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Geochemical characteristics of Paleozoic strata and its restriction on depositional
environment in Altay orogen, north Xinjiang, China
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Abstract: The geochemical studies of Paleozoic strata in the Altai orogen show that the protolith of the low-grade
metamorphosed clastic rocks are mainly pelitic-arenaceous sedimentary rocks and igneous or volcanic rocks, in a
small amount. The Index of Composition Variation (ICV) of our samples is in the range of 0.83—1.61, mostly over
1.0, indicating poor maturity, which may be the product of the first deposition in active continental margin. The
Chemical Index of Alteration (CIA) is in the range of 50-82. The CIA of Carboniferous Kumasu group
characterized by high ratios (71-79), indicating the source material may have experienced a moderate-intense
chemical weathering in warm-hot, humid-moist condition, whereas that of Habahe group, Kulumuti group,
Kangbutiebao group, Altay group and Hongshanzui group is low (50-70), indicating the source material has
undergone relatively weak chemical weathering in cold, dry condition. According to the contents of
(Fe203T+MgO), TiO,, La, Ce and rations of Al,05/S10,, K,0/Na,0, Al,05/(Ca0O + Na,0), Th/Sc, La/Sc, the clastic
sedimentary rocks of Habahe, Kulumuti, Kangbutiebao and Altay Groups are formed in the continental island arc
settings, whereas that of Kumasu and Hongshanzui Groups have a genetic link with continental island arc-active
continental margin. The above geochemical characteristics suggest a sedimentary environment related to
continental island arcs for the Paleozoic clastic rocks in the Altai orogen, and provide the basic evidences for the

Y75 B #A(Received): 2014-01-23; 2 [El H #(Revised): 2014-03-01; #£5 H H#(Accepted): 2014-03-10

£&mA: (41372104); (YSKY2011-02)

fEH BN (1989-), N E-mail: rfshen@163.com
* B {E#& (Corresponding author): ZHANG Hui, E-mail: zhanghui@vip.gyig.ac.cn; Tel: +86-851-5891494

SHEN Rui-feng et al.: Geochemical characteristics of Paleozoic strata and depositional environment



44 W 2015 &

tectonic evolution mode of multi-block amalgamation for the Altai orogen in the Paleozoic era.

Key words: geochemistry; protolith reconstruction; source characteristics; depositional environment; Paleozoic
strata; Altai orogen
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Fig.1 Geological sketch map of the Altay orogen with locations of the studied samples
1—4 R [2], [13], [15] [27]

1—4 represent North Altai Domain, Central Domain, Qiongkuer Domain, South Altai Domain, after reference [2], [13], [15] and [27]
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Fig.2 Field and microscope photos for the Paleozoic formation from the Altay orogen (c under plane-polarized light, d under cross-polarized light)
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Table 1 The main chemistry compositions (%) of the Paleozoic formations from the Altay orogen
(0,hb'?)
HB-1 HB-2 HB-3 HB-4 HB-5 HB-6 HB-7 HB-8 HB-9 HB-10 HB-11
Si0, 66.90 67.90 80.80 71.10 80.50 52.60 63.50 60.20 78.30 59.80 69.90
TiO, 0.73 0.77 0.45 0.65 0.40 1.24 0.75 0.92 0.51 0.87 0.66
Al O3 16.10 17.10 9.00 14.00 8.80 17.20 15.30 17.90 9.50 16.50 13.70
Fe,05" 6.31 5.62 2.82 436 2.75 8.94 6.21 7.97 3.33 7.78 5.96
MgO 5.23 3.11 1.53 1.96 3.31 5.64 4.57 4.13 3.71 6.69 2.79
CaO 0.20 0.73 1.67 2.80 1.22 6.07 1.28 1.34 1.38 1.84 1.46
Na,O 0.30 2.20 2.02 3.39 1.16 4.86 2.20 2.95 1.61 227 1.86
K,0 2.84 2.40 131 1.33 1.98 0.96 2.36 3.78 1.26 3.33 2.28
MnO 0.07 0.06 0.05 0.08 0.02 0.16 0.05 0.08 0.01 0.07 0.09
P,05 0.13 0.04 0.20 0.18 0.07 0.63 0.15 0.14 0.09 0.10 0.17
LOI 0.91 0.73 0.53 1.50 0.65 1.01 3.79 1.24 0.64 1.33 1.23
Total 99.72 100.66 100.38 101.35  100.86 99.31 100.16  100.65 100.34 100.58 100.10
Fe,0;"+MgO  11.54 8.73 435 6.32 6.06 14.60 10.80 12.10 7.04 14.50 8.75
AlL,04/Si0, 0.24 0.25 0.11 0.20 0.11 0.33 0.24 0.30 0.12 0.28 0.20
K,0/Na,O 9.54 1.09 0.65 0.39 1.70 0.20 1.07 1.28 0.79 1.46 1.23
ALOS/ 32.67 5.84 2.42 2.26 3.69 1.58 438 4.18 3.18 4.01 4.12
(CaO+Nay0)
(Ss4k'?) (Dik"™
KL-1 KL-2 KL-3 KL-4 KL-5 KL-6 KB-1 KB-2 KB-3* KB-4* KB-5*%* KB-6*
Si0, 63.00 77.00 72.20 76.05 57.20 73.10 73.56 7453 7598  78.19  76.57  79.10
TiO, 0.80 0.53 0.54 0.70 0.89 0.56 0.55 0.50 0.11 0.08 0.15 0.17
AlOs 15.80 10.20 12.60 11.10 19.30 11.40 1256 10.82  13.03 1078  13.04 11.89
Fe,05" 6.73 3.33 5.05 3.97 8.15 4.50 4.16 4.44 3.69 2.78 3.26 2.84
MgO 4.96 3.72 2.79 1.85 5.87 3.78 1.94 2.42 0.34 0.12 0.34 0.23
CaO 1.40 0.84 2.30 2.24 0.28 2.01 0.81 1.40 1.36 0.15 0.84 0.64
Na,O 1.22 0.68 2.27 1.76 2.00 1.99 0.74 1.71 521 0.56 6.19 5.61
K,0 3.22 2.59 1.96 1.58 2.94 1.48 3.54 2.09 1.64 8.21 0.85 0.40
MnO 0.07 0.01 0.09 0.10 0.03 0.04 0.05 0.06 0.02 0.01 0.02 0.02
P,0s5 0.15 0.11 0.21 0.19 0.15 0.12 0.15 0.14 0.04 0.02 0.03 0.02
LOI 225 1.19 1.23 0.63 3.91 1.10 1.49 0.79 0.02 0.09 0.00 0.27
Total 99.60 100.20 101.24 100.62 100.72 100.08  99.61 9894 101.45 101.00 10130 101.20
Fe,05"+MgO  11.69 7.05 7.84 5.82 14.02 8.28 6.10 6.90 4.00 2.90 3.60 3.10
AlL,04/Si0, 0.33 0.13 0.18 0.14 0.34 0.16 0.17 0.15 0.17 0.14 0.17 0.15
K,0/Na,O 2.64 3.80 0.86 0.89 1.47 0.75 4.78 1.22 0.31 14.56 0.14 0.07
ALOs/ 6.01 6.72 2.77 2.76 8.48 2.85 8.10 3.48 1.98 15.01 1.85 1.90
(CaO+Nay0)
(Djal'?) - (DsC k") (Cihshz'™)
ALT-1  ALT-2 ALT-3 ALT-4 KM-1 KM-2 KM-3 KM-4 KM-5 H-1 H-21 H-3 H-4
Si0, 64.80 62.50 68.00 61.60 61.10  61.90 57.60 7440 5220 6640  75.60 8020  74.10
TiO, 0.64 0.69 0.57  0.55 0.73 0.75 0.90 087  0.87 1.01 0.65 0.46 0.72
AlLO; 15.10 15.70 1450 1850 16.80  16.40 19.50 11.60 1590  13.90  12.20 9.00 11.00
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#x1
(Dyal'™) (D;C kY (Cyhshz'?)
ALT-1  ALT-2 ALT-3 ALT-4 KM-1 KM-2 KM-3  KM-4 KM-5 H-1l H-21 H-3 H-4
Fe,0;" 6.83 5.48 372 3.83 8.51 8.10 8.07 337 691 8.17 3.00 2.95 5.51
MgO 4.98 457 3.07  3.09 5.40 3.91 4.85 173 562 3.0 2.11 3.36 3.44
CaO 0.71 1.68 298 087 023 0.63 0.33 099 479 043 0.31 0.27 0.26
Na,0 1.61 2.60 3.67  1.60 1.04 1.43 1.60 047 298  1.73 2.19 1.66 1.14
K,0 2.09 531 1.69  7.58 2.45 3.06 2.88 237 091  3.89 1.95 1.13 1.43
MnO 0.15 0.05 0.09  0.09  0.00 0.03 0.01 0.03 008 003 0.02 0.01 0.01
P,0s 0.07 0.11 0.02 007  0.14 0.11 0.22 020 009 027 0.15 0.10 0.16
LOI 2.88 1.14 0.91 176 4.44 4.09 455 345 998  0.69 1.81 1.43 2.26
Total 99.86 99.83 9922  99.54 100.84 100.41  100.51  99.48 10033 99.72  99.99  100.57  100.03
Fe,0;'+MgO  11.80 10.05 679 692 1390  12.00 12.90 510 1250 1140  5.11 6.31 8.95
ALOy/Si0, 028 0.29 031 032 027 0.26 0.34 0.16 027 021 0.16 0.11 0.15
K,0/Na,O 1.30 2.04 046 474 234 2.15 1.80 500 030 224 0.89 0.68 1.25
(Ca?)ligio) 6.49 3.68 218 752 1319 7.95 10.13 788 205  6.41 4.88 4.63 7.82
: Fe,05" cek2z [67]
Fe,05;+MgO (8.73%~14.50%) TiO, (0.73%~0.92%) ,
)
s 4 Si0, Al,O4
61.60%~68.00%  14.50%~18.50% ; Fe,05"
6 , Si0; AL O3 MgO CaO 3.72%~6.83% 3.07%~4.98%
57.20%~77.00%  10.20%~15.80% ; 0.71%~2.98% : K,0 Na,O 1.69%~
Fe,0;' MgO CaO 3.33%~8.15% 1.85%~  7.58% 1.60%~3.67% Fe,05+MgO  TiO,
5.87% 0.28%~2.30% ; KO Nay,O 6.79%~11.80%  0.55%~0.69% ,
1.48%~3.22% 0.68%~2.27% Fe,0;+tMgO Al,03/Si0, K,0/Na,0 Al,05/(CaO+Na,0)

TiO, 5.85%~14.02% 0.53%~0.89%
ALO4/Si0, K,0/Na,0 ALO3/(CaO+Na,0)
0.13~0.34 0.75~3.80 2.76~8.48  : 2
(KL-1 KL-5) Fe,05+MgO (11.69%
14.02%) TiO, (0.80% 0.89%)

6 Si0,
73.56%~79.10%  10.78%~18.50%
MgO CaO 2.78%~4.44%
0.15%~1.40% ; KO Na,O
821% 0.56%~6.19%

2.90%~6.90% 0.08%~0.55%

Al,O4
5 F6203T
0.12%~2.42%
0.40%~
Fe,0;+MgO  TiO,
, ALO;/

Si0, K,0/Na,0 Al05/(CaO+Na,0)

0.14~0.17 0.07~14.56 1.85~15.01 :

KB-1  KB-4 ALO3/(Ca0+Na,0)
(8.01 15.01) TiO, K»0/Na,O

0.28~0.32 0.46~4.74 2.18~7.52 ; ALT-1
ALT-2 Fe,05+MgO (11.80% 10.05%)
Al,05/Si0, ,

5 ,  KM-5 4
Si0,  AlLOs 57.60%~74.40%
11.60%~19.50% ; Fe,0,' MgO CaO

3.37%~8.51%  1.73%~5.40%  0.23%~4.79% ;

K.O Na,O 2.37%~3.06% 0.47%~1.60%

Fe,0;+MgO  TiO, 5.10%~

13.90% 0.73%~0.90% , ALO/SiO, K,0/Na,O

ALO:/(Ca0+Na,0) 0.16~0.34 1.80~5.00
7.88~13.19 KM-4 | 3

Fe,05+MgO (12.00%~13.90%) Al,04/Si0,

(0.26~0.34), 4
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4 Si0, ALO; 66.40%~ REE 79.7~171.0 pg/g ,
80.20%  9.00%~13.90% ; Fe,0;7 MgO CaO  JEu=0.66~0.80; (La/Yb)y (Gd/Yb)y 5.25~
2.95%~8.17% 2.11%~3.44% 0.26%~0.43%  8.88 1.08~1.52 ,
; K,O  Na,O 1.13%~3.89% , ;
1.14%~2.19% Fe,0;+MgO  TiO, REE LREE Eu
5.11%~11.40% 0.46%~1.01% , AL,O4/Si0, ( 3b)6 REE
K,0/Na,0 Al 0;/(Ca0+Na,0) 0.11~0.21 117.7~233.6 pgl/g , 0Eu=0.31~0.90; (La/Yb)x
0.68~2.24 6.41~7.82 H-1 H-4 (Gd/Yb)n 3.03~9.06 0.87~1.64 ,
Fe,05+MgO (11.40% 8.95%) TiO, (1.01% 0.72%) ;
, : REE LREE
Eu ( 3c) 4
322 WMETFRMIRAMF REE 102.1~313.1 pg/g ~ , SEu=0.54~0.66;
(La/Yb)xy (Gd/Yb)y 5.70~9.09 1.13~1.63
HB-6 , 10 ) ,
REE 89.2~199.5 nglg , 0Eu=0.51~ ; REE
0.86; (La/Yb)y (Gd/Yb)y 6.26~9.67 1.23~2.06  LREE Eu ( 3d)
, , KM-5 4 REE
REE 140.7~271.1 pglg , 0Eu=0.61~0.72, (La/
LREE Eu ( 3a) 6 Ybl (Gd/Yb)y 7.12~12.74 1.50~1.83 ,
£ FARAREUFTFERBEMNRETREAR (ng/g)
Table 2 The trace element compositions (ug/g) of the Paleozoic formation from the Altay orogen
HB-1 HB-2 HB-3 HB-4 HB-5 HB-6 HB-7 HB-8 HB-9 HB-10 HB-11
La 39.50 33.60 20.90 28.10 17.80 59.50 33.20 35.10 26.00 30.90 28.40
Ce 83.00 71.30 44.20 57.00 36.41 109.00 67.40 72.60 52.10 63.80 58.20
Pr 9.71 8.48 5.16 6.66 4.08 11.20 7.72 8.35 5.89 7.33 6.48
Nd 38.10 33.50 20.20 26.40 15.70 38.90 30.90 32.50 22.60 29.20 25.20
Sm 7.15 6.58 3.90 5.20 3.18 6.56 6.09 6.44 4.17 5.92 5.09
Eu 1.48 1.03 1.03 1.37 0.78 2.13 1.29 1.44 0.96 1.54 1.18
Gd 6.56 5.88 3.72 4.67 2.87 5.93 5.47 5.80 3.74 5.38 4.56
Tb 0.97 0.89 0.61 0.79 0.49 0.92 0.91 0.93 0.61 091 0.77
Dy 5.27 4.44 3.29 4.35 2.91 491 5.20 495 3.39 5.30 4.27
Ho 1.03 0.82 0.61 0.91 0.63 0.96 1.08 1.03 0.68 1.13 0.89
Er 3.05 2.34 1.76 2.64 1.90 2.92 3.20 3.05 2.01 3.29 2.68
Tm 0.43 0.34 0.24 0.39 0.30 0.44 0.46 0.44 0.30 0.51 0.40
Yb 2.84 2.29 1.67 2.47 1.87 2.76 2.87 2.92 1.95 3.25 2.53
Lu 0.42 0.34 0.25 0.37 0.28 0.44 0.44 0.44 0.30 0.51 0.38
Y 29.10 22.60 16.30 24.90 17.50 26.60 30.10 27.70 18.70 30.30 24.80
Sc 13.60 15.70 8.50 11.80 5.99 11.70 14.00 20.60 7.60 18.50 14.10
Th 11.80 15.70 7.04 8.56 6.59 10.20 12.20 12.90 8.64 10.80 9.76
>REE 199.51 171.83 107.54 141.32 89.20 246.57 166.23 175.99 124.70 158.97 141.03
Eu/Eu* 0.67 0.51 0.84 0.86 0.80 1.05 0.69 0.73 0.75 0.84 0.76
(La/Yb)x 9.16 9.67 8.24 7.49 6.27 14.20 7.62 7.92 8.78 6.26 7.39
(Gd/Yb)x 1.85 2.06 1.78 1.51 1.23 1.72 1.53 1.59 1.54 1.33 1.44
La/Sc 2.90 2.14 2.46 2.38 2.97 5.09 2.37 1.70 3.42 1.67 2.01
Th/Sc 0.87 1.00 0.83 0.73 1.10 0.87 0.87 0.63 1.14 0.58 0.69
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KL-1 KL-2 KL-3 KL-4 KL-5 KL-6 KB-1 KB-2 KB-3 KB-4 KB-5 KB-6
La 24.40 16.20 25.40 33.30 34.50 17.60 27.5 27 18.2 26.6 41.6 29.5
Ce 51.14 32.73 52.45 66.40 68.40 37.30 60.3 56.2 442 53.6 94.4 62.6
Pr 5.87 3.62 5.93 7.33 8.19 4.33 6.85 6.85 5.1 7.29 11.2 7.71
Nd 22.40 13.40 23.10 27.90 31.70 16.50 24.7 25.5 18.6 29 46.8 33.1
Sm 4.65 2.69 4.69 5.57 6.08 3.38 4.72 4.97 6.96 6.82 10.7 6.7
Eu 0.99 0.66 0.95 1.09 1.30 0.86 0.93 0.96 0.63 1.74 0.957 1.04
Gd 4.15 2.52 4.08 4.69 5.60 3.27 4.04 4.24 5.61 5.06 7.3 5.54
Tb 0.75 0.45 0.70 0.78 0.92 0.59 0.63 0.66 1.12 0.846 1.26 1.1
Dy 4.55 2.74 4.16 4.28 5.53 3.56 3.72 3.7 6.31 5.48 6.97 6.51
Ho 0.98 0.59 0.86 0.87 1.14 0.75 0.77 0.81 1.42 1.07 1.1 1.48
Er 2.89 1.75 2.53 2.51 3.39 2.23 2.23 2.11 4.29 3.59 3.44 4.19
Tm 0.43 0.27 0.39 0.38 0.50 0.34 0.31 0.32 0.71 0.57 0.59 0.82
Yb 2.85 1.86 2.51 2.47 3.27 2.21 2 2.07 3.96 3.81 6.7 492
Lu 0.44 0.27 0.39 0.37 0.50 0.34 0.32 0.36 0.60 0.54 0.54 0.75
Y 26.80 16.50 24.30 22.80 31.90 21.00 21.9 22.2 37.2 33.9 31.8 41.8
Sc 14.90 7.63 10.70 9.15 18.40 9.46 10 9 4.65 6.58 5.32 8.96
Th 12.40 10.80 11.80 13.30 12.70 8.76 12.70 11.15 12.1 11.1 18.7 11.2
YREE 126.49 79.75 128.14 157.94 171.02 93.26 139.02 135.75 117.71 146.01 233.56 165.96
Eu/Eu* 0.70 0.78 0.67 0.66 0.69 0.80 0.66 0.65 0.31 0.90 0.33 0.53
(La/Yb)x 5.64 5.74 6.67 8.88 6.95 5.25 9.06 8.59 3.03 4.60 4.09 3.95
(Gd/Yb)n 1.17 1.08 1.30 1.52 1.37 1.18 1.62 1.64 1.13 1.06 0.87 0.90
La/Sc 1.64 2.12 2.37 3.64 1.88 1.86 2.75 3.00 391 4.04 7.82 3.29
Th/Sc 0.83 1.42 1.10 1.45 0.69 0.93 1.27 1.24 2.60 1.69 3.52 1.25
ALT-1 ALT-2 ALT-3 ALT-4 KM-1 KM-2 KM-3 KM-4 KM-5 H-1 H-2 H-3 H-4

La 19.90 44.30 37.00 64.20 35.50 28.50 38.60 59.00 12.10 27.50 43.20 31.80 29.00
Ce 41.30 89.60 78.71 131.28 73.60 60.40 79.70 118.80 26.80 66.63 90.50 65.10 58.60
Pr 4.72 10.60 9.17 14.70 8.28 6.93 9.61 13.10 3.29 8.84 10.30 7.23 7.00
Nd 18.60 41.70 35.10 57.40 31.60 26.50 37.70 48.40 13.90 37.90 39.10 27.40 27.30
Sm 3.78 7.95 7.02 10.90 5.75 5.07 7.69 8.61 3.24 8.63 7.37 5.01 5.67
Eu 0.70 1.34 1.21 2.18 1.05 1.04 1.64 1.56 0.99 1.55 1.25 1.07 1.07
Gd 3.25 7.35 6.24 9.45 4.98 3.98 7.30 6.96 3.57 8.55 6.13 4.27 4.84
Tb 0.56 1.16 1.07 1.56 0.82 0.57 1.24 1.02 0.60 1.43 0.94 0.62 0.74
Dy 3.37 6.63 5.89 8.63 4.54 2.83 7.18 5.47 3.54 8.21 4.96 3.22 4.16
Ho 0.72 1.33 1.20 1.76 0.93 0.59 1.40 1.07 0.75 1.65 0.99 0.59 0.79
Er 2.21 3.98 3.61 5.02 2.74 1.84 4.07 3.11 2.18 4.56 2.88 1.72 2.41
Tm 0.34 0.59 0.54 0.72 0.40 0.28 0.57 0.46 0.32 0.62 0.42 0.25 0.35
Yb 2.30 3.92 3.60 4.65 2.65 1.91 3.57 3.05 2.08 4.01 2.68 1.57 2.32
Lu 0.35 0.57 0.55 0.67 0.38 0.30 0.51 0.47 0.30 0.58 0.41 0.24 0.36

Y 20.80 36.90 32.20 44.80 25.20 15.50 37.90 28.60 19.80 42.40 26.90 16.30 21.70
Sc 16.20 14.70 15.10 17.50 7.16 16.90 18.80 11.40 21.70 16.70 9.33 6.28 9.57
Th 7.86 13.10 23.90 18.90 16.00 8.20 12.80 26.70 4.06 12.50 21.40 13.20 12.70

>REE 102.10 221.02 190.91 313.12 173.22 140.74 200.78 271.08 73.66 180.66 211.13 150.09 144 .61
Eu/Eu* 0.62 0.54 0.56 0.66 0.61 0.72 0.68 0.62 0.90 0.56 0.57 0.71 0.63
(La/Yb)x 5.70 7.44 6.77 9.09 8.82 9.83 7.12 12.74 3.83 4.52 10.62 13.34 8.23
(Gd/Yb)x 1.13 1.50 1.39 1.63 1.50 1.67 1.64 1.83 1.37 1.71 1.83 2.18 1.67
La/Sc 1.23 3.01 2.45 3.67 4.96 1.69 2.05 5.18 0.56 1.65 4.63 5.06 3.03
Th/Sc 0.49 0.89 1.58 1.08 2.23 0.49 0.68 2.34 0.19 0.75 2.29 2.10 1.33

[68]; Eu/Eu*=Eun/(Smx+Gdy)*?
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3 REE
Fig.3 Chondrite-normalized REE patterns of the Paleozoic formation from the Altay orogen
[68]
Chondrite data after Reference [68]

REE LREE 12.1 268  73.7 ug/g),
Eu ( 3e) KM-5 ((La/Yb)\=3.83) :
Eu  (8Eu=0.90), La Ce REE ( 4 REE 144.61~
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211.13 pglg , 0Eu=0.56~0.71; (La/Yb)x 2 (ALT-3 ALT-4) DF=0 |,
(Gd/Yb)x 4.52~13.34 1.67~2.18 , DF R -1~-9 R
R REE LREE K-A R
Eu ( 3f) (HB-3 HB-4 HB-6) (KB-3
KB-5 KB-6) (ALT-3)
Th/Sc 0.49~1.58 , (KM-5) ,
( 4a) ,
Th/Sc ( 0.15 2.59 3.00), (HB-6)
Th/Sc  (0.85) (KB-3 KB-5) (ALT-4)
0.97) ;6 Th/Sc (KM-5) :
1.24~3.52 4 Th/Sc , ( 4b)
1.24~1.69 Th/Sc ,
Th/Sc 0.19~2.34 , KM-5
Th/Sc 0.19 , 4 (KM-2 KM-3 H-1 4.2 i
H-4) Th/Sc 0.49~1.33 R )
Th/Sc ; Nesbitt et al.
4 (KM-1 KM-4 H-2 H-3) Th/Sc Huronian
2.10~2.34, , ,
Th/Sc , , ( Ca* Na" K
La/Sc 1.23~3.67 , , (AP Ti*
R (CIA, chemical index of
La/Sc ( 0.55 4.55 alteration)
6.24), La/Sc (1.82) CIA<70,
2.73) ,
9 La/Sc 1.65~5.18 R CIA=70~75,
KM-5 La/Sc 0.56 , 4 (KM-2 , CIA>7S,
KM-3 H-1 H-4) La/Sc 1.65~3.03 [45-46]
; La/Se ALO;,  K;0 Na0
; 4 (KM-1 KM-4 H-2 H-3) Ca0 : (ICV, index of
La/Sc 4.63~5.18 ’ compositional variability)
La/Sc i
4 ICV>1.0, ,
, [47,71]’
4.1 , ICV<1.0, ,
i ’ (72]
K-A DF 3 R )
(7] 1 (HB-1) CIA ,
3 CIA 50~70 ,
3 (KB-3 KB-5 KB-6) CIA 57~68 ,
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Table 3 The calculated correlation index for protolith restitution of the Paleozoic formation from the Altay orogen

A K DF (al+fm)-(alk+c) Si CIA Icv
H-1 70 69 -4 55 321 66 1.33
H-2 73 47 -4 51 499 67 0.84
H-3 75 40 =7 63 572 68 1.10
H-4 79 56 -8 71 463 76 1.14

KM-1 82 70 =7 77 255 79 1.10
KM-2 76 68 -5 64 274 71 1.09
KM-3 80 64 -5 71 226 77 0.95
KM-4 75 83 -5 56 543 74 0.85
KM-5 65 23 -1 41 180 60 1.39
ALT-1 77 56 -6 68 286 71 1.12
ALT-2 62 67 -1 41 241 55 1.29
ALT-3 63 32 0 30 303 52 1.08
ALT-4 65 83 0 40 253 60 0.94
KB-1 71 83 -5 51 467 67 0.93
KB-2 68 55 -5 45 460 60 1.16
KB-3 61 24 2 12 444 51 0.95
KB-4 55 94 -2 12 578 50 1.10
KB-5 62 12 3 12 454 51 0.89
KB-6 64 7 1 14 534 52 0.83
KL-1 73 72 -6 61 262 68 1.16
KL-2 71 79 -8 60 480 67 1.15
KL-3 66 46 -3 39 370 57 1.18
KL-4 66 47 -4 36 479 60 1.09
KL-5 79 60 -5 70 209 66 1.04
KL-6 68 43 -5 47 382 58 1.26
HB-1 83 91 -9 79 303 82 0.97
HB-2 76 52 -4 58 319 70 0.87
HB-3 64 39 -4 31 610 55 1.09
HB-4 65 28 -1 29 356 54 1.04
HB-5 67 63 -7 50 541 60 1.23
HB-6 59 16 2 30 155 50 1.61
HB-7 72 52 -4 57 274 65 1.14
HB-8 69 56 -2 49 227 62 1.18
HB-9 69 44 -7 53 482 60 1.24
HB-10 69 59 -5 57 206 61 1.38
HB-11 71 55 -4 50 361 64 1.10
1 A=A1,05/(K,0+Na,0+Al,03;+Ca0)x100, K=K,0/(K,0+Na,0)x100 4b Si'=8i0,/60, al'=A1,03/102, fm'=2xFe,0;"/
160+Mg0/40+MnO/71, c¢'=Ca0/56, alk'=Na,0/62+K,0/94, Total=al'+fm'+c'+alk’, Si=Si’/Total, al=al’/Total, fm=fm'/Total, c=c'/Total,
alk=alk’/Total; DF = —0.21Si0,-0.32Fe,0;'~0.98Mg0+0.55Ca0+1.46Na,0+0.54K,0+10.44( ); CIA=AL,03/(Al,05+Ca0*+Na,0+K,0),
, CaO* Cao0, 169); ICV=(Fe,0; +K,0+Na,0+CaO+MgO+TiO,)/AL,05( )
CIA 50~67 , CIA CIA 71~79 , 2
52~60 ( 1 ALT-1 (KM-1 KM-3) CIA>TS ( 77 179),
CIA=71), CIA 66~68 1 (KM-5) CIA (60) CIA
( 1 H-4 CIA=76), ,
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Fig.4 K-A plot (a) and Simonen plot (b) for the Paleozoic formation from the Altay orogen (after reference [70])
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Fig.6 Source discriminate plot for the Paleozoic formation from the Altay orogen (after Reference [49], [50] and [51])
, La Ce REE K,0/Na,0O Th/Sc La/Sc (La/Yb)y
Al,O3/(CaO+Na,O) Th/Sc La/Sc (La/Yb)y ,
[52-55,74,75]
, (
4 ( HB-6 ) KM-5 )
( KM-5
) (Fe,0;+MgO) TiO, , ( KM-5 )
ALO;3;/Si0, K,0/Na,0O Al,03/(CaO+Na,0) La/Sc  Th/Sc 1.69~5.18 1.65~5.06
, 0.49~2.34 0.75~2.29,
(  REE) , La Ce REE 1.82 455  0.85 2.59
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Table 4 Comparison of geochemical parameter between the Paleozoic formation from the Altay orogen and the sandstone in various tectonic setting

(n=10) (n=6) (n=6) (n=4) (n=4) (n=4)

Si0; (%) 81.95 73.86 70.69 58.83 66.00 59.80~80.80 57.20~77.00 73.56~79.10 61.60~68.00 57.60~74.40 66.40~80.20
TiO2 (%) 0.49 0.46 0.64 1.06 0.50 0.40~0.92 0.53~0.89 0.08~0.55 0.55~0.69 0.73~0.90 0.46~1.01
Al,O3 (%) 8.41 12.89 14.04 17.11 1520 8.80~17.90 10.20~15.80 10.78~13.04 14.50~18.50 11.60~16.80 9.00~13.90

F6203T+Mg0
(%)

Al 05/Si0; 0.10 0.18 0.20 0.29 7.15 0.11~0.30 0.13~0.34 0.14~0.17 0.28~0.32 0.16~0.34 0.11~0.21
K,0/Na,O 1.60 0.99 0.61 0.39 0.23 0.39~9.54 0.75~3.80 0.07~14.56 0.46~4.74 1.80~5.00 0.68~2.24

2.89 4.63 6.79 11.73 6.7 4.35~14.50  5.82~14.02 2.90~6.90 6.79~11.80  12.00~13.90 5.11~11.40

(Ca’gjg;/zo) 415 256 242 172 087  226~32.67 2.76~8.48  1.85~15.01  2.18~7.52  7.88~13.19  6.41~7.82
La (ng/g) 39 37 27 8.2 30 17.8~39.5  16.2~34.5  182~41.6  19.9~64.2  285~59.0  27.5~43.2
Ce (ng/g) 85 78 59 194 64 36.4~83.0  32.7~68.4 442944  413~131.3 60.4~118.8  58.6~90.5

YREE (ug/g) 210 186 146 58 146 89.2~199.5 79.7~171.0 117.7~233.6 102.1~313.1 140.7~271.1 144.6~211.1
(La/Yb)x 159 123 11 42 92 626~9.67  525~8.88  3.03~9.06  5.70~9.09 7.12~12.74 4.52~13.34
(Gd/Ybyy 186 127 147 123 123~2.06  1.08~1.52  0.87~1.64  1.13~1.63  150~1.83  1.67~2.18

EuwEu* 055 0.6 08 104 065 051~086  0.66~080  031~0.90  0.54~0.66  0.61~0.72  0.56~0.71
La/Sc 624 455 182 055 273  1.67~3.42  1.64~3.64  3.00~7.82  123~3.67  1.69~5.18  1.65~5.06
Th/Sc 306 259 085 0.5 097  0.58~1.10  0.69~1.45  124~3.52  0.49~1.58  049~234  0.75~2.29
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Fig.7 Discriminate diagrams of tectonic setting for the Paleozoic formation from the Altay orogen (after Reference [55])

Geochimica I Vol. 44 I No. 1 I pp- 43-60 I Jan., 2015



F1H

MIRIESE: FRRE LT EER R P E R E IR E R H 29 57

REE

Fig.8 Comparison of the chondrite-normalized REE patterns of the
Paleozoic formation from the Altay orogen to those of the sandstone
formed in various tectonic setting
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