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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 Aqishan-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; S-metamorphic rocks; 6-granitoids; 7-Au deposit; 8-Cu deposit; 9-Fe deposit; 10-shear zone; 11-
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Fig.2  Microphotographs of the Hongyuntan granodiorite
Pl-plagioclase ; Kf-K-feldspar; Qtz-quartz

AR,0.2 ~ 1. Smm, Bl s 42 A ARSRRUR 2301 T AL, S5
FRLIA DR s o B R B AR AR, AR 0.2 ~
L 2mm, LRI A, 2R Te A 1L, ARG, JR il ik Ak 2 (4
PEACHI W Ng' = $#B (0, Np' = BB (0 WA E W6 M 2 A
FERLAR, /1 0. 05 ~ 0. 2mm, R 3 o G W1 B AT 4
WA E )

2.2 B@mOW
PTG 2R 2 B B R IR A7 B0k FLAE R NS
B R e A BB BT BEA T O e R R Y
PR By Av-Ar [R5 4 7 BT e H [ 3 SR 27 e o
WS 3 AR A SR & 58 e HEAT Ar-Ar S BT i) 2R

R (S > 99% ) IR A I BE. I e T AR Ak
BRSO % A B HE Az T R . BB AR R A
P E R T BE R 2SR ST B 0 bt M R AT 0 4 He 5L
P FRE LN 2.60 x 1070 « em 7287 RS BRI h
1440min , B4 H T8 80 2.25 x 10%n « em 77 [F A Z
TRRGT IR A SR AR MERE . ZBH25 B, 1L
FRUEAERS A 132.7 £1. 2Ma, K &R 7. 6% o kL5 B BE T
TN A 2, B H B 10min, 4 30min, 5553
MR AE 2R A SR Helix MC_E#EA7 1, B4 (H
IR AR 20 L0 8d . TR A B A 10 U 1) e [ 2 o {E S P
TR ARLE KRS IE S AR IER T oc R R R
KIE . o IR R e T AR i TR R R AR E R CE i



IS HB AR LR R - MORAIE T R B Ar-Ar F2(U-Th) /He # 5K 36525 & 3735

®1 AZHERAKEZZE A" Ar RRFBIMAS T EIE

Table 1  The results of * Ar/* Ar stepwise heating dating of biotite for Hongyuntan granodiorite
o (5 () () e eaw
PAr),, PAr), PAr ), PAr),, (107" mol) (%) (Ma) (Ma)
TS1074 B2 B, Step =14, W =32. 54mg, J =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 0.0148 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

ty =307.9Ma; tp =316.9 £1.8Ma; ¢; =317.3 3. 8Ma, MSWD =0. 51
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Table 2 Zircon and apatite (U-Th)/He ages for Hongyuntan granodiorite

. U Th He He %2 RKIEAEE R IEAE I
) 5 = 1 1 Th/U F 1
MRS 0y T (k109 o (nee) (%) (Ma) T (Ma) v
epal
TS1074-1 854 26 857 39 1.0 26.2 2.5 146.9 0. 67 220. 1 10.3
TS1074-2 966 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
R
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
1 Fyp AR o BOEREG R IEAFR = REGEARRE/F,
400 0.00024 1
FEAEHS =316.9+1.8 Ma 0.00020 1
e —}
300 0.00016 1
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Fig.3 * Ar-” Ar age spectrum of biotite from Hongyuntan

granodiorite
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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 (b) for thermal history of Hongyuntan intrusive rocks
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SYELRE B 77 U-Pb 368 750 +50°C , "2 BF Ar-Ar $E5% 350 +
50°C ( Grove and Harrison, 1996; Harrison et al. , 1985;
McDougall and Harrison, 1999) , 4% 7 (U-Th)/He %% 170 ~
196%C ( Reiners et al. , 2002, 2004, 2005) , K & (U-Th) /He
Wt 70°C (Farley, 2000; Wolf et al. , 1996) , /X EH /R
FE DX ) AL B Sy T8, i 1 BB FIR S X ) 24 4 9, G
Hh i IR X ] 32 £ 800 ~ 650°C 345 ~ 320Ma; H i B B ik 4%
400 ~ 260°C . 320 ~ 280Ma; % ¥ B B 220 ~ 110 . 250 ~
180Ma 1 100 ~30°C ,100 ~50Ma, FEHLFELLL 100 S48 111 %
A2, BRI P R B — SR IR AR AR S A PR A fL A I (1] -
FEHRZR o BADLEE R UL 6, P Hh g 40, X3 Ay AT 4 52 ) A st il
LG >5% ) , LR B R Bl il 246 (1005 B2
>50% ) , RO N R AU G 2 R E R RENAE T 2
A ESr A A U-Pb BB Ar-Ar 8547 (U-Th) /He FI
JRAT (U-Th) /He FYAFE I K HC 5 PH IR BE G BBl o 18 4F 1 40
48 (GOF) KT 0.95,
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P2 SR R 4L A WA R A K S LR &I T = #
TR ENE B (B B BE7 IR D) AR E LS 25 & D5
B, ZR R 2 B Ar-Ar [R]0 2 1A 2 i A 3% 16 47 % F0 34 A
LR X 8], 1y B K 24 330Ma JF 4 Rr 42 3] 296Ma,, I BE A
700°C R ZE 340°C , ¥ H1 8% 4 4 10°C/Myr; 11) g = B e
TR EHIBEL, B[R] A 222Ma $5253 220Ma, 5 32 M\ 230°CREE
155°C , ¥HIEEL N 37°C/ Myr, SR T — AR R 7% 2 5
4 TID) B 11 2 A5 ¥4 40 By BL B [A] DA 91Ma 21| 77Ma, i & A
87CRE 2 54°C o HIH KLy 2. 3°C/ Myr,,

4 Wik

A SR B] 1 AR B B AL 45 5 s R SR 1L Fap
AT LU -FHEHG 5 M XA AE M A - B St i =St i
TIPS A S G A 5 R A T RS R B i =
S HARIF N —BE,

LLAMEARAL TARR IS BRI 2%, BT Ml AR AR
W BRI e 2 B SO RER R, B 41 U-Ph BRE H
{RALETIE] Y 328.5 £9. 3Ma( 5 B i 55, 2006) o #4437 B
TR R 23w T HLE IR i 5 A 1 T TR
VA, M BRI () A ACE VAT AR AR BE 55 25 1
AR 26 57, 370 LATE R B AR BB i 5 R (3 A 2
2013) o EA IR IR DR A S B 45 4 L BB ST ek
a3 S5 SRR IE I AR 2, O W (1R A0 I AR 2128 6. 5
~13km(Hyndman, 1985) , & 45 7R % T8 BE (0L B AL T 15 $43%
N7 I A A S R L Y S R R T e S T A
B HIUR (BRI SF, 2013) o AR BCLL 22 Ml 1A T 76 1l X
TR BZ 3 LY T 7K P 30°C/km (SRS, 2007) , %
1R kB 10°C ( Hendrix et al. , 1994; Sobel and Dumitru,
1997) , B BE Ar-Ar R B IRLEE 350°C Fr AR I 3 IR
290 1km Kb T4 & ERY R BZIE BN, O BA ISR,
TRV 1) 2 5 Bl T B — BRI s I ) 4 7T 22 0. 3Myr LA
(Fu et al. , 2010; Garwin, 2002; McInnes et al. , 2005) 7]
KL E T4 (Dalrymple et al. , 1999 ; Hattori and Keith,
2001) ,HEM B BF Ar-Ar SRR T AL B MR R AR AL S
T PTGV HI R IR 2 350 + S0°C If IS ], A BER R
W, R L L A8 T A A TE e A i -1 & (Allen e
al. , 1993; Charvet et al. , 2007, 2011 ; Dumitru et al. , 2001 ;
Gao et al. , 1998, 2011; Wang et al. , 2011; Xiao et al. ,
2009) , L. s I T TR b B B (R B 75 4%, 2006) ,
1RALZ 5 P A T -1 % 1 R Ll (R R R A=
BT, ASCORBMAIR (BB 1) R, AL R Rk B R AL
ZJE VR EE 22 3] 296Ma, [Al A% 1 W 5 (A7 i 1o A% 08
MR BB MR Z G, SRR L& I E R4 T
BETHAHI,

HEEHE A1 (U-Th) /He SERSFISEBANZE R BR , 20 A0
AR =S 18] 28 3 — U PR v ZN B B (B Be 1) o

£ LFH/ 2015, 31(12)
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ABIFFERMT, T LT AR AT AE -5 A T s Bl £ 494 A= 31
SN A A 1 G A G, H P A 4% e = B 1 (230 ~ 220Ma)
JEYE R A A AE T (Hendrix er al. , 1992) . JEJUAFEC K £
R AT A AR 1 78 A K L 22 A by DX 7 1230 R e s
TR, ELAE VE R L AIES /R S 11 X ( De Grave et al. , 2012;
Dumitru et al. , 2001; Li et al. , 2014; % 1F 54 %5, 2006,
2008) , A AMER IR X R A =B a- R T LA
53 (Zhang et al., 2005; Jil % % 55, 20065 24 7 4%,
2005 ) FKTERLE Bl LKA PR A (2 A, 20005 250
AREE, 1998) , R Kl il BR7E J R 13 3 5 8 AL B Bez s 1
W = B A — I o AR G PR . AR S 47 (U-Th) /He 2
DNAF % FIASE AL 45 SR A WIS DT A8 08 23 K L ] g L - il 73
b XA W = e T PR S 2 T 08 S 8, e B iy 98 - BRI
R 58 120 AR o ) 32 S0 DR 3 2 P A K L X
ZATAE o

S5 0 B B PR A T A P A W 1 S A X 20 2
(2014) syt 7 55 (2014 ) FERT AT LL-HEH6 5 5 ST P9 1) Bl 2
Lt DX RITZR PRl 130t 1X R A5: 1) A T S TR A o 1 8 A 2
ARARIEAF S LE 82 ~S1Ma Z [a], HASCHIBIR A5 R ot & — 2L,
TP N AFAE — W PR B THE T, 2R SO SR (2004,
2007 ) 3 iek AR AR I AFGE T AR 1Lk e 4 3t F0 B HEAR L 25
HTFRE AR TERG W R AR M 40 T AR SF (1999) A
Pt -0 A R R AR BRI A R A E B
T - e % ) 00 M X7 A ARG 0 A2 3 L K 5 L 0 Bl Y 5
WAL 3 V5 SPE IR o BR T RILARFR X Z Ab , 767 K (L0 o
M /R S DX, i A GE 4 (U-Th) /He | 2888 48 308 25 AARAL S T
BT E LR 57 A I 1 T e %) Bt 8 T v 2 A 1) 7
1E (De Grave et al. , 2012; Dumitru et al. , 2001; Glorie et
al. , 2010; Li et al. , 2014; BRIE RS, 20065 3543 K55,
2005; R, 2001) , R THAERZEDITEZ A0, R BT
B i S X IO A A A T A A AN 5 R BT R Ll
IORIFI X, T3 B b AR P 11 4 % B R4 1 2 40 PR
T3 (FHRIZAE, 2006) , P AL 43t Pl 2% 3k L AR A5 3t 1) 4l L ¢
BHER B G S MR I RP G 0] ) LA R 5 4
il (PR IE SR 55, 2008) , 3K 45 (1999) J AR AL 4 b 1 2
TUBFLERRAR  IAK P BE 2 Hy B KL BRTE A 1L 32 Bl R )
SRANRETH PN i o 5 R, W 1 L A0 DR v A R A
P& HRAC S, PG R L R AR A AR R LU S b X A 0 5
TR ASCRYBE K AT (U-Th) /He 47 1% S HAIAE R ULHT, e
A Fr PR A S B A AR K L BT 1L - A b X A AR
AU B, W2 DXAE I 0 i AR e DR B TR . ki
W EESE S PR ARG B R 2
We K A B AR T, Hendrix et al. (1992) A% I H4 3 46 71
5 AT AE S th TRk A 397 $H -1 7 r ( Kohistan-Dras ) & 585 17
19y R R P20 R A0 T 3, AT 0 AR YAl 4 ) o R AN
X e R T B AR e 2 [ ) T g - O 7 DX 1 2
A BETFHE L= A T R A
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KT R LpKoR A AR AL 3 12 3 A s BT R,
Hendrix et al. (1994 ) FEE8 B AR 735 b - v W55 R 730 b 3t X R FH
JRAT ARG e B R LU A AR B TP FH & A AE 24Ma
ZiAi s Dumitra et al. (2001) X5 ¥HEIE 18- F3E 26 70 T A BIFSE A IR
I 25Ma 7o 47 A2 AR 5% P -WE T 5 347 0k, X L e T AR
FIE THNETIIRE (FRIE RS, 2006, 2008; FH A%,
2006) ,Yu et al. (2014) 7F i 4= %33t % FH#% K A (U-Th) /He
AR L &K BT 10Ma F1 6Ma BIFETHE M, LA E#FSE E
AR I AT EL, BT S e 2E A i 2 3 T A Re R
FEA KUK 87 A A 1 I8 B RS R A SO IR AL =
P XA TR IDAR B, o A A 22 B8 0 S A 4D 5 2R
AR IR 24Ma Ze AT BETHFAFRAEAE . BIFSE XA AR AR L I
TN T 2km ATRAGIREEAL &, B M DU 7E R
BEHER 0. 7°C/ Myr 3 B2 2218 Ve A1, [R) i £ Bl 44 305
0. 026mm/y (248 F i A o U 4 (2014) (R H NS
(2002) FIXN LA E (2014 ) TELL 2 P 1A BT 76 (¥ BT 2 L -1 1
Tt DX 1Y BUAE A2 508 AR AR B T8 AR K i AR AR A
A TR IRAS , AL 3 T AR B A g R T AR AR AE , A
SCLA SR P JLE 5690 47 7 0 A 12 3 IXC TR AR AR Ok B e S0
PR AR T, 3 T BT 2 1L -JFE V9 7, DX 0 A AR 1)
IRORFERRE , AR 52 B W I 19 1) 32 5% -4 FHE T e o [ B
LB R 1L 2R B 7Y Be e A= A0 8] ) 40 325 3% 2l A 4 W i

%EO

5 &5

(D ZRRINZ = wes X E Bt AR T 3
A IR R R T e At R T i (ca 330 ~296Ma) |
e =& 1 (222 ~220Ma) (W (24 (91 ~77Ma) o HHsE—
P IR ARG 5 A R A AL IR ENZ A1, i
PIBER 3 L FE AR T RETHR A

(2) BT EEAR AR £ 2 M (A BT 7 ) 9T a1 -6l e e X
TS AR R B 55 , AR A AR B W R B THE T, S5 Rl g
Bl A AL T Bl A R L 22 57

igt JE IR K F] W Curtin K 2% JALCMS Hr.0> Noreen
Evans, Brent I. A. McInnes, Brad McDonald il Celia Mayers £
(U-Th)/He MAEFA b (48 545 B 5 il s v R 27 B 3t
J5i5 H BR P BRI T e £ AR BT G B SR AR BRLTE B R R A
NAE U Th JTE B o i 7 S i Y 5 1
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