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Abstract: The Yulong porphyry copper deposit is the only super-large porphyry deposit in the Yulong porphyry copper belt, and
the previous research on this deposit is primarily focused on genesis, with limited emphasis on the significance of post-metallogenic
transformation in formulating prospecting strategies. Thermochronological methods such as zircon U-Pb, apatite fission track,

apatite and zircon (U-Th)/He were employed to date and conduct related thermal history inverse modellings. The results indicate
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that the zircon U-Pb concordant age of the monzogranite porphyry of the Yulong deposit is (41.7+0.5) Ma, with zircon (U-Th)/
He age ranging from 34.9 Ma to 39.3 Ma, indicating that the magmatic-hydrothermal evolution process of the Yulong deposit may
have lasted at least 5 Ma. The apatite fission track ages range from 34.7 Ma to 19.7 Ma, while apatite (U-Th)/He ages
range from 20.7 Ma to 18.4 Ma. These sequentially decreasing ages are indicative of the timing of cooling and exhumation
events. The inverse thermal history modelling indicates that the Yulong deposit has undergone a roughly three-stage cooling
process, combined with the regional tectonic evolution data, and the relatively rapid cooling between 34 Ma and 30 Ma may
be related to the rapid uplift of the Qinghai-Xizang Plateau, resulting from the ongoing collision between the India and
Eurasian continents during this period. The relatively slow cooling observed between 30 Ma and 21 Ma could be linked to the
weakening collision activity. The relatively rapid cooling between 21 Ma and 14 Ma may be associated with the crustal
thickening event in the North Qiangtang terrane, triggered by tectonic shortening or magma inflation during this period.
Utilizing the thermal history simulation method, the exhumation amount of Yulong deposit is 3.45 km, Considering the 4—

5 km of metallogenic depth of Yulong deposit, there is still 0.5—1.5 km of prospecting space in the deep part of the deposit.

Key words: porphyry copper deposit; Yulong; deposits; uplift and exhumation; geochronology; deposit preservation.
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Fig.1 Geological map of the northern segment of the Sanjiang belt (a) and structural features and porphyry distribution in the
southern segment of the Yulong porphyry Cu belt (b) (modified after Yang and Cooke, 2019)
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Table 2 Experimental results of apatite fission tracks
s B AR i MTL
B TR AL f’ , Fu/Pca en(®*U/FCa)  PXY) : Ao il
(10°cm ) (Ma) (pm)
7ZK1303-681 20 860 282.5 0.2316 0.002 5 99.00 20.714+2.7 11.41 18
7ZK1303-371 20 782 342.2 0.216 1 0.002 5 99.00 19.74+2.8 12.98 15
YL.23-3-2 10 724 515.3 0.088 0 0.001 8 100.00 34.7£7.2 12.35 20
7ZK1203-229 7 947 724.3 0.150 2 0.002 5 66.00 31.54+9.4 11.96 13

B TR Y1.23-3-2-A 1 7R RS2 56 A9 B2 b
SR, WO VA A5 B 52 50 B b, A A URL Y
ELR IR 45 5 LR 3. R 2 MG I Y PALURY B K A7 (U-
Th)/He 4% H X 73 #, £ (13.5440.74) ~(31.36 =
1.37) Ma, £ 3 FoBEOE J5 (14 B 50K 8% K 4 (U-Th)/
He 4F #% 78 (18.4+1.0) ~ (40.78+1.8) Ma, H 1 ¥

i Y1.23-3-2 28 F B OE 9 50K JK A (U-Th) /He
AL R (40.78£2.0) Ma, BLAF IS JL-F- 353 T 8541 U-
Pb 18 FAE 1%, PRI e S50 AT 008 S8 1, 5 22 43
Frad B AT 2% . RE S ZK1303-681 (14 B0 Uk #E K
(U-Th)/He 43 7E(18.44+1.0)~(20.68+1.2) Ma,
TE S B 3 % E )5, ZK1303-681 11 B i k: - 14 W
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Fig.7 Confined fission-track length distribution histograms

JK 41 (U-Th)/He 4 # 24 (19.941.2) Ma, ¥
Y1.23-3-2 K15 847 & L85 K A (U-Th) /He 4F#%
1B . R 2B OE B BBURL RS A1 (U-Th) /He 4 # 4 X 53
B, 7E(25.764+1.48)~(31.32+1.86) Ma, £ 1t F 1%
IEJ5 M B RSURL B £1 (U-Th) /He AF £ (34.94+2.1)~
(44.55+2.6) Ma, Ho A §h YL23-3-2 & F & IE 1)
MR #5 47 (U -Th)/He 4E # 78 (34.944+2.1) ~
(39.27+£2.3) Ma, ¥£ i ZK1303-681 fy 2 5 kL 55 A7
(U-Th)/He 4 #& 7F (35.61+£2.1) ~ (44.55+2.6)
Ma, H 1 ZK1303-681-Z2 ()45 T W b 3k 1745 41 U-
Ph i FUAE %, BRI A~ 0K 1Y) 45 S 76 J5 2253 B b
MR T HAEAT R AR B 5 H 65, YL23-3-2
1 ZK1303-681 iy FL AWk fin AL F- 21 85 4 (U-Th) /He
AEIE 4 9 R (35.95+2.1) Ma Ml (36.06+2.1) Ma.
3.2 e REEM

J T TR E e TR A D s R R R
WF 5% % 2 T DU ot JOr 5 2 B R AT R B S RF R
(MCMC) ) QTQt (5.71) # fF (Gallagher, 2012)
XF e B R HEAT A s S v A AL L o A KT 3R
W 45 41 (U-Th) /He . #f JK A1 2425 1250 % K £1

(U-Th) /He E 4 #8471 & P40 s g, A 5 7%
P 0L Glorie et al. (2019) . & B5Bf 0k 8 T 24 728 42
B K #E R (Ketcham ez al., 2007) B K A7 4% A4 Y
AR B 405 45 Y 4y 1) % B Gautheron ez al. (2009) F
Guenthner ez a/.(2013) H 32 H fY LAY Dpar 3l /) 2%
Z R B B 2 % Donelick (2005) . #5124 1R &
BB N (2204£10) °C, Rk M HAT(20£10) “CHY &
T A RS EN AR Ak, O T AR B T AT SR -
T %42 , iB H¥E 45 47 (U-Th) /He , B JK £1 2 25 12
W B K A (U-Th) /He (¥ 2 P 5 B X 1] A0 AR gl
A5 R AT % 30 LTS i 1T = A4 B T HE > 29 o 4R g el 2
2 B Lk B % B o 40 000 K, “burn-in” 20 000
W, “post burn-in” 20 000 ¥ , Phid sg i il 5 09 T
i N TR I R 2R RS R Ay | B e <]
PP s 5 5 o AT, AR ESE R QTQU(5.7.1) %
b ) B ST R SR i 13 S R Y BT A s
FE A ZK1303-681 Ay # Iy H2 iz 18 A5 40 45 2 4
4 SO0 5 1500 4 56 2R A 1] 10 FiF /i . 3R s S 45
REMERTIRKESET T =W BB 5o 2 (&
10a) , £ it ZK1303-681 75 K 2 34~30 Ma I 75 4% 41
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Fig.8 Apatite fission track age radar chart of monzogranite porphyry
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Table 3 Zircon and apatite (U-Th)/He thermochronology results
Jo U Th e He ESR KA +o
B ) . Th/U . F#Ma)  +oMa)  F, ’
(pg) (10°°) (10°°) (10°)  (nmol/g) (pm) (Ma) (Ma)
YL23-3-2-A2 8.29 3.93 11.58 2.95 6.65 1.13 48.46 31.36 1.37 0.769 40.78 1.8
ZK1303-681-A1 2.18 12.22 10.74 0.88 14.74 1.11 36.75 14 0.78 0.677 20.68 1.2
ZK1303-681-A3 3.51 4.68 5.27 1.13 5.92 0.43 47.09 13.54 0.74 0.736 18.40 1.0
Y1.23-3-2-71 4.16  476.57 272.15 0.57  540.53 75.48 36.41 25.76 1.48 0.656 39.27 2.3
Y1.23-3-2-73 6.44  297.13 91.86 0.31  318.72 45.2 50.22 26.24 1.58 0.751 34.94 2.1
7ZK1303-681-7Z2 3.53  411.27 168.24  0.41  450.81 76.2 41.95 31.32 1.86 0.703 44.55 2.6
7ZK1303-681-Z3 8.74  337.66 136.7 0.4 369.78 55.02 57.47 27.74 1.65 0.779 35.61 2.1
*
9
]
- o BRI
® B fi(U-Th)/He
* i X fi1(U-Th)/He
35 30 25 20 15 10 5 0 15 20 25 30
4 i (Ma) WL 4F % (Ma)

K10 e i AR 0 S s AL 25 2 (a) B AR I T30 1 (b)

Fig.10
patterns (b)

He # 70 A& B X 4 D7 T — /> A X B 38 10 v 40 B
B, 1E 2y 30~21 Ma I 78 # JK A1 He ¥ 73 1B KAl
G0 T — A A X R  H B B, B S TE 21~
14 Ma & 47 ¥ #1328 S AH X A7 — A By B e
5L LA 21 Y T AR 00 0 A R 259 )
A — B0, U6 AR YRR TR R L 45 SR R &R (1l 10D) .

4 g

41 ERTEREAERZHIENREE

E S OUT AR E P R 2 AE R G A TR
— AR N L G PR R E AR R AR AR
I 4F %% 8 — 2 (Chew and Spikings, 2015). A #f 5%
ik U-Pb B A A K A (U-Th) /He — 2 bnH
GJ-1 . FCT #5441 . Durango B B A7 190 285 5 431 o4y
(603+3.2) Ma, (27.00£1.56) Ma H1(31.5+1.18)
Ma, 5 2 % J7 3 e 1 19 45 £ ((6024+0.7) Ma,
(28.18+0.51) Ma HI (31.61+2.7) Ma) (Morel ez
al., 2008; AL, 2016; PMNELIHZE | 2017) 1E 1% 24

Thermal history inversion modeling results for the Yulong deposit: time-temperature paths (a) and predicted age

Y0 Bl — B, U B AT 20 Ik 25 SR T 5 L A AR O
W, 3R AR B B A U -Ph il AR i 4 51 Ok (41.78+
0.47) Ma F1(41.51+0.23) Ma, 3% FI§j A 45 2 ) —
A I BE A AT 8 BEAS A I (8RS 4, 2006 5 FR4E
Y, 2008) , R A 58 K45 19 85 401 U-Pb i Fl4E
W5 Ry 25 AR A A, RTINSl R AR B BE A AR XA B
6] AR A AS B 5% 1 UK 4R TE 1 B e 0 R Bl K A AR
1230 A I 7 (34.747.2) ~(19.742.8) Ma, 4F i 5
BRI AT BB S B T T AN R B R S E i
3 1 KA I ] 68 A [m] R R TR ) AR R B R
43R kCHE  H AT RE S TE 34 Ma B IR AN R i BT AE
B IR L E A3 T 120 ‘CLATR AR BF 9 345 19
AR B 85 4 (U - Th)/He 4 # 78 34.94~
39.27 Ma, X 51 N 3K 15 9 &5 4 (U-Th)/He 4F i
((35.7+1.2) ~(39.6+1.4) Ma) H A — 5 (Li er
al., 2012) , 3R E ™ IR 1 55 I O Ak 7T g

DFRFER T 5 Ma. AR BFSE 3 A3 85 I 41 (U-Th) /He 4F
% 7E 40.78~18.40 Ma, fix & [ B )X 41 (U-Th)/He
AR 5 AT N B A T (Li et al., 2012). 5okt iy (U-
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Th)/He 4% #9224k , ¢ 0 2 ¥ 73 55 41 (U-Th) /He
B K AT (U-Th)/He 4£ 8% 19 28 A0l 1 AH OC 19 23 B
w22 L, A b B R AR I o B TE R R
X S R 2R RTRE AL A R R ST B AR A R G B
PRI 28 W AN 34 5 43 A 4800 & Bl s AL ) kA
ZLRRY He 11 A V8 40 3% 22 5 45 (Farley, 2000
Reiners and Farley, 2001; Fitzgerald ez al., 2006;
Flowers et al., 2009; Danisik er al., 2017; Leng et
al., 2018) . HT ANWTFE R, AR 05 ] BBl eU 5
He 4F % 22 [A] & 1F AH ¢ 8% 71 AH % & & (Flowers er
al., 2009) , i AW 5E i £ Je 07 KA i B9 eU 5 He
AR 22 18] A A B A OGP (1B T1a~11D) , R IR
i WA 2 B AR S 34 B 52 i (Guenthner ez al.,
2013). Fif AN B 5% A 2 WY 5 4 Rl I A 1 ok RO ]
AE R W B AT A7 20 BUSOR He P IR (Farley,
2000; Reiners and Farley, 2001) , #H %} 4% < A9 &4 kr
TR AR O BT R A BRI
B, BB W PR AR, AR R, B e
W IR 9 IORE /N 5 48 07 B A DG A Y 4 (&) 11~
11d), R, i kL B 5 45 0% 22 8] AN A7 AR AR SC M , 18
HIRL B2 % A 1% 1Y) 52 e 5 /Iy He 1 AR A] B PR AT LA
HEBR PR R B B 0 SOu KA P A WA B R U B
W Thi ¥ A Bk e oh 78 LA-ICP-MS 73 #i i,
BE B A WAL 3 U 33l Wi A WAL B Th4ralr | X &
WY BER [R)60 2R AN 5 Ar A AN 2 S BUE e i 77

PR A 22 R AR KA F BN R WL, A HE R
(4 22 5 0L 2 3 I B AR IS o B R R R TR R L 2
5V ) Bl A B ) 457 B E SR 40 AR B DX, B HICRT Rk
KR TR RS A CRe 50052 /8 A 49 ) 119 He kB 22 5
PAL I, AN [) o A 22 T 0 A 25 5 AR 45 B R (Fitzger-
ald ez al ., 2006). K& 1 /¥ S5 0 AR B, BB RBE AR
W 55 45 B A9 85 40 (U-Th) /He B JK A1 2425 48308 |
JK A1 (U-Th) /He 4F % %8 /N T 1 A A5 2 19 55 41 U-Pb
AP R 4H 5 Re-Os AR 8 0 R BRI/, i X 5 &
AT A4 358 PAT 3 32 DX TR YR s /N A X6 I, A b A F 5 A
) 1) 330 2 BIAR AR 22 KR = A B U0 Ml T L, R AR
TR FAF R A Wt e R E A (U-Th) /He B K
AT Wi KA (U-Th) /He4F A — ERESE,
XA RE S W T e AT A AT R R X ) B B, ] BB AT
FEAN TR E A B i 8 3 43 3R A S AR B
T F AN ], PR hy B 7 5 A 3 1 e o i 7 3 ot
43 AR T SR A O B Al BRI SR T B2 A AR

ZNT A€ S (NI 5 e R ) 2 /a7 NS
AEAR 2R L A AR A B A B  U-Ph AR % %
A (U-Th)/He B K £ 2448 1238 8% K 4 (U-Th)/
He 4F W B8l 0 4 7 & o 07 R B4R 24 B di 26 (3%
4). g5 b FRATARYE JUAS HoAT AR R 1 AR 22 4
AT T IR IR BT s Ak R (E12).
42 RGHEBLMT KR ME S

FEAIE 5 1 A 77 s DU B AR rh (181 10) , &
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Table 4 Summary of Yulong geothermal chronological data
=i Ky (Ma) TEAE T Ik B R U5

ZRAERBEA 43.8+0.7 Zircon U-Pb SHRIMP RS (2009)

ZRAERBEA 43+0.5 Zircon U-Pb SHRIMP UM A (2009)

TRIER B 41+1 Zircon U-Pb SHRIMP R A R4 (2006)

v TR BE 41.34+0.3 Zircon U-Pb LA-ICP-MS Liang ez al. (2006)

ERAE K BEA 41.240.3 Zircon U-Pb LA-ICP-MS Liang ez al. (2006)

ZRAERBEA 40.6+0.3 Zircon U-Pb LA-ICP-MS Lietal. (2012)

ZRAEKTESR 41404 Zircon U-Pb LA-ICP-MS Liezal. (2012)

TRAE KB 40.74+0.4 Zircon U-Pb LA-ICP-MS Lietal. (2012)

CRAEKES 41.240.8 Zircon U-Pb LA-ICP-MS Liezal. (2012)

ZRAE KB 42+0.3 Zircon U-Pb LA-ICP-MS Chang ez al. (2017)

PR A A B B 41.240.3 Zircon U-Pb LA-ICP-MS Chang ez al. (2017)

A YRR B A 40.240.3 Zircon U-Pb LA-ICP-MS Chang ez al. (2017)

ZRAERBEA 41+0.3 Zircon U-Pb LA-ICP-MS Huang ez al. (2019)

ZRAE K B 40.94-0.3 Zircon U-Pb LA-ICP-MS Huang ez al. (2019)

ZRAG KB 41+0.2 Zircon U-Pb LA-ICP-MS Chen et al. (2021)

ZRAERBEA 41.8+0.5 Zircon U-Ph LA-ICP-MS PN

R B 41.540.2 Zircon U-Pb LA-ICP-MS AHF5E

e PR T A
40.5+0.7 Molybdenite Re-Os ID-ICPMS Hou et al. (2006)
7 o A ik
A Y- B .
N 40.4+0.7 Molybdenite Re-Os ID-ICPMS Hou ez al. (2006)
A o Ak
P S B G .
N 41£0.8 Molybdenite Re-Os ID-ICPMS Hou et al. (2006)

A P A bk

1 92 Bl AR .

T 40.940.7 Molybdenite Re-Os ID-ICPMS Hou et al. (2006)
ZRAE R BEA TR A Sk 40.9 +0.6 Molybdenite Re-Os ID-ICPMS S8 24 55(2009)
TARAE R B A S ik 41.3 +0.6 Molybdenite Re-Os ID-ICPMS S 48 2445 (2009)
AR B B Y A 5 ik 40.7 £0.6 Molybdenite Re-Os ID-ICPMS JE 45 24 45(2009)
ZARAE R B A S ik 40.1 +0.6 Molybdenite Re-Os ID-ICPMS JH 48 2445 (2009)
AR B B Y A 5 ik 39.7 +0.6 Molybdenite Re-Os ID-ICPMS JE %5 24 45(2009)

B ol A PR 2 B 41.3 £0.8 Biotite Ar-Ar AL BEAE(2008)

ZRAERBEA 37.8 +£1.3 Zircon (U-Th)/He Lietal. (2012)

TRIER RS 39.6 1.4 Zircon (U-Th)/He Lietal. (2012)

TR KBS 39.6 +1.4 Zircon (U-Th)/He Lietal. (2012)

TRIER B 35.7 +1.2 Zircon (U-Th)/He Lietal. (2012)

TR KB 37.7 +1.3 Zircon (U-Th)/He Lietal. (2012)

TRIER RS 37.0 +1.3 Zircon (U-Th)/He Lietal. (2012)

ZRAERBEA 39.3 +2.3 Zircon (U-Th)/He AW

TR RS 34.9 +2.1 Zircon (U-Th)/He EN TR

ZRAERBEA 35.6 +2.1 Zircon (U-Th)/He ARWF5E

TRAE K BEA 20.7 £2.7 Apatite Fission Track ENTIEN

TR B 19.7 +£2.8 Apatite Fission Track A5

ZRAE K BE 34.7 7.2 Apatite Fission Track KNI

TRAE KB 31.5+9.4 Apatite Fission Track PN

TRAE KB 20.7+1.2 Apatite (U-Th)/He A5

ZRAE KB 18.4+1.1 Apatite (U-Th)/He KNS
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Fig.12 Thermal history evolution of the Yulong deposit

B A1 U-Pb 48 % B8 R U8 AR BT 50 5 W 40 7 Re-Os 48 0% B4 R U8
Hou ez al. (2006) ; % = £F Ar-Ar 4F & 5048 ok I8 . 92 4 35 %
(2008) ; #5 41 (U-Th) /He B JK 41 ¢ 28 42 3 B K 41 (U-Th) /He
AF i BOHE R U - AS BT T

Je B R A AE b4 BE 7 16 29 34~30 Ma it & T —
AN HH R e B ¥ B B, 7E 2 30~21 Ma Bt &) T
— X 2B 18 A Y B B IS AE 21~14 Ma 2 4y
NPT — AP % A Lk R
9% FE W, 5 90 7 IR AE 24 33~30 Ma 3 [8] % A 7 bk

40 35 30 25

B T+ (181 13) , 31X 5 BN KRl 55 BT K Rl 4557 22 il it
#H % (Zhong and Ding, 1996; Dai, 2005) . { I} [a]
14 il 5 ) 365 J 20 38 23 T B0 AR ) PR S R T R R
ho, TR BS B e R & i B D (Cortd et al.,
2003; Spikings and Simpson, 2014). A It , £ B 4"
PR A A6 B BE 2 7E 29 34~30 Ma 18] % & (1) Pl sk
Wi itk 1T B8 J2 5 () 30 B R R il 45 I B il A 4 il i
51 B T A e i PR R TE A G AR 2 30~21 Ma ]
(], ¥2 10 2 2 AH X 2218, AT RE S A O Al 4 3 2l Y s
55 5 B 1R I R T R R DT ¥ A R AR g
X354 3 96k %, E 20~15 Ma 9 18] 46 9% 3 b A
R T — YR R T A 3 — U Y P R T A
SRy SR H A 3 A R B RS R A b e )R |
i (Staisch ez al., 2016; Chen et al., 2018), A It ,
RGN R E T R M 21 Ma FF 45 (179 H) R
PRAT fE 5 20~15 Ma 3 5] 6 JE Ik M i 9 M 52 1
TE A5 R B IR NS T Y b 5T B R SR A OC
43 ERTEKRGEERKTEN

BE— 25 T it B e R 0 R AF I B T IR 4R
WV B OCHE X T A R IR R R A TR
w4k J5 R0k ) 2 B (Mclnnes, 2005) . X T 5
WK F A AL 2 & A AE BE A bR 0 T 5l
J5 BB 5 B A A0 A N (Seedordf ez al., 2005) ,
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Fig.13 Coupled thermal-tectonic evolution of the Yulong deposit: best-fit thermal history path and its response to regional tec-

tonic events

] v 21 gy 2 Sy A7 S S A DL 81 A 0T A R I 4%, 33~ 30 Ma 5 i i SR P [ 7+ 2% Zhong and Ding(1996) . Dai(2005) ;20~15 Ma b )2 %
i AP [ T2 % Staisch ez al.(2016) (Chen ez al.(2018) 5 Hin ZPRZ N5 A He #4348 47 (180~140 °C) , 2% Reiners ez al.(2004) ; APAZ g
W IR A 4R 2 4 3B ko (120~60 °C) , 5% Laslett et al.(1982) ; APRZ A8 K A4 He #4308 45 (80~40 °C) , 2% Wolf et al.(1998)
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U A R B AT AR A R R B R RR L T R AR
LAk B R TR BE R AR S R TR B Y B RR
AW T R FH T LB, e TSV A R R
o 8 5 R ) ol R kR R Y T BB A A X B
TR B, 5 R ) Hb 7 b R R B — A 20~35 °CL T
TG e DA R e L b R R R A R T, R AR
T 9 B 5 96 38 Ml A% 1) Hl TG B85 R 40 °CL 2% B 31 £ e
W R B9 5 R B 7E 200~537 °C (f E# 4, 2005;
Chang et al., 2018; Sun ez al., 2021) , ¥ 515" Re-Os
M SE B9 R B 4F 1 7E (41.2940.56) ~ (39.69+
0.57) Ma(Hou et al., 2006; J&4§ 4%, 2009) , % F
TR, BBk 7 S5 AR B X 8] 22 A0 B s A
ZAF PR 2, AR 58 HOR FH B IR A 40~200 CHY
8 A (U-Th)/He B K £ 248 #2308 A i K A (U-
Th)/He 4E#4 (24 35.6~18.4 Ma) K0 A" I A 31
TRV AE B T3 s B ik (B 13), B IR0 IR
£ 34~30 Ma I [0] 18 ) 3 2 g 17.5 “C/Ma, | it 3
4 0.43 km/Ma, F K FE 4 1.72 km; 30~21 Ma
3 1] ¥ ) 18 % Ny 3.3 °C/Ma, 3 it 33 2 g 0.08 km/
Ma, 1 E BE k 0.75 km 3 22~ 10 Ma 3 i) ¥ H) 5 %
M 5.7 °C/Ma, # ik 3 R A 0.14 km/Ma,, 3 it % BE Ay
0.98 km. £ Je 8" IR &k 14 3 1l % B2 K 3.45 km. Hif AAR
it AR AL IR AR B E R IR B TR 2 7E 0.5~
3.8 km (i} £ ¥ %%, 2005; Hou et al., 2007; Chang
etal., 2018) , WAL DA A £ 2 1A Ak B 0 1 TR B A
bR S5 A AR I R BT AR B R
FIPR TR FE Ry 3.45 km, Ui W &8 43 4 2 9l 1) ol 42, (B
A JLE KB 458 oK 9 B BR 4R, Chang
et al. (2017) ¥ T ERT KR AELEKRD
Zo7 T AR S R ) O N MR AN
et T O A A 2 A 8 — R R A A B Y T TR
PRI Sy 7 RS L, AR B R AR T I N a6 1Y
BE 5T A T A Ak B3 0 B TR BEAE R L TR B T FR
K29 H AR B DR A AR BE AT N is AN AR
FI Ak AR B E e 0T R 9 A R R 4~5 km
(Huang et al., 20223 Zhao et al., 2022) , 1fi iif A\ B
SR, 22 55 BUHE K RV BE 5 0 R ) 1R A0 T B — it
7t 4~5 km (Richards, 2022) , 4 It , & 5 48 4~
SkmAERN ERG KK HKEM TR, 44 g
PR Bk B oty 1 e KR BE A 3.45 km, IR BT R R & D
WA 0.5~1.5 km 1Y $ 4 23 (0], 173X — A 50 45 )
L5 HR Bl L g S A B 0 E R R A AR R
500 m 4 Hb 57 2 52 EL A W) & (Hou ez al., 2003). £5

L ARBFSEIA R R T PR T T A e K B s ]
5 458

(D) E R H R &5 K A6 X B85 A U-Pbi
AR IS 78 41 Ma 22 47, 8% A (U-Th)/He 4F ¥ 78
34.94~39.27 Ma, B JK f1 %4 28 42 3 4F 8 7E (34.7+
7.2) ~(19.7+2.8) Ma, B JK 1 (U-Th) /He 4 i
TE(20.741.2) ~ (18.4+1.0) Ma. X 6 &% 47 (U-
Th) /He 4 ¥ B K A 24748 42 300 45 W% 8% K A (U-
Th) /He 4 #1105 7 07 1k J5 (9 ¥ 0 R0 1 1k 7 s

(2) o B IR AE 2 34~30 Ma i} 2 i T — >4
Xof PR 8 ¥ H B B, AT AR 5 TR B R K R S I R
R it 4 485 il 42 15 1 B 1) 75 7 v it R R T AT O L AR Y
30~21 Ma i £ JJj T — A M X 92 % 1998 20 B B, 1T
fiE A2 PR o il 4 35 2l 09 8 55 S 3R R R
VL Bl S AE 21~14 Ma /2 47 X & T — AT
PRSE ¥ A R T BRI b SE S b A DR b 5
A T 45 B SRR B T Y b e 3 R A OG

(3) A by s B VE TH 518 B £ e B K R
TR BE R 3.45 km , T AT N iz 3 B M N A3
B R R R IR B N 4~5 km, A BT R I BB
M %A 0.5~1.5 km (4 #5725 i) .
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