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Abstract: Paleozoic dyke swarms observed in the Qiongheba area of East Junggar are pivotal in understanding the
tectonic evolution and setting of this area and even southwestern Central Asian orogenic belt; however, their genesis
and tectonic setting are still unclear. In this paper, the authors present observations from outcrop scale to mineral

scale, and new mineral chemistry, whole-rock chemistry, zircon U-Pb ages and in situ zircon Hf-O isotope data
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from the dykes in the Liishigou pluton of Qiongheba area, East Junggar. On the basis of the new obtained and pre-
viously published geochemical and isotopic data, the authors constrained magma sources and petrogenetic processes
involved in the generation of these dyke swarms. The dykes in the Liishigou pluton are composed of diorite-porphy-
rite and diabase porphyrite. The sensitive high-resolution LA-ICP-MS and SHRIMP U-Pb zircon ages determined for
these dykes for the first time indicate that the diorite porphyrite and diabase porphyrite dykes were formed at 346 +
1 Ma and ~332 Ma, respectively. Zircon g¢Hf(¢) values of diabase porphyrite dyke in the Liishigou pluton are from
+10.2 to +15.4, with the corresponding two-stage Hf model ages ranging from 0. 35 to 0. 67 Ga. Zircon 80
values mainly vary from 5. 00%0¢ to 6. 41%o. These isotope characteristics indicate a mantle source component.
Thermobarometric results of amphiboles in the diabase porphyrite dyke indicate that the temperature range varies
from 896°C to 984°C, and pressure range varies from 41 to 88 MPa, with corresponding crystallization depth from
~1.54 t0 3.31 km. In addition, the result of calculated clinopyroxene-liquid barometer shows that the magma tem-
perature at pyroxene-melt equilibrium is 1 092°C to 1 099°C and the pressure is 500 to 630 MPa, so the storage
depth of diabase porphyrite magma chamber should be at the depth from 16.5 to 20.8 km. Combined with previ-
ously published data, the authors hold that, in the Early Carboniferous, dyke swarms in the Qiongheba area of East
Junggar were probably emplaced in a post-collisional setting.

Key words: dyke swarms; SHRIMP U-Pb age; Hf-O isotope; diabase porphyrite; East Junggar

Fund support: National Key Research and Development program of China (2018 YFC0603702); National Natural
Science Foundation of China (41830216, 41802074, U1403291); Geological Survey Projects of China Geological
Survey ( DD20190001, DD20190370, DD20190685, DD20190397);
(IGCP662)

International Geoscience Programme

VB — BRI IR S S B B RS
A P e A L I R s A A R A ) A AR R
R R AR CE A A A RO
IIATRFIE e SRR R AT AR S A T A R
O R IE T S5t IR YR X e pca R R 45 7 i (145
K (Park et al., 1995; Ernst et al., 1995; Hou,
2012) . FEMEE R A —a KRR AL — &R
P I, s re AR YRR C g B b
FE AR AL P2 o BT BB A
S A P CEHE 58D R I AR & CErnst et al. , 1995
Hanski et al. , 2006; Goldberg, 2010; Hou, 2012;
Chen et al. » 2014 ) , WA LRIF IR AR UL E S FC b A
HAEHI KR B8 8 1 % 1 4175 (Halls, 19825 Yin et
al., 2015),

TB RT3 Ly v B BB B Sk 1 38 A Ny A
JE AR IR R I R R AT IR R AR R 5 A5
(=15, 20125 Torkian, 2019) . X 84k i Bk
TR T, AN AT DA o0t i1 g 7k ) A AR, 1 BB
{5 I R 3 11 ) 3 A ) R I T, 0 W R A 3 A
A S AR T, BRI ek 3 Ll o kA R
PR BT DRI T4y L

HHOIP 3 L A R R kA T A Rk e R R G A

R Ly A 7 2B G X, TR i M Ak i A v Bl
WEHHFECLI 1.0 Ga ~250 Ma) 7 1 BRI 2R L i
P I LR B AT i A B 0 45, 249 A K L ) S
A KE 7 b, 3307 82 1 Bl 76 42 K (Jahn et
al., 2000; Jahn, 2004; Hong et al. » 2004; Kovalen-
ko et al. , 2004; Windley et al. , 2007; Xiao et al. ,
2015; Yang et al. , 2017; Tang et al. , 2017) . {HAR
AR RN A, T Ly AR 2 Bk By
22 AT 9E 2L K ( Demoux et al. » 20095 Zhou et
al. , 2018), W WA NI A AR ] 2 R B 22
VSR, B AR T AR R R Al T, TR R
[R5 A= Bl 52 AT e o7 AR 2D 1 — 38 4 ( Kroner et al. ,
2014, 2017) o A UL, A7 5% W gk 1y 1 52 26 4 )
DIARAG 2 [5G fifp e, T — A F g PR iy P
3 L iy 52 % AR R 3 A R R R ) S TR B A, —
EREJE BRI T AT v M 3 1y ]S s e AR K
HuE ) S5t o R AR N 38 b e v 1K) 5 20K M BR B
JPEE SO EAERRE ARLS—S4LZ
HROIE 3 L S AR S A R — S SR B I Y, R
TR E HE CLLE R TUa A1 K™ B b oA
(ISR | R R FIOK B 1 1528 A I 4
JET 7 AR I S SR I ) ) M Bk Bl ) 2 1 S AR



LLy

608 = A W

/]

22

2z =

*OE %38 &

FAEGHIL(Xu et al. , 2013; Li et al. , 2015; Liang et
al. , 2016; Liu et al., 2017; Luo et al., 2017a,
2017b; Mao et al. , 2017; Huang et al. , 2018; Wali
et al. , 2018),

i AR VHE e ZK iy DX A el 2R 2L HE e 2K R 2R R
L A5 AL A BT R &5 B, AT g L A R —
BRI RIS AL OB X o AR N B A VR NE 2R
H Xt AEARAE B TCE A T R R BE A e R BT TR
DX S 2 RS 531 A M ) JO DR ) A 3 T 5 A
AL TAEAF Lo (AT R A, AR EMS R R B
(1 B U DX O ) e B M o B (Y i SR
2015) « BB T R BRI T 45 K & w i
IRC™ 7K %, 2017: Wan et al. , 2017), W1 5 25 7Y
B CSE VT AR B SR A 5 B A T e e I
B R R FIRY R 25 BBk VH T (52 LBk K1Y
HAR/RTN ST KR T & SRR TRNE YA E R B TR S
D A3 BNAATH T2 560 . 1 A6 BT L X (¥ 48
B K RS A A T R BT R AR 55
2010; VEALIESE, 20105 KK A, 20105 Ju e al.
20125 Su et al., 2012; ZEFiAE, 20125 F A%,
2012; Liu et al., 2013 o #RT, BT A B o 5k
PEE BERERIWT SRR 55, TR i B L B PIATL R A
T A3 ) 252 1 AT AN 22

AR S AR RN 25 By DU DX A2 N S V) o R A
B T I (O A R REEAT TR DR R
AU HUBRAG S AR IS A HE-O R A7 3R
S5 T7 T VR AN 5T, LAY o 5 35T 300k X B FY
T BN AR ) T X B BT, O ) AR g 7K T &8 v
P DT AR AR S A P b 1 o K IR IR Bl ) 2 B
SR K .

Hdb =,

1 H e

b 5t
R TIRIG: LA VAR R L PN N S NS S U R O
Hey3d b Tt AR AR E SR L I, TR e
53530 Ay iz 22 HLRTB] 7R 2 K i i CH 1ad o
DX s B O SR AL, W AE AP R TE R AN A=
A AR EATI R A e N Ko IS
S, AR CE R e BRIEZ A, AR AR I
oA — BE R SR R, I KB s SR (3 ) A K
AR K 22 KO B 04 1) RG220 A1, 55 7 28 W
J& 7 T KA 2

ZRATE A RAE B IR LAY CIE 1h) , 7 311

TR B B LLL 35 km &b, B IR H,
HER AU 35 km® o A4 L R (9 22 = 22 v
PSR CO,, HD S A A I KBS s R
VTR GEFCALS B 50 2H ( Do) Y L v o A I Bl A2
FAR K LA g3, R BT AL D, zh) AR S 2
TR KIRS s ARG Al S (C R I R AH
TR S R R Kl e, BB AR N 41 CCL b)) Kili—
DORBE S = R A ATV 4L ONp) BB (R 0 B 5 Y
RAOQ) . WA MBRNEL A gL L4
RN ARG LSk fe s e b A (B 1b) o 4
VERAE =R NS SP A N Y ST S S e ¥ S I RSN
BABE K ALK A S 2 FIE A B A R, o A 0
TR A, B BN ARk £ 7% 40 354 ~ 346 Ma
CRAEERTSE, 2017) . SRR ARN K B 2 4% NW
WL 1b) o
2 HhE AR R A Jon A R AR
LML X A R LR SR A R L K A TP R E K
IR PR B, 20 R AR R G RORS A0 H LA R
T 10 58/ B b)), eI E 17 £ 54 N,
NE EM, B NEm S ERE, TR MESA
VAR LAY o AESR A A AT RE 110 000 BT 40 Hb it
S AR, R 585 8 o0 A [ W B B, AT E
) AN[R] S S 38 350 43 5 oA AE 1v) 1 2 Bl 2 X TEAS X
(B2, #EE AN —, BN R 2 m F] 15 m,
KE KRBT RASE. SAEN LA A2
FETET A FARRAT . B8 10 A WK 5
RS RS [ A R AR NTE SR AV
K2,
HMRNKE A, BERKSEE, BURE K, B
ARG, JE 1) 859, KW — R 0.5 ~3 m, KEEZ R
20 ~200 m, S KL N 1.5 kme BE&E B W04
KA ANA, G0 RARECE 3a.3b), #l9 I
MR FOES A1 o KABEARIAE 0.2 ~1 mm, HJE—F
HEACIR, B IR . A N A A7 LT
ST AR AR, OG22 Rk ik sk .
552 MOESE A, R AL AT CGE A
9°.10°.15°%5), fE4t it A A T R R IR 2, R4S
K FLGEE 2 N K, KA K BB RA G,
LR RROK A, HAT WL IR BEIR 45 0, JE TN AR
WELk g5 F, Yok # i BE S 40 20%, 4y B
R A A DRI A R B R -



%5 W GRIE 7 A8 T B HE NG JR BT X 2 A AT R T A P S R I N S SR 3l 7 2 1 609

87° 88° 89° 90° 91° 92° 93°

=RETENH
N ey
ARATEN Y =
457 AN
EHEN Y
M ETE
[
AR
& e o
e - WY
-
e s
— & — il
— W
43¢
e T |
Mawn
44500" —
. sy s
N s
= . M R = 44°730"
fa (A5, 2014) | [ mms
44730 3L b - = --:azawammi:ﬁ
2 B | Esdtai e
ol B e T
I e 44°60"
| — i
p— T
H
o e
O  ASFTH IR L
O AXE I
44°430"
— BT
|| H7-6-26-1.1 (GE[7I85°) &dergh
H7-6-26-1.2 GEA19°) |
44°3'0" ' /

440130

95°13°30"

95°0°0" 95°1'30" 95°3'0" 95°4°30" 95°6'0" 95°T30" 95°90" 95°10°30" 95°12'0"

BT BT i AR s IR i X R AL 3 A B b S 1T ] Cas 8 Zhang et al. , 2017 ) 3] IUHR X 25 47 74 225 A b 5 14
Chy 37 S 17 53 55 — DX S S 75 K BA, 2009 @ AR 48, 2017)
Fig. 1 Sketch map showing the location of the East Junggar (a, modified after Zhang et al. , 2017) and geological map of the
Liishigou pluton from the Qiongheba area, East Junggar (b, modified after Second Brigade of the Xinjiang Bureau of Geology and
Mineral Resources, 2009® and Zhao Jianxin et al. , 2017)
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Fig. 3 Microphotographs of the dykes from liishigou pluton
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clase phenocrysts in matrix; d, f—clinopyroxene and plagioclase in matrix; Cpx—clinopyroxene; Pl—plagioclase; Amph—amphibole; Mt—magnetite
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The crustal evolutionary trend is calculated with "*Lu/"""Hf =0.012 5 ( Chauvel et al. , 2014); the mantle value is 5.3%0 + 0. 6%0 ( Valley, 2003)

*3 BRAENREFRHESENEA Lu-Hf AUESHER
Table 3 Zircon Hf isotopic compositions of diabase porphyrite dyke from the Liishigou pluton
H7-6-26-1.2  ¢/Ma  "°Yb/'Hf 'SLu/""Hf HE/'THE 20 C(PHEZ'THD, o HEC0) & HEC) iy /Ma tpyp/Ma  fi
1 345 0.028 302 0.000 656 0.282 933 0.000 023 0.28292909 5.71 13.15 448 494 - 0.98
2 354 0.032 157 0.000 749 0.282903 0.000 021 0.282 897 94 4.63 12.25 492 554 -0.98
3 405 0.025 309 0.000 602 0.282 910 0.000 023 0.282904 99 4.86 13.63 480 515 -0.98
4 360 0.031 746 0.000 762 0.282 965 0.000 023 0.282960 08 6.83 14.58 404 424 -0.98
5 353 0.035 131 0.000 847 0.282991 0.000 025 0.28298579 7.76 15.34 368 374 -0.97
7 353 0.037 705 0.000 911 0.282918 0.000 023 0.28291180 5.16 12.72 473 526 -0.97
8 367 0.036 061 0.000 983 0.282900 0.000 020 0.282 89296 4.52 12.36 499 558 -0.97
9 332 0.102 035 0.003 212 0.283 021 0.000 026 0.283 001 10 8.8l 15.41 347 353 -0.90
11 387 0.057 399 0.001 447 0.282 955 0.000 023 0.282 944 66 6.48 14.63 426 442 -0.96
12 364 0.115 118 0.003 834 0.282921 0.000 026 0.282 89527 5.28 12.37 507 555 -0.88
13 379 0.075 179 0.002 495 0.282 868 0.000 030 0.282 84985 3.38 11.10 568 640 -0.92
14 343 0.042 476 0.001 074 0.282972 0.000 024 0.28296523 7.08 14.39 397 421 -0.97
15 347 0.064 473 0. 002 000 0.282963 0.000 021 0.282 950 0 6.75 13.94 421 451 -0.94
16 355 0.083 881 0.002 013 0.282 853 0.000 027 0.28283922 2.85 10. 19 582 674 -0.94
17 354 0.134 615 0.003 505 0.282 963 0.000 025 0.28293995 6.76 13.73 438 468 -0.89
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Table 4 Major (w,/ %) and trace elements (w,/10 ) composition of dykes from Liishigou pluton
FE i H7-6-26-1.1 H7-6-26-1.2 H7-5-11-7.1 H7-5-144.2 H7-5-144.3 H7-6-19-13. 1 H7-6-27-11.1
2 44°3'9.0" 44°3'38.3" 44°5'3. 64" 44°3'55.10" 44°3'55. 11" 44°4'43.7" 44°3'1.7"
& 95°3'20.9" 95°2'34.5 95°3'45.16" 95°2'7" 95°2'8" 95°5'32.2" 95°3'9.32"
wE N By A Mgk By WLk Iy MRSy ek By WLk WLy
A E ] 85° 9° 340° 15° 15° 10° 110°
Si0, 58.06 50.35 48.59 46.34 47.63 48.04 49.46
TiO, 0.59 0.73 0.79 0.86 0.82 0.86 0.92
Al, O, 15.54 18.20 19.02 18.92 17.91 16.19 17.13
Fe, 04 6.77 8.71 10. 11 11.52 11.03 11.88 10.36
MgO 5.04 3.95 5.17 6.02 5.84 6.15 5.28
MnO 0.14 0.16 0.18 0.20 0.20 0.22 0.18
Ca0 5.28 8.89 8.86 9.26 9.11 8.23 8.70
Na, O 3.20 3.23 2.28 2.64 2.99 2.50 3.13
K,O0 2.75 1.19 1.13 0.81 0.92 2.32 1.38
P, 05 0.13 0.16 0.22 0.14 0.13 0.29 0.28
Loi 2.20 4.20 3.40 3.00 3.10 3.00 2.90
total 99.73 99.77 99.70 99.70 99.68 99. 65 99.74
Se 18 21 31 39 37 35 31
v 152 253 293 393 413 366 277
Co 19.2 21.4 31.6 34.4 34 37.2 29.3
Ni 64.7 8.9 21.3 13.6 12.6 20.3 12.6
Cu 92.3 136.6 150.6 167.9 155.9 92.9 123.0
Zn 91 65 55 72 78 71 70
Ga 12.6 15.9 17.9 18.6 17.6 16.8 16.1
Rb 64.8 20.2 16.4 19.8 19.8 26.6 24.1
Sr 579.5 528.3 726.9 576.1 725.0 803.9 727.9
Y 17.2 14.3 15.7 16.4 16.7 17.0 19.0
Zr 87.7 42.7 37.8 28.7 29.8 43.6 57.6
Nb 2.3 2.8 1.2 0.7 0.9 2.1 1.9
Cs 0.8 0.6 0.4 0.7 0.8 0.4 0.4
Ba 791 316 396 295 355 677 493
La 12.1 7.5 7.3 5.7 5.6 6.6 12.2
Ce 24.2 14.4 16.5 12.2 12.1 14 26.1
Pr 3.13 2.09 2.32 1.76 1.75 1.88 3.50
Nd 13.7 9.1 12.1 10.7 8.6 9.6 16.0
Sm 3.10 2.47 2.84 2.38 2.09 2.38 3.90
Eu 0.87 0.80 1.01 0.94 0.90 0.84 1.35
Gd 3.13 2.65 2.91 2.83 2.75 2.86 4.05
Th 0.4 0.43 0.46 0.45 0.46 0.51 0.53
Dy 3.05 2.69 3.05 2.80 2.96 3.04 3.80
Ho 0.49 0.52 0.62 0.63 0.6 0.68 0.63
Er 1.51 1.62 1.80 1.71 1.83 1.85 1.59
Tm 0.24 0.23 0.25 0.26 0.25 0.27 0.25
Yb 1.43 1.68 1.59 1.75 1.87 1.80 1.51
Lu 0.25 0.24 0.26 0.27 0.23 0.25 0.24
Hf 2.8 1.3 1.3 1.0 0.8 1.5 1.8
Ta <0.1 <0.1 <0.1 0.1 0.2 0.2 0.1
Pb 56.6 1.6 1.3 0.5 4.2 1.0 1.0
Th 3.9 1.0 1.1 0.5 0.4 0.6 1.7
U 1.5 0.6 0.4 0.3 0.6 0.3 0.5
t;,/C 687 610 612 581 577 591 615

g, AU A B AL AL 4R
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Fig. 7 Major and trace elements characteristics of dykes in the Liishigou pluton
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Fig. 8 Primitive mantle-normalized multiple trace element diagrams (a) and chondrite-normalized REE patterns (h) for studied
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mafic dykes from the Liishigou pluton
PrEAL B HE 5] Sun and McDonough( 1989, SRR A AR B U A (R ER AL 22 e 5| 1 B 2 (2017)
primitive mantle values after Sun and McDonough (1989), geochemical data for the granitic rocks of Liishigou pluton is cited from Zhao Jianxin

et al. (2017)

Table 5 Plagioclase compositions analyzed by EPMA
of diabase porphyrite in Liishigou pluton

MR 55 H7-6-26-1.2-1-5  H7-6-26-1.2-32  H7-6-26-1.2-3-3
Si0, 67.06 66. 14 57.98
TiO, 0.04 0.00 0.08
Al O, 22.35 22.14 23.72
Cr, 0, 0.00 0.00 0.27
FeO 0.21 0.35 0.76
MnO 0.00 0.00 0.03
MgO 0.01 0.11 0.31
Ca0 2.97 2.10 5.84
Na, 0 7.81 9.36 6.51
K,0 0.05 0.04 0.34
P, 0 0.00 0.01 0.05
F- 0.00 0.00 0.01
7r0, 0.00 0.01 0.00
NiO 0.00 0.04 0.00
Total 100. 50 100. 30 95.89
Si 2.90 2.89 2.69
Al 1.14 1.14 1.30
Fe** 0.01 0.01 0.03
Mn?* 0.00 0.00 0.00
Cr 0.00 0.00 0.01
Ti 0.00 0.00 0.00
Ba 0.00 0.00 0.00
Ca 0.14 0.10 0.29
Na 0.66 0.79 0.58
K 0.00 0.00 0.02
An 17.32 11.01 32.42
Ab 82.37 88.73 65.34
Or 0.32 0.26 2.24

/% KA Si0, S A 47.07% ~48.52% , i i

Hk Wo=44.9 ~45.6, En=41.5~43.1, Fs=12.0
~12. 9. 7EM A o K L, # A IE A X
(K9,

5.1 FAIEFRER

LT AU DX PR R MR N TN O T AR AR
AR AR I R E 1 A S A i = RS B ) e
SERAR AR . P E SR (2015 ) 6 2% MENE JK T ] 1
DX R B 2 A vh (R I € A B B 0EAT T VR4 T, 1l
L%ﬁﬁAﬂF%Nﬁﬂ%%EWWﬂ%§w%ﬁ
T RIUR S A b A B (0 T BT AR A W Ve 28 T —
Eﬁﬁomﬁﬁmﬁawﬁ%ﬁ%%amaw¢%
W2 B, AR AT AR AT R R I v RS R W A i 2k A
Y E AR B A AT LA-ICP-MS & 4F R B i T
FIIRAI 354 +1 Ma ~346 2 MaC &l 1b, & EH2%,
2017), (A, N5 Hb 2 FA A Al 2R CEAT]
RANEIA R A RLEEAE A RIE K AT, ZA
B G ATVE 5 A (13X G5 85 T B (1) B AR Y. T
354 ~346 Ma.

FEVEGN () B A0 5 A L, A SCxHR A
LRATVAAE B T PR RN R LA B AT T B A AR
BE 5T, 6 N B 55 K a8 A 2547 T LA-ICPMSHll 4,



clinopyroxene (c, after Morimoto, 1988) in the diabase

porphyrite in the Liishigou pluton

X RIURE R /I « b HE R 202D 1R 8 2 By o FF ol i A T i
T SHRIMP JE4F A7 il P S0 4 Wi it A 4 e
SR, 5 BT AE (2005 ) 5t BE PR BE T (0 B A
b JFRE A S A AL 2Y L, W I A A D, OF
L T8 5 s o I € B AR N T A 52 3¢
EAESRE AT R U R, AN BE fRT A DL — A B
INAL- B3 €5 B D e , B R R R B At T REARR

620 HOH WU ¥ AR & 538 4
a An *x 6 FRAGENEFHESEPANGBETFIRHER w,/%
fF'J'I-'.K:'{'
. A Table 6 Major oxide composition of amphibole and
Sai s
crystal chemical coefficients of diabase porphyrite of
Liishigou pluton
H7-6-26- H7-6-26- H7-6-26- H7-6-26-
“-."' 3|'|| h> ‘Iﬁ =}
i Wl 1.2-1-1 1.2-12 1.244 1.2-3-1
No feldspars -
Si0o, 50. 87 54.45 52.69 49.04
TiO, 0.33 0.04 0.00 0.00
Al, O, 2.84 27.54 20.41 27.63
KT Cr, 0,4 0.17 0.01 0.34 0.04
FeO 6.14 0.66 7.17 1.66
. MnO 0.17 0.00 0.15 0.06
wWkn Lo o~ ) T
A - - - 2 MgO 15.52 0.07 5.07 0.93
] —<
Na-sanidine ' Ca0 19.35 9.80 2.18 10.91
1 Ca=15 (NatK)=0.5 Ti=0.5 Na, O 0.20 5.26 3.53 3.72
b L - EAE K,0 0.00 0.13 1.70 0.10
_o0s} Al = F R P,0; 0.04 0.01 0.09 0.01
Fy m AT =rE G lloks
2 Je X ek A1 . F- 0.00 0.00 0.06 0.00
Losl AlM=Fed B A
= 7r0, 0.03 0.00 0.01 0.00
g’ 04F : NiO 0.04 0.02 0.01 0.00
. Ek‘filh A4 Total 95.67 97.98 93.43 94.09
LERRH AlVI=Fe™ " ' =
02} B B BIAE Si 8 8 8 8
] AM=Fet Al-T 0.03 0.00 0.45 0.45
0 \ .
8.0 7.5 7.0 6.5 6.0 5.5 sul 800 808 800 800
Si (a.p.fu) Ti 0.04 0.00 0.00 0.00
Al-O 0.49 4.82 3.00 4.56
¢ Cr 0.02 0.00 0.04 0.00
Fe’* 0.00 0.00 0.00 0.00
@ wn Fe?* 0.80 0.08 0.86 0.21
Mn 0.02 0.00 0.02 0.01
Mg 3.62 0.02 1.08 0.21
su2 5 5 5 5
EiE A Ca 3.25 1.56 0.33 1.80
Na 0.06 1.51 0.98 1.11
ST \ K 0.00 0.02 0.31 0.02
Y TR | S AY Mg“ 0.81 0.16 0.56 0.49
En Fs Fe2+/
Maspoey 018 0.84 0.44 0.50
L Ve Wi 25 Ty e e e LI gt re
Parsons,2010) AN A (h, 35 Leak et al. , 1997) Fl#%E4 (e, v 896 1103* 978 084
P& Morimoto, 1988) 1 #5432 logf0, -10.79 -7.71" -10.39 ~10.40
Fig. 9 Diagrams of classification for plagioclase (a, after H,0/% 9.28 37.39* 12.33 14.77
Parsons, 2010), amphibole (b, after Leak et al. , 1997) and AFMQ 1.84 -13.92% 0.81 0.67
VR /km 1.54 738.77* 3.03 3.31

e f AR R T R S T A SRR PR Ridolfi 2%(2010) .
FUH Geosfo, A (Li et al. , 2019) V5743 tHs Foebr, « bR UL f N
TR BT B (H7-6-26-1. 2-1-2) T 530 Y (R 3 1 25 H00 40 A7 7 5=
W, Al RS N A R A AR O, i B R e TR T

TR AE RS CR A, 2008, 2015) o M5 A7 (AR HEE
AT DL A N K B 5 5 B (H7-6-26-1. 1) 1 T 4y
T A #0274, JE LA-ICP-MS %5 /1 U-
Pb IIACEIAE RS 346 +1 Ma, o] AR N K3 5%
BE &5 S IAR
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Table 7 Major oxide composition of pyroxene (w,/ % ) and
crystal chemical coefficients and end-member components in
diabase porphyrite of Liishigou pluton

MR S5 H7-626-1.2-1-3  H7-626-1.2-14 H7-6-26-1.24-3

Si0, 48.52 47.07 48.04
TiO, 0.56 0.58 0.56
Al 0, 5.26 5.47 5.85
Cr, 04 0.06 0.16 0.34
FeO 6.91 7.20 6.76
MnO 0.14 0.17 0.20
MgO 13.40 12.79 13.59
Ca0 19.99 19.53 19.69
Na, O 0.35 0.38 0.28
K, 0 0.00 0.01 0.00
P, 0; 0.00 0.03 0.00
F- 0.01 0.00 0.00
7:0, 0.01 0.01 0.02
NiO 0.03 0.03 0.04
Total 95.24 93.43 95.35
Si 1.88 1.86 1.86
p 0.00 0.00 0.00
AlL-T 0.12 0.13 0.14
Al-O 0.12 0.12 0.12
Ti 0.02 0.02 0.02
Cr 0.00 0.00 0.01
Fe** 0.00 0.00 0.00
Fe?* 0.22 0.23 0.22
Mn 0.00 0.01 0.01
Mg 0.77 0.75 0.78
Ni 0.00 0.00 0.00
Ca 0.83 0.83 0.82
Na 0.03 0.03 0.02
K 0.00 0.00 0.00
Di 0.56 0.54 0.53
Hd 0.16 0.17 0.15
Jd 0.01 0.00 0.00
Wo 45.4 45.6 44.9
En 42.3 41.5 43.1
Fs 12.3 12.9 12.0
Jo 0.5 0.6 0.6
1/°C 1 099 1 095 1092
p/MPa 630 580 500

i MR RE T S5 BARYE Neave and Putirka (2017) .

W 5 B0y 2 A R i TP PR B A SR A R A
BEAT B AECIE 4, Hodb 11 S A7 () SHRIMP A
SERIAERS N 355 £5 Ma(MSWD =1.3), 548044
IRAE 1) 55 A 08 A i 22 Y T N RE A — B el &, an 2R
AW AR SR I A B 1R A AR, B4R 5 B Ak
KENFF o MESED AR (HT-6-26-1. 2) WA A1 9
AT CEL 4, b5 oA B 7 JORLAR LE, 85 A7 UKL /N,

pi B ARG, SHRIMP AR 45 3R o el B s i
332 6 Ma CRTHLIY ) MU A4 7 AE 1 HE-O [R] 47

FHRG WR S AR A S A a8 A, AR MLk Ty
AR SEACE A, X5 BN R (FL T
FA R N KBy D R 2 b R e W 2 325 e T TN
KA 55 (346 1 Ma) [MTE A Ao R
2B NN B ATV AR R S B B IR 4 T AR A
2332 Ma, J& Akt

TR 2 B3 2 KE B CHT-6-26-1. 2) IS SL4E #4 7E
355 +4.7 Ma ZEAT AT CB 4D, ki 47 16. 1, HA
B KR G A, B S S AV A AR T
AR AT GRAEEHT A, 2017 ) AH ) 1) 45 R RE AT, B
h W g 4 R AR I R R TR 4 A 0 25 A b 1)
Fio BRAN, TEME SR By 5 A b U0 1 4 188 B 22
BEATERS (474 Ma 405 Ma, & 4. 18] 5b) , 7] B8 i 3K
R 2 R B A, X A SRR T AN K
ECIAT I B S I A L AR AR B I CAE 442 Ma Z BT
i O, 5l R, 2010 R A .
5.2 ERIEXEHE

FREROE R A A R R BTSN EIE R
g0, R RS AR B THR AL R R T RE A
7o T R AR AN TR R (R VR e, IR i 6 R 0 o R U
DXREAIE 21T, VA 27 Bl FL e TR e 1) R 0 21
SRAT I W SR 3 A WA A 1) Nb/Ta fH (7.4, 5.
10.5.19) F1 Zr/Hf 14 (28.7 ~37.3) 5 Kbl Hi 55 (4
C KB 5¢ Nb/Ta = 11, Zr/Hf =33, i Taylor and
McLennan, 1985)#21r, W73 3 AE b F ol f b n] g
2R T P 5 SR G4 ( Green, 1995 Kal-
foun et al., 2002), SR 1M0, AT 4 R S8 3 25 45 ik
FESLI La/Nb A4 5.3 F12.7 ~8. 1, @ fik T i 7Y if;
FEAATC > 12D, IX K W Ml e VR YL T B 0 2 A R R R
M %5 /N Lassiter and DePaolo, 1997) . 4k, 185 A
WH B A KA Th/Ce (0. 02 ~0.05) F1 Th/La f&
( ~0.12, Sun and McDonough, 1989), K5 A
HEFH Th/Ce {H( 41 0. 15, Taylor and McLennan,
1985) 1 Th/La {i ( ~0. 30, Plank, 2005 ) ; Ifil £ 41 V4
FHRMESE S A BE 1) Th/ Ce {H(0.03 ~0.07) fl Th/La
HC0.07 ~0. 15) S8 ¥ A BT, 7 A Ui W 4
By A SRR S SR G, T A R B B
U DR 2 SR 43 s Rl s 2% A2 PR 42

GAVAERNK I AT E AR AR
TCEE S m s T UINREE, B o o) il
oA, BA Eu 55 5 A Sr 1 IE 7 W RRE, 5
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SEATERIE R A RLCE 8D, FRan IN KBy A E . X CKRIBEE4AE, 2005; Zhang et al. , 2016) . #JE K

BOS A RHCA A EH . ST A AR K
(R DX BN Oy A DL i b i s30T A= B se ) ik &,
FLrp I my WL R IR (0 A0 A4, B Ok A6 B T i
PRSI RS CREEHNAE, 2017) . WK A
(5 DX AT i 2 2k AR 2T T M5 R A il

SRR AR ORE S By oA A B SIO, B & BLIK
(46.34% ~50.35% ), A i 1 JC L 73 i 4 521
e, BER LR R ANEE, TTHE T
B Eu 5, RWIE I 5 B9 45 b R B JF AN ik, w] LA
T ABAIA Sk 5 B0y o 2 S SR U5 DX~ 4 50 0 s il 110
Yo JFITLL, AT DARR I W 5 By 2 1R S A B BR A 27 R AIE
B AT HE-O [ A7 2 KRR RUR X

W 43 By P I B 0 e HEC) — ¢ R b, B A B0
SRRV AE BB B A R e 2 6], e AT HE S
HBE A 0.6 Ga HusEisi ek 2 (A 734 CE 6¢) , BATIHE
HAT R e RS, 55 10 AR AR HE NS 7K Hh X [F)
AN BTG R AR X 1 B A 1 [RIA 3 4Lk
FHIT o MEZREY 2 T I ES A1 AR 32 800 = 4. 41 %0 ~
6.00%0, S IEEE (5. 3%0 + 0. 6%0) HH— L FY
i CHE 6a.6b) , R W B AT IE A il B2 5 52 Ak
TR AN KB 2K b 4 R . Bl o e AR 4k
A VR RE SR By A2 A ARG 1) 5 K A S B A1 9. 10332
+6 Ma, 380 =5.31%0, eHI ()1l = +15.4 1 A%
FE it CH7-6-26-1.2) i i (1) sHEC) B (23 7 i th
W22k, B 6c) RIS (RS AL A 8"° 0 RFAE, oAk A 4
il AR L AT B BT e 1 AR RS 1, FEA
FHIF], 2R B e (W RES ] g LK U T R AT 5%
M) P 5 453 L

M &% By 25 A S il 3R 1 285 A 1 8% 0 >
10.21%0( 474 Ma) F1 6. 04%0( 405 Ma) M) & 1, #5 4%
By A AR R AT B R T B A 2k TR 80
B 7 YR B A, B WY U X AT TR e B e R A
FH I FE o A U0 R A B 5 YR I A A ) B N
(Taylor, 1968; #E&FH1%%, 2016). [l 3L 44 #T,
TSR3 2 KA e i R v T8 52 3 7 49 o 1) VR G AN 1]
B, T LA W R RV X I T SR 0 R g,
RIYSE X2 7 1 AR oo B o i o AR A8 AR . BT
ERATVEN AR OV SR B0 5 05 1) S R U Xk e R ) ot
YLk = A B G ) , IF52 B 4150 1) 0
5.3 RIUSEPMEBHEERNG

KOS T IE AT 2 G R R R R )
PR R ARG R B A R R

0 R B R A PRAR 7 AR AT Sl R i B A s
AR5 E WL A N A7 TR T C Schmidt,
1992; Anderson and Smith, 1995; Ridolfi and Renzul-
li, 2012) FI ¥ 47 ¥ & vF ( Lindsley and Andersen,
1983; Nimis and Taylor, 2000; Putirka et al. , 2003;
Yavuz, 2013) 55 . AISCARHIL 7B T A< kW K B o]
I X 25 A7 9 s A v B A e A 4 By o o B ) T
R BRAY 2 5

FERS BRI S S, AT RURR 4 £ DR A 1) 20 A1 5
5L SP 47 () 25 2 1) s 4% £ ( Blundy and Holland,
1990; Ridolfi et al. , 2010; Putirka, 2016) . FJ &
BRI E A IIE R S 7h) il i Ridolfi
22020100 R 24 3, TF 50 A I 10 45 0 Y ) B
ZA K t =896 ~984°C, p =41 ~ 88 MPa( % 6. &
100, HEWT A TN A 45 i IV 1R SRR E ) 896 ~984°C,
ShIRE L 1,54 ~3.31 kme Z545 IR SRR
F 8 7K R e A B LR B /N1 s AR s ) B0
I G R BE DR F I A A b M 52 2 IR A i

FARHE A S FE R IK) Fe-Mg 1 4 B0 12 ]
T IR oy 15 4 Tk R R TR - k. K
Neave Fl Putirka( 2017 ) 2 1) 5 A0 4 A7 — 5 44 ~F- fiy
AR AT A B A O 5 PR R A - A )
M, VBT ORER B TR A 5 I UL R T ) A A
5 HIWEZR Iy A 5 3 1) SRR A — s ST 4 I ) 25 5
WIERAL 22 5 E 3 s =1 092 ~1 099°C, p =500 ~
630 MPa (7. 110D HI THRERER £ AT B 4
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Fig. 10 The calculated equilibrium temperature and pressure
of the amphibole and pyroxene for the diabase porphyrite in

Liishigou pluton
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(2013) ) AIY Capfud— Fe’* /(Fe** + Mg) FIfi# (&
W), SR ATV ME SR B S B P I N Fet /(Fe®t
+Mg) {0 0.18.0.44.0.50 F10.84( £ 6), £WHE
MIREA 76 R AR E 4 AFC >0.8) N &Y,
AR R T 4 E(C <0.6) P45 . G40 1 FE
LR e SR N A R e A B AR Togf,,, 3 il A
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UEAR, R AA P 70 HE 2R 03 5 R il b 5L B R Bl R
CE 3D, AT ISR R I [ P 2 i 3107 16, BR] b 2k K
A I P i IR A Togr, KW T 5 B4R A B T 17
A AR A Venezky and Rutherford, 1999) .
5.4 BE MERERMREX

IR B R IR N el 7 ) A1 2R
Bt A2 A5 3]l 5 AN (] J2 R IR AR N AR S 7 2R 1 e
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11 Wood (1979 ) K& 1 5 A4 38 P4 558 41 73] 14 fi# Th — Ta —
Hf/3 = IR ECE 7, RN IS A s R b i
WAVE AR D7 g R s XA, s R AT gAY
(RICE KA R AR o T L R A S Vi o AR CR SO T
BIF 5 2 R 0 TR ) A B 02 25 A0 B TA kT R TR i T
A p R 1) 32 L S A P A 1 2 He o B R A 4%
201700 RLA A, AR v M 2R M XA AR R AN,
PEZRE, fEBE R K 1 e KA R AL RA IEW
eNdCo) F eHECOEFFAE AL RE T, 1A A B FIK
PEAE B 5 LR U5 SR 1 77 tH (AR R MR, 20045 HE
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[F) DX 3l ) s 2 B iy 24 4 A 7 ) i i B R AR R
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et 2R 5% A A OC, S b5k A (B AR AR,
2008; Peng et al. , 2008; 4=7:1#8 %%, 2012; Torkian,
2019) . HIT-3I R BE AN TR, 25 30t e 1 Bl i L )R
JEE K ESE JU AT R AE #4547 BT 22 5o 2 1A B JR B ]
U X (1) i B PR 2 B Y R R e 4, T RETE T 2 W
FE B, HUT AR e T 2 A 3 35 30 &
RFAE, IX A3 3 T NI 5 FORE 2 33 25 P b s 43 21
A B AR B 5 5 0 R S AR A B 1 S

#%1T, Han Yigui H(2018) R 25 T i
Ll P4 R B AL A, A T AR AR SR R i
S5 5 SR b A 2 i) F 388 A= L Al 55 0 B 5 3 Ak 3o
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B QA R RIS 2445 o R, AR HEE) JR 1
AR B A AT HF iR e B v 4, 7E o R
T ~ 340 Ma A2 47D 405 M (3 i 25, 20125
Zhang et al., 2013, 2015; %% %, 2014; H i %,
2015, 20165 FIEERFE, 2018) CHE 1), ¥4 45 oK i filf
FEAEFH R A . W SR IX R, T84 A et 2R 1 e 7R
TROAT U X T B AL T I G A i T 5

XN 2] T ARAEE R N2 R E
TR IR K S A X 1) HAT i Rl A 2 05 3 1)
RFAE 1) SR S W 7 2 B DX 5 il 1 B 2 C ORIk
R, HAESE, 2016) F AR HEM /R < f7 22 HLHh X L%
AR A LA R AL A R Kl (Zhang et al.
2015 FIEAK A Ll A6 K A7 Sk Hh X5 ZHRRFE FLRE L
Ay kol g CIEAEZE S, 2010045,

JE bR — AN AR A0 E R AE R, T
T GG PR s DR RUASE IR BY 1132 2 A% 2 Bl e X
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TRz 2 BLEE Gy DLIG 1) 2R 9 Mg 7K BT LB X, ey
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Paleotectonic reconstruction cartoon showing the amalgamation history of main tectonic domains in the Junggar

region of the Early Carboniferous ( modified after Han and Zhao, 2018 )
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