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Spatial and Temporal Framework, Evolution of Magma Sources, and Tectonic Settings of

Paleozoic Magmatic Rocks in West Tianshan, China

HUANG He, WANG Tao, TONG Ying, ZHANG Jianjun, WANG Chaoyang

(Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: The Central Asian Orogenic Belt (CAOB) is Earth's largest and most representative accretionary belt
and records the most extensive growth and reworking of the continental crust. Accompanying the closure of the
giant Paleo-Asian Ocean and the amalgamation of tectonic blocks in the CAOB regime, with different origins
and evolutionary histories, voluminous magmatic rocks were formed. This study focuses on Paleozoic magmat-
ic rocks exposed in West Tianshan and systemically summarizes the spatiotemporal frameworks, genetic types,
evolution of their magma sources in space and time, and tectonic settings of these rocks. Paleozoic magmatic
rocks in West Tianshan were mainly formed at three stages, i.e., Early Cambrian to Middle Devonian (~479 to
~388 Ma), Late Devonian to Early Carboniferous (~375 to ~372 Ma), and Late Carboniferous to Middle Per-
mian (~322 to ~263 Ma). Magmatic rocks formed at the first and second stages are mainly of calc-alkaline I-
type granite and intermediate and mafic rocks with "arc-like" geochemical fingerprints, with a few rocks bear-
ing "adakite-like" features; a few A-type granites are also found. By contrast, Late Carboniferous to Middle Per-
mian magmatic rocks show a diversity in rock types, including calc-alkaline I-type, adakite-like, and A-type fel-
sic rocks, with a few locally exposed S-type granites; OIB-like mafic rocks formed in this period, such as gab-
bros and basalts, occur locally. In combination with other geological evidence, this study proposes that Early
Cambrian to early Middle Devonian and Late Devonian to Early Carboniferous magmatic activities took place in
convergent continental margin settings, which were associated with the subduction of branches of the Paleo-
Asian Ocean. Besides, both magmatic migration and secular changes in geochemical proxies indicate the transi-
tion from advancing low-angle to retreating high-angle subduction. The final closure of oceanic basins plausibly
occurred in the Late Carboniferous. Following the closure of the South Tianshan Ocean, a "hard" collision with
the arriving Tarim Craton occurred; by contrast, in the north, the northern margin of the Yili-Central Tianshan
Block amalgamated with an immature/nascent island arc. In terms of continental evolution, based on Hf isotopic
datasets, this study identifies alternating occurrences of growth and reworking. During subduction stages, re-
treating subduction (slab rollback) played a predominant role, resulting in large-scale replacement of ancient, pre-
accretionary materials by new-formed, syn-accretionary materials. Therefore, Yili and Central Tianshan blocks,
can be viewed as ancient microcontinents that were significantly rejuvenated during accretionary processes. In
the post-collisional stage, large-scale underplating of mantle-derived magmas represents another phase of conti-
nental growth. During the Paleozoic, West Tianshan and adjacent regions were characterized dominantly by con-

tinental growth.
Keywords: Central Asian Orogenic Belt; West Tianshan; Paleozoic; magmatic rock; continental crustal

growth
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Fig. 1 (a) Map showing the location of the Central Asian Orogenic Belt, (b) Map showing major tectonic domains

and the distribution of magmatic rocks
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diagrams for Paleozoic magmatic rocks in the West Tianshan
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(14 A iy 3 2 0 A 7 W SR P J= rp R At 2 R L R,
VEAR R IR o e 4y ) A AR B T R L IX 4 K
BRI AR I A B AR 45678 R I 20l
A RCE IR AT 1Y 23 R AT | R ACE TR Rl 5 ) 4K
VAT TEEA AT IVRHE, 2B I R e AL Rl
TR o, PG ik AR R R O R 1L M X AR A S AR
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Fig. 4 Sketchatic diagram describing the Paleozoic tectonomagmatic evolution of West Tianshan
B FREHZE . JEL, W R I X AR A B al, 2018) o ARV RPN o R &, KiFEMR A S FH

14 385 IR EE, T 43 A 58 — WA b o B (24 460~395 Ma) .
o5 AR o B B (24 375~310 Ma) 1 Ailf 48 - 5 il 43 By
B2 (25 310~260 Ma) (UL 5] 4 #a3 PRBE S s A0A2 ) o
3.1 F—KrE(460~395 Ma) ¥R R RS #HR
FR A5 5 AT o0 A A SRR 1, 2B TSR
— B BEAR op 4 v, B I Ll AR b R X AR o, D
TEVE A B (R K Ll 1Ly A s LR sehis Jb 2% ) b
(D BL b Y B 2% ) 3 36 2 KB % (6] 4) (Ge et al.,
2012; Jiang et al., 2014; Huang et al., 2019) ,

YRR IA ) B 30 R AT RO B A A A o
F2 v 19 3% 457 AF (Adtchison et al., 2012) . fff vfad 2 th
O HEE kI KR A A B R, AR AT B A A A R

4 (slab rollback) (Antonijevic et al., 2015; Niu, 2018)
A0, >4 ¥ e I g 48 o R AR S A TR B, B R
T 1, BN vh e 58 B A 3 LT I B TR, AR
BT AR IS . T A R R iR (oceanic plateau)
B ] A 5 07 2 T frndy, D 25475 O ~F- AR AR i (flat sub-
duction) (Collins, 2002; Gazel et al.; 2015), £5 %% 1) F-H
AIFF p 2 5 250 9 A8 149 31 2K (Gutscher et al., 2000; Hao et
al., 2018) bz K il & 9ICE IR T 2 8 45 5L 2% 1k (Axen et

YA FIIR A 30 2 0E AR BRE AR o, S B0 R
AU, DL KSR B L S R R T S (B R R D)
(Kemp et al., 2009; Collins et al., 2019) .

e AL o e g BRI R 1L 3 LA, 29 430~385
Ma B B2 K 0 i 2 BB R (3] R B Sr/Y Al St/Yb fi
TR 3 (Huang et al., 2020), bR ISR IZ N B
A SRR DX ) B A e s R B B R B . T DA R
2 B B G DRI E 7R IR 3] J5 SRR o ) e 4, 3%
B it S5 1) K 365 A% T DA 55 s 184 T 26 Sy e Jre pal i (151 4) o
P I 0 B A 1 R o R T R A A A Al T S R
A1 B ¥F UL (Zhang et al., 2019) . RIS Wit 15 2] T4
T A AT 5 TR 0 SR, AR R BUR sEhm AL 2 BB R
o, RE KRR AR e A AL 1 B R B R P B
JEAR 1S HIFEA 2% (Li et al., 2015b; Zhang et al., 2019) .
FE RS K L3 111 fE 2%, 55 AR 9838 B E-MORB %Y
o BR AL 22 R AE 09 85 1K %5 (Zhao et al., 2015) . L, =
AR R SR AL S, oty A= AR i 1 SRR o
B A — AR SRR Y L 5 BT RO e A
RERME-IM-E R G (K 4)

XoF TG R L Hl DX AE R LU R B A i A, BT



5 6 3]

B o R P R UL AR AUA SR A I A A | R DCRRAE B A SR 33

VORI X B =, H RS LS 2R 40 B S5 18R . /T
NAE AR K L b DR B by A AR 2 4 A RIS vh
)8 &5 A AT T HE [F AL R BESE, A AL R IR A
| | 598 J5 Uk 2 7F 450~ 440 Ma( Zhang et al., 2016,
2019), &4 B B AR X — WL A5, DA A P8 K 1L b IX b R
LA b 2 P B 4, 2 A 7 ) — BB

g5 bk, 25 — W g e b, dE R L vE AR
R LR DAL 1 2 2R 7R A0 o 1] 25 £ R AR AR o
ALy ) K A AE ~ 450 Ma Fll~420 Ma.

EAR RS, LR 5 — B Bt o VR R s —
ST N AR, SR AR A2 T AR TR | ss sk
AR TN 25 AR DXl 2 o4 FH B i, 13X 268 TR AR
Jo AR R AE 5 BN b 1 A G DL 3 ) v e 2
(Gao et al., 2009; Cao et al2017; Zhong et al., 2017) , iX
— 25 S DX I 1 B AR T AR AR FH A B
IR oh i F 2 8] FRLE 2 20 My(2 395~375 Ma) i
FITEW . KPR AR Ay R A T REA R
SRR L S et 5 ) T A S A (DN A R A 1 B Oy
BrIEA s ) | A S s R s ik R . ZE Pl
T 1L PG g B R AR st s g IR 2 A R, K
H OIB HUmft: 2 s, WRg R 1l 1Lt 9 SR 1]
TRAA . VU HETE SR (35 A5 SR RE RN SO B AR g 4 R 2
(Wang et al., 2011; Yang et al., 2019 K frfff & 2% SCilik) .
X4 OIB AIfg M 2 A AR T 1R B R 209 Ly
P Y P e b b A R B4 T L (seamount) o £ E FTIR,
2EF N NAE 390 Ma i J&, — e R BUE K1 ¥ 1Lk )
RN R, T RERECT MR AR S T R (E 4) .
e B4R B AR Y R R AT RE A B A Y R4
N AL BRI AR T 8 e AL T R 8, TR
AT .

32 FEITHE(375~310 Ma) 2 R A RS

FE U8 75 T 28 R A 5 B BEAR b A
K LU 2 AL A b R AE AR, N . B
Ay Hemd 2 & F I AL T2 375~320 Ma, E AR 59K
A MR 22 R IE 1Y 5 9K 55 (Zhu et al., 2009), 7R i
SIpNGEUE: 78 ORi] A AV e N AT B | 2 37N
FRAGNIE %, BRI g RS . e AL
M B At 2k, 1k 20 2K B =22 WU 2 A7 A b R LU 1Y e T
fif b (1 4) o

N BSE hy 2E ARARE h VE FH T B 14 8 20 i 2 T R 28
25 5%, % IR T A B e S 1 R %
FL R 25 1L AR SRR B 4 L A6 B e S A K, R T

il 5% SIS 2EL 0 45 i % T b e oA S A A o) By
Py 1L R R 0 0 LA S 2R, RIS A 2R VR F Y
PR (PN W4, 2024) o ARHL AR Lt R A AR B A AR R
BT 112 i B e ) A A ) i T
M) 370~350 Ma L3I a4, 1 A2y 350~322 Ma
DU S22 i/ NP R s R T R85 - I R A%, R i B
Je A 4% A A7 9 E B, TR FEFE 350 Ma /i /5 H B8 T AT
155 B B ) %4 4k (Huang et al., 2020; Wang et al., 2020) .
T A i 5 I 2 DA 1) ol 28] 1) 3 S B 1 e 4, Xof
I RVEIRF i =X DRI 780 21 5 4R A 5 22

B T Rl & A A A B AR, 6K L v R
RO 285 19 25 A A 45 3 0 5T A 09 T30 M ()47 2 RN
JCER R AR AR A S HF . 7E~366 Ma, 195
Fr AR St/Y T Sr/Yb {E B s a] B4 A8 fb ks ey b T 55
7% K N B (Huang et al., 2020), 47 5 20 552 1 16 15 5 it
T 2T BT HICHT A B A Bl R AR . X — 3 AR b
K1l 3k Ll ) e 4% A 5% o E-MORB A1 OIB #8642k
J5 45 43 T 0 5% (Feng et al., 2018) (€] 4) . Jb K 1L ¥R
Tf1) 75 A RF v 2/ — R B A i, A R s
Loty BT 7 2 L T T 0 5 35 3 e 2 (BB SR 3338 e
) AR AR S9N L R A (Wang et al., 2007) (] 4) .

g5 I, o I b g e R D I A I
1 RE 1T 3 ARF o (bR 1LV s 24 375~350 Ma, g K LI
¥ 29 370~350 Ma) , Fifi J5 76 5 et 2 Ak i A AR B
Je TR (B R 1 7 24 350~310 Ma, K 1T 4
350~322 Ma), IR IS A K o
33 EZ=HER(310~260 Ma) 78 X LI HE MK B0 B 24 2

S RliiE-RREM A RE

H BT, 2 500 T K L e 2 A g AR ——L)
B4 B T vl 5 o I 1L P R B R R DE A 04 B[]
AELER KRG (W, Han et al., 2011, 2018; Gao et al.,
2011; Xiao et al., 2013; K fr fff = % Ciik; Tan et al,,
2022) . ZE A T I A T N ) A A AE A e
(B 4) o HE A Z 2B A BE X 3X — A R AT T 44T
(i UL Han et al., 2011, 2018; Gao et al., 2011; Tan et al.,
2019 KPR 22 SCHR) , SCh AN B#GR, A E S 1ie
o B AL b H R R R L 1L A - T
H N B0l 48 A e

BRI, P L 3R A R RSP RY)
T Ly # R, Ry 3 A R A 1 R (5 B Y ) 3 1L
17 (Safonova, 2017) o MO [R5 2 A4 1 B, AHXT T
HC Al AR 3 He Ak Can 7 AL B A rh R B ), R R LAy
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HaRDRM—H BN AEARAAAE
WOl WS PR A (PR R ) o X —
H Tl b 5E W) T hy S AR B T R DX i — 2
65 7% T K L 1 P DA B o i 3l R 15 e 3T 2
i He g 38 (B0 35 2R 35 Wi b Rl R AL R E R
W AE ) Rl 7 A RRAE, BIVRE R LD Ll B
AR G L R . X — R PFRIER,
A AE S BT AL B N RIS A i 2225 . b, i
WIB oY W, 76 R Ll Ll %, DAL B 3] R OR
B, RH — S pe R W — I B R % 2 4R T
FRCE T B T R U R A g K 5T A e R
PR IR i A & A= 978 5344 Fill (Cheng et al., 2017; Qin
etal., 2021) . Zi LRTiR, M R ILVERM BRA A &, LIS
BLOR S P38 55 I 3 1L P e B B DR, R
A= TE A et R L LA R AR R
AR & A T o hli e o 3B

P Bifi 75 W A % 1490 4 Rl 48 (initial collision), 78 HF
B M e p 2 R HE /D i S BME TR RIIER I8 T A AR
FHCE 4) o B2 Rl 4 0 B2 A R 2, X 03 A i A (]l
AL T R, P AL M B R A RS B AR, FER R I
T LT 2 A B A TR 3R A v A AR T (& 4) o
FE A e THE AR A B TR, R 1L e R A i
A J5 BT B B, ER T AR A DB S /S A BB R D, AE
B M B 2 R RE K L g AR e e 2R B
RS 18 S WAk E B A2 BB Tz
&, A bR A AL S (E 4) . BTl
T3S 1 5 SR e 1, 5 B RE I N R i Al AR ) S R A
Wmit kT3 Zhu et al., 2015, 2017) o

A1 ¢ 20— 7 20 M JZE 0 T b G A B SR S 3
AR MENE IR | TEAC R A B ) oy R T M
w2 J5 J6 W B A8 b (Wang et al., 2007; Zhu et al.,
2018) . B4k, ~303 Ma Ji db K 1l 17k T 1 14 4E <
FYHA A BE R SRRE, B HE— PR T DASR
fil R 3 T 431 Bl A 5% (Collins et al., 2019) o 25 I,
SEFH NNV R IR S | Wb R ILEE A5 KA 00 il 1 =
PR R A R AR AH R TR R Rl
7, B R L A R AR X — Rl S B
CERRIEARE” BRFAE, RPN E) G AL b B R e O L e
A0Sk ) B AR IR 2 v b7 38 sl b e, TR R B A
FIFEY B9, AR R XI5 42, 3k — 3 N 5 AR AT fig
R KM /R B gk FE W 5 9 A P 4E (Xiao et al.,
2013, Mao et al., 2019; K Jirfft =% 3k ) (&1 4) . LK

R St A, TR i 8 ELA R E Y e(0) F ey (1)
{H, DA K 834 i) Nb/La {8 (Huang et al., 2020), K5/~ &
fITAIR X 2 RAE R0 B ol BT, ik — 2P 3R TR
Fili B4R 7 AR

Zr bRk, P EVE R I A PEG, AT LA RS
T 0 1 B ey < Al AR AL A BIRRE ARl 3
RAETEM A pE

4 P R IR e B I e IR X ) R R AR
LR H IR B St

2 HFE I H AT T AR A B Al (Huang et al.,
2020), 255 I AF R B R R/ K L LA A B A HE R
2 45 B, BB T 0 K Il X K 35 R A A (Si0,=
60%)Hf [ KK (K] 5) . X A ZENARETA A
(G A1 HE [0 28 B 28 AL RRAE, 25, B T aX SRR,
TSV R 1L B T2 35 TR X ) S A AE Ak, B S
G B B B
4.1 $A Hf AR = EWFE
411 H5F—HBEFEFF (X2 —F R a#)

H &K ER # B4 B H AL £ 4542

TE BTt A AR A 5 R 3 T kLl e 7R 25
] b e [FZH B T — SR /N | il Y HE B4R
A, B AR AL M M b S RN R 2% 1 4% Gl A (181 5) .
FEP AL AL B, B g 5 R 28 L R (2 493~
441 Ma) 5 3% B 45 b B85 A1 1) eHf () {H R —3.88~+4.53,
X HE B AR IR K 1.16~1.69 Ga, H i # tH12 A A
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([ 6b) ., ¢ AL Hi B pig Br, o € K {H—Bg 58 Bl 11
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5L AR I8 o B R [ 0T 4§42 (0.45~1.90 Ga) (] 6¢)
(Huang et al., 2020) .

e Rl 78 B, Bty AR (29 477~393 Ma) 4 X
FrEE A 1 R 28 76 25 8] A2 AR b nl 3l o Ry i 4 —
21 A A T R e O L b R A ) B K X
HAIE® “E” (&) HE WA R FRE, eHf(r)
{H H-17.09~-3.73, B A AE 1y 1.64~2.51 Ga; 7 —
2oy A FE BRI 3 LR A, M AR
(1), eHf()fH N —1.54~+9.52, # X AE W N 0.85~
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Fig. 5 Contour map of two-stage Hf model age of Paleozoic felsic magmatic rocks in West Tianshan
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+1.71, TS, [ R 1.29~2.28 Ga(Huang et al., 2020) .
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—4.53~+6.65, TS, {i} 0.87~1.60 Ga.

e R B, A g —rh & i S i s
A S PLEAR T B, JR AR w0 [R) 6 R ARFAE, eHIE(2)
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0.47~1.39 Ga.

HIC R &, B 7 AL R b K Ll e, WA ok
T— B A A 0 Sh IR AR & AR A R L LA | 1
Kl e fss RS hm b o fEdL Rl 1l
COFEL R R LU AU A Y 16 A 25K, Ay et %2
B ABIAE K A A 4 A B A1 (303~288 Ma)
sHF(){H 4 +2.79~+14.10 Ma, TS, {4 0.42~1.14 Ga
(11 6e) o 75 R K Ll 3 LA, 32 I 30 B B A 0 2
Woh i (E ) HE R AL R EE, eHf(){E N
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B AR X AR (o ) I 85 A0 1 [ 3R T,
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(Huang et al., 2020) .
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P R T R XY BT RS 252 Sk L T R L
B r S RN 3 HLOR 5 13 AL 2% 6 v A L X HE A
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AR HE [FA R AARR T 1.8 Ga( 8] 6b., 5] 6¢),
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W, S0 B M s A I Ll g A 1 AR R, B
B g Tl oo AR B T R B BRI A A X el Y B
JIE A A T REAE A2 R 40 A K i g R
78 #655 ] (Wang et al., 2014a, 2014b) . {1 FAV ML 45
Tm<1uhMH%%ﬁa“Tu S FIPNIIER S
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Tectonic Implications of the Carboniferous Andesites from
Bayingou in the North Tianshan Belt, Xinjiang[J]. Northwest-
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