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Abstract It has been more than 100 years since radioactive *He was realized to date mineral age, but using U, Th rich minerals as
(U-Th)/He geochronometer was developed as a new low temperature thermochronological method in recent 30 years. The low closure
temperature of U-Th-He isotopic system ( closure temperature for *He in apatite is ~75°C ) makes it expand the lower limit of medium-
lower thermochronology (e. g *Ar/* Ar and fission track ). Therefore, ( U-Th)/He isotopic dating has been widely used in
geochronological studies for sub-surface geological processes. Durango apatite is a commonly used international standard for ( U-Th)/
He dating. Accurate determination of its age could verify the feasibility of the experimental protocol. (U-Th)/He dating laboratory of
Institute of Geology and Geophysics, Chinese Academy of Sciences (IGGCAS) was established in 2013. Four batches of a total 40
Durango apatite grains have been tested in this newly-built laboratory. All 40 age results are in the range of 28. 95Ma to 34. 11Ma and
the peak of the age probability distribution is 31. 61 +2. 7Ma, which is consistent with the international calibrated ages. Moreover, Th/
U ratios of the all 40 grains are in the range of 16. 43 to 23. 72, which were in agreement with results reported internationally. These
results indicate that the experimental procedure we established is accurate and feasible.
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(U-Th) /He AR 15 JL 45 e PRt 5z J i ok 14 M1 i
(PO AR 1%, il T AR A 5 A IR (W K A7 B He
VIR EE ~75°C, Wolf et al. , 1996) Fil He §" 8 1) nJ £ 48 4
(Farley, 2000) , K K AEffi T H G IR BUAFE AR 2 (4™ Ar/™ Ar,
FT 45 ) (iR N IR WAE 2890, Bl O PR & 3R,
AR 2 AR B0 AT LA RS M R He X B 4 #E AT A 4R
(Strutt, 1908) ,Jf HXJ & & U Th R4 ¥ Candl 1, M8 47 ) IT
J& T —SUE MY ( Damon, 1957 ; Leventhal, 1975) . Zeitler
et al. (1987) HIFE T #ERATH He (4 HL, 15 i 5 IR AT 1Y He
SRR ATRETC S T Y8 203 K2 100°C fY i ], J2 i 1 2
BEKA AT LA (U-Th) /He € %4 . ZJ5, (U-Th)/He
AR R R, 78 KL R 4 (Tagami et al. , 2003) , 87K
B AR ANRAE (R34, 20105 Mclnnes et al. , 2005 ; Zeng et
al. , 2013; Li et al. , 2014; Liu et al. , 2014) ¥ [0 (5 75
1AL F1¥ 51 ( Reiners et al. , 2003 ; JAHIFLAE, 2003; FML
55, 2015) , 7)2 A AL 38 15 1 ( Clark et al. , 2010) , 357 {4
FA S HTHAIASTE (Qiu et al. , 20115 Yu et al. , 2014) ,YTFH
AR S (BB AR A2 55, 2009 ) LA K M 55 8 L ( Ehlers and
Farley, 2003 ; Flowers and Farley, 2012 ) 45 Z Fjh i 12 #2 Hh 15
BT IZMN . E R FAHLEEE ST &K (U-Th) /He % 4F
SR FEXNZ T AR SEIR R AR AT T RN BRI SE (Evans et
al. , 2005; Reiners and Nicolascu, 2006; Foeken et al. ,
2006) ,

(U-Th)/He & FHARLEFRE R AL AN, (B T HEF E2
SR BIEHI AR, RATC & T B i BLE SL A A0
REFF Ao 2007 4ETF06 , o FERL 22 B ) MR AL A RIF 5 i
i A EUFREOCI A (U-Th) /He E4F R GE. H E TR
B b ORI Tt 35 P L Jé T (U-Th ) /He 8 4F J5 15 O R 5%
(BR3CRIKR 2, 2010) , @S T WK A 1 Ff B 1 A AR B 05
(U-Th)/He RE4F )71k (BRE FIBRIC, 20115 5RES, 2011 ; F)
WAE, 2015) . ZJ5, AR TR A G, P EA TS A
W BT T (CEANFI S5 3, 2014) , v [ RE7 B 57 5
BRI FRBESE (Wu et al. , 20165 Wang et al. , 2016) , H [
722 Jr b JBURAF 5 9T 4 B 57 A 4% 2 37 ke (U-Th) /He 5256 2 3
B AT I T AR AR IR R

rh E R e T b Bk A BB ST T (U-Th) /He SE55 2%
HENL T 2013 4F, 80 —AE S ARSI, T se s s Coal
R I AT , AT MRS BE e M 4R B 2 245 &
[l PRIF) 2R 5280 3 A b it . AR SCHRGE 1 PUAHE 40 /> Durango
JRATHRAERT: i (4000 7 25 5, 40 > 4R I8 45 2R 43 A 16 28. 95 ~
34. 11Ma Z [i] , 2 FRAF I 1 AE 38 43 A W (B A 31. 61 2. TMa,
5 [ B b R {BLAE DR 22 YO Bl N — B Th/U LESE A 16. 43 ~
23.72, 5 [E bR IE B2, FRWIFAT T S A S50 T R R
AT, S e D4R IARE BT T .
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2 (U-Th)/He gARPE R HEAR X

(U-Th)/He & 4F- 355 FCAU T P [R) 437 38 78 4F 12 1Y Ji 2
— o R A P B A 147 2R LT [ 7% 30 A8 0 A ) o7 2 B
(e (B S SR 52 7 0 0 T S v B0 IR] . F 4 ) 97 % He
JERER [ 20U P U P2 Th A1 Sm 2853 — 250 (9 ik
B RN, RPN

‘He =8 x U (e —1) +7 x™U(e™ -1) +6 x

Th(e*? —1) +"Sm(e*¥' - 1) (1)

Hodr*He U U P2 Th " Sm Ay 344 v % 10 [ 432
FIETEL Aosg Asss A Ay 470U P U 2 Th | Sm
AR TR, ¢ S AR E], RO 45 b He [R) 437 3R 14 3 & 141
(Dodson, 1973) (¥yisf i), f1 FH1" Sm 2 Wi, 674 b
Sm 1) 9 FE H R, L Smf1* He 7= 3050, JEXTAR IS (1)
TR ET P U & R/ANT 5 x 107 i1 A & KT 5%
(Reiners and Nicolescu, 2006 ) , At LA 22 52 56 = A A ] 7
TSm i fk . A5 BE R R 7 2 B AR R B0 B, He
FRU UL Th (S F 508 2o It ng DA ) g 20 5K
(1) TR IR BI4EEE ¢

B U A Th B8 A 1 o B TR AR S 0 3 e
(8MeV) , BN TR [F] 437 R rh o 28 R LA JS S Sk SEAE T 1)
ARS8l 17 ~ 22um BYBEES 2 J5 A 2245 1k (Farey et al.
1996) , X AFEEIHRA o RL 457 1R FE RS, 3 5 PRI 7E fb 14 1 4
SRS BB A (R 1) o PRI, A0 iR 2% 17 ~
22um JEE NI FRT o LT RE S S B sk 2 Ah, B K
N6 AP B O PR 1 R ) 007 35 He , 7 AR 415 it
T ARFI RN S I 2 REORAFAE S AR A AR 1 TR IR A2 R, I
Xt (U-Th)/He F#HFTHIE . Farley et al. (1996) 5875 T
AN, FF4 i S AR AR A DL 4 T R AR/ ok
HIE(U-Th) /He 4%, BIE R E(F,) o A1) 5
TRV AF R AR N IR A0S (Agey,, ) , IRAF WG BR IS IE R B Fy
ZJe B4 B IE B AR RS (Agec,, = Agen,/Fr) o RLIE R EL
(Fp) TR T LUT P EAR B : (1) PR L 5 v 3 A
BRI AR o BT AT L2, U R A A P B s
a KL F . REFFRUTHTEENTYREL U ThiY, 5
FEAET WA L, BT AR Y o R TR LAZZRE 5 (2) B d A
U Th #5534 . S T8 H T 4220 i Wy 0RL A AL A2
x1 AEFMPEBEENETEN o« WFELES
(wm) (#& Farley et al. , 1996)
Table 1
different minerals (after Farley et al. , 1996)

a-stopping distances (um) of parent isotopes in

TS R R BEIRAT Lizpa byl
By 19. 68 18.12 16.97
By 22.83 21.01 19. 64
B2Th 22.46 20. 68 19.32
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HA o RE T8 1B B 0 JUA, Fi LA 5 00 T B E RELE,
ZHBUNT, =1 I EFHALE ; 24 Fy <0.5 I, KOIE REEUD,
KBRS T 23 K N AR AT ) o (U-Th)/He £E 1811
oo RS H A0 A2 T A A N A oA T 2 ASORL KRR B b
PRJE AR 75 5 R R R Y 2 1

ARARBE AT (1) ASBE ™A% W6 2 , R 1) i R A7 TSR S
FlA m U Th &9 PAH AT LU KA it A o BT, 5
2S5 Wy T A AE TCREAR Y He T 40 4F 1% R % . Spencer et
al. (2004) BF5Y T A8 v HD Y Rl B N #F 1% (U-Th) /He 4 4%
I HCBE T A TR R (B K A7 (U-Th) /He 4E 1% > AFT 4¢
i) FAE WA IR (AFT 4% > @5 /K £7 (U-Th)/He 4E %)
FIRE S o A TR TR AT ok B T A b BURT R RR BT 5 A, Herp
PRI IR A ORE 5 B A AT (A5 A0 S U Th 35 i i) 2
filro AHFCZR IR ARE SOk B TS, SR A Ak
A MINA, BB Fe S5 HEANRE U Th 15°
YIHH . Spencer et al. (2004) FIRTSE L5 T 1Y I8 75 2 Ji EEL 47 4 o)
BEIRAT R A o BT 2 R Bl 2 AR IS . G TR SR
F(2) U il Th 78 fi PR 85 53 A 2 A8 o B0 H 800 AL I
WP EEA R BT, SRTANER U F0 Th AN 5) 8 248 0E J5 5t
SAFFNEHR AR o RO AT R 4 U LJTh, JB I 2R
2%y U, Th J5 5 B 88 WOR. 3 5 K T % 45 1k BE 5
( ~20pm) B} 45 B TE AR N TR I o B 123 K T35 3 A
WAEOL, IR Fy B2IEJG 9 (U-Th) /He 4E#4 R T B2
AR G EERRIE) o WNARBORLI A F s 4 U Th, LY K2
0 U Th 5 7B g 0K BN T2 445 BE # (20 wm ) I
TR 25 AR SR o KL FE0 23/ TS 43 AT BT 1 o KL
THF ] Fy BCIEJS 1 (U-Th) /He 4E /N T B S 4R
W AR IE ) o 4, S5 852 A2 0 60w ) J0RL BE O B
80% 1Y) o bi - (Fp =0.8), Wi IEH 2 1.25(1/0.8)
SR AN RAORL T Y U Th 348, HBT A #9 U Al Th 5 7R 7E
PR B UL 5K T 44 45 1R B (20 wm ) 1951 LN, O824 T
A (19" He 508 B 7E S A, A IE B T2 1 (CETALIE ) 5 4
SRETERY U, Th R A8 BE 8 0K 5 20um 1978 BT, TR 4
Fp =0.65, KIEH T 1.54(1/0.65) o [k, 75 Fik =i
$LF U Th 2345 (9 0RL, BOE R Fae/ R 1, KO 154 i
TEARBE U Th #2513 A Fr I ME R 72 1,25, s ihi,
TARAFAERR S 7317 A1 00, T BB R o U\ Th 2 5 X959 43 fii
X— R MEH] 25% AER 2259 .

1T He (19 5) RV, ) fE 1 56 4 2 52 1) He )
ELURME R R, BRI, X T B 5 5 AR
P, B2 KT S0pm B, K2 70% 9 He REGS IR AF
Ok (ARG BR 7 1A P9 8 9 He (5 U Th IS ™ 25 19° He 11
PRFSTEC Fy > 70% ), T Fyp 60 F B AE R R K /242 el
(L/R) 3 KN K (Farley et al. , 1996; Farley and Stockli,
2002) o PRICIEIE R T IRAE AT 38 27N T A A Y, B
PRI TESE (2R) KT 100pm 3] LIGRUE 3 70% 1) T 14" He
PR ERTE AR AT, DT 754 % (4 A9 1 28 IO 47 1 1) M 5
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Table 2 Measurement results of *He blanks
R “He ncc AR *He nee
CB 022 0. 0028 Pt HB 007 0. 0028
CB 031 0. 0025 Pt HB 008 0. 0027
CB 032 0. 0023 Pt HB 009 0. 0028
CB036 0. 0023 Pt HB 010 0. 0025
CB041 0. 0027 Pt HBO11 0. 0025
CB042 0. 0025 Pt HBO12 0. 0024
CB043 0. 0024 Pt HBO13 0. 0022
CB 060 0. 0024 Pt HB 014 0. 0025

{E:CB ¥ A, Pt HB Jy Pt #1 AAS i

%3 Durango BEIRAFIE LI E K2 FAAREF U Th"He
REMNRER

Table 3 U, Th, *He content in Durango apatites and related
Cold blanks, Hot blank

i 28U (mol) Z2Th (mol) “He (mol)
Dur 24 4.48x10°%  9.54x107'2  1.10x10" "
Dur 25 6.57x10°8  1.28x10°"  1.38x10°"
PL20 (BAJE)  7.49x10°"°  5.48x10°"®  6.72x107"
CB 052 (¥BAK) — — 5.36 x10°"
CB 053 (#AK) — — 6.37 x10°"

Wi 452 7] o

S 2 PR A B AR i Durango B I AT BRI A
KR T 20 [ HMER 25 AEE I A 2 A TE A (fragments )
DR AN T B JBORE A (U-Th) /He 4347 Fy BOIE . RO XT
THTRE v, B8 A7 JOAE 8 AL A 30 8 50/ )N, 7 3 3 ) R A
R R 3R 5 DU T3 Hh 9 45 % 7 SRR 0k iy T2 AR
FIR/NBEAT Fy ALIE

3 gl AR b

WHEBE R B R A AR B DL R R 5
KT 70wm BRI kL, B P 284028, 350 RE A0y 4 Ak 3t 2
WG TR AR I He J5 B J0RE R AT — W 56 B 1o 7 v AT i
R BURE e (R A I 2o 72 1T B2 S 350l K A i AR
1) LA KB 1 U Th FE M e 2B 28 % . Fi4h LR
B B S (1768°C ) Al R I BB 1, T LA s 351 i i
MIRE . Pt H A AR 19 He U, Th 19 A, I3k 6 W] Pt
f15* He 755 (0. 0022 ~ 0. 0028nce ) 3235 ¥ A< JiE {8 (0. 0023 ~
0.0028ncc, 3% 2) , MER I M2 AR UESE Pr $E7E ViR 1 o 72
JLFAT UTh(F£3),

WK AT He FOFREUIN IR 29 900°C, 75 3R 1 T AT LA
SEa R He SR Sl i A iR i U Th & A4 2%
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Ko PEHGE He J5 , 56 4 10 UKL IE W) P 9 — [ % §% 2 PFA
TR A R e f o S 6 o HL AT I ik, 7 ik 0 1) 0 e
AP E T IS (1ICP-MS) 347 U Th &1 97047

3.1 ‘He WIIRBE S

“He A4 IS [F) 12 % 53 H /& £E Alphachron He [F] {3 3 it
TEAL B 58 Y. 3% BT A IR R R B A A A R
(Australian Scientific Instruments Pty Limited , faj#f ASI) 7=,
ST HE ORI 5 ) B R 5 22 0k R He 11
AR BT T4 S . Alphachron thOLHS UALILEE |
PULRAT BT 5k 3 1T e = T2 A B ICAL AL, Labview R,
2 ABIT. FEATARE:

(1) ZHRAEROGAS . ZBOGREHE 970nm 1) M 45 I
LA KRR L Y 32 i R A R e AL, DL JCRB S 4 25 M
SOt EMEEAE M,

(2)*He S {4 A He H5 B8 50 i 42 BBC I A0 B 5 o
' He 5 — 5 B 19 He I8 & 2 )5 i i 1Y 2% AT I 3%
ti* He/ He [R)1v 2 AR, 1938 3 W00 e b v He A A0 PRSIk
BRI (pipette) 19 He 54 7] 76 L (197 He 1R & )
19" He/* He LUEAH ELAR A SIRE S He 1 & i, PEAN 03153
I RETE G T 2k — 2Bk

Q) mAE ARG, hPUAE s 0 75 BT
FREEEEHE (Getter) H BN =R E A RS, e Y H 25 KF
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6T 1 x 10 mbar, %550 B UK T TSRO AT AT

(4) DY FF i 2 43 B #% ( Quadrupole Mass Spectrometer,
faiFR QMS) o JBE Ml o 1 ~ 100amu, Bt B T —4> %z
SRR — Nl ) A 78 H R DU b TR 1 gt eT LAl
JRER,

HE PRI L A 267 Durango B IR AT RURLEE 75 B AR 2R
0. 7mm , K HEHy lmm (1) Pt BE AL IF . 2 5K B0 HE 1 P
PEROABOERE b 5 PRI He o A1 I A RE b A
1~2 458 PeRERLMETN P  He (FAARTIG) o 22 U 22 1
Pty  He AR 5 B2 R G0 M AR G200 (B Pr 4 v R
' He) o WOLK TAEHIEBEE K 10A( ~900C) , I FA 1]
S Smin, BN FE SR HE AT P OCER BCLA AR AIE AT LA A 5
(19" He 52 2B . Durango B JK A1 1 2 I i 45 2R i 7 10A
FLAL AN Smin JE RA$RIR 99. 9% LA F (' He, 7855 4RI
IR BIOR T 0. 1% (8% W T #ARK) 19 He, 13 B 1% 00
KL RE 5 B 48 UL Th M XEVE G 8 IR (it A1) o $R L
ff* He S5 B 5" He YR 43 )5 , Zeat SAES APION #5413 5 4l 1k
Smin, PIFR 2 H, .CO,CO, SO, H,0 &EiH 4k, #EEEM
TAEH Ty 35V, I 24 350°C . 4lifb s k51 AU
FFIIE R AT [ 0 3 40 BF, fic 28 i He/ " He L (B R 1150 BE i
¥ He (1485 ik o He £ 5 A 30 5 SR [ 097 28 A B8 32, A B8 311
(Spike) K4l He, B T Ak R H 2 & (K1),
TE S BR i F Hh* He AR7fE0A (Q Standard “He Tank ) {ii ]

Alphachron 776 CAS

2013-01-17 11:00:17
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Fig. 1  Schematic diagram of Alphachron TM. MK I

V1-V11: Air operated valves, green means open, red means closed. MV Manual valves. Pipelines between V1 and V2, V3 and V4, V5 and V6 are

called gas pipettes
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AR Ry, DR T A Sl FH BSOS AN 32 s v UM 4 1 0 o
BT R PG A S Pipette H R TIARZE X5 & /2 A
WEu /b | 5 B WA . O AR TG T He A% o AR
(DT Tank, & 1), F A i B 5 FH O 8028 AL 1 He B <Ak
A & o AHE I LA 1 A 2047 ( Desmond Patterson,
Personal communication) ;

Oy, =0y x( VTunk/VTmlk+Pipene ) (2)

Forb, Oy, 5 N+ 1R, Ox 3 NIRRT, Vi A
Q Standard *He AR, Vi F B U " He A4S
(i Bl 7 Alphachron 3 55 1, Vi, = 3300cc, T
Vi s pipene = 0-3ce, FF LA Vi Vi s pipene. = 3300/3300. 3 =
0. 999909 , 1% 2= U Fx 4 14 #E H 7 ( Depletion Factor, Bl DF)
BB Q Tank HijK F] Pipette ) THARBUR Q) I8 4
5 N YRR Ry «

Qx =0Q, xDF*V (3)

PR He BT LA A2 (3) T3, 10 b ol <A
F*He IR G5 :

! Herldn(lurd =’ HeSpike x ( “He/? He) Spiked Qstandard (4)

[ 3, A 5 R 19 He A1’ He RS -

4HeSﬂmp|e = 3Hespnw X (4H€/3He) Spiked Sample (5)

B AR (4) FI(S) m] LAAS BIRE Ah b 1 He

4He§dmpl(t = AHerlandard x [ (4He/ } He) Spiked Samplr/
( ‘He/? He) Spiked Qstandard ] (6)

DA 3R B L T IO i i v He Spike (14 45 7]
Egﬁﬁ%OAHer(andam N ‘He/? He)Spiked Sample ( ‘He/? He)Spik&d Qstandard 6]
PRI AL B F He,,, T AL B FRE G ' He 70 R 22—
B/ NF1.5%

HRZ AP ARSI #E (PV = nRT ) B3R R A
FREL (nee) e AL RUBE R B, e rp T JCE i 20°C (293K) , JR 58
P —AFRUER A, R O FAR SRR 450(8. 314 « mol ™' -
K™,

3.2 U.Th gyillist

W RESE He (B KA BURLR] P — AR,
T 25 WL #8850 (F£ T Tmol/L 1) HNO, fv) o F& A7
FIFRRER U Th (93 2430128 ~ 15ng/mL F ~ Sng/mL, i B¢
F o B [R5 25 OB U280 =838 +7, % Th/* Th = 10. 45
+0.05, K A B8 500 14 V5 R A B8 7 il v R R AR
15min, SXEEMAT AHER S 55 3E A PL 383 — @ FE B L ik
it AR I A R ST IR, T AN 230 P R ARV .
PG IV TORAE 2500 #0 5 4h, {0E B IR 7 0k 52 42 Vs A,
ZJE A Milli-Q #1145 19 K , Fe 275 B 51 350 L, 3X I 11
TEWCHERT LA ICP-MS #£47 U Th i T

— BT, BEHEHEAT ICP-MS [RE SR A 1 ANt
25 (AP BRI A7), Tmol/L ) HNO, ) 1 ~2 4> Pt %s
FICRRER + 25 PrAE + 7K) 2 ~ 4 AN AR T 0] 1 s o4 5
(ST U Th R 9R B2 A b 22 B 14, #8 J2& 25ng/mL, HEJo0 1)
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N AM/L TSR ) o DEARUERS VR Y B 12 AR MEVE TR T
R Hp ™ U A% Th ) J5 7550, T TS R JRE B 9 U
F1Th (1) & i

U.Th /932 7£ Thermal Fisher 2 &) 4 ;= (1 X-Series I
ICP-MS |47, 353 3 ot i 450k 230,232,235 F1 238 1y
[E) 7 R T ECk 1158 230/232 F1 235/238 11 HLAE, F+ H. W5
JREE 234 IR Z X YO Ar (47 U) A P Ar(F
P20 T RAATRE

U.Th &M E 7L (Evans et al. , 2005)

PRUER U U AN Th 5K BE#F A 25ng/mL, PRI B HS Y
25l FRRHEE I PR U B i

_U./238 xU,, X 107 x (P*u/”U0) , %)

ust (238 U/235 U) wa + 1

FRUEFE AN BERIR & 2 05, AR bR v WA o A6 B
AT LA [R) 457 2% s R ok Ao 1T ) 2 T SR AR R R L kg
U

238

RU, -RU,,
RU, -RU,

P

WA T RRERIIGAE & 1™ U &5 0T DA 3 T i
AIHH

238 238
U,=""U, x

(8)

RU_-RU
L _RU,
RU,,.., —RU, )

Hp U, N &S B IE AR EE R U YR, B0
ng/mL; Uy, S I B FR 78 1 1 PR R, LABGE 3 20 ¥k 25pL
RS RS 5 R i K I BRI (A5 25 (P U0,
=137. 88, JEARUEV I P U FIP° U By T 50 He s RU, b
WER TR U FPP U B 502 e s RU, J2: A B 591 4 b
WESBF 7P U AP0 U BT B B, I {858 1 ICP-MS i)
15 ;RU, A Spike Y™ U I U Y JEFRCZ B, B IROK
FIME ASL 28 @ bR 5, N 838 =73 RU,,,, 0 SR B 977 U
U BR800 He, S 1/137. 885 RU, il A Fis 188 51 A
AU PP U R TR B, B R 3 ICP-MS A5 3]
XS REMER B RAN U Th &4, U Th iR
R2ZE/NF 2% o

P2Th BT kR A LIS 2], f e He ™ U, Th
AL (D) 7] LI AR

238 238
Uppre =7 U, X

TS

4.1 ‘He &%

3 AT SR IRL He ¥ AR S AN ARAR IS (10 0 30285 2R
AILLA Y He 1Y i 25 ¥ A IS LE S5 50 0T 1) AT DL A 4 7
~0.0025nce, T} B i 4 Durango B JK 47 i He 7£ 0.80 ~
6. 48nce, KL HUH R H (1 He AR F Ince, 9% A 1 320
~2500 1%, I H. P &M A R (AR Z6 140 FRE i — 20, 5928
10A fin#4 Smin) FR AR B 22531, BRI TT DAPRIE A I (4%
TERS T 0K BE B 2R lE /N
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&4 HNO; iXFIARA T HUE
Table 4 Counts per second (cps) for HNO, reagent blanks

Eilne =il BOTh(eps) *2Th(eps) U(eps) ¥U(cps)
HNO, 0.51 3.95 0. 62 47.70
! Milli-Q liZk 0. 16 1.30 0.11 30. 57
HNO, 2.56 23.06 0.73 18.40
? Milli-Q ik 1.00 4.36 0.69 7.03
HNO, 1.83 36. 58 0.13 19.33
’ Milli-Q ik 0.14 3.27 0.12 12.48
HNO, 0. 54 19.29 0.21 49.75
! Milli-Q 4fi/k 0. 10 1.45 0.09 16. 89

RS HERRMEREANRESR

Table 5  Calibration results for the standard solution and spike

155 spike FHYZU 4455 spike H1 97 Th

He (x107%) (x107%)
1 5.508 15.553
2 5.632 15. 700
3 5.509 15.273
4 5. 540 15. 411
4.2 U.ThA&JE

U Th (44 & 3 8y 788 2 2 A« 3700 (A T80 0] )
R ) ASJICHI PRI AR . PLRERYARFR 2 e &4, U [
ARRIEAEA I 1% , 77 Th (A AR THE SR BEAT LS
I AS SR 8 1 X 25wl (¥ HNO, (577108 B 9 HNO,
AT i Milli-Q KR BRI 350l Ji , P45 [l o7 26 i34, fie
Je e B A SR AN BRI RS BIRAE 5 A T4

F AL T HNO, 3 A R MR B 130T 19 Milli-Q 44
KA R AN SE B 380 4 o AR B IR 5 )5 45 TR) O 3R A 1
BAEARR T LT cps, IR AR JEE AT Milli-Q 4l Kk 0 fe 22 4

MR o

4.3 IRERRMBRTEIRE

AR AN AST 2 w4243 B A6 B M b e e B ™0 U & B
2315 x107° P Th FH# 5 x 1077 7EFE4Y 3.2 iR Fd 3
BAERL UL Th & B 5E — 8 R AR MEIA 1 (25 x 10 7 11
U il Th) R B AR & TT R BRI P9 U Th &8, £S5
by PURHERE it A3 (7) R (8 ) TS B AR B Hh 1™ U
R Th S (28 5 o 4% SR W 3 o 31 80 0 7 R 1y e
JEA AST (i — B0, RIS ik i R R ] &

4.4 Durango BEIR AR ER LR
40 4> Durango i JK A7 ORI He (U Th [l 2 3 #7455
K AERSH Th/U HES) T3 6 .
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0.20
Mean = 31.61+2.70 Ma (20)

40 MSWD = 17, N = 40

0.15
30 =

% I 0.10 5%
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10 L 1 0.05
0 0
24 40

Fi (Ma)
2 40 4> Durango B IR AT RURLIN A2 45 A 4 43 A ]
Fig. 2

Durango apatite grains

Probability distribution diagram for ages of 40

30
Mean = 19.46 + 2.94 (20)
25
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i’l e . . .
220 s . .‘. '. b .'. P T Seoe LX)
FE ®see « ® LJ ®
.
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e
[ 3 40 4~ Durango B /KA AL A Th/U HLAEL 43 A &

Fig. 3 Th/U ratio distribution for 40 Durango apatite grains

40 UKL P A 36 AN U S R4 A AE 3.0 x 107 Al
8.5x10 “mol Z[a] **Th A3 fE 5.0 x 10 2 f1 1.7 x 107"
mol 2 [i1] 340 ASEURLFFAT 34 4 He &4 Ai7E 6.0 x 10 Al
1.4 x 10" mol Z [i], 7£525 4% PFAH IR A5 B T, U Th He
)& BT ORI /N 33 S0 B4 R WA S v A
%) Durango W JK A7 , 5 W)URL I KN AR AT TC 14 il 11 2
o, (BRI 822 5 e HLRT 36 Y U\ Th He 2 5 (1928 10 X B
LA A A

AR ME R A3 A 2k (& 2) WoR T A (B0 40 A1 e 3
40 NEWZE R LE 28. 95 ~34. 11Ma 2Z [a], Hp 32 4~40 A
£ 30. 0 ~33. OMa Z i), i £k U5 (E 4 31. 61 +2. TMa(lo) (&
2),

K3 %78 T Th/U HAE 7 A BV 35 1H . Fge Xt & 4 4
L, Th/U FEAEANBED W) 0K /S A8 A i A2 A, PR i ot B 22
FRIFERAEL , ATV AN [) 52 35 % 22 () B %) U P8 AR 40 A Th/U
FAE AR AE 16. 43 ~23. 72, JIACEA{EH 19.68 +1.47(10)

Reiners and Nicolescu (2006) 43 #7169 Jii Durango
JKRATTORL, 733 T 31,9 £2.2Ma (20 ) BV 4R RS, T A UKL
Th/U HFE Bl A 16 ~ 27, Evans et al. (2005) #3%] 70 4~
Durango 8§ JK 1 190Kz (1) 3 #4488 o 31.5 = 1.6Ma (20) ,
McDowell et al. (2005) i, T 24 4~ Durango # JK f1 ki , 15
F7 31.02 £1. 01Ma(1o) A9 (U-Th-Sm)/He =i, flf]
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£6 BEREENESHERMIETRE (U-Th) /He KBWE Durango B £ E LR
Table 6  Age results for Durango apatites tested in (U-Th)/He laboratory of Institute of Geology and Geophysics, Chinese Academy of

Sciences

itk Hihs 28U (mol) B2Th(mol) “He (mol) AR (Ma) +2¢ (Ma) Th/U
Dur 15 4. 0036E-13 8. 1686E-12 9. 0782E-14 30. 86 0. 68 20. 40

Dur 16 4. 0838E-13 8. 4097E-12 8. 7594E-14 28.98 0. 63 20. 59

1 Dur 18 2.9387E-13 6. 9692F-12 7.2593E-14 29. 65 0. 65 23.72
Dur 19 1. 6676E-13 3. 6503E-12 3. 9560E-14 30. 46 0. 68 21.89

Dur 22 4.7305E-13 9. 7164E-12 1. 0134E-13 29.00 0. 61 20. 54

Dur 24 4.4761E-13 9. 5436E-12 1. 0988E-13 32.22 0. 68 21.32

Dur 25 6. 5690E-13 1. 2812E-11 1. 3804E-13 29. 68 0. 62 19. 50

2 Dur 26 7.5524E-13 1. 4234E-11 1. 7093E-13 32.87 0. 68 18.85
Dur 27 2.7714E-13 5. 4635E-12 6. 3872F-14 32.27 0. 68 19.71

Dur 28 5.0427E-13 9. 8624E-12 1. 1524E-13 32.21 0. 67 19. 56

Dur 29 4. 4148E-13 8.2381E-12 9. 1543E-14 30. 36 0.63 18. 66

Dur 23 3.3676E-13 7.5081E-12 8. 1693E-14 30. 67 0. 65 22.29

Dur 32 2. 9066E-13 5.9156E-12 7. 0075E-14 32.88 0.7 20. 35

Dur 33 5.3223E-13 1. 0267E-11 1.0811E-13 28.95 0.6 19. 29

Dur 34 4.7403E-13 8. 5770E-12 1. 0430E-13 33.03 0. 69 18. 09

Dur 37 6. 5609E-13 1. 2337E-11 1. 4060E-13 31.19 0. 65 18. 80

Dur 38 5.8311E-13 1. 0915E-11 1. 2666E-13 31.73 0. 66 18.72

Dur 39 4.5884E-13 8. 7991E-12 1. 0347E-13 32.29 0. 68 19. 18

Dur 40 3.9958E-13 7. 8539E-12 9. 1136E-14 32.01 0. 67 19. 66

Dur 44 5.7000E-13 1. 1271E-11 1. 3206E-13 32.36 0. 68 19.77

Dur 45 3. 1966E-13 5. 6719E-12 6. 8686E-14 32.77 0.68 17.74

Dur 46 4. 8760E-13 9. 6698E-12 1. 0498F-13 30 0. 63 19.83

3 Dur 47 6. 1531E-13 1. 2244E-11 1. 4405E-13 32.53 0. 68 19.90
Dur 48 6. 7303E-13 1. 3130E-11 1. 5604E-13 32.74 0. 68 19.51

Dur 49 3. 6639E-13 8. 1457E-12 9. 5844E-14 33.15 0.7 22.23

Dur 50 7. 6169E-13 1. 6889E-11 1. 9804E-13 33.02 0.7 22.17

Dur 51 8. 4028E-13 1. 5972E-11 1. 9120E-13 32.82 0. 68 19.01

Dur 52 3.7527E-13 7. 7543E-12 9.0111E-14 32.34 0. 68 20. 66

Dur 53 6. 2645E-13 1. 1072E-11 1. 3549E-13 33.09 0. 69 17. 67

Dur 54 6. 6814E-13 1.2226E-11 1. 5323E-13 34.11 0.71 18.30

Dur 55 4.3176E-13 8. 0925E-12 9. 3463E-14 31.58 0. 66 18.74

Dur 56 5. 6333E-13 1. 0746E-11 1. 2848F-13 32.8 0. 69 19.08

Dur 57 7.5765E-13 1. 5612E-11 1. 7983E-13 32.04 0. 67 20. 61

Dur 58 2.3941E-13 4.8071E-12 5. 6201E-14 32.38 0. 68 20. 08

Dur 04 1. 0979E-12 2. 0909E-11 2. 4343E-13 31.93 0. 66 19.05

Dur 05 6. 4115E-13 1.3157E-11 1. 4059E-13 29.71 0. 62 20. 52

Dur 06 1. 4130E-12 2.3220E-11 2. 6975E-13 30. 95 0. 63 16.43

! Dur 59 4.3533E-13 7. 9943E-12 9. 4786E-14 32.3 0. 68 18.36
Dur 60 4. 8294E-13 8. 7527E-12 9. 7399E-14 30.24 0. 63 18.12

Dur 61 6. 6398E-13 1.2051E-11 1.3501E-13 30. 45 0. 63 18. 15
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LI Durango 8K A7 7 1 2 AL AH SR (1 3 = B K 0
(1 Ar/™ Ar 45 %, 5 Durango #f R £1 19 & B A 2 B 5 76
31.44 0. 18Ma, X SEh55E L5 RAFNFIA UM FE Y 73 B 46 21
TER 2270 Fl N — 30, R W FR AR g 7 1 230 R XA 41T
TERER AT .

FIU/Ph J™ Ar/™ Ar %5 “ G 5T F7 @ 4F F BEM I,
(U-Th)/He J5 MR E PERL 22 , S BULAR IR B0 40 B 1R 22
BOR o AR KA T BB IR A7 F S 41 (U-Th) /He & 4F &
SR I, (6] — A% 5 AN [R) BORL 8 L0 B 6% IbREMR 22 , 17 218
LR B2 KT 10% ( Reiners and Nicolescu, 2006; Fitzgerald
et al. , 2006) . JHE R F ) (0 2 i B v I 52 19* He 1 U Th
FRAAGREIEEZ(<2%) Bl T He fTE AR R h 59
RS (B PR AR ) A B 5 M 22 | 5) 2 A0 K5
SEDRE A He ZE0 W1 1 40 A AN — o e i dEUIA
JCE ML, He iy 12/ 5 18, th 5 T 0 ¥ h i
TR AR BB S SR R . FE SRR RGP, X
SEAEATFIFR ALY He W] R EL AT A A (10 eSO A 1 B
ARIFIRE it 0 AL, ] BB BT AN [ ) R R AR 22, S B [
19" He 43 AR 245

BEAh AT HA PR R 1 1 (U-Th) /He 4F§% 7318, Reiners
and Nicolescu (2006 ) #43% 5 ( U-Th) /He 45§ 43 5 0% vl BE R
P2 R T LRE O : (1) He TEA R B9 50K oA A R 9
FCMEI 5 (2) 7835 38 1 30 B BT T 2 3 43 2 AR 7 5 48
i He 22 J5 1) U-Th-Sm SE#€ 045t (4 G an SR 8% K A1 rp A 4
A1 AR, He 48B3 2 58 2 $ B He 11 8 A1 (1) 15 FE
A REMELCK RS A i U Th Sm 58 2 %, 5 80 i
TR He , M JS0AR 0% 0 2 o 1T 41 % J 225 10 5 2 D) K1 J
AR R BEAR B R/NRD U, Th Er AR TR]D) 5 (3) a2 4F ik
At Ay AORE ] L e 5 U The (8™ 9 1) B8 B A0 A0k vh T
A He; (4) Rl B B A7 6 BP0 A vh He 1) 43 1id 22 45022 991 LA
L T He AR AY #ME 5 80 He M RAFHEAFTE 22 575 (5) @
RL TS5 L8 0N AR T BT 5 | 2 AN B 78 M Fitzgerald et al.
(2006 ) B R PFA0H S 45 T 5 BCRASURL [E] (U-Th) /He 4F#% 53
H R B T R 9 i B A 3 475 18 A4 R AR KD
(Brown et al. , 2013) . %% &} 45t 14 ( Shuster et al. , 2006;
Flowers et al. , 2007, 2009; Flowers, 2009 ) %5 [X 2% (1 5 .,
SEBR FBR T HUBTRE S LASE A A [ R T (U-Th) /He € 4R
BRAE A Durango B JRAT , [R)AEAETE AT 20 A 15 22 XE LA A 88 14
AE W4 43 B0 ( Boyce and Hodges, 2005), Boyce and Hodges
(2005 ) 71| FHH#OG T A7 340 4k 122453 2] Durango K 47 1 5. UKL
R B U Th 5340 R A Y S0, B B4 1 R X AR
T8 3 A1 AT LA 2 Durango @ JK A1 H)TELR (fragments ) 4F 1%
(HH F TR 41 Durango Bl PR A7 &R S VR BB R 11 8 1) e
Ho) K2 8% (1538, R, B2 A5 30 b A it R b Jo A o
AR IR R 12 2 P RO 1 DX 3 o 25 e 789 B0 15 A i )
U Th G373, 55035 ) 6 1 A 5335 0 [ 42 ) 2 3R 5 i 16 1
[ 300 52 ok DX it 119" He 5 R U The 85 4%, R4 Bl X5 437
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(U-Th)/He 5€4E(Boyce et al. , 2006, 2009 ; Johnstone et al. ,
2013 ; Tripathy-Lang et al. , 2013 ; Evans et al. , 2015; Horne
et al. , 2016) , HE T BR EBURL R | U Th 435 A 51T
FH UKL E] A AE Y 22 5, IX 2 (U-Th) /He & 4R AR B K
i1

gt JE%i4 Desmond Patterson {8 - 75 5206 25 6 57 Z W) 44
TR A . WA A SCRI IR $ 0T SR B e
FOL AR FR 0 A
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