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Abstract At present, there are only a few reference standards used in (U-Th)/He and fission track geochronology such as Durango
apatite in Mexico, FCT zircon in the United States and MK-1 apatite in Myanmar, and most of them are standards for single dating
method. Three independent thermochronological methods are used to predict the same eruption age by apatite and zircon. Whether the
tuff is suitable for single or combined fission track, (U-Th)/He and apatite U-Pb dating age reference standards is evaluated by
observing age reproducibility and dispersion. In this paper, the tuff of Dingginghu Formation in Lunpola Basin of Tibetan Plateau is
selected as research samples, and the apatite and zircon are selected for cross-calibration between multi-geochronological methods. The
Lunpola (LPL) apatite yields a weighted average (U-Th)/He age of 24.4 +£0.3Ma (1s) with MSWD of 4. 25. While 21 LPL zircon
single crystals get a weighted average age of 19.2 +0. 5Ma (1s) with MSWD of 2. 5. The fission track age of LPL apatite is 22. 8 +
0. 8Ma, while the U-Pb age of LPL apatite is 16. 3 =13. 9Ma with MSWD of 0. 29. After comparing LPL apatite with Durango and MK-
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1 apatite, we infer that there are two populations of apatite crystals. Therefore, it is not suitable for LPL apatite to be used as a ( U-
Th)/He reference standard. After comparing LPL zircon with FCT and Penglai zircons, we conclude that LPL zircon has good age
results with high accuracy and precision, and low age dispersion, and can be used as a potential (U-Th)/He reference standard.

Key words Reference standard; Apatite; Zircon; (U-Th)/He dating; Fission track dating
wm = MA A (U-Th) /He B & 1Z2F A7 M B R FHK D AUH L B34 Durango B & & . % B 4§ FCT 4 % o 4 &) 44

MK-1 B 5 &, B % B AT 2 57 ka9 ATHE . A TR HR G R AE(LPL) & T HHPAGRRBERTRA 5 255
RO, RAVER R E FIRLASENBREAELTREET S EFRERLFON, RRT SANTFER, AL RITHEL
e, 4 LPL B & % (U-Th)/He 535 24. 4 £0. 3Ma(1s) , s -F 3 5 £ (MSWD) 3 4. 25;LPL 4444 % (U-Th) /He 58 4
19.2 £0.5Ma(1s) , 3t MSWD % 2.5; LPL &% & & 2L % 12 & - # 4 22.8 +0.8Ma, LPL B & & U-Pb ¥ % 16.3 +13.9Ma,
MSWD # 0.29, # LPL % 4 & 5 Durango B & & MK-1 & % st ¥ B ik LPL B 5 B A M4k kB | Fr A R iE S48 % (U-Th)/
He S#5474, ¥ LPLA TGS FCT 2% ER A GHILES , TL At LPL 48 5 S8 25 R AT 45 90 FE o v o0 JE 55 3 LS8 o

WO FS, & — A% 69 (U-Th)/He 8474,
KA
hEESES P588.21; P597.3

(U-Th) /He 72 4 FI AR 250 BAE AR 22 5 4F B T I RR 19
PR X IA] (Wolf et al. ,1996 ) 1T 4 Ji& g 15 5 1 A
Fr i PR T B, AT R S A I BB (T) -] (o) T
s PRI E 29 0R (Fitzgerald et al. ,2006) o s HHERE i 75 5 5
RS RO AR FIARE AR I A A EE , BT LAARASE B9 i o ARl AR
REEREIRE G EEEZWE

Durango B A2 E bR _E 12 (B85 K Fr (U-Th) /He
FEAEBIBRERE o DR RO, Lk s AN [ i 0k 22
)4 4 8 K T 70 #7152 22 19 4F % 23 #HE (McDowell et al.
2005; FAREE,2016) o FCT H5 A1 5 R 5 29N PG Rg AR Y
A LK L T rh R HLEE Sl T L RS PR v )
SERRITE) BT AT T 2 AR AR R KA
Figt 4y (U-Th)/He ( Dobson et al. ,2008 ) , U-Ph ( Schmitz and
Bowring,2001) ,#547 (U-Th)/He LA J Bz FITK £7% Ar/™” Ar
(Dazé et al. ,2003) , FCT %5 414F >~ (U-Th)/He MMAEFREE, 4
BT R IR B2 10% ( E34E,2019) o A A1k A TifF
R B AL R XA T R B I E AL A, R A R
i FEAE R4 41 (U-Th) /He B5Ae, A0 RO B AL DR 4K
KX A E—EHY(U-Th) /He 482, 2 A E Al
AR 22 S8 K (Li et al. ,2017; Yu et al. ,2020) . MK-1 B
AT R B T4 f) Mogok A2 J5tafy , £ 0y (U-Th) /He JM4F 1% HI AR
#E(Wu et al. ,2019,2021)

FE A AR IR AR A AR UERE S B BF TR 0 T HLAFTE
— R RIRE. B, S AR ERE G B EE N L,
VA SRBEAC AL A 3t S0 n A 390 1T T 8 4L 6 IR A S T 5
Bl TR HSO AR AR QA AR RE B A AT REE . i T 5E
WRAEZT T AR # R e A B, N 3 i (U-Th) /
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FIEERBHA B Rl e

1 W SR AL,

AR T AL 77 TR b R vy B Ll A R,
T HEARREAR AT o %43 M3 T L % 3t AR 8 3% 3l ¢
ZIA) 2R VG S A BE 0 - AV LA S R R ko A M R L
SR LIE IR o B PR JE B A AR % (] a) .
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L At R 97 PR e R DX R P 6 JP 26,2020 3 Tk 45,2012 Vfs )

(a) ABYEHL A KA & 7 B B ; (b) RIEHLAE M VAL ER BT IR 5 (¢) A-B HII R 5 (d) T 7 2 2 H AR A

Fig. 1 The tectonic location of the Lunpola basin and geological map of the study area( modified after Zeng et al. , 2020)

(a) tectonic location map of Lunpola Basin; (b) geological map of the northwest Lunpola Basin; (c¢) Section A-B; (d) stratigraphic column map of

Dingqinghu Formation

@ FoRMEEE. 2012, 1 25 J7 & IR IR DX It B A 41
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R fba g s 228 Bl SRR 5 (30—
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Py db R HEA T ROST B, DAE S5 13 H S A IE S5 Fy (Wolf et
al. , 1996)

A 8 o RS A B R A UL A B 40 5 oy, B A 98 2
WOLAR Y 25 FLANGE AL S 8 h K 970nm (2L AMEOE N
#2o fliH Alphachorn MK I 14 TR BT X H2 1L He , 380
FEFK 2900 ~ 1000°C fip#A 10min , 33 B i ] & LA SRR KA 5
B K F 99.9% 19 Heo 2 HCH 19 He 1 2L 0 14 BLAY 460
(1 He JR &) , 23 Wi &5 SAES AP-10-N 4548 52404k 3min L)
2 CO, H,0 2515 SR, 5% J5 ¥E A PrismaPLus OMG 220
VUG B . B Ak Y 5 PR AT B B T LabView 19 2
SRR e Frdas i ( Evans et al. ,2005; 3 H4KZE,2016; Wu et
al. ,2021) . 4G B A B4R HE He SARAR 2 04
1" He 25 W 0 S0 28 e e o, A1 0 {28 AR IS AR IE B )
it He 9T E (181 2) o KE IR 58" He (76 K F1 0L 7]
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o f#i ] Thermo Fisher x-seris Il H JBGHI& 25 55 - i i3% ( ICP-
MS) & U 1 Th [5]675R . ASCH KA (U-Th) /He S5
i ] MK-1 85 K A7V HFRAE (Wu et al. ,2019,2021) , 38 5
Gautheron et al. (2009 ) (% F% 7 #E 4T o BL T~ 5T Hf RO AL 1E
(Farley et al. ,1996)

B2 AU AR S0 A B2 He (58X HE

Wi ERIE A RS R, S OB IR A 45 2R

Fig.2  Comparison of He content between cold blank and
apatite extraction

Gray circles are background results and blue apatite results
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SEAEHERE h 240°C A 48h, S8 J5 IR T FE/INFLTE I #i Al T
65 C 75 TR ; 28 T 5 AR S AR ER R , i PV A S8 18
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#9350 ~400pL, FIRIRE MR ARAL PEAS 5 0 ) UL IV 25 1 4R
BAENRFEANE . FT AR ISTE Thermo Fisher X Z 41 11 1y
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SHEREESEEGUE AT AR (Li et al. ,2017 5 Yu et al. ,2020)
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B3 BANE S8 A TR He T RXT L
RN ISk N e AR N 3 6 Ak ¥ o
Fig. 3

background and zircon extraction

Comparison of He contents between zircon cold

Gray circles are background results, and blue are zircon results
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B4 ARIhi i T I B ICE KA1 (U-Th) /He AFIEER (a) KB KA1 Th/U 5 (U-Th)/He AFESEEHXT L (b)

Fig. 4
and (U-Th)/He age (b)

(U-Th)/He age results (a) of apatite from the Dingginghu Formation of the Lunpola Basin and comparison of apatite Th/U
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KIS ACHER R T 5 LB K45 41 (U-Th) /He 4E48 45 2R (a) K541 Th/U 5 (U-Th) /He 4FEE5RXFEE (D)
Fig. 5 (U-Th)/He age of zircon from the Dingqinghu Formation of the Lunpola Basin (a) and comparison of zircon Th/U and ( U-

Th)/He age (b)
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Fig. 6 Fission track age results of apatite from the

Dingqinghu Formation of the Lunpola Basin
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Fig. 7 U-Pb age results of apatite from the Dingqinghu

Formation of the Lunpola Basin
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Table 2 Fission track age results of apatite particle from the Dingginghu Formation of the Lunpola Basin
] 455 Ng Area (1073 « cm?) ps(los cem™?) 28U (x107°) lo D par (um) AFT-Age (Ma) lo
LPL 01 22 6.976 3.153 17.60 0.88 1.18 35.75 7.83
LPL 02 9 4.087 2.202 25.50 1.28 1.31 17.26 5.82
LPL 03 11 6.505 1.691 12.80 0.64 1.12 26.38 8.06
LPL 04 9 7.092 1.269 8.40 0.42 1.16 30.16 10.17
LPL 05 11 3.265 3.369 26.30 1.32 1.09 25.58 7.82
LPL 06 8 4.669 1.713 20.00 1.00 1.04 17.12 6.11
LPL 08 17 7.499 2.267 16. 80 0.84 1.11 26.95 6.67
LPL 10 11 4.659 2.361 10.90 0.55 1.32 43.20 13.20
LPL 11 12 5.973 2.009 13.21 0. 66 1.11 30.36 8.90
LPL 12 10 2.351 4,253 16.90 0.85 1.14 50.17 16.06
LPL 15 7 3.275 2.137 16.70 0.84 1.24 25.56 9.74
LPL 17 12 6.558 1.830 7.46 0.37 1.00 48.91 14.33
LPL 18 12 7.893 1.520 6.75 0.34 1.05 44.91 13.16
LPL 19 5 3.982 1.256 15.30 0.77 1.29 16.41 7.38
LPL 21 4.880 1.229 18.00 0.90 1.01 13.65 5.61
LPL 22 10 3.460 2.890 13.70 0.69 1.14 42.08 13.47
LPL 23 14 4.847 2.889 23.30 1.17 1.00 24.77 6.73
LPL 24 12 4.405 2.724 19.40 0.97 1.43 28.04 8.21
LPL 25 9 3.200 2.810 10. 64 0.53 1.16 52.65 17.75
LPL 28 10 5.491 1.821 14.10 0.71 1.26 25.79 8.26
LPL 29 9 2.773 3.245 15.72 0.79 1.10 41.18 13.88
LPL 30 15 12.20 1.230 11.77 0.59 0.99 20.88 5.49
LPL 31 13 6.154 2.112 10.82 0.54 1.13 38.94 10.98
LPL 32 7 2.727 2.567 26.00 1.30 1.15 19.73 7.52
LPL 33 13 4.344 2.993 16.53 0.83 1.22 36.13 10.18
LPL 34 13 6.412 2.027 14.18 0.71 1.16 28.54 8.04
LPL 35 12 2.637 4.551 22.90 1.15 1.17 39.65 11.62
LPL 36 13 7.529 1.727 14.80 0.74 1.06 23.31 6.57
LPL 37 8 6.693 1.195 12.30 0.62 1.01 19.41 6.93
LPL 38 11 5.435 2.024 7.84 0.39 1.21 51.46 15.73
LPL 40 9 3.469 2.595 10.02 0.50 1.03 51.62 17.40
LPL 41 7 4.981 1.405 10.42 0.52 0.95 26.93 10.27
LPL 42 12 6.675 1.798 10. 60 0.53 0.93 33.86 9.92
LPL 43 9 3.665 2.456 18.10 0.91 1.22 27.10 9.13
LPL 44 8 4.398 1.819 14.00 0.70 1.01 25.95 9.27
LPL 45 13 5.125 2.537 11.03 0.55 1.07 45.87 12.93
LPL 46 17 5.481 3.102 12.90 0.65 1.05 47.94 11.87
LPL 47 9 2.703 3.330 14.70 0.74 1.45 45.17 15.23
LPL 48 9 5.325 1.690 10.90 0.55 1.29 30.95 10.43
LPL 49 12 7.234 1.659 12.90 0.65 1.20 25.69 7.53
LPL 50 14 5.423 2.581 10. 80 0.54 1.14 47.65 12.96
LPL 52 7 2.264 3.091 16.90 0.85 1.25 36.50 13.92
LPL 53 11 2.564 4.291 25.20 1.26 1.10 33.99 10.39
LPL 54 11 4.067 2.705 16.20 0.81 1.09 33.33 10. 19
LPL 55 12 5.385 2.228 14.40 0.72 1.29 30.89 9.05
LPL 57 12 4.821 2.489 23.90 1.20 1.19 20. 81 6.10
LPL 58 28 5.178 5.407 48.80 2.44 1.46 22.14 4.33
LPL 59 13 6.973 1.864 28.20 1.41 1.18 13.21 3.72
LPL 60 19 6.446 2.947 17.40 0.87 0.93 33.81 7.94
LPL 61 10 4.657 2.147 19.50 0.98 1.16 22.00 7.04
LPL 62 16 5.523 2.897 16.80 0.84 0.89 34.42 8.77
LPL 63 10 3.965 2.522 7.61 0.38 1.28 65.98 21.12
LPL 64 9 3.878 2.321 16.80 0.84 1.10 27.59 9.30
LPL 65 7 4.489 1.559 9.08 0.45 1.23 34.27 13.07
LPL 66 8 7.931 1.009 12.24 0.61 1.22 16.48 5.88
LPL 67 12 4.357 2.754 25.80 1.29 1.04 21.33 6.25
LPL 68 12 7.228 1.660 7.46 0.37 1.11 44,38 13.00

Ny o B R BRI SR s ps o8 B R 244845500 %5 FE
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Table 3 U-Pb age of apatite particles from the Dingginghu Formation of the Lunpola Basin

UI-»"J )ﬁ% 207 Pb/235 U 2s 238 U/Z(Ky Pb 2s 207 Ph/ZOﬁ Pb 2s Age 206 Pb/238 U ( Ma) 2s Age 207 Pb/235 U ( Ma) 2s

LPL 01 19.2 1.6 6.12 0.52 0.799 0.039 1042 87 3021 76
LPL 02 15.3 0.8 7.59 0.33 0.819 0.028 819 36 2827 51
LPL 03 31.5 3.0 3.99 0.33 0.819 0.033 1560 120 3486 96
LPL 04 42.2 1.8 2.73 0.12 0.837 0.035 2037 82 3812 43
LPL 05 15.4 1.2 7.76 0.54 0.802 0.027 835 55 2802 70
LPL 06 20.6 1.7 5.97 0.49 0.823 0.027 1064 82 3096 85
LPL 07 17.1 1.3 6.93 0.46 0.815 0.031 891 57 2911 63
LPL 08 24.2 1.4 4.92 0.31 0.814 0.029 1246 74 3250 58
LPL 09 69.8 7.8 1.95 0.22 0.819 0.025 3040 280 4240 110
LPL 10 33.0 2.0 3.64 0.23 0.820 0.025 1633 90 3554 59
LPL 11 25.0 0.8 4.63 0.17 0.828 0.030 1275 42 3301 31
LPL 12 24.5 1.9 4.90 0.36 0.816 0.026 1273 87 3262 77
LPL 13 38.0 2.7 3.23 0.26 0.815 0.031 1880 130 3679 74
LPL 14 32.4 2.1 3.62 0.19 0.836 0.045 1601 71 3545 63
LPL 15 27.0 3.6 4.89 0.48 0.813 0.031 1360 140 3290 110
LPL 16 68.8 5.5 1.83 0.17 0.836 0.035 3000 200 4270 84
LPL 17 43.7 2.1 2.62 0.14 0.809 0.025 2120 110 3847 46
LPL 18 47.1 2.1 2.44 0.11 0. 806 0.022 2254 86 3918 44
LPL 19 22.3 0.9 5.16 0.25 0.816 0.030 1164 53 3185 41
LPL 21 19.5 0.9 5.94 0.25 0.826 0.038 1022 38 3055 43
LPL 22 28.7 1.9 4.05 0.21 0.827 0.044 1438 66 3430 69
LPL 23 16.9 0.7 6.87 0.28 0.824 0.034 888 32 2915 41
LPL 24 18.8 1.1 6.28 0.36 0.831 0.037 978 50 3032 53
LPL 25 32.6 1.7 3.55 0.18 0.82 0.027 1620 65 3549 49
LPL 26 45.5 3.4 2.60 0.19 0.817 0.036 2160 110 3856 86
LPL 27 86.5 5.1 1.38 0.085 0.828 0.031 3590 170 4512 60
LPL 28 25.6 1.4 4.48 0.28 0.814 0.030 1330 71 3335 54
LPL 29 21.6 1.1 5.31 0.23 0.810 0.030 1126 44 3158 50
LPL 30 27.0 1.4 4.24 0.22 0. 805 0.026 1397 63 3361 55
LPL 31 34.4 2.0 3.39 0.18 0.809 0.031 1714 86 3599 54
LPL 32 13.9 0.6 8.29 0.37 0.812 0.025 755 31 2730 41
LPL 33 21.0 1.0 5.32 0.24 0.811 0.027 1133 49 3132 46
LPL 34 24.1 0.9 4.83 0.17 0.830 0.029 1226 41 3263 37
LPL 35 15.7 0.7 7.24 0.31 0.811 0.029 848 34 2854 40
LPL 36 23.1 1.1 5.03 0.27 0.824 0.030 1201 61 3218 47
LPL 37 29.6 1.6 4.04 0.22 0.828 0.026 1482 70 3451 55
LPL 38 43.0 2.0 2.73 0.12 0.824 0.034 2057 80 3828 45
LPL 39 45.3 2.7 2.61 0.15 0.840 0.038 2100 100 3875 57
LPL 40 33.2 1.4 3.45 0.13 0.814 0.027 1659 57 3581 40
LPL 41 33.8 1.2 3.43 0.12 0.814 0.028 1675 55 3595 35
LPL 42 36.0 3.1 3.57 0.32 0.816 0.030 1760 140 3614 88
LPL 43 23.0 1.9 5.51 0.49 0.816 0.026 1188 92 3163 87
LPL 44 24.0 1.3 4.92 0.28 0.822 0.030 1244 64 3254 54
LPL 45 30.4 1.4 3.80 0.16 0.808 0.030 1532 60 3483 46
LPL 46 27.8 1.5 4.10 0.17 0.810 0.035 1430 60 3389 53
LPL 47 28.4 3.1 4.75 0.52 0.819 0.033 1440 150 3360 110
LPL 48 46.3 5.9 3.18 0.46 0.804 0.029 2200 240 3780 140
LPL 49 29.9 2.0 4.01 0.26 0.824 0.033 1484 81 3455 63
LPL 50 31.5 1.9 3.71 0.23 0.812 0.027 1578 82 3517 65
LPL 51 45.1 1.9 2.60 0.12 0.819 0.029 2156 85 3883 40
LPL 52 20.1 0.9 5.71 0.25 0.813 0.030 1065 43 3083 42
LPL 53 14.4 0.6 7.77 0.38 0.802 0.031 802 38 2779 44




ZEF: BERFIRENRIH—— A FREH R BT BB K 5 H ) 2315

83

Continued Table 3
e 207 pp,/ 351 s 238 7,/29 py, s 207 pp, /2% py, 25 Age °Pb/PU (Ma) 25 Age 7Pb/°U (Ma) 25
LPL 54 24.4 1.8 4.91 0.31 0.816 0.037 1259 71 3246 70
LPL 55 24.1 1.7 4.85 0.31 0.813 0.039 1262 84 3235 70
LPL 56 52.9 4.1 2.25 0.14 0.816 0.040 2440 130 4021 74
LPL 57 15.6 0.7 7.32 0.34 0.813 0.033 850 36 2838 42
LPL 58 6.9 0.3 16.23 0.76 0.786 0.032 394 19 2089 45
LPL 59 12.6 0.5 8.85 0.32 0.797 0.032 703 23 2648 36
LPL 60 18.8 1.1 6.16 0.33 0.827 0.040 989 49 3015 57
LPL 61 21.2 1.7 5.89 0.48 0.815 0.030 1116 88 3099 76
LPL 62 22.5 1.4 5.24 0.41 0.817 0.036 1217 94 3192 61
LPL 63 42.8 2.9 2.71 0.18 0.829 0.048 2090 120 3836 77
LPL 64 20.5 1.0 5.67 0.29 0.827 0.040 1086 52 3107 50
LPL 65 38.3 2.3 3.14 0.19 0.822 0.030 1877 98 3694 62
LPL 66 27.7 1.1 4.14 0.16 0.819 0.036 1417 49 3396 41
LPL 67 14.1 0.7 8.07 0.43 0.807 0.033 773 36 2740 46
LPL 68 44.4 2.4 2.63 0.15 0.826 0.036 2120 100 3862 53

He £ 0% > B A B AE W > B KA (U-Th) /He 4£1%
X T ICLLEFE Al Bl A 2R BT H PR v A0 45 i, R Tl 4R AR 2
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B KL TR B S e v A, IR S M B e R Bt
FEEE A, NERE A B KA B DG B, 18 KL K B I A
AR AR B B A A R A B A &
BINA-HIAE IR A5 0 . X I A8 — & BYARTIE , 75 SE 90 AT i
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e S
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B8 o IR 5 L ISR AN (4F8 8 28 5% ,2010)
Fig. 8
(after Chang et al. , 2010)

The ejection and entry effects of alpha particles
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bow =ty (1/F;) (Farley and Stockli, 2002)
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B A OB 58 FEAE 60 ~91um (18] 10 &1 11) o Jiv EATEAS [F] 8T
RLIE R R AN R] , 2 i det Pl BE AN [R), 36 AR 5 T 4 8 A7
TARRIAL R I () ANTR] , B2 S AR I 7 R 2578 R o

UL RO AN 2 18 B S A U B2 AN ), 3B 2 3 iy DR 22
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Fig. 9 Schematic diagram of o particle retention rate in apatite and zircon with uneven distribution of U and Th ( after Fitzgerald ez

al. ,2006)
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Fig. 10 Width and length measurement section results of

apatite from the Dingqinghu Formation of the Lunpola Basin
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Size comparison between zircon from the Dingqinghu Formation of the Lunpola Basin (a) and FCT zircon particle (b)
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Fig. 12 Age comparison of apatite from the Dingginghu Formation of the Lunpola Basin (a) with MK-1 apatite (b), Durango

apatite (¢) and Limberg apatite (d)
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Fig. 13 Age comparison of zircon from the Dingginghu Formation of the Lunpola Basin (a) with PL zircons (b) and FCT zircons
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