 0.93 0.65 0.44 0.85 0.74 0.58 0.53 0.52 0.74 0.92
Ta 0.18 0.22 0.15 0.12 0.28 0.18 0.13 0.12 0.11 0.14 0.21
Pb 3.16 6.75 5.13 6.00 5.70 4.11 3.95 2.98 4.18 6.75 3.29
Th 2.24 2.55 1.93 1.31 1.84 2.21 1.82 1.68 1.28 1.87 2.86
U 0.37 0.46 0.46 0.36 0.42 0.31 0.29 0.23 0.25 0.45 0.61
Th Sc 0.62 0.72 0.60 0.59 0.59 0.69 0.56 0.57 0.55 1.08 0.77
Th U 5.97 5.49 4.22 3.68 4.38 7.13 6.21 7.17 5.18 4.19 4.71
Ti VvV 40.98 44.93 36.81 39.66 35.42 42.02 41.52 36.83 44.15 25.53 33.33
> REE 41.73 49.99 39.60 30.78 46.10 36.36 54.63 34.31 49.41 57.96 59.26
LREE 37.00 43.99 35.19 27.68 41.01 32.24 47.42 29.97 43.93 49.30 50.84
HREE 4.72 6.01 4.41 3.10 5.09 4.11 7.21 4.34 5.48 8.66 8.42
LREE HREE 7.83 7.32 7.98 8.94 8.06 7.84 6.58 6.91 8.02 5.70 6.04
Ce Ce” 1.12 1.21 1.08 1.10 1.04 1.08 0.96 1.09 1.04 0.90 0.95
Eu Eu” 0.95 1.01 1.11 1.05 1.01 0.94 0.84 0.98 0.88 1.08 0.88
La Yb x 1.03 0.93 1.15 1.33 1.27 1.11 1.13 1.00 1.23 0.90 0.88
La Ce n 0.91 0.81 0.94 0.91 0.97 0.90 1.06 0.93 1.01 1.12 1.02
Cemon 0.04 0.08 0.03 0.04 0.01 0.03 —0.03 0.03 0.01 —0.06 —0.03




86 29

1 160

— MDE-5 =&~ MDE-6 & MDE-7 st MDE-10

A e~ MDE-1 =8-MDE-2 ¥~ MDE-3 —%MDE-4
- —e— MDE-11—+— MDE-~12 —+-MDE-13

HER/EBIRE

~8—~ MDE-1 —e—~MDE-2 —~-MDE-3 —#— MDE-4 - MDE-5
et MDE-6 —0—~MDE-7 - MDE-10 ~&~ MDE~11 g MDE-12

~#- MDE-13
0.01 { H [ i ] L H H i H i H i i 1 i } 4 4 i ; 5 i i i i ] | i
" La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La Ce Pr Nd Sm Bu Gd Tb Dy Ho Er Tm Yb Lu
5 6
Haskin 1968 Haskin 1968
Fig.5 NASC-normalized REE patterns of cherts NASC-nor- Fig.6 Chondrite-normalized REE patterns of cherts normalized
malized data from Haskin ez al. 1968 data from Haskin e/ al/. 1968
2006 2006

shaded area indicates variation range of REE in cherts from Kushimier shaded area indicates variation range of REE in cherts from

ophiolitic complex in South Tianshan Mountains after Zhang Chengli et Kushimier ophiolitic complex in South Tianshan Mountains

2006 Zhang et al. 2006 .

al.

Al 4 4

8 4
5.3
CCE‘IHOI’H -
Bk BERE R —0.1 Ce
Ceanom
Fe Mn -0.06—~0.08 -0.1
7 Al-Fe- Mn Adachi 1986
Eu 6
Fig.7 Al- Fe—- Mn diagram of cherts after Adachi 0t
Eu Eu
et al. 1986
3
Table 3 Comparison of major and trace element compositions of cherts with different geneses
K;O Na,O <1 1 >1 4.71 2002
Ce Co* ~1.2 ~0.29 0.90~1.21 Murray
e Ce Ce 1.05 1991 1992b

La Yb v ~1 <1 1.09 German 1990
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4
Table 4 Comparison of major and trace element compositions of cherts formed under different depositional settings

7A1203 — —_ —_
ALO; + Fe, 05 0.5~0.9 0.4~0.7 <0.4 0.64~0.77 Murray 1994
\% 20x10°° 38x10°° 42x10°° 10.92x10 °~26.7%x10"¢  Murray 1992a  Murray 1994
Ti VvV 40 25 7 25.53~44.93 Bostrom 1973
Th Sc <0.01 1 0.01~0.3 0.01~0.3 0.55~1.08 0.67 Hein 1981
Th U >3.8 0.6~5.0 0.6~5.0 ~3.68~7.17 5.30 Girty 1996 2006
30.78~59.26 pg g
SREE 3970 ng g 54.25pug g 19.05 g g 45.46 pg g Murray 1990 1991
La Yb y 1.1~1.4 0.70 0.30 0.88~1.33 1.09 Murray 1994
Ce Ce” ~1.09+0.25 ~0.60£0.13 ~0.3£0.13 ~0.90~1.21 Murray 1991 Murray 1994
La Ce ~0.5~1.5 ~1.0~2.5 ~3.5 ~0.81~1.12 2003
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