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Abstract Hongyuntan rock mass is located in the West Jueluotage area, eastern Tianshan Mountain, Xingjiang, NW China.
Research on the thermal evolution history of this rock mass can provide important evidence for constraining the thermal history of the
whole eastern Tianshan Mountain. This study reports new biotite Ar/Ar age, zircon and apatite (U-Th)/He ages of a same granodiorite
sample from Hongyuntan rock mass, which, in conjunction with pre-existing zircon U-Pb age and inverse modeling simulations,
constrain the thermal-tectonic history of Hongyuntan area. Biotite Ar-Ar dating yields a plateau age of 316.9 + 1. 8Ma. Zircon and
apatite (U-Th)/He dating yield weighted mean ages of 213. 7 +9. 6Ma and 65. 5 + 1. 3Ma, respectively. Three fast cooling stages can
be deduced by thermochronology data and inverse model simulation: Late Carboniferous epoch-Early Permian epoch (ca. 330 ~
296Ma) , Late Triassic epoch (222 ~220Ma) and Late Cretaceous epoch (91 ~77Ma). It is indicated that the first fast cooling stage
was caused by conductive cooling after emplacement and uplift cooling company with Tianshan orogeny. Late Triassic and Late
Cretaceous epoch fast cooling were related to the uplift of eastern Tianshan, which were caused by far-field effects of Qiangtang-Eurasia
collision and Kohistan-Dras-Lhasa collision, respectively. Low-temperature thermochronology results indicate that Agishan-Yamansu
area, where Hongyuntan rock mass located in, was stable during Cenozoic. This is a significant different with the Cenozoic tectonic
evolution of the western Tianshan.
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Fig. 1

Tectonic framework and geological sketch map of eastern Tianshan (modified after Wang et al. , 2006 )

1-Meso-Cenozoic sedimentary cover; 2-Permian continental volcanic-sedimentary rocks; 3-Carboniferous volcanic-sedimentary rocks; 4-Ordovician-
Devonian volcanic-sedimentary rocks; 5-metamorphic rocks; 6-granitoids; 7-Au deposit; 8-Cu deposit; 9-Fe deposit; 10-shear zone; 11-

sampling location
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Fig.2  Microphotographs of the Hongyuntan granodiorite
Pl-plagioclase; Kf-K-feldspar; Qtz-quartz
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Table 1 The results of * Ar/* Ar stepwise heating dating of biotite for Hongyuntan granodiorite
7(C) (;‘Zr\r) (zZAr) (E) (38Ar) . I Ar P Ar( BH) T tlo
Ar), Ar), ¥Ar ), Y Ar), (10" mol) (%) (Ma) (Ma)
TS1074 M =EF,Step =14, W =32. 54mg, ] =0. 004514
700 68. 0473 0. 2084 0. 2299 0. 0559 6. 4841 0.22 1.44 52.0 3.2
760 39. 6361 0. 0326 0. 1003 0. 0209 30.0134 0.91 7.34 229.2 2.2
820 44. 7475 0. 0093 0. 0223 0.01438 42. 0045 1. 80 18.98 313.2 2.9
860 43.5324 0. 0047 0.0122 0.0140 42. 1406 1. 68 29. 84 314.1 2.9
900 43.2271 0. 0030 0. 0099 0.0136 42.3503 1.42 39.00 315.6 2.9
940 43.7325 0. 0025 0.0179 0.0134 42. 9779 1.02 45.59 319.9 3.0
990 44.2412 0. 0062 0.0238 0.0135 42.3993 0. 87 51.20 315.9 3.1
1040 44. 6717 0. 0061 0. 0558 0.0139 42. 8802 1. 04 57.90 319.2 3.0
1090 43.9172 0. 0037 0. 0609 0.0130 42. 8162 1.50 67.56 318.8 2.9
1140 43.2378 0.0013 0. 0839 0.0129 42. 8543 3.03 87.18 319.0 2.9
1180 42.7522 0.0011 0.3652 0.0126 42. 4541 1.43 96. 39 316.3 2.9
1240 43. 3260 0. 0024 0. 5454 0.0149 42. 6649 0.47 99. 44 317.7 2.9
1320 51. 9405 0. 0323 0. 2036 0.0154 42.4157 0.07 99. 91 316.0 5.6
1400 147. 3068 0. 3475 0. 3958 0.1317 44. 6668 0. 01 100. 00 331 57

tp =307.9Ma; tp =316.9 = 1. 8Ma; £, =317.3 +3.8Ma, MSWD =0. 51

TR PR AR m ARG E (9 M R HAF S F = A ™ /% Ar BEBUME SR Ar AP Ar B (%7 Ar, 285 BUR PE 8 B IE 97 Ar; Step S Ar-Ar
B BT A B B WO RE i BT s 0y AR TR s 1p BRI 1, W EEIERAR NS . Av-Ar [ 3 2 5 J0 T 7T HP 1] b TRk 25 B b R AUE 5 T o2

RPN LR = e

SIMTIE S  K, S0, H1 CaF, s, HAE N : (AT Ar,)
=0.0002389, (* A/ Ar), =0.004782, (" Ar/” Ar,), =
0. 000806 . Ar Z& 3 JEU P FE AR AL IE ;™ K FEAR 0 N\ = 5. 543
x 107"y "5 F ISOPLOT Fit J 31 58 B 4F % I 0F | I 25 i 2%
(Ludwig, 2001) o FFAERBIRZELL 20 50 TR0 SL 50 AR L
AR ICEE (MR3CAE, 2011, 20065 5KE4E, 2006) o

WK A (U-Th) /He I 4F 75 v [ 3 5B 27 e 1 o 0F 55 B
[ 2R AR SE g0 & 58 L, 541 (U-Th) /He AR /- FHE R
% JDLCMS 352 % = ( John De Laeter Center for Isotope
Research) 52, FATRE S T 43356 Y 04 485 41 At K 1 SR
PcE S EAR B S ST — A Bk e, M 9 O A0 1Y
T, I HEIR A 2 R (R JURL 5 i AR RO 78 B8 1 38 2o 20 B
RO, TR IR 8 25 RT3 o B IE R B (Fy 5 Farley er al. |
1996) o AR S H B T 8 -2 A PR %E (&5 f1) Fn 28
(B IKAT) o FEAR I SE I AE EOE 8 IR IR, F g
AT S5 3500 2 He/* He AL, B & P 19" He 57 5t e 2838 3 [R] 437
EW R E MR . FEA He BOIE A ERE/NT 1% . £
At He ST 25 B R AT Ak 2 T A D 1o ol SR A S
BT R (ICP-MS) 4347 U Th & 5. #1179 th rg 85 K A+
AN 25L& 50% HNO, g B kel ™ U 15 x
1077 %" Th 2y 5 x 10 ™ 5 A o VA V8 Hh T A 26 A8 o) b A7 B 4
FANA 250l 5 25 x 10 779 U 125 x 10 ™" () Th iR
WA RES I AR A 5 #5058 120 A4 (i 0 K A 7643 VA i
A B it e A 1 TR BV R AR (Parr) W2 T 21K
Wi A5 — KRR P 25l 3 15 x 10 A9 U 1

15 x 10 7" {9 Th fR s BR57) A1 350 L HF 5 A 0 15 8 A 2
PRRRBFFRREADIFMA 25uL & 77 x 107 U 177 x 10~ Th
FBRAETRR 5 78 i 72 240°C J5 4 T 428 40h, i Al 2o 10 ¥
P IA 300y HCT 67755 — Yl AL 2, 7 200°C 19 5
TN FREE 240, WA AR B U Th J5FR BTG 2 i r
FAGER 34 i R B 55 29 B3 (ICP-MS) , U Al Th [F] i R
HAB T AHAE JE/NT 2% (Evans et al. , 2005) .

3 rbra R SR
3.1 Ar-Ar F£#
BRI A" Ar TR MAE 20 Hr 5 SR 91 T3 1, M0 Y
FPAR SN B2 SR I 2R AR R 730 WL 3 FI[E] 4,
TTEAFRIRE S B SARAE R 2 307. 9Ma, ML 3 AT DA
F i ,820 ~ 1400°C 23t 12 SR B BCH i 1T — MR U 1Y 4F
Wk PEAERS (1) =316.9 = 1. 8Ma, XJ [ T 92. 7% 1™ Ar B
JickE o AR Ar/* Ar-" A/ Ar JOEEBHZRAE IS (1) =317.1
+3.9Ma, " A/ Ar ¥ U4 HE{H =238 + 79 (MSWD =39) ( &
4) o PHARRS TN SR I LA IS AR TR 25 N S8 & — 2. 316.9
+ 1. 8Ma fY Ar-Ar PHEIRAR TR R HER 2 Ar-Ar [7]
P FR P IR B I AR

3.2 (U-Th)/He FEi
B RV K A BRBTRE B (U-Th) /He [R] {37 2 0 4F 70 Hr &35
RONTFHR2, B BWE R WA Sa, SR BIE-F A4,



3736

R2 Ad=MENAREHEAIBEREA (U-Th) /He B RFR

ELFEW 2015, 31(12)

Acta Petrologica Sinica

Table 2 Zircon and apatite (U-Th)/He ages for Hongyuntan granodiorite

, U Th He He 12 YN 5 % A
BER g 1 Gao T ™ o o B Ty e
BiAr
TS1074-1 854 26 857 39 1.0 26.2 2.5 146.9 0. 67 220. 1 10.3
1'S1074-2 966 30 585 27 0.61 41.3 2.5 149.3 0.71 210.2 8.9
TS1074-3 2073 65 1614 74 0.78 54.5 2.5 144.7 0. 66 219.6 10.5
TS10744 826 26 545 25 0. 66 59.6 2.5 155.3 0.76 204. 8 8.7
Y
TS1074-1 2.13 0.09 41.3 1.70 20.0 0.02 2.70 31.0 0.44 70. 6 1.4
TS1074-2 2.78 0.11 23.3 1. 00 8.7 0.02 2.69 28.0 0. 46 60.3 1.2
TS1074-3 50.6 2.10 334 14.0 6.8 2.80 2.50 268.4 0. 48 564.9 10.5
T Fr AR o RIEREG R = RAICARY/ Fy
24 + N
400 - 0.00024 .
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Fig.3 * Ar-” Ar age spectrum of biotite from Hongyuntan

granodiorite
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¥ A1/* Ar-** Ar/“* Ar inverse isochron of biotite from

Hongyuntan granodiorite
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(a) 151074 Zircon
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(b) TS1074 Apatite
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Fig.5 Microscopy images of zircon (a) and apatite (b) from Hongyuntan granodiorite
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Fig. 6 Forward modeling results (a) and inverse modeling results (L) for thermal history of Hongyuntan intrusive rocks
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RIVAR % C 000 7 A6 i A9 A 0% IURE AT I A2 5505 B (BUE AR b
IG5 455 SR B STk A TR

AR SCRHA] HeFTy 31 (Ketcham, 2005 ) XFRE i 22 17 A 1f
[ -38 BE Jy sk 3 A7 B 8 B 4. B K 43 >R Flowers et al.
(2009) (4% 55 it £ B 2R FILIR SO AL (RDAAM) |, 25 47 & 4%
Reiners er al. (2004) g9 BB RS, S 2% 1R DLk 41 U-Pb
IR (R ERAE, 2006) FIR 2 BF Ar-Ar 4R 08 BEAT 8- P LY
B A IR g , AR A A JK A (U-Th) /He 4F 8% 4 KR

W BOis AL B R PR o T E X R DA 18440 2R 1) 38 DA L X T
SR 6577 U-Pb 365 750 £ 50°C , BB Ar-Ar 14 350 +
50°C ( Grove and Harrison, 1996; Harrison et al. , 1985;
McDougall and Harrison, 1999) , 4% ¢ (U-Th)/He 3% 170 ~
196°C ( Reiners et al. , 2002, 2004, 2005) ,# /K4 (U-Th) /He
£ 70°C (Farley, 2000; Wolf et al. , 1996) , A& /D[R
7 D[R] X AP JS0 N A 2R, i e ) BR A X ] 2 4 9, G
Hh e i X [E] 2 % 800 ~ 650°C (345 ~ 320Maj; H i B B ik #%
400 ~ 260°C , 320 ~ 280Ma; 1I% i By Bt 220 ~ 110°C , 250 ~
180Ma #11 100 ~30°C 100 ~50Ma, FEMLEFL 100 KB40 3
12 PR B 19— SR BRARAE D 2 PR R 1 I 1] - e
JEhk . REIEE IR UL 6, 1B it DI o ] 452 52 i s ity
L (WETE >5%) , LLERY A E AP s i 248 (#1582
>50% ) , BOME R AU Ik, TR EIEHEN A T 2
A B AT U-Pb (B = B Ar-Ar 8547 (U-Th) /He Fl#%
JKA(U-Th) /He (44F % B H A5 P IR FE S L. 458 ol 19 4 072 40
HIE(GOF) KT 0.95,
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AL AE R R el e E Uk B E R B A5 LR & T =3
Py BB (B 2 D8 R ) < 1) SR ESS 2 05 28 Pt
R, R BE Ar-Ar [F] 7 28 M4C R i (02 A9 47 % AN 3t 1]
UL E X TH] 32 B Be A K 29 330Ma F45+5 252 2] 296Ma, it 5 A
700°C [ % 340°C . ¥ HIHFE 220 10°C/ Myr; 1) B = 5 fH-pr
R EN BT B, i) A 222Ma 722 51 220Ma, i 4 M 230°C % 2
155°C . 1A ALY Ny 37°C/ Myr, Fe e 77— WAl PR % 21 5
{5 TI0) B 11 2 A ¥ 200 B BE A (E] AN 91Ma 5] 77Ma, Ji BE A
87°CREZE 54°C , Y5 IR 24 % 2. 3°C/Myr,

TR

AR A5 2 Y PR Ee S AN 45 SR R AR L b
AT LLI-PHE 90 H DXCAE TR e A e - B — e it e — St e 1 <
LNl fVSUREFSIE R L NP3 2 S IO A RS S & i =2
S HAAREF ) — 2,

L nMEA RN TR R IS RS R 2%, TE 0 T 0 oy A= AR
W B AR oh e 22 B By SO REREE , B 5 47 U-Pb FR &
fRALIF[E] A 328.5 9. 3Ma (SR B4, 2006) . SRR (LI
T2 25 i T H A POIRLEE , 8 [ e 0 AT i g
VSR, el B2 ] PRUA A A A AR I 55 25
ANRNTA 2257 , I JC AR b1 E AR BS54 R (B 30 45,
2013) , ‘A EFFE R WA APoRDRL 42 B A LB A Heik
o 3 S b JBURAAE 1) A6 5 2, O 1 (1R A7) B A 3R 2 0y 6.5
~13km( Hyndman, 1985) , f£ =i & 1E 1% IR BE AL ELAL T 1L AL
7 A ) BAAS S 2 Y T Y, R R T S o S A R
B R (B 55, 2013) o fRIACET 2o e 2 A il 78 b DX 1l
TR B A3 LLPHE TE 3 7K F 30°C /e ( R SOREE, 2007) |, 3R
1B E % ¥ 10°C ( Hendrix et al. , 1994; Sobel and Dumitru,
1997) , BBk Arv-Ar (K R B IRAE 350°C FF AR I T TR
290 1km b FAL P8 AR BN BN, OF HA BEE R,
RARR E 25 B A R — SO iR A ] % 0. 3Myr LAWY
(Fu et al. , 2010; Garwin, 2002; Mclnnes et al. , 2005) KA
BT ILAE 4 (Dalrymple et al. , 1999 ; Hattori and Keith,
2001) HEM M = BF Av-Ar FFRACR T 2 WA K B 1075
I AL S HI R R 350 = S0°C IR B, O A BFgT
MY, % Ll Lt i T 1 A A A e - — & 11 (Allen e
al. , 1993 ; Charvet et al. , 2007, 2011 ; Dumitru et «l. , 2001 ;
Gao et al. , 1998, 2011; Wang et al. , 2011; Xiao et al. ,
2009) , £L = WA MTE R TR Fe i B B (52 2 & 58, 20006)
1= Z I 1Rl e A e - 8 R 1l i 3 LA RS kR
Bt ASCURBERIDEER (B 1) B, A oies ik 5 =240
ZJ5 BV A IR 2 296 Ma, [F] A U B A T 18 i 15 4%
MBER AR MRE Z G, SRS R L A3 I E R A T
BEFAHL

AR RS 41 (U-Th) /He 4E W TR BLALLE R R | 21 = it
VR =8 0 ) 28 2ok — RO PR F B B (B B TT ) o
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AWEFERMT, Kl b A AR TEAE 55 A TR) i R 47 35 £ 21
AR AR A G, Herh A 45 I = B 11 (230 ~ 220Ma)
JeYE 34 4 £ ] (Hendrix et al. , 1992) o JTIUAFE KSR
)RR AL BICHRE /05 TR R 1L 22 DX P77 32 400 Rk e T 31
AR, AL HE VY R I AN /R G HBIX (De Grave et al. , 20125
Dumitru et al. , 2001; Li et al. , 2014; [ 1F 5 %, 2006,
2008 ) , 53 AIME K L AT M X R LA AE — B 2R D 4l i) o 9K
153 (Zhang et al. , 2005; Jiji 3% 2445, 2006; 2=1E FF 4,
2005 ) ARG B LAY 1 PFRAE (2SR, 20005 2]
ARG, 1998) , 7R K L1 L Bk 7E Jo 48 1 52 3 Ak B Be e o T
W = A — o S B R . AR SCH /7 (U-Th) /He 52
A U FRLADL 2 PR 2R WTRIF 5 DX B A 19 2R 2K L B 7 L - 6
b X AL AFTE N = 5 Pl s B T8 21 54, UE I ey 2 0% - KR
MR B 8 378 R 0007 38 i PR 32 S0 1 3 e T S PR R Ll X
ZAFTE

S5 L B B vy B o A P & A 1 e 1 4, X0 208 %
(2014 ) Fi1 iy L E 25 (2014 ) ZEBT A L1 R 5% 5 ST P 1) B 7
Ly, DX AR PTG 3 b DX AR A 1) A [] S5 A o 1) 08 K A 2
TR IRAERSAE 82 ~S51Ma ZJa], 5A I EAR A R 56 42— 5L,
KWL A — S PR B THE AT o R SORSR (2004,
2007 ) 3 1ok 2R AR AR 0 N A 1E 552 AR O Ly v sy ) PR R R b 25
AL ISR, 2 A s iy 4a T, AR S5 (1999) il
L 7 -G A 1 SEA BRARE E SRR B R A IE
I - 2 N ] 3t DX 7 e AR A 0 32 3 L e 1z sy 5
Me B TG SN GE . BR Y R ILZRFRHL X Z B, 76 75 K 1L Al
WES /R S DX, Hir AN JE i (U-Th) /He | RS 1255 85 AR AR U2 T
BOFTTARE R E T ST R B A ) RO B TS 1 A i 7
1 (De Grave et al. , 2012; Dumitru et al. , 2001; Glorie et
al. , 2010; Li et al. , 2014; [ IE 5 %5, 2006; 384 A 2%,
2005; FZMEE, 2001) , BRTHFEREEHR Z 0, ik Tt
K| G S 108 I RS 3 AR TE RN BE AR B R T K Ll S
AL X, A B AR A AR AR ) 4 7R B 47 1 A0 R IR
Wl (A ARIEAE, 2006) B AL 0 R 25 38 S 1K S5 09 3t FL B¢
BHE R B EEGES MMREY R R R S8 Z (8] f1 AN 5 %
fin (BRIEZRAE, 2008) , 5K EAHSE(1999) KB AL Gt 1 4 5
PURFAEBI R A AT R b B A SR 1 L Bk 7 e iz 2 A )
SRENRE TN U o LR R, W S T P v B A
PEHORACZR P9 R Ll HEE R 7 AR K LA b X A T SR
TS SCHYBE K AT (U-Th) /He 4F % o HAS 25 R ULH , e
AT PRI A AT B R AR TR 1L BT -4 i R s X AT AR B
AR, B2 DT I R 2R e PR B TR . kg
i E RS S FEME N AEARES R A H L
WE A R A B AR SR TH, Hendrix et al. (1992) YN iZ IG5 TH-
5% AT REJ2 By T B Ay BT $H-1E 43 87 ( Kohistan-Dras ) & 545 i
R i R 13 1Y) JIC RN IS, FAT T 0 A Y Al 438 1Y) S R 0
Xof T T8 73 e R B FEL A Gt 22 ) %) ) 2 10 5 7 s, DX G 1
TR RETHE I 4 T 2 & i
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KFRILLIKF AR EZ S CA 5 IR AR,
Hendrix et al. (1994) TE 55 BLUAR 7 -1 Ve K 7 b 1t X R FH %
JRAT BRI AT 2 BOR 1L A AR B T FH & /1 7E 24Ma
7c45 s Dumitru et al. (2001) Xof i VES /R - P 4 30 10 A 0F 58 e IR
LITE 25Ma 7247 & A 55 e -FE TR 5 3 47k, % R B TR
FA TR ETIRIE (BRIERSE, 2006, 2008; 55 H K45,
2006) ,Yu et al. (2014) 75 J5 4= 4 1R F W% JK 43 (U-Th) /He
MAEBFTEAR & P T 10Ma F1 6Ma Wy REFHVEH .. UL EBFSE &
BARTAER LA PG B, i BB ) BT A AU 1 e Bl IR Re AR
BEAS KL Bk B A AR 38 Bh R S . AR SR AL &
Wb DA TR I AR B, 25 A i) A A2 5 s i 4L 45 21
FEAR IR 24Ma A REFHH AT . 58 AR R AEACLLRT
S THUT 2km DIRAYTREALE , B M E A DUS TR —OE
JEEEAT L 0. 7°C/ Myr 8B GV 4, ] iof £ 6 - 12 380 28y
0.026mm/y {5218 % 1 fE F . o ik 55 5% (2014) (5 H 2R 5%
(2002 ) XL JIL4E (2014 ) 7ELL 7 ME A T 7E 10 Bo) 2 1L Wt
b DX R 1 2 A% 8 AR A A A T8N R A R LB AR A A
S Ab TR IR A, HAS) 1 1 S B ARG R T AR A R, A
SCUATAR Jf FAT I RE A 000 4 T 30 A 2 DX () R o i 0 B e A
(R ERAL Y A R, 2% BH e 4 L - 5 5% b DX 2 30 1)
PR FRRRE | R A2 B W] A ) 3 555 -3 FHAE TS . [R] B
5 B R L A B A PG B A B A A0 1) 1 44 ik T sh A 45 B

ZESto

5 &g

(DARRINA =M X A B AR PR T 3 # s
B, 0l B AT A ket R E i (ca. 330 ~296Ma) |
Mo = E (222 ~220Ma) (B 1941 (91 ~77Ma) . HH 5 —
WP HIBR T A RR NG S kAR e R Z 50, 8
PR R s IR & A T BETHA AL

(2) BrAARLIK , 21 2 Wi R T A 1 BT 235 Ly 3 530 s 1X.
FATE TR S35 , A & AR 3o W i B THAE T, 5 R L
BOBr A& G A B B 2R

g JE G K A Curtin K27 JAL.CMS H1.0 Noreen
Evans, Brent I. A. Mclnnes, Brad McDonald FI Celia Mayers 7F
(U-Th)/He MAFEFAR F AR A5 B 5 B b [ R B st
J5T 55 M B FRBIE ST i AR WF ST 51 S bR R TE B ok A
NAT U Th ST B o Aol 7 A ng #5 0l
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