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Fig. 1

Common low-temperature thermochronology methods and their closed temperature systems (Chew and Spikings, 2015;

Jones et al., 2019; Malusa and Fitzgerald, 2019; Reiners et al., 2018)
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Fig.2 Schematic formation model of fission tracks (7 U

or *U) (a), (b) and apatite fission track microscopic

photos under transmitted light(showing the semi and

confined tracks) (c)
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Fig.3 Schematic diagram of the experimental procedures for EDM and LA-ICP-MS fission track methods (modified from Kohn et

al., 2024)
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Fig. 4 A comparison of ages obtained by EDM and LA-ICP-MS fission track methods (data sourced from Seiler et al. ,2023)



132 1E R

oo R

2025 4F

4 120~ 125 “C(Gleadow et al., 2009); 4k £7 B4 A5 4
5 R 3 43 3B KCHE IR R 180~300 C (Gleadow et
al., 2009); HoAth 7 4 24 A48 72 38 A9 38 1R ks i =
WL 1,

S AR AR IR Kt R B AR AHECT
T 2 LA IR A AT A 4D

(DT PEAL 2= o LABE A R, Horp
f) Cl. F. OH, Sr, Mn, Fe. Si %50 % s 314, 45 5
JE CLIGE O i, S P58 i B I A 1R R 1 A 222
Mz, —MOLT, CLE &, B KA PR k
FE 7 B, AH I 3R R BE L s (B2 CL Y
BT 4% B, C1 3 it 53R O B R B0 56 ¢
FE 5Ca)) . EAFEFERERR, HIRF 4 R 5 s
AR Cl & 514<4%. 7, Ketcham et al.(1999)
PEW r, (EAE SRR K IR, 2 A= — 1 5 2 Fh i
HILEMEG AR ASE ., XM EITRTFED)
F A B L TR B S B A HEAT RSN AE . Burtner
et al.(1994) HI Carlson et al.( 1999) 4 H} [ ZI| R F =
# Dpar i, A8 & X 506 R0 CFAT0 125
i ¢ D AH 28 1) AR 1T P Z T A de K B AR, T
YRR kS8, 3l H Dpar {E# K, X} R AR AR
JER R S ClE TR &AM IEM G (& S
(b)) T Dpar {6 7] 7E L1 HA2 00 I ELE2 0045,
W AE Z 500 ARG bk )z FAEIR K S48k

O Yy AR £ ) S0 LABE KA R i,
LA S5 AR ¢ B Je RN E R YE T

CURF50/45r T
10000 0.'5 1.'0 l.'5 2.'0
(a)
800 N
- °
8
< ’.
S 600}
% o ° ° o &. 8
& ge .». °
= d00 % g ® %
gedt 0
20 o °
200f g0 o\ °
2% B,
0 2 4 6 8
o (Cl) /%

2305 ) AR S I 2 S AR 5 ¢ e AR B N, A2
W HTIR AR A, BVIR KGHE R 2, IR
KR e B Y B A AR AT B kR
R MERL S o fliT T, B kGHR R
KL, AEAH RIS, AT o Fl i AR 4 B o
K, Ak B o fA R K R (6D .

OB ET, F2ZEA8 B MR X A ™
AW, & U, Thoo R Prb, dasaifs &
FLYR T S AR TN o kL R, TS R AR A R
Hif X (Ketcham, 2019) . #5477 U, Th A&l
WA (BEKAT U GE— B LEILT pg/g)
w1~ 2 R, T TR s b, o5 A A8
223008 P 3 KRR o ) A2 A 0 ) R ) 4552
RV —MAFOL T, B 40 B, HHR IR B
fili(Rahn et al., 2004) . %, HCA #4072 B 32 250
i o kLR (UL Th & <@ P45 5 A 18 D 2R 17
A, FESCBRHESE ol A OB 2ok g e X
SRR AT S S H ARG 1 0 11 S S A 405 R i ARG
55307
1.6 EHIBEAREK

MR b3 24 AR A8 300 19 7 1k DR B, 3 AR A%
0 S 56 FCHE B 5 AT i BRI K B R b A A
W IR AT SRR ) o B4 AR R 58 AT I8 BB 2 AL 4
G ORI BN, . A R AR AN . A kAR
W (p) . s R AR AR (NDEL R 370 & &
(pg/g) . M 4FE % (Pooled age) . M7 .[» 4F % (Central

(b)

CIEH/%
(=)
~J
W

Dpar{f/um

K5 B KA AT AR S5 A S 2R RIE () Ok B 32 E 5 KM Stillwater Complex B K A ok e AL, $dE51 B

Kohn et al., 2002) FIHE K A7 Wik & & &

5. Dpar {E 5% % & (b) CB#E 51 H Donelick et al., 2005)

Fig. 5 Plot of AFT age against chlorine concentration for apatite grains in samples from the Stillwater Complex, Montana, USA(a)

(data sourced from Kohn et al., 2002) and plot of chlorine concentration against Dpar value for apatite grains (b)(data

sourced from Donelick et al., 2005)



Faot H2M 2, A AR R SR I (D 133
16 16+
2 d
% 12+ % 12t
= =
2 2
% 8t % 8t
8 =
4 L
4+ 4
g
0 s s . . 0 , .
0 4 8 12 16 20 12 16 20
P TR K AT AR K um

(a) JI#F 100 h, 75 °C; (b) JNFE 1 h, 351 C

Ko B Ik A1 A RS AR 500 1B A% ol S B B A A ] (2 1250 - Donellick et al., 1999)

Fig. 6 Polar plots showing annealing anisotropy of confined horizontal AFT lengths (modified from Donelick et al., 1999)

age) . K7 P(y). B #U¥ (Dispersion) LA Iz 3B k2 B TR A DR i, Lt A % T AR 3R R AR AR 3 R X/
B Cl, FETTRE SR Dpar (A5 (R D, BRHFER . X TRHEGEIFZ /DA RS0 AR H Al
XA e A A B B S (LR TR IS B WA I e, ki, 2ESET 15~20 4

Rl HRERTERBBEREAM

Table 1 Fair fission track data reporting

BENE U]
B 5 53 0 BE 0 2
[GATE- ¥ N YS! ARG . R, X
AU B AR
Gi R A (N, P il 43 T 01 20550 40
HRBIAB(ND A OB & 1l CPURAR 7= 4 i KR 42 ) B 48K
HRBIMERE (p)  BESBORL G i BUAN Y A28 % (107 em ™
W5 R AR IS CND FREDMJT 3k : P F R AT 25 o U 1 0ff L 24728 1M 7= A= (9 42 a0 B 4% 8K
Vo R AR BE (p) FREDMYY %« Ff i J5URE G5 31 1 AR P 09 1 2 45506 %5 B (10° om ™)
TP U R FRLA-ICP-MSJ7 ¥« BE & WOk A 2 UF 2 & b B R 25 (o)
it 4F i (Pooled age) 153 4 AR A2 3 AT % S HL i 2
PG AR B (Central age) 55 24 728 428 378 AF % M L5 22
P(() + 7 38 S FH R e A 58 4 AT 0 ORI T IR — AR IR R B —Fh Tk, A TFo~1
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Fig. 7 Radial plot of fission track age data (a) (Vermeesch, 2009) and histogram of apatite fission track length distribution (b)

19 2 H7 Fr AR A B & AN, (B & R Dy s nl 38
] & [ 4FHi . Ernest Rutherford( Rutherford, 1906)
VAR H AR S U AR He MEAT RS
DUAT, 3t J2 f 4 10 RIS R DU A i . R
At 20 B ER A3 B 1) R, M S AR AR S Y R
T E S A LT AR . SR, BT i X
F'He (132 # 4 U BN PUR 2 , 3 (U-Th) /He
D425 SRARME 5 Ho At B AR AR XS R . A ELZ R,
FAAKTF A (1 K-Ar, Rb-Sr Fl U-Pb Wl 48 J5 12 G % 4K
155 0] 5 A 5 A AR S A5 R, X fd 45 (U-Th)/He =&
AR T 1 1 R R A 3 5 iR T (Zeitler, 20200, A
20 tH4 50—70 4EAX, 5% 3 Bl 22 60 85 A L SR
S DA A A KOs TR R IS, (A5 45 R A A
RN E (5] 4 . Bender, 1973; Fanale and Schaeffer,
1965, Ferreira et al., 1975; Hurley, 1954)

Dodson( 1973) 3 F 1 M AR Y 1R #LE
WY R AER R, S (U-Th)/He M 4F 4%
AW R B R TR 3L, 5ILRIET, Wagner and
Storzer (1972) 48 i S48 452 308 18 KA AY, PR 35 2 []
Hedh T HAFEACFEIIEA: . BESS, Zeitler et al.(1987)
AR B K A (U-Th)/He 5E 4F J5 i, JF I 52
T *He 7E 8 I A7 o 9 5 AT IR <100 °C. 20 i 22
90 “E AW, Farley M H BN &R T — RINEHZL
3C, ALK S T 8 K A (U-Th)/He il 4F i 3L 7 43
B A F st IR EE (25 70 °CO, g o T “ o ki
T S 30K He 1 2% 7] [ (Farley et al., 1996;

Wolf et al., 1996), FE I Z J5, M A (Reiners and
Farley, 1999) . £ f1 (Reiners et al., 2002) %5 4 4 1)
(U-Th)/He MIAEJ5 I AHAREE ST o R A2 EA 21 i
285, WE2H Y (IR 8™ ( Farley and Flower,
2012) % (U-Th)/He W 4F J5 12 7 4 1 57, AH G 3
TLRE AN T 58 3, 52 e 4F 0 435 SR 10 PR 2 R W gk A Ak,
IR T )1z N T ER B B A 5E T )
(Flowers et al., 2023a, 2023b) ,
2.2 (U-Th)/He [RI2
AATBEIA . B A A AL a AR
AET Y, & A R & &0 U, Th &5 1T
2, 8 (U-Th)/He /& EF AR I E MRS L .
X T R R PE B R T R, o, PPU.
P Th L KB 59 YSm), 78 & A4 o Fil B AR 4>
P A AN AT 2, QP Pb, *"Pb. *"Pb, [F]HT,
2B H *He FIEE T, Rk AR
Y — 2Ph + 8*He + 68
U - Y"Pb+7*He + 48"
22Th — 28pph + 6'He + 68
“7Sm — "*Nd + ‘He
i 0 E He 9 REUE, LLRER N 270,
UL Th fYSm fy & &, BRIk 8 P AY
(U-Th)/He 4%, 71540
‘He =87°U (e — 1)+ 7°¥U (e - 1)
+62Th(e™ — 1)+ “'Sm(e"" - 1),

AP *He, 7°U. U, Th A1YSm AAFE M E T )

(5

(6)
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XF N A% 2 B t%:z/%%@lﬁHe L A [A] Aazgn
s Agza M hgy SPHIAPU L 22U, *Th A™'Sm Y578
WRCCHAE M 1.55%10 "y ', 9.85x10 "y, 4.95x%
10" y 'l 6.54x107 y'H; *UL UL P'Th, “'Sm
T 14 28 850 9 6F 1o L7 5 748 2o 2 o = A Y ' He 1Y)
R FHL

FEF RS, YSm AR 4 G Rk A
i TR A K, Sm AR PR A () *He X R
FHE Y 5 R R AR 0.1%~ 10%, X 4F i 1154
SE R BRI A 1%~ 8%, I, 250100~
S [F v AR B, R 2088 Y Sm f i BRI
18475 A 5l & [eU]([eU]=U+0.238-Th+
0.0012-Sm) <5 pg/g i, "'Sm T4 P24k i *He 1 57
kR AT BE 2 > 5%, BEAT 56 'Sm & g8 AT 2
[l (Reiners and Ehlers, 2005) .

2.3 (U-Th)/He L3 F5i%

1258 (U-Th)/He I 4F- J7 1, BIV3& J0k7 5 A 92
BERDAE 9 Py UKL it AR A e 4, Tt 4 4 A
H ot UK A A (A 2R TR AR AR EL A R 44O I
R 40~ 150 pm, [A] B, 07 308 BOAR 5 410 35 44 i B
WU, B0 3~7 . %05 BRI R
B N IR

CDHE e X U HC 4% He & 19052 .
Pk 3 1) 0 ) R B A PUND i 9% P4, 38 2o
eIk AT He BRI, AR 90 09 IR B A
T 22 5%, BS A B I ERGRLEE 2k 1300 °C, 85 K A7 1)
TR EE 2928 1000~900 C o AN — i 2
PEAT PO OB A 75 8 3~4 700, 45 — W hn 44 AT i
99% LA I ) He SRR S, 55 — U #4 0 fifi ¢
T He & 323 AR K o 309 8] SR () 467 25
BB B SR 1 He SR SR B He 1R A, B
J& B 22 AR B H,. CO. CO, F H,0 45, 15 F1]
J AN H*He 5 °He A9 HU AR, B 17 15 RE B
r*He %) & it (Flowers et al., 2023a) . 4 iRk 1k
B 0 i He A9 % (X 32 225K H Alphachron
ONEle Aad, BT He W0 XE AR XA, —
T g DU B T S 4SBT S B RO o 3 T,
WA NDLEGE AfTHRE LR E

(2O 22 5 9 w5 Pk B 4% 70, PPUL P Th
KMSm i, H G, ARSI 58 He =Y
Wy UL CRSURE A AT ORI AT 9T SO B
fdi R385 (41 HNO,. HF ., HCl Z) $F 1714 % . R

P 7 B ) AN [R], ELAR S AR B )l 8 ol 1~4 K
B S, ) V5 i e 0 R TR A HE (2 Th AU
W IEATARE o M 55— B W W R 0 1Y
e R B 4 B R B B A O I TR AV TR
FP U0 AP ThATh i, OF 1w 45 21 #5905 4 ot
kirf U, Th #1 Sm ICE A& .

BT R B I A 2 R T A B
(4] 46 CU-Th)/He 41 o 38 I FH ¥4 51 BR A IE 45
H(Farley et al., 1996), X #] 4 4F % i 11 Fr & 1E
(Flowers et al., 2023b), J7 A] 15 H i AR
2.4 (U-Th)/He E & MmEE

(U-Th)/He 4F % 72 45 R £ 2285 Y) ik B
A G5H LA RO i P He 3 A RS S P S
FLATT 5, 3 28 K 25 24 n] B2 00 *He £ f iR 9 9 3 1L
oy ad AR, oI AR S AT He BOARAFRE ST . I
AN, TS R THe 5 TR T RE R i A 45, 2k
(U-Th)/He 4F-#% i R P 7= A2 B 8 T4

(Do KT 5 H 300 Ca-ejection) o ET P47
A He TP Cob ) B — 2 BhBE, AT 7E Sk
HRESI— W E . ST REBT Y, ok FI1
S H4 45 11 BEBS R 14~22 um(Flowers et al., 2023b;
Ketcham et al., 2011) . PR, S ARE8 U, Th 55
SO0 2 AR 7 A (1) He A5 AR KA R G S AR A1,
T R SR 1 He 812 (& 8Ca)), HE i i 4F i 45
P/ o FEBGRH YR U, Th 2555 T Z 40 A 24
— Y HTHE R, Farley et al.(1996) 2 H TR B 1E,
B Fp A% IE, RAAMEE o 1 5 HE %00 5 3040 *He 1
RS A 520

(2)*He FHARLL . FEIE 9 CRE 2 [eUD &
AT AR, KA D R T H % 25 A%t
kAR T R [eUl A 4 ) *He 5 A (& 8(b)), B fifi
5 5™ ) 50 A B2 B0 A RS *He, DA T 52 i
(U-Th)/He 52 4E 45 o 3 Bl /1 *He HE A X 4E %
FIRZ IR R B, 32 RN A ) [eU] & i . 0k K/,
AR RFRZR RN ., K, 7€ (U-Th)/He ik
w4 BB SO AR % SR (I 2O B, ] 25 I
Eip AT

DT YL EHEZ . RHE Dodson( 1973) 2 H
) = PRI R T RO 4, B A R 55
He B A7 5k dF DA 30 B 522 TF A G, BIDVA 35 3 i,
H(U-Th)/He Hf 1 B8 = (B 9Ca)) . K8 P
HIHCR A CET, B 20 ) LR R (s 4y
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Fig. 9 Apatite and zircon (U-Th)/He closure temperatures under different cooling rates (a) and single-grain apatite (U-Th)/He age

vs grain-size (b) (Rsv: Radius of a sphere with equal surface area to volume ratio) (data sourced from Flowers et al., 2023b)
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HAE I K (Flowers et al., 2008; [ 10D, {H 2445
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Fig. 10  Single-grain (U-Th)/He ages of apatite with different [eU] contents (a) (data sourced from Flowers et al., 2023b) and zir-
con (U-Th)/He closure temperatures with different o doses (b) (Guenthner et al., 2013)
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Thé & BAORE B Thisy 5t (pglg)
Sm? & PRUGURE Y Smy i (pg/g, — AT Z 0% )
[eU] [eU] = U +0.238-Th + 0.001 2-Sm ( Flowers et al., 2023b)
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kLR /N BRI L B A R T AR R B LL Y BR AR R Ry
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SNGE T I ik B FF %, 1% A BAEK & Autoscan 23 /] FF
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FCEFFRAE, PR A OC S8, W] SEAR I % 1 A
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WA G RCR, SR C R A Y 2 00 505 = A5 2
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FEEUZ UL KA S Ge it a4 0T LA 40 e 11 245

RE N AT MO . (BN F AR K, M AT
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WAk, el b N T8 BE B AR CREJINZ SR
B AO M, B 2E 2l R TIRE 0
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FRZm, FERZT YU T (UL Th, Sm) &
H A =Y CHeO W AR AS, X He ¥ 8l sh 112
DI K o i 55 0 0 Fr MOE AT R 2 . ol i
PLiZ [a] {8, Shuster and Farley(2005) 42 H T B K A1
‘He/'He MI4F1% . %k FEAHRBE(Z 150 MeV)
JoEF R R, BT Y FE BT R (O, Si F)
TE 2 e R F A 5 N T 77 4 "He, 3% 26 °He 25)
A FEEEA AR SR JE DL 2B i # oy =
‘He/'He LLAE, 1 17 AT A 530 0 53 i P9 *Hee 7 &b 44 P
B 43 A R A, P45 A (U-Th)/He 4F %, Bl nl #878
ZHMMAFHESZNRITIRFERE .. BKA
“He/'He #AF-AR 24 78 14 £ K [R) (4 19F 52 F0 b J5 17
rhPR A T A B SORIAT R A AR A 7 B 2 7R (Flow-
ers and Farley, 2012; Schildgen et al., 2009) . [ 5,
B 41 He/ He $AFRAR 22 il IF & A5 3, HLIR L
Ly 250~90 “CCE AR S AR RS | ORE /NI
B) & B (+TO Iy 52 %5 2% £F #H 5¢ ) (Brennan et al.,
2020; Tripathy-Lang et al., 2015), #X T, 1% 7 &7
SR RE T VAR R IR A R o B 1
T 2240 52 R 3 2 Y Shuster 25457 4015 1 #4
FREFEERE, i, ~SHALREWITRET
AHICHFFY, UnFE [ 5 2% HH K 2% van der Beek (4% 1
HENL TR T, (B R T HE T AR
i H
3.3 BRFEARXRIME

B DX A DAt R RO 34, — P2 A% Bl AT 47
AR E R RITIZ —, FAE 2005 4, WAH] T
Curtin K 2% Evans #4282 Al HOE A7 X 31
v I 52 CU-Th)/He 4F #% (Evans et al., 2005) ., %
O R S I CAn 193 nm) & RE IO XT W ) E
A7 b, 3 21 PR SR T3 A4S 32 3 T T 9 1)
He & &, BJ5 7 HIOCAE 2 ) — & WO AT
P U A Th & AT IR AL 2 . XA
A R A R 4 i L % X He 43 BT IR 7
Az R i TR R EAT U 72 o Boyce et al.(2006) F)
FHH T 5 R B IR EF BRI AL 2 T (U-
Th)/He 4Fi#% . Vermeesch(2012)$2 H — A~ 5 Sk 1
PR O A B X R i (U-Th) /He I 4F 3%, 8 i
ARHE S FRAE BT L, SRAS AR AL B AR 18

SV R, AT AR e s ORI AR 15, O TRK
DX b B AR T S B 1 R 1) B — S A DX gk A 7
W, BEFEAR R AR B/ N ™ W) Lo A B — =

B Fr OB R 2E . AT RCR 1, OGN
WEAEN . B BEE SR, K, 4
207 25 A G20RG B B A1, B 0 I 3k A4 0 152 2
R (>15%). Wik, HATiZrE 28 xE U
T AR S R B A TR S, IR U
AEXT AR 52 0 7 4 315 2 e K ORI SC 5%, 2016 6
HAMA FEXPIZ T LA T — 2 ot
34 BERZMEE

AR, Bl A5 AH S ASCAS AL AR B AN B BT, G
TR AR BT T 0 . RR IR R A 43
BreEe RN, 30 T B 0RL Can gl A L B K A
OSLI A R =300 A B AR B AS W e 5 6, g
Wi K A7 . M8 A B89 U-PbAI (U-Th)/He B 4 (Evans
et al., 2015; Horne et al., 2019; Reiners et al., 2005; %=
M, 2016), U-Pb #1 FT Jll 4 (Chew and Donelick,
2012; Fedo et al., 2003), DA K HUUkr = I4F-H A (U-
Pb. FT A1 (U-Th)/He) (Danisik et al., 2010; 7 5C
85,2016, FURURL Z2 I 4 J7 Bk 1 1 HH, T —
R B/ R AR AR R -V - R B
M%7 ARG B o R IR A B
W58, 2R R AT T A B L8 iR X
B 30 i85 Dy S L B S O R LR A M A 1 B B R
TR EF oA, PO H 2515 209 197 Bk (A0 Li et
al., 2015; Malusa and Fitzgerald, 2019; Reiners et al.,
2005; Xiang et al., 2019; ¥ 25, 2023)
35 HiuyREBERERZNEZE

YRR IR AR A O R ) I AR ) 3
R A AT R T B AR K A, {H H A UL
Th &9y BB R 1 o P, HOAH SRR AR 22 T
RN WIR BT & . B, A A, &
CUf . RERET . R R R SR Y
(U-Th)/He J7 1, AT LA R A DG R B9 ™ i AL 32
HEAR AT (1 29 5 (BR B MDA, 2024; #/NCAE, 2024)
T T 24 AR AR 300 I 3%, ARk ph R A ) H 4552
B ey, Hodsf P 293k 45~25 °C (Jones et al.,
2019), I 2 4 Fif & 2318 Ol AR T ik 2 —,
TE S0 T AL LA Sy BT 2k g s 45 D T B30 9K 1
YT

4 HURS IR E

— Mt oL, RIR AR AR SR AR O R
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AU BB ) ) W2 FNAF Y . BROOR T DA T i3 72
AR B G Z A A M XA 1 88 R, (H O R 3
| & B i 37 A8 A AT A 2 i A s i e s B
{22 (Braun et al., 2012; 257 15, 2021), NI, &%
B ) BT 3 AP 2 A A g s B TS, i o ™
Wy T 28 T W AT A I S, T AR A LV 0 s A
HORASAL, 45 A AN B AR R R A2, SRR
RFH B T #2 . Ha, % FH 07 5 i
T HALHE — 44k 4 HeFTy(Ketcham et al., 2015) Fll
QTQt( Gallagher, 2012), A K = 4 i) Pecube 1% 421
(Braun et al., 2012), H: "', HeFTy J& Hi 3¢ [& £ 57
B 22 B T T 43 1Y Ketcham Z( 4% & 1Y Win-
dows R G A, 1 QTQt J& i % [H B BLAE — K%
i Gallagher Z{ #% 7£ Mac il Windows ¥(F & JF &
BT R RS A CIET 1) o PR A L S
SR AU FVEGR BRIy T AR AR L, H =3

50 40
i a]/Ma

70 60

E11
W U] ST 3 )
Fig. 11

ST Ad A SAE AT TR [A] . HeFTy Sk H &
Rl BLE2 4 2 B8, T QTQt WU S A FH DL -1 2 /R
BEREE SRR I (MCMO) ik . Wi 2L
B oy B it ) A s AL, [R] B JH: i i 34 T
XoF 4 252 v P ) T A 22 S R A T I s AL . TR
A2 R S EURMERE & A S : HeFTy 1H
X R FRA B Bk B AR AR i, T RE s Rl “ AR 5t
R [A]E TR 25250 ) s QTQt WA FFTE X A ) 2L,
Bifi 5 A BT A 3, A R A5 R & vh 1 AT
fE XN o (HRG R, A i = At b o 29 38 45 4,
QTQt L AT RE S M AR B HLE IR . KT PR 5k
B TEE He %8, W] 2% Vermeesch and Tian(2014)
LER

=4 Pecube BRI T AT BRI 7 ik R i =
A AL T 7 FE, TR ST HOE 18 A6 R4 38 15 20 %) Hh ot/
‘=40 BE B 3% 0 52 i (Braun et al., 2012; & 12),
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Thermal history inversion results based on low-temperature thermochronological data using HeFTy (a) and QTQt (b) soft-

wares (data sourced from Li et al., 2017, samples collected from the Cretaceous forearc basin in Xigaze, South Tibet)
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Fig. 12 Inversion modelling of tectonic geomorphological evolution based on low-temperature thermochronology data using

Pecube (data sourced from Cai et al., 2023)
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TZAGE 30 1 15 TS T B 3 B b A AT
s, P LA R AV A0 T s, S ARG U AT
OB . I BT R L TR A BB
BI H B3, E 2 BT 1) AT R AR, T
HusT = 2 MR, B SR 5T 1Y B 2 I R] ) e
A AR AR AR 2 B AR 152 o R A ] DL
A A0 ) U DA ML T TR AR b 2 1 e ] -
AR Ak D7 S, I T TR b UL AR AN [ 3 B AR R T
AR TR AR 22 2 (Braun et al., 2012) . #xiE+
JUAEk, i %5 Pecube A5 fifi FH T8 Rl A4 97 A LA K X6}
O [ ¥ 3t b S50 170 50 fg 4 B, BIF 58 N 5% SO DL I
AR A AE A Y ( Sambridge, 1999a, 1999b),
HCH 2 38 A A W 4 B v 3 AR, SRR AR
Al 2 1 3F) % T2 F Hb JE 4k 7 52 (Braun et al.,
2012) . BRUILZ AN, A AP BE G R AN T
AB CAD TR B 2% > 5535 JF JE AH SC LR, 1 40 Jiao et
al.(2024) F| FH {5 L4 22 X 4% (PINNs) 77 i A0 B A7
B 5T 7 1 SFe Ak B A 1 T 2o A v b 5 7 B £ A
Hh AR A AT R

B 5 AR 25 O 8 & T2, AH S B0 AN B
Hi AR ER, N DX S T 1 T SR R R, PR,
2 T RH O 20 BT Rt AR 4K F & o Fox et al.(2013)
E T —Fh K AR (GLIDED, AR AR AR 2 %
Pt SRR X S Dl sk 38 32007 VA B T e W
GRS BRI ok R AR AR AR AR IR A AR 4K
PEIC R, K 0 i R S 500k Sy B () R 2 ] 19 A5
7 = i S el (O A B B Ny RS 1K B |
A B PH R AR 43 . SO R X A R A
AEAR B, T AA 2 IX i) b o R g i s AR Ak
R AR S, (R PR, IR %
2 (B o3 A B AR BE R RE e DT T 22 Sk
7 51 (Schildgen et al., 2018); M4h, % A
S o o 6 T 22 AR T S 50 (A AL % . Tian et
al.(2024) FI| ARG 2= 500l - B 2 OC R (AERDAS &
PRAC HL R RS B, 22T Matlab - & 7 & #i4CHS, %643
fiff DT ML A 1 (] AL, R DXk i S A
B il B MBI AR AR A B X F 9 X SR A 07 5
Py o0 R, H% 7 R 238 T AR R 2=
/NI RO JE Bl . B, van der Beek 55 A&
T Age2exhume 18 5 (matlab 1 python iz 4% ) (van
der Beek and Schildgen, 2023), iZ ik i THEH
S AR VRS A T () M s, 3 e B R AR

RF R G K TR ph sk 26 . AH L AT LA
1%, Age2exhume 1] UL /0 #7221 AR 22 R 5
B D R B 4, RIS e A s 1) RUBE 2 AR 341 1ok 7y
25 [, DA A 0 5 3 Ly e A 36 2% 7 3 g L
MR HEL R

41, Braun et al.(2018) JF & 1 F1] FH 04X 1] 70
TR J8 AR AR 2R B 113308 DX 3k i i AR RUEE
AH X 4= 13 R 1) 77 155 Gallagher and Parra(2020)
B T A AR AR A B S TR X 4R -
TP SR ik o Bl A X SR R AT i AN T
e, EATTRE R AR IR PRAE A 2 B A0 oRG o A R
PEAL T 4E g T HL, ISy AR LAk b 2 R AR 7 R
;B E A A 251

5 MNEERE

AR, R AR AR 27 5 vk CRLAG 248 72 30 il
(U-Th)/He A58 T K 2 W& &, FRBl 2 IR
I IX 2B (i LA-ICP-MS) LA T8 REIR B2 )
AR HOR BN, A RS BE L A BT RICREAS
W4 g, X R AR AR AR T ROk R T )
B ) o LA KA S AR IR Ty ik R ], A LA
AR R OB 0 A, (B S/ 5050 % 2 (B AR IH A7 76
S I RS e T L R AR T Y 25 5, A R AR G [
178 F W G — B EARS HEIEHE S A Tl 506
(4N Kohn et al., 2024) . [R B, o1 F 3% L& 4R
PR B 53 6 25 A X 5 WG, T 28 S 5 = R R T
77 1 B Y S T AR =, T EERMIT A b1 3t
%% ), B 2% A SIS AR I KWt . B
A, [ A SE SE B0 B AR I FF R AP E AN D 2 il
n, *He/'He {41 72 75 B2 J5t 1 R4 BR, B R I
A 5 AR Jin g Can B | A A R AR i g
HLOD RS T IRRYY R0, HR SR EHE 5%
Jite A5 HR 7 22 (R I R K P A TAR, S8R
FARCRZ IR o W, i T Sl JLAF [ Br i 2% BOR
45 4 £ 7%, (U-Th)/He M 4F DL K Bl 22 4 - i
WA 46 J5 g v 52 UL Th [R5 2 i 7 1 B ) 6
AT I [ PRAE Iz, 3O Kok 5~ 10 4 A X LI %
Mz AT R T BRI, X — [A) R R 55 [ P [R) 47 L 2%
Fff e

g5 ik, RIR ARG E DA N H 553,
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Low-temperature thermochronology methodology and applications (Part 1)

LI Guangwei', CAI Dongxu', LI Xinwei', YANG Yifan', LI Xiaoya’, HE Zhijun'
(1. State Key Laboratory of Critical Material Cycles and Mineralization, School of Earth Sciences and
Engineering, Nanjing University, Nanjing 210023, Jiangsu, China; 2. School of Geographic and
Oceanographic Sciences, Nanjing University, Nanjing 210023, Jiangsu, China)

Abstract: Low-temperature thermochronology methods refer to radiometric dating techniques with partial
annealing/retention zones (closure temperatures) below 300 ‘C. These methods can quantitatively determine the
temperature history experienced by minerals/rocks in the upper crust during geological process, reconstruct the
thermal evolution of geological bodies, hence have been widely applied in the fields of basic geology, ore geolo-
gy, oil and gas basins, geomorphology, and planetary science. The main methods include fission track and
(U-Th)/He dating techniques.This paper briefly reviews the development process, principles, experimental tech-
niques, and basic data composition of the two dating methods, and discusses the factors affecting the accuracy of
these dating methods as well as the research progress of the new low-temperature thermochronology methods.
Low-temperature thermochronology data usually need to be combined with geological constraints and interpreted
by numerical modeling, and in the final part of the article, we briefly describe the commonly used numerical simu-
lation tools in thermochronology. The application of these methods can deepen our understanding on geological
processes and geomorphic evolution.

Key words: low-temperature thermochronology; fission track; (U-Th)/He dating; thermal history modelling
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