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Geochemical characteristics of the Late Carboniferous bimodal volcanic rocks
in Jijitaizi area, eastern Bogda orogenic belt, and their geological significance

WANG Xiao—wei'"?, XU Xue—yi'?, MA Zhong—ping’,
CHEN Jun—Iv*, ZHU Xiao—hui’*, SUN Ji—ming’, CUI Fang—lei"

(1. College of Earth Science and Resources, Chang' an University, Xi'an 710054, Shaanxi, China;2. Xi'an Center of Geological
Survey, China Geological Survey, Xi'an 710054, Shaanxi, China)

Abstract: The genesis of the Late Carboniferous bimodal volcanic rocks in Jijitaizi area of eastern Bogda orogenic belt was revealed
recently, which comprise mainly sub—alkaline basalts and subordinately rhyolite rocks, belonging mainly to the tholeiitic series. The
basalts have high Al (AL:O=19.81%—20.60%), low Mg (Mg0=2.95%—3.25%, Mg'=32.33—-34.50), Na,O/K:O ratios of 2.84—3.01
and TiO, values of 1.32%—1.43%, slightly higher than values of N—MORB, indicating obvious fractional crystallization of olivene
and pyroxene during basaltic magmatism and an evolution product of original magma’ s fractional crystallization. They have the
following characteristics: Zr/Nb=41.13—41.38, Zr/Y=4.26—4.52 (all higher than 4.00), Rb/Sr=0.02—0.04 (all less than 0.05), Dy/Yb=
1.92-2.00, La/Nb=2.42-2.49, Ba/Nb=113.58—126.05, Ba/La=47.02—50.62, slight enrichment of trace elements Rb, Ba and P, slight
positive Eu anomalies (6Eu=1.02—1.10), and relative depletion of Nb, Ta, Th, Sr and Ti. In addition, the Zr—Nb, La/Yb—Dy/Yb and
La/Nb— La/Ba discrimination diagrams indicate that the basalts had geochemical features indicative of intraplate basalts formed
within the continent, originated from high degree partial melting of the transition product from depleted spinel phase mantle
peridotite to garnet phase mantle peridotite, and suffered a certain degree of crustal contamination during the rising process. The
rhyolites of bimodal volcanic rocks have high Si0,(76.54%—77.74%) and ALK (Na,O+K,0=6.70%—7.70%), but low TiO,(0.15%—
0.16%), ALO; (10.70%—10.90%) and MgO (0.17%—0.18%, Mg'=13.93—14.52). Their trace elements generally have features of
enrichment of Rb, Th and U, obvious depletion of Sr, P and Ti, and slight depletion of Ta and Nb; the REE distribution patterns are
characterized by LREE enrichment, right—oblique form and obvious depletion of Eu (6Eu=0.32—0.33), suggesting that the rocks
originated from the melting of crustal material with plagioclase as an important relic mineral in the source. Geochemical
characteristics of the bimodal volcanic rocks in Jijitaizi area indicate that the volcanic rocks were formed in a typical tectonic setting
of continental rift. The rhyolites with LA—ICP—MS zircon U—Pb age of (312+1) Ma suggest that this series of volcanic rocks were
formed at the beginning of Late Carboniferous. According to these characteristics in combination with the Rb—Sr and Zr—Zr/Y
diagrams, the crust thickness (20.0—30.0 kilometers) and extension speed (2.0 cm/a—5.0 cm/a) might suggest the fast development
of Bogda rift, which stared in the Early Carboniferous and reached its culmination at the beginning of Late Carboniferous, and also
represent the transitional period of geodynamic environment from collision and compression to stretching and extension. The results
achieved by the authors further confirm the view that the Carboniferous Bogda orogenic belt belongs to continental rift and it could
provide evidence for understanding the tectonic evolution and plate system of the Bogda orogenic belt of the Late Paleozoic.

Key words: Bogda orogenic belt; the beginning of Late Carboniferous; bimodal volcanic rocks; petrogenesis; continental rift;
prosperity stage
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Fig.1 Schematic geological tectonic map of Jijitaizi area of Bogda suture zone

(1]

1—Quaternary alluvial material; 2—Middle and Lower Jurassic Shuixigou Formation; 3—Oligocene Taoshuyuan Formation;

4—Middle Permian Kalagang Formation; 5—Lower Permian Shirenzigou Formation; 6—Upper Cambrian Liushugou Formation;

7—Lower Cambrian Qijiaojing Formation; §—Late Permian Moyite; 9—Late Permian Diabase; 10—Early Permian Diabase;
11—Early Permian peridotite and gabbro; 12—Fault and angular unconformity; 13—Sampling position

EREHRMEHA . HP R 24 FE—F 11
FEBLARAR, B AU A 1S IR, B
o, TR . R N KR A A, T
AL 5 2 0, 3 5 25k A B 2
ZRHEA RS
2 FERCORAE S it

L 11 R RS T A i 1 7R B

L E BT BT HIX AR (A 1) YRR
ZRMA B IR G, VIR 2B WAL T, 78 B3 AT ak

W G5 YRR 2] 200 H 24000 . 4l B ik
U R MK AT B PG b R S e . R
it TCE R FeO Fl LOL R FHFRHENR AL 27 1 20 A 4b, I
16 K 2R ] PW4400 B X 3% 6635 XRE I 5E,
SIHT IR ZACT 5%; s T R A £ o KR X—
Series 1124 H3 /B 5 45 B 1 B ICP-MS &, £
DIBRAL T 5x107, AXFRHEIR2ZE AR T 5%

B AR S AE T 6 AR H ) )R JBR B S 56 % N 58
B E SR W, 2V PR I R R vk
B, AN EEE T T T A E A Pk

Q)i R CHT AT R FHA 1225 7 = JE G IR AL A 3 P ) (2009 B

http://geochina.cgs.gov.cn H1E LT, 2015, 42(3)



A2 3 VERSERAE MG LA AR B & T b IX I A A XA S 1L e R AL SRR S HMUR B L 557
50
—QA
BD-117H. TW  BD-118H BD-119H BD-120H BD-121H
' l P\ |
\ A\ i AR AN .
AN AN ’\/\\_/\/\»\44(.4,\44/\4'\'\- A A .'.,/\/\/\/\’\'h"’\"
/\:\\ : ‘p\,: ._’\:\\ \a YIS AN N AN A A ~;~'L ’\,\’\ \
|H)° 14° L
. 18
58° 66 355° .
70°(F) 62
0 100 200m
= ] — == = == | e——| > " p———
e B Emb BEe BRIl Ao [l o [P

P2 ks ik LA 2 K 3 7 HIX b A e GEMIAR VA 2 L)
| —fb2 2—BE KRBT 3—WEZ b 4— TR BT D 2, S—ES BT b 6—BEMCH; T— XA 8— 4t 9— W)=,
10— 4R 1—RBEA B S 2
Fig.2 Geological section of volcanic rocks of the upper Carboniferous Liushugou Formation near Jijitaizi area of Bogda suture zone
1—Sandstone; 2—Tuffaceous Sandstone; 3—Thin - bedded Siltstone; 4—Argillaceous siltstone; 5—Calcareous siltstone; 6—Tuff;

7—Basalt; 8—Rhyolite; 9—Fault ; 10—Attitude; 11—Sampling position and its serial number

SEAF TG iEnE B G B A R HIVERERE, FHER
S 5, Ak S R L 1 A R T & s
AL R e, SEAT IR T B AR & 6 (CL)YWF 58 Fl
LA-ICP-MS #5471 U-Pb [ Z4H i #r. B A&
TEAER LR AEVG R 7 BE I S M o T AR F
RO E ARSI AU E e, AU
—Pb [l 37 25 A I T = W58 BT 4 B ik
D TER . AT AL 7% R F 18 [ Microlas 23 #] A4 77 1)
GeoLas200M J#OG#] 1 2 48 5 Elan6100DRC—ICP—
MS BEHLIEA T 5E , 43 B >R FH B BOCEE R 5420 30
wm, BOGIK % R 10 Hz, B8 R 32~36 mJ, 06
SBPRE S TR R 20~40 wm, B A7 AERS I 2 SR
FRARERS A 91500 /M ANTARIEY T . TS 45cdi FH
Glitter(ver4.0, Mac Quarie University)f2 /5 #1715
VAL B I % LA T R IE . A AR AR
2PH/AU AR iy, AR S T 5 218 R B R Isoplot
(ver3.0)5E 8 FANEE SR ZEY R 1o, Bl
BOF-HIE B A5 BE N 95%.
3 g R
3.1 FExE

WFFE XK LA BR A2 3 i 25 5 I 3% 1, T LA
F i, AL AR R A G50 Ry F v AR 7
Ui, He Si0, 7 143 78 50.41%~50.96% F11 76.54%
~77.74%, ELAT WA 2. 1) Daly (0] W7, ZERT 25 1A Rl 2t i
B K A A . B8 Zo/Tio—Si0, F fi# (K] 3—a)
F1FeO"/MgO—SiO, El (K1 3-b), W58 X K 1A 3%

A Ay A X e B S, JE R R
H, ZRA NaO &7 4 3.86%~4.00%, K0 &
1.32%~1.36%, SR I H A5 B35 E0 1R 2 (Na,O/
K,0=2.84~3.01); TiO, % & 4 1.32%~1.43%, &Sfk -
% T N—MORB¥(TiO~1.15%); ALO; % £#:(19.81%
~20.60%) % 75, MgO % s 8AIK, /T 2.95%~3.25%,
Mg' y 32.33~34.50, fIk T ¥ 4 (1) MORB ) Mg™
(Mg'=60.00); 47 1 K.O/Ti0, F1 K,O/P,0s 25 4k, 315 [l
R, 43 A F 0.95~1.01 F15.12~5.67, Ui 7 38 16
HAL AR R T —E R ST IR Y™, AU
Na,O & &} 2.62%~2.63%, K,O & & 5 4.08% ~
5.07%, 40 & i (Na,O+K,0=6.70%~7.70% )k % 45
575 TIO, & 54 0.15%~0.16%, ALO; &84 10.70%~
10.90%, A K LA & A% MgO & ik 0.17%~
0.18%, Mg' iy 13.93~14.52, H 47 Ik B i 45 11E; H:
K,O/TiO, F1 K:O/P,0s L B db i3 T 5 HAEAE i Z ik
AT 25.50~33.80 F11101.40~102.00, A H
BRI B R IIZ X L s S sCa kb2 5
K, TR AR Z N — 2 IR Y, WU g
TRt b JEE A T T Ml P A T sl )
Yy, SR _EA B A OB LA 2 R
U, PN LA S o S E R e,
3.2 HmiTERWETE BRI E

KRG FHX LR AT T OTR S T 57.17%
10 ~60.45x 10 °, SLREE/SHREE Jy 2.67~2.87( %
1o FEM 170 2 BRRLI A A7 v Ak B A5 =1 (8] 4
a) bR A LREE 25 & 4, B EM IR Z A7

http://geochina.cgs.gov.cn H1E LT, 2015, 42(3)



558 el 5] b J 20154F

F1 EEAELEERAFHRBRARENERXNLEEE  EME M 54, (La/Yb)H 1.77~1.99, (La/Sm)x

e ;fo(r /el)ji‘:":l;i}fi(:;’tﬁﬁ AR 0 H 1.05~1.11, (Gd/Yb)x H 1.54~1.60, 8Eu 4 1.02~
analyses of the Late Carboniferous volcanic rocks in 1.10, T 1.04, %?’%E%#’ %&%Lﬁ%ﬁ%iﬁﬂ
Jijiataizi area of Bogda orogenic belt )i *ﬁft, AR Ry *ﬁiﬁ(@ 4—3)5 TS 1 gy
PEgh S 13BD-118H 13BD-119H 13BD-120H 13BD-117H 13BD-121H R REG 2 i m Y R 2 m Y M P E 4R
ESycs 2k ZiH Lk ks Eay WL %B%ﬁéliﬁjtBﬁ%@fﬁh%“‘”%i@ﬂﬁﬁﬁiﬁ <|—§_};|:H
Si0, 50.56 50.96 5041 77.74 76.54 11, {E AR 3 (57.17% 10 °~60.45% 10 )ik T [
ALO; 20.11 19.81 20.60 10.70 10.90 TRABH A A F R B8 2 o (9 - 245 (205.00
Fe,Os 178 174 1.60 ov71- 070 107~409.00%10°)., £ T0 2% S50 M b v A
FeO 628 5.60 631 1.05 1.06 P (6] 5—a) |-, BF5EIX % A2 A1 %5 02 Rb . Ba.
e K P4 B4, Th. U Nb. Ta St \Ti 45 HIXS 774,
K,0 1.32 133 136 408 5.07 XAV MORRIRIE 2B (e — 2, IR
L AR T B B R SR, 5
10, 137 13 L3 016 015 RN BCA AT WA I B g R AR i
P,0s 024 026 024 0.04 005 KA 0 53 B 45 A, M B — W Sr
MnO 012 0.11 0.10 0.04 005 o, F W] 3 LE b B 11 5 9K FT g 32 B b 72 ) o i TR
o 41 457 396 093 0.94 Yol AR T 2Py R AT 1 B S i o
TOTAL 10001 100.02 99.99 100.00 100.02 WA T I E R BN T XSRS H
Zn 61.50 6120 66.10 476 461 LREE ;l:ﬁ XﬂL 'E% %, ﬁﬁ + Eu\ ﬁ ﬁ\ T 260.15x 10 °~
Cr 178.00 164.00 179.00 14.80 14.20 260.59%10°°, %2 T + 45 i, SLREE/SHREE W
Ni 3780 1000 4230 380 368 4.38~4.40, (La/Yb)x N 3.78~3.85, (La/Sm)x N 2.25~
Co 3130 31.80 32,90 1.60 148 2.41, (GA/Yb) N 1.35~1.36. 1EBRIE WA b7 1AL TS
oo A P L (P 4-b), AT A7 R RA  B A
A, LREE Al %4 7 4, FL3 2010 6 5% 4 (5Bu
Sr 469.00 458.00 404.00 80.10 80.40 0.32~0.33), 3 SR M o S AL B R L5
e e e oo e PR SCA DI, PR P T 2 B M b e
Nb 261 243 265 11.20 12,00 &1 (] 5—b) /58 St Nb . Ta Ti fI P {534, H.Sr.P.
T o021 0.19 020 094 098 TiA T, HfR TC R B X A 58 AT, [
z 108 100 109 570 580 W TP Z ] AT RES = BRI R, SCa B A
Hf 242 229 248 13.30 13.60 FUAE 4 RO HBER AL SRR, 26 I HJE A R ik iy 5t
u 008 ot 0.096 193 195 A HRISER, LT REN AR aCa ™,
Th 037 026 028 791 8.00 3.3 A/ CLAfFLA-ICP-MS % U-Pb il &
La 650 5.87 645 425 41.50 B BN FE T G T M XA K 1L R R A
Ce 17.80 16.20 17.20 99.00 98.00 RS BD-117) T T 4854 U-Pb iE4F . %40
Nd 12.80 12.10 13.00 46.20 46.80 ) 4 e 2T (035 B, URLB e, A AR, K
i ? z ? 4(3) T Z ‘1'_‘2190 ‘1‘_':: 60~150 pum, & 30~90 pum, A2 LK 2: 1, b T 3
Gd 437 428 447 125 1240 M, CL @@\(@ 6) /X B A1 S B F AT T 0
R TR, R IER AT AU
S 77 LA-ICP-MS i U~Pb JIAE 35154 20 s 5t Yy
o 0.87 0.87 091 273 271 124, BRI Braf SRR 2. £ — B0 2 fel o (1
Yb 220 224 225 7.44 741 7), FRAS 12 B0 5 89 Pb/ U A3 4R 1%

http://geochina.cgs.gov.cn H1E LT, 2015, 42(3)



5425 53 TERARAE WA T LA AR BOE JE B 1 4 DX A A tHE RO LU R AL A AR E S B R S 559

80 [ 20 [T T T T ]
§ O xR#
E ; VvV REE
70 E
3 é E ?D
SIN: 13 t ]
5 o 15 0f ¥
M 2 BB R ) ]
s0F 1
EOIERRE ]
FRRE ZRHEE-BAE (a) 1 i
gob——n ] 0
0.001 0.01 0.1 1 10 40 50 60 70 80
Z1/Ti0,X0.0001 Si0,/%
3 ¥5% 65T KA Zr/Tio,—Si0,(a) fil Si0,—FeO'/MgO(b) & fift
(adi SCHR[40]; b SCRk[41])
Fig.3 Zr/Ti0,—Si0.(a) and Si0,—FeOQ"/MgO(b) diagrams of the Jijitaizi volcanic rocks
(a after reference [40]; b after reference [41])
500 T T T T T T T T T T T T T T | 1000 ET T T T T T T T T T T T T T3
I O%X®#E | - vV mge ]
100 4 - i
e F 1 l1oog E
ﬁ C 1 = F ]
L 18 f ]
B0k 4 & 7 |
TR 1 ®of E
i (a) i (®) 1
1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 | | | | | | | | | | | 1 1 1
LaCePr Nd Sm EuGd Tb Dy Ho Er TmYb Lu La Ce Pr Nd Sm EuGd TbDy Ho Er TmYb Lu

Fl4 3% 6T Kilam e e K ekm A bR e L Ed 43 28
(Bl B AR B S I Sk [46])
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Table 2 LA—-ICP—MS zircon U—Pb isotopic analyses of the Late Carboniferous volcanic rocks in Jijiataizi area of Bogda
orogenic belt

27pb/ U 2pb/U *Pb/*Th b/ *Ph *TPb/U pp/tU FH/0°
oy
ST 1o Wi 1o Wi 1o M 1o M 1o FlMa 1o Pb U
103595 00077 004945 00003 00187 00002 317 48 312 7 311 2 20 367
2 0.3595  0.0099 0.04953 0.0003 0.0239 0.0003 314 62 312 9 312 2 19 330
303606 00163 004973 00003 00206 00002 312 101 313 14 313 2 21 377
4 03593 00103 004969 00003 00145 00001 305 65 312 9 313 2 11 21
5 03608  0.0117 0.04962 0.0003 0.0174 0.0003 318 69 313 10 312 2 16 305
6 03608 00106 004955 00003 00164 00002 321 66 313 9 312 2 14 256
7 03608 00111 0.04985 0.0003 0.0158 0.0002 307 67 313 10 314 2 9 177
8 03597  0.0067 0.04954 0.0003 0.0142 0.0001 314 42 312 6 312 2 19 342
9 03611 00272 004990 00005 00133 00003 307 162 313 24 314 3 10 184
10 03608 00082 004935 00003 00137 00001 330 51 313 7 311 2 16 301
11 03594 00113 004929 00003 00139 00001 324 70 312 10 310 2 15 291
12 03604 00136 004945 00003 00143 00002 323 8 312 12 311 2 10 193
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