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Geochemical characteristics of the Baiyanghe shale in the northern Bogda
Mountain of Xinjiang and its geological significance
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Abstract: Based on the comprehensive research on geochemical characteristics of shale of Lucaogou Formation a-
long the Baiyanghe profile in the northern Bogda Mountain in Xinjiang, the authors investigated the elements
distribution and depositional environment of shales of Lucaogou Formation, source characteristics and tectonic
setting of the source area. Some conclusions have been reached: (D Baiyanghe shale is evidently enriched in
phosphorus, which is ascribed to the development of the volcanic ash, as indicated by the tuffaceous composition
of the interbedded mudstone and carbonate layers. @ In comparison with the average concentrations of world-
wide shales, the Baiyanghe shale is enriched mainly in Li, B, Pr, Tb, Dy, Ho, Er, Tm and Lu, and depleted
in other elements relative to their average values. @ Geochemical characteristics reveal that there occurred cli-
mate change from warm humidity to dry heat from the bottom to top of Lucaogou Formation, which caused the
change from freshwater to saltwater and strengthened gradually the reducing environment from the bottom to
top of Lucaogou Formation. @ The source area was under the low-moderate chemical weathering condition.
The provenance of shales was mainly felsic igneous rock, followed by femic igneous rock. @ The tectonic setting
of the source area was a continental island arc-active continental margin.
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Generalized geological map of the northern foot of the Bogda Mountain, showing sampling sites Cafter Li Chengbo

et al ., 2006)
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Fig. 2 Stratigraphic column and locations of sampling
sites along the Baiyanghe profile
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Table 1 The concentrations of major( wi/% ) and trace( w;/10~ %) elements of the Baiyanghe shales
BYHSI BYHS4 BYHSS BYHS7 BYHSS BYHSIO BYHSI1 BYHSI2 BYHS14  #Md JUEY TUEY IR

SiO, 55 52 58 52 48 58 51 58 58 54 64.8

ALO; 11 9.8 11.6 10.3 7.4 11.2 11 13.2 11.2 10.7 16.9

Fe,0; 4.2 3.7 3.2 3.6 2.1 4.9 4.6 4.6 4.2 3.9 5.66

TiO, 0.48 0.45 0.51 0.47 0.33 0.53 0.52 0.61 0.50 0.49 0.70

P,0s 0.27 0.14 0.26 0.19 0.11 0.12 3.3 0.16 0.25 0.53 0.13

CaO 1.5 2.5 0.39 1.7 5.5 1.2 6.8 0.96 1.1 2.4 3.63

K,0 1.8 1.5 3.3 2.5 1.5 2.3 2 2.5 2.3 2.2 3.97

MgO  0.74 3.8 0.4 0.63 4.1 4.5 1.8 1.8 0.98 2.1 2.86

MnO  0.06 0.08 0.02 0.09 0.05 0.08 0.09 0.06 0.06 0.06 0.06

Na,O 3.8 2.9 0.93 1.5 1.2 1.2 2 1.7 1.4 1.8 1.14

FeO 1.1 2.3 1.6 1.0 1.0 2.8 2.2 2.0 2.2 1.8

Li 30 60 25 32 46 60 46 63 44 45 37 33
Be 2.0 1.7 1.3 1.4 1.0 1.6 1.7 2.1 1.4 1.6 2.6 1.9
B 31 98 60 57 71 181 185 217 124 114 65 72
\% 88 66 59 68 42 113 98 102 76 79 180 91
Cr 53 42 36 45 33 42 44 52 42 43 93 58
Ni 32 31 44 41 24 35 33 42 30 35 67 37
Cu 35 39 51 42 28 39 35 55 39 40 140 31
Zn 79 68 58 57 38 91 59 60 71 65 160 43
Ga 15 14 15 12 10 16 13 17 14 14 17 12
Rb 61 56 87 68 55 78 67 87 68 70 76 94
Sr 132 145 87 119 332 165 579 187 204 217 230 270
Y 27 17 24 17 18 19 26 21 19 21 23 29
Zr 134 152 129 130 123 152 200 179 148 150 200 170
Nb 10.7 9.2 9.7 8.6 6.7 9.5 8.5 10.9 8.2 9.1 15 7.6
Cd 0.17 0.13 0.09 0.18 0.12 0.14 0.14 0.15 0.33 0.16 6.2 0.8
Ba 406 274 345 334 290 312 373 346 453 348 630 410
La 25 18 19 17 18 19 21 23 20 20 26 32
Ce 47 33 41 32 33 36 36 42 37 37 55 52
Pr 6.5 4.4 5.5 4.2 4.4 4.9 5.2 5.8 5.1 5.1 4.4 6.8
Nd 24 17 22 17 17 19 20 22 20 20 29 24
Sm 5.2 3.5 5.0 3.5 3.6 4.0 4.2 4.5 4.0 4.1 4.5 5.5
Eu 0.79 0.64 0.94 0.68 0.68 0.79 0.88 0.92 0.83 0.79 1.00 0.94
Gd 4.7 3.0 4.3 3.0 3.2 3.4 3.9 3.9 3.5 3.7 4.3 4
Th 0.87 0.53 0.79 0.55 0.56 0.59 0.73 0.68 0.61 0.66 0.66 0.69
Dy 5.1 3.2 4.6 3.2 3.3 3.5 4.3 4.0 3.7 3.9 2.9 3.6
Ho 1.01 0.65 0.93 0.62 0.66 0.71 0.95 0.77 0.72 0.78 0.50 0.92
Er 3.0 1.9 2.7 1.9 1.9 2.1 2.9 2.4 2.1 2.3 1.8 1.7
Tm 0.46 0.30 0.41 0.29 0.30 0.34 0.46 0.37 0.31 0.36 0.35 0.78
Yb 3.1 2.1 2.9 2.0 2.0 2.3 3.2 2.5 2.3 2.5 2.8 2
Lu 0.49 0.35 0.46 0.33 0.30 0.38 0.51 0.41 0.36 0.40 0.35 0.44
Hf 4.2 4.0 3.2 3.4 3.2 4.2 4.5 5.2 3.6 3.9 4.5 3.9
Ta 0.65 0.46 0.47 0.34 0.27 0.55 0.13 0.60 0.39 0.43 0.8 1
Pb 17.2 11.5 14.9 13.5 11.3 12.3 11.5 16.8 12.6 13.5 25 12
Th 5.5 4.6 5.4 4.5 4.0 5.1 3.4 5.3 4.6 4.7 7.8 7.7
U 3.5 2.5 2.9 2.3 2.8 2.0 3.8 2.4 2.9 2.8 9.9 3.4

T BRI TUA *(Ketris et al.» 20090, JUBE*(Ketris e al.» 2009), TUAP(Gromet ef al.» 1984
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Fig. 3 The concentration factors of trace elements of the Baiyanghe shale
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Table 2 The geochemical indices of the Baiyanghe shales
. SO,/ Al/CAL+ Si/(Si+ ALOs/
FEfh AIM B B/Ga St/Cu Mn/Ti ICV  CIA  Th/U Cr/Zr  Th/Cr La/Th
ALO; Fe+ Mn) Al+Fe) TiO,
BYHSI1 118 2.0 3.8 0.16 5.0 0.60 0.73 1.4 52 1.6 23 0.40  0.104 4.5
BYHS 453 7.2 3.7 0.23 5.3 0.54 0.72 2.4 48 1.8 22 0.28 0.107 3.9
BYHS5 127 4.1 1.7 0.05 5.0 0.64 0.74 0.8 69 1.9 23 0.28 0.151 3.6
BYHS7 158 4.6 2.8 0.25 5.1 0.62 0.74 1.2 57 2.0 22 0.35 0.099 3.8
BYHSS8 331 7.3 11.6 0.20 6.5 0.63 0.79 2.4 57 1.4 22 0.27 0.122 4.4
BYHSI10 546 11.5 4.2 0.19 5.2 0.51 0.71 1.9 64 2.5 21 0.28 0.122 3.8
BYHSI11 644 13.8 16.4 0.23 4.7 0.54 0.69 1.6 55 0.9 21 0.12  0.077 6.1
BYHSI2 602 12.4 3.4 0.12 4.4 0.59 0.70 1.2 66 2.2 22 0.29 0.103 4.3
BYHS14 373 8.8 5.2 0.14 5.2 0.56 0.72 1.1 64 1.6 22 0.28  0.109 4.3
BN 373 8.0 5.9 0.17 5.1 0.58 0.73 1.5 59 1.8 22 0.28 0.110 4.3

16. 431K 5.9, A T2 E2HKBEHAE 49,1
R R BUA DUR T L S R =, R DA T
AR

A B A B/Ga 400 11 DL Fa 7R K A4 1 6
(Degens et al . » 1957; ZE454, 2009). AH* B<200
X 10 *FRZR IR AKUTRL, 200 X 10 ©~300 % 10~ *FF 7w~ F
J#ZK S >300 % 10~ TR /K DT (5 45, 20090 B/
Ga /DT 2.5 8RR KL, /T 2.5~4.0 Fawid i
WEE, KT 4.0 Fe R BUKIAEE(Chen er al . » 1997). HF
FXEEMBA Y B & EA T 118 X100 ~644 < 10°°
Z 10, B/Ga HUEA T 2~ 14 Z A1 2D 7K AR T
AR R s BN T KA SR B BB IR, R LLR
KA 1) B DU A =B 4D

Jones (1994 F8 H V/(V + Ni) Lb{H 7] FH A 4
I R A IR bR . V/(V+NDHE KT 0.54

PR AL, AT 0.46~0.54 Fa/Rn AL, /)
T 0.46 faonEE AL WFREXFES V/(V+ ND L
AT 0.57~0.76 Z 18], B 005 PR 4 38 i 3R
Bio BEAL, 5Ce 15 5 8 48 7 08 JR BRI 1K) 77 46 (]
4)0 AL IR 250 3 1) AR AR R o T AR Rk
J P A i

IR RT 5 1T R T K A Rl R AR AR I i S A
ARk AT e 235 AR A . T B R bRl T A
A (PR i K AR ZE R BB, 5 BUK A
FERIIN, 7= Ik ARG 12 5 T T I B A5
4.2 BXYNEEHE

itk 240 Si0,/ALO; HAE (Taylor and McLen-
nan, 1985)Al/CAl+ Fe+ Mn) LA X E 5, 19800l
Si/(Si+ Al+ Fe) AR (51 M 44 HUTH™ 7™ &), 1987)
F LA 08 (1 KI5 28 8 ki 72 P SiO, / AL O 4 3.6,
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Fig. 4 Vertical characteristics of geochemical parameters for the Baiyanghe shale (lithologic symbols as for Fig. 2)

DIRAE T SIO,/ALO; [EFE 3.6 TR7-WUE LA IT
R 3, O AE 8 i 5 22 02 52 A ) A K AR T 5 i)
R Al/CAL+ Fe+ Mn) >0.5 FRoR DUEUIE 24
BEVRRETE , AL/CAL+ Fe + Mn) < 0.35 87/~ UCFR Pk
WA AN Si/(SE+ Al + Fe) < 0.9 $87- P 3=
BRI BRI, LLEA T 0.9~1.0 fa - P =2 h
EYVER . WFIEIX T 1)L id Ak 2 30 7R TR )
YIRS 32 B B YRR SR (R 2.

Nesbitt 5 (1982)#& th T4k 7 nh A 45 2 (CIAD H
LA 31 4 0 DR 1 XA R B, R 8 1) 2 M 2 b 4 i
TR IR UTRR 2 e R AR i 4y, /% FH o — Ak
SEFRBN 52 S e B CICV) I W W5 X 4 5 e 75
1) ARV o B R iR EOE XA ICV =
(Fe,03 + K,O+ Na,O + CaO* + MgO + TiO,)/ AL Oy
(Cox et al .» 1995), FE 5y 4 BEIR 5348, CaO ATk
FREE T ) CaO- 24 ICV AH R T 1 I, FRHIH AR+
W, JE A3 0% S B W I AR DR 2 ICV /M T
1 B, RPILER 2R L0, TR D) T W OB UE
FHE R Z XA 25 A4 T 9] 45 DT R CCullers and Pod-
kovyrovs 20005 Cullerss 2002). AW 50 H v 5 1)
ICV {HZ R ZHORKT 1, RIAFE LT AR 2 B PR T
FEF 5 ma, BRI CTA AT 28I R s DX XA 320 ek F2
. A2z AR $R 4 CIA = [ALOs/(ALO; + CaO™ +

Na,O+ K,0) X 100 Jo X T CaO™ i1 5 F s IE,
Meclennan %5 (1993) 42 Hi: CaO™ = CaO — (10/3 X
P,05), LA KL IE 5 CaO FE/REL S Na,O JE /R UK
AN HBUNFAE A CaO™ I BEJREL . Selvaraj 55 (2006)
R CIA T 50~ 60 2 [0] [ A A FE S, 60 ~
80 S W H A5 KALFEFE , 80 ~ 100 S Y. 5 Z4 KAV FE JiE o
WFFL X AL CIA AT 48~ 69(3IME N 59), B~
VR I Z T WG AR

itk 2 4 Th/U {8 ( Mclennan and Taylor,
1991\ ALO;/TiO, fH(Girty et al.» 1996)Cr/Zr 1
(Wronkiewicz and Condies 1989)F1 Zr — TiO, ¥ H|
R (Hayashi et al.» 1997 )% FH LA W X P52
B, HeFekh 5 Th/U EefE 4 3.4, B3b5E Th/U
B4 3.8, FLAH I % 2% BH A K 80 2k B 0 U 1) A7
1E: ALO;/TiO, < 14 #5 7- ¥ U8 0y 8 85 5t K il 27,
AbLO3/TiO, [HAN T 18~ 26 8/ 4 K 98 5 K 1t
s Cr/ Zr {EL RERS S WA DX Bk 856 T 15 4 0 o 41 43 11
AT LA, PR Cr WRAE T8 B 4 v, ARSR BB 41
G5, 0 Ze WRAF T8 A, AR K 4l 4« BFIEIX
T B Th/U HA T 0.88~2.53, #7~ 1 >k B IR
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Fig. 5 The discrimination diagrams of provenance and tectonic setting
a—Si0, — TiO, WIEHRE (Tarney, 1976): b—2Zr — TiO, WA E (Hayashi ez al. > 1997); ¢—Si0, ~(K,O/ NayO)#4 3 F1 531 P&l fi#
(Roser and Korsch, 1986); d—Ti0, ~(Fe,05 + FeO + MgO) #4it  Jill ¥l fif (Bhatia, 1983)

a—SiO, — TiO, source discrimination diagram (Tarney, 1976); b—Zr — TiO, source discrimination diagram (Hayashi ez al., 1997);

¢c—Si0, ~(K,0/Na,O) tectonic discrimination diagram(Roser and Korsch, 1986); d—TiO, ~(Fe,O3 + FeO+ MgO) tectonic discrimination diagram
(Bhatia, 1983)
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¥R

%35 %

K 4.0x10 ), WARR T KK 5 IR & 1 5t. Bha-
tia( 19832 T TiO, ~(Fe,05 + FeO + MgO) Kl i,
IFFTRAE it md P N Kl 59X (P 5D, 26 BH Y5 X A4
TE 5t AR KBl B 9 3E 8 5t . Bhatia(1985) &
g5 T AR 1E IS N0 Ve 1A b s 2 RRAE A

PR & (R 3D, BFFC X FE i G 10 FAE Las Ces X
REE.La/Ybs LREE/HREE 1 (La/Yb)y 5 Kk &
TS SAHRL, Pk H VIRIEE KK, i SEu {8575 3)
Kt L AT, D5k 1 1 3 I e L, 488 7~ Y5t XA 3
T 508 K Bl B & 3 K i 275 53¢

F3 MEHRYENTREEE SRS REE 1FE L
Table 3 The comparison of rare earth element of graywackes between various tectonic settings and the Baiyanghe shales
(b Cae AR it La Ce > REE La/Yb LREE/HREE (La/Yb)y SEu
K B EIE RS 4 8§+1.7 19+3.7 58+10 4.2+1.3 3.810.9 2.8%0.9 1.04+0.11
PNURSE)S PIEIE=E 27+4.5 59+8.8 146+20 11%3.6 7.7%1.7 7.5+2.5 0.79+0.13
Y NGUE- S LR P 37 78 186 12.5 9.1 8.5 0.6
L IPNGBUE < i 3T PR I e 39 85 210 15.9 8.5 10.8 0.56
FE S 41 20+2.5 37+5.1 10214 8.1%1.0 6.0%0.5 5.4%£0.6 0.63+0.06
4.4 BEXMESEEABAESS (4) TUA AL Z 50 0 35 5 K0 o) V) A 48 7 U

FERL VA A T TR R A 2 R I R Y X 2 By
K P 5 5 Bl K B 1 2515 55, 45 /0 A6 g 7R 6
15 L AL TS ST TR A — B (AR 5, 2010
TE AT =B St M) 7R 2 M b G Ak T b B A
TR 32 1L R B 4 2 TR B, Ok B R I ) R
Bl 2 B Es . UERZ e Eam — 1N
ARG F2 5t 1 i 325 1L ot R ST, b2 o B R AT E L A
FIF 5K 7 b (1) TE il (2 A 4%, 20100 #h =&
TR, % A X AR sk S R T — & X
B2 AT B R AR . Ak, TR IR
DX K L H R A 25 U 3 1 I 2 VR T T e
I LB BECE 428 5%,2010)

5 4k

(1) XA ST o Je 3 F B, I I DU
AN & 4 Lis By Pra Thy Dy~ HosErs Tm M1 Lu JGC %,
oAb 6 Z MR B X E A S OTBUA PR R
BE, FI ] 0UA A E 4B Lis Bs Cus Zns Gas Zrs Nba
Tb-Dy~Er~ Yb-Hf 1 Pb G %, At 76 2 AHXS 7 Bt
WHIGE P w8, WA T g e A K Ll
IRFJZW)ZKE

(2) A B Rk, ok 2 508 s <k
FH R AR R T34, 1B 3 BUKAR S 2 S 80 H R K
AR R 2 KK K AR BP0 — 20 14 o

(3) WFFE DRI DX 52 A1 4 — b & AR, R IX
WU 3 L R R T K s i AR GOk Bk B
KOS YRR o

DR 3 1 5t LA il B 93 30 K I i 3 1 50
F.

Bt RAATIRE B B LML KA BRI T
A R T T @ T oy 8.
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