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Abstract  Although the ancient strata of the sedimentary basins in China have become the

important oil and gas exploration target, their thermal history evolution is still ambiguous due to
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the lack of effective paleo-thermal indicator. Based on a systematic review of zircon He diffusion
kinetics models and their differences, this paper investigates the applicability of zircon (U-Th)/
He dating in the thermal history reconstruction of ancient strata for the craton basins in China.
The zircon He diffusion kinetic models include the simple model, the zircon radiation-damage
accumulation and annealing model, and the fanning linear model. Thermal simulation indicated
that the zircon radiation-damage accumulation and annealing model and the fanning linear model
have a strong consistency when constraining the low-temperature thermal history but have a
significant difference when constraining the high-temperature thermal history (>>200 C). The
single-grain zircon (U-Th)/He ages of Precambrian samples from the Tarim Basin, Sichuan Basin
and North China Craton Basin are all younger than the stratigraphic ages and negatively correlated
with the effective uranium concentration, implying that radiation damage probably caused the
dispersion of zircon (U-Th)/He ages. The forward and inverse simulation reveals the thermal
history of the Precambrian samples from these three basins since the deposition and the experienced

highest temperature of 160~185 C, which has important significance for the maturation evolution

65 &

and resource evaluation of the deep and ancient strata.

Keywords Zircon (U-Th)/He dating; He diffusion kinetics model; Radiation damage; Craton
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Fig.1 Applicable temperature range of the low-temperature
thermochronology and its correlation with the oil and gas
phase. AHe means apatite (U-Th)/He dating; AFT

means apatite fission track dating; ZHe means zircon

(U-Th)/He dating
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Ginster 4 (2019) 45 45 i il #4109 560 AEOG 1 &
FNE5E S A0 R B T T - AR A L



2 WA S B A7 He § BB R 5 b [ S 8 5 437 08 723t B 2 R Rk Al 713

U2 P& TR A0 ORI T A% R R R B AR kAT . 5
B 1 S A 405 B ORI AR RS TR R L T B A e A R
He " #UM % K47 4. #54 (U-Th) /He 2 4F £ A
EIUAEAE He 318 7 2545870 3 <7 0y O 1 45 5]
TORER K R i N A X I — i A S A A K
AR,

AR EZRT BT EWM R R E
PR A0 I, IR 4k A PR OB 2 AR A R S
ARG R MR 1 HFERREA RS
AU B B 2 DB VS A i A B DY )1 4 b 2 I 7R L
FERRRFF R HEFCEHB S, 20145 454 A5,
20145 fEJ7IE, 2018). SR . B F 8 Z A %0 AR
HEERBLUIR - RS HY TR
PR b B AR R R I 2 T R A TR )
SR A VEIEM. N T A P B A [ B AR SCHE
45454 (U-Th) /He #4E EH AR He ¥ 8 8l J) 24 4L
FRUFN I S By vh B AR At b 1E RO B
UL ) BH T 3 [ — R LR g iyl b O A ———
& FLR My | D] AR K A b v BE A 2 R
HUTFRR LR i A -8 D0 s JF R GV IR T A e A
0 B SRR A B 5 g - M A B AE AU [
Poeb PR AR v 25 S M AR A ROHE A R T HE B
A1 (U-Th) /He $47E 4F J5 1 78 [E 3 1B 48 Hh 31 52 F
FEAR Y N 5 k.

1 45 f1 He ¥ 830 J1 2 B AL

SIS (U-Th) /He 4E #5055 B9 2 85 47 kL
TE0E I T 38 PAT I B ) i — I ] . 5 SRR AR A AL
J T RN B A He AR 048 28 Iy 0 56 8% B[] - 3 B e
st 2R He 37 # 8l J 2 R B B R 1% 37
FERE T XA AT YT o8 Y Bl
BB 1% AL R R PR 7 7R L il B AR 5 A2 JE 5
37 28 2T RURE B Y B AR R B A0 (U-Th) /He $45E
SEFRN He ¥ 3l J) 2B 804 = Ffr .

1.1 Reiners (2004 ) 3 &£ 8

Reiners 45 (2004) 18 15 X 3 i 75 FI 2 25 2 55 0 R o
£ 300~550 'C 3 Hil N F Ge T e 73 20 U Bl s 56 73
BT T34 25 25 75 AL BE () 4 169. 03 kJ/mol, 41 &
AT (Dy)HM 0.46 cm? » s !, Fi4E 4 Dodson(1973)
Fe i 9 2 08 15 B 55 41 (U-Th)/He M i
(THHR 171~196 C (PR 420 60 pm, 1% HI#H %
10 C/Ma), )k 183 C.Z R\ &k 1 He
3 PR 2 — W 5 AN 2 R A A U-Th 3

e AR
1.2 Guenthner % (2013 ) S5 A ESH RGN EMIR
N AR

WF5E R, [a) — A dh BLUBORL 85 47 (U-Th) /He 4F
7 3 LA AR R A 0 O X R 2 B R AR S R A
495 5 5 oo 700 ) HL AT AR 98 109 QI o PRI U G 12 )
67 SRR X i3k 46 BS0RE (U-Th) / He 4R % JEFT &
PRI i R 5 AR BN Oy R e i S ) AL O T
Flowers 4 (2009) £ H i B I A7 58 5 452 05 B R AR
KA, Guenthner 5% (2013) 76 %F — & ) k¢ i 3k 47
PRSI Bl b R ek 2 g 2R A A 5 AR o A
5800 508 ST T A A S 4 AR R ORI AR AL, 2
« KA TF 107 ~10"a /g I JEAFTARIE ) 140~
220 CAH o Fi ¥ S8 T 2X10%a/g B, £ 1A I
N (& 220 BURURLBE K A1 (U-Th) /He 4£ ¢
AU WP U EAE R RN A DG, i H
kgl 41 (U-Th)/He 4£#% 5 U B A 1EAH G A
A 1. Guenthner 25 (2013) A M IEA X H
RS F18 % S 453 DX 3 i 114 3k 4 I S o A 50 4 IXC
ST A T AR A S B R B He W99 HEAT
.85 He ¥ 8UT A BA & 10 1 A 7E C #hr
F17 1) b sk, B A He §780FT sl 55 £ %02 th 4R
SR C BhJy ]38 18 /Y Ff 28 R E T CGRALT1E
e T b B ) B Y. Yk S B R T T
AN ER I . He Jit 30 18 5t 2% 42 45 50245 i, AT
Il s UKL 9 AT 20 He 7 HUET 4. I 2b B T C 3l
A7 30 30 25l B 1G5 R dE . He §7 U m1 5 C 4h P
T ES A FE S I Do 82 30 0y 3B W k) OB 5
AL S C RhE S B B A RS Do B fR
FEANAR . B R o T A s e A 4 XA A
L Dy A 80 A U8, Bl & i S5 045 1 5 L P O
o] b B35Sl ) A AT ks T — 2

FRLES A (U-Th)/He 48 5 eU i A ¢ %
JE - o R 22X 10" /@) 45407 X B AH 1. 34 1
M 5l 1Y (Nasdala et al. , 2004; Reiners, 2005;
Guenthner et al. , 2013). 24 o 7| 78 1 e — 1l L E
R A . 342 4 1 B S A5 0 DX A 8 A el A PN B R B B
ZEIEIE O He PRy SR AL A, o4 7k 35X — s
S B A R AL TR R B L A & AR AT
SR O S ARG 7 R B A BORL N AR AT S A D
AN Ty 1 WA By Jo o DTG 3t B3 Ao R O 1 2% B R
HEPE A B AT R AR,
1.3 Ginster £ (2019)FEHR-Z& &R

Guenthner 28 (2013) By ZRDA AM A AL 7] i



714 i BR ) PR 2% R (Chinese J. Geophys. ) 65 #

250 -
(@

— (=]

w (=3

(=} (=]
L

100 4

wn
S o
L L

B5 45 (U-Thy/Hedst IR E /°C

wn
(=]
L

(=3
S

0.1 1 10 100 1000
b T/ (0/gx10'6)

b
(b) . A
A
A
A A
A " g N
'y
A
A 0Q o a
- H
01 T r : Y
0.1 1 10 100 1000

LT E/(a/gx10'6)

B2 (a) A (U-Th/He HARES « TR XLRE. (b)) EAFRMEETE o K75 = LREREATTE

REY AT H G CHITATHBR; KA BB RY AT A S CME MBI KE=MERIES B Reiners 5

(2002,2004) ; A4 =K 5] [ Reiners %5 (2002) 5 Wolfe Al Stocki(2010) 5 = & $¥s 9B i B 84T 0 5 ikE C
e Z AW ; Guenthner et al. , 2013)

Fig.2 (a) Correlation between the closure temperature of the zircon (U-Th)/He dating and alpha dose. (b)

Correlation between frequency factor and alpha dose for the zircon. The black squares represent the grains with the

He diffusion parallel to C-axis; the grey circles represent the grains with the He diffusion orthogonal to C-axis. The

data shown as the grey triangles refer to Reiners et al. (2002, 2004); The data shown as the black triangles refer to

Reiners et al. (2002) and Wolfe and Stocki (2010). The correlation between the He diffusion and C-axis for the samples

shown as the triangles are unclear (Guenthner et al. , 2013)
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Fig. 3 Locations of the three major Craton basins in China

(The samples’ locations are shown by the stars)
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Table 1 Zircon (U-Th)/He ages of the samples from Tarim, North China Craton and Sichuan Basins
Wikis  "He(10? mD)  Ji i (mg) Fr Ulpg/g) Th(pg/g) [eUJ(pg/® e IE A +16(Ma) R.(pm)
PSR ZE IR 1 RE A T1-04(4660~4720 m ¥R B, 3770 A Il 8 J8 40
z01? 30. 160 0.0079 0.81 234.7 120.9 263.1 117.9+7.3 72.7
z02¢% 21. 286 0. 0060 0.79 97.5 108. 2 123.0 232.5+14.4 67.4
z03* 17.794 0.0101 0.78 19.0 25.7 25.1 549.0434.0 60. 2
z04*# 20. 502 0.0073 0.79 51.3 65.2 66.7 334.4420.7 61.3
z05% 27.567 0. 0046 0.75 167.0 149.5 202.1 237.3+14.7 54.3
206" 100. 473 0.0180 0. 83 99. 3 115.5 126. 4 424.2+22.9 74.2
207" 53.01 0.0163 0.83 67.1 70.2 83.6 377.0420.4 71.6
208P 77.868 0.0299 0. 86 61.1 82.6 80. 6 303.4416.3 89.4
z09¢ 219. 288 0. 0459 0. 89 62.8 79.8 81.6 524.2+14.9 123.2
z10¢ 145. 281 0.0209 0. 87 113.6 116. 8 141.1 452.2=+13.1 102. 1
z11¢ 21. 353 0. 0057 0.79 94. 4 89.3 115.4 333.9£9.5 62.8
z12¢ 23.853 0. 0046 0.74 162. 1 296. 2 231.7 244.7+6.5 49.1
fedb e himAb g A0 R B Il 8E kAR LX
2014 26.1 0.0031 0.72 215.1 147.7 249.9 383.4420.2 39.8
2024 9.5 0.0026 0.70 64.0 63.8 79.0 524.7427.8 37.1
2034 9.9 0.0016 0. 66 121.4 116.5 148. 8 500.1426.4 31.9
2044 16.8 0.0024 0.70 98.3 90. 9 119.6 658.7£35.2 37.3
2059 23.6 0. 0034 0.74 122. 8 76.6 140. 8 544.4428.9 42.2
2064 9.8 0.0015 0. 66 93.5 83.7 113.1 683.5+36.7 32.1
2074 18.5 0.0014 0. 64 558.1 325.0 634.5 274.3+14.5 29.6
2084 16. 3 0.0017 0.67 255.4 177.5 297.1 393.3420.8 33.0
P 1] 4 b 2R b £ R B T e AL RE & YC07
z01? 56. 868 0.0076 0. 80 599.4 238.1 655. 4 92.845.8 62.2
z02? 20. 602 0.0045 0.75 233.4 166. 3 272.5 136.5+8.5 52.3
z03%# 17.962 0. 0058 0.78 109. 6 119.2 137.6 183.4+11.4 62.7
2042 20.515 0.0045 0.76 78.5 114.0 105. 3 346.8421.5 53.4
z05% 14. 812 0. 0046 0.74 60. 1 76.0 78.0 328.1420.3 50. 4
z064 12.993 0.0126 0. 84 45.2 31.0 52.5 158.8+9.8 82.8
z07% 22.329 0.0054 0.77 298.2 136. 7 330. 3 102.1+6.3 56.4
z08? 16. 938 0. 0085 0.79 50. 8 64.9 66. 0 244.1%15.1 62.3
709# 26.401 0. 0054 0.78 116. 3 113.1 142. 8 275.1+17.1 59.6

H: Fr N o i@ IESE (Farley et al. , 1996) 5 R, ik £ 54 Bk 1fi 2 4 (Meesters and Dunai, 2002); a.b.,c.d 43 B 0K Z #5454 (U-Th) /
He 4F % DU 76 1R KR W 88 R A K2 L 36 [ 5 BE 3k K2 L 38 B W R R 00 K 2 L v [ B 2% e b 5t -5 b 3R ) LA 5% T 462 BRLA67 58 oK.
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Fig.4 Forward (a) and inverse (b) temperature paths of the sample T1-04 in Bachu Uplift, Tarim Basin. The

forward modeling provided four specific #T paths A, B, C and D, generating the right corresponding inheritance

envelopes. All the envelopes (Dark gray = 2000 Ma for inheritance, light gray = 710 Ma for non-inheritance)

correspond to date-eU trends for zircon between 95 pm and 53 pm for the radius. The dashed line in each inheritance

envelope represents the date-eU trend for the zircons with the mean radius of 74 pm. For the inverse model (b), black

boxes indicate ~T constraints and the solid black line represents the best fitting thermal path (The goodness of fit

(GOF) is 95%). Good paths are represented by the magenta lines (GOF >50%), whereas acceptable paths are

represented by green lines (5% <GOF<(50%). ZHePRZ represents the zircon helium partial retention zone with a
temperature range of 130~200 C (Wolfe and Stockli, 2010)
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Fig. 5 Forward (a) and inverse (b) temperature paths of the sample LLX1 in northern margin of the North China Craton.
The forward modeling provided four specific #T paths A,B,C and D, generating the right inheritance envelopes A,B,C
and D, respectively. All the envelopes (Dark gray=1800 Ma for inheritance, light gray=900 Ma for non-inheritance)
correspond to date-eU trends for zircon between 30 pm and 40 pm for the radius. The dashed line in each inheritance
envelope represents the date-eU trend for the zircons with the mean radius of 35 pm. For the inverse model (b), black

boxes indicate +T constraints and the solid black line represents the best fitting thermal path (GOF is 92%). Good paths are
represented by the magenta lines (GOF>50% ), whereas acceptable paths are represented by green lines (5% << GOF<<50%)
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Fig. 6 Forward (a) and inverse (b) temperature paths of the sample YC-07 in the northeast corner of the Sichuan Basin.

The forward modeling provided four specific ~T paths A,B,C and D, generating the right inheritance envelopes A,B,C

and D.,respectively. All the envelopes (Dark gray=2500 Ma for inheritance, middle gray=2000 Ma for inheritance, light

gray=750 Ma for non-inheritance) correspond to date-eU trends for zircon between 50 pm and 70 pm for the radius. The

dashed line in each inheritance envelope represents the date-eU trend for the zircons with the mean radius of 60 um. For

the inverse model (b) .black boxes indicate #T constraints and the solid black line represents the best fitting thermal path

(GOF is 98%). Good paths are represented by the magenta lines (GOF>>50% ) , whereas acceptable paths are represented
by green lines (5% <<GOF<50%)
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Fig. 7

(a) Seven representative time-temperature paths; (b—k) Evolution correlation of the eU with the single-grain

zircon (U-Th)/He ages according to the different #T paths and He diffusion dynamics model. Gray lines are created by the

zircon radiation-damage accumulation and annealing model of Guenthner et al. (2013), dark lines are created by the fanning

linear model of Ginster et al. (2019)
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Fig. 8 Evolution correlation of the eU with the single-grain zircon (U-Th)/He ages for the Tarim, North China

Craton and Sichuan Basins in China according to the zircon radiation-damage accumulation and annealing model

(solid lines) and the fanning linear model (dashed lines). The #T paths for these three basins refer to the A pattern

(the best temperature paths by shown in Figs. 4,5 and 6), the grain radius is 60 pum
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Fig. 9
and (b), the solid black #T paths correspond to the pattern A in Fig. 4a. The long and short dashed T-¢ curves (I,

tT paths (left) and corresponding inheritance envelopes (right) for the sample T-04 in Tarim Basin. In (a)

1) in (a) correspond the maximum temperatures of 185 C and 175 C in 210 Ma, respectively. The long and short
dashed T+t curves (I, 1D in (b) correspond the temperatures of 140 ‘C and 120 ‘C during 130~40 Ma, respectively. To
the right boxes (I, 1), the date-eU inheritance envelopes are shown with the dark (2000 Ma for inheritance) and
light (710 Ma for non-inheritance) gray areas, in which the dashed black lines corresponding to the mean radius of
74 pm were plotted. The lower and upper bonds of the date-eU inheritance envelopes were generated by the grain

radii of 53 pm and 95 pm, respectively. ZHePRZ represents the zircon helium partial retention zone with a temperature

range of 130~200 C (Wolfe and Stockli, 2010)

A Ak R L4 AR T SR TR X S S A (U-
Th) /He 4% —— X BT A BER] 2 Ry T i DX A~
) AL ) s o T B A IR b 4% 0 AN ) O B A 2
) b T A S B ORI B B W A s A
(U-Th) /He #4447 B 55 B, 07 56 3% T 8% 8 55 A 8
A B R RN A [R] S AR 0K L AR 5 3 2o O
L 15 R 43 BT W B A5 A ORE Y e S A 43 08 R
1235 TSR W 0RS B2 JRUAE (U-Th) /He J7 3 X i 1% i
KL BEFT 85 41 U-Pb A1 (U-Th)/He B F4F 1% 11X 5
G3 AT s DT B - b 4 N7 4 P A 46 R B R B A
(U-Th)/He ¥4 Z [8] /) X6 W ¢ R » 55 5845 5 0
HH WP 4 R 35 5 A AL o DA TR B G e R A s AR

Brigt R ORI A IR AR K 2% Barry K. Kohn #(
¥z .3 E WA AR K 2: Peter W. Reiners Z 7 1 {#

P B ik K% Kyle Min @I 78 51 S H [ BL 2 Be i i
5 Bk BRI 5T Ir S M - AR 85 41 (U-Th) /He 4
WA v 25 T RS Bl s R R T AR R 5 B

vy
.

References

Baughman J S, Flowers R M. 2020. Mesoproterozoic burial of the
Kaapvaal craton, southern Africa during Rodinia supercontinent
assembly from (U-Th)/He thermochronology. FEarth and Planetary
Science Letters, 531; 115930, doi: 10. 1016/]. epsl. 2019. 115930.

Chang J, Brown R W, Yuan W M, et al. 2014. Mesozoic cooling
history of the “Bachu Uplift” in the Tarim Basin, China: Constraints
from zircon fission-track thermochronology. Radiation Measurements ,

67 5-14.



724 H Bk ¥ B % R (Chinese J. Geophys. ) 65 ¥

Chang J, Qiu N S, Zhao X Z, et al. 2018. Mesozoic and Cenozoic
tectono-thermal reconstruction of the western Bohai Bay Basin
(East China) with implications for hydrocarbon generation and
migration. Journal of Asian Earth Sciences, 160 380-395.

Chang J, Li D, Min K, et al. 2019. Cenozoic deformation of the
Kalpin fold-and-thrust belt, southern Chinese Tian Shan: New
insights from low-T thermochronology and sandbox modeling.
Tectonophysics, 766. 416-432.

Delucia M S, Guenthner W R, Marshak S, et al. 2018, Thermochronology
links denudation of the Great Unconformity surface to the
supercontinent cycle and snowball Earth. Geology. 46 (2):
167-170.

Dodson M H. 1973. Closure temperature in cooling geochronological
and petrological systems. Contributions to Mineralogy and Petrology ,
40(3): 259-274.

Farley K A, Wolf R A, Silver L T. 1996. The effects of long alpha-
stopping distances on (U-Th)/He ages. Geochimica et Cosmochimica
Acta, 60(21) . 4223-4229.

Fellin M G, Vance J A, Garver J I, et al. 2006. The thermal evolution of
Corsica as recorded by zircon fission-tracks. Tectonophysics, 421(3-
4) . 299-317.

Flowers R M, Ketcham R A, Shuster D L, et al. 2009. Apatite (U-
Th)/He thermochronometry using a radiation damage accumulation
and annealing model. Geochimica et Cosmochimica Acta, 73 (8):
2347-2365.

Ginster U, Reiners P W, Nasdala L., et al. 2019. Annealing kinetics
of radiation damage in zircon. Geochimica et Cosmochimica Acta
249, 225-246.

Guedes S, Moreira P A F P, Devanathan R, et al. 2013. Improved
zircon fission-track annealing model based on reevaluation of
annealing data. Physics & Chemistry of Minerals, 40(2): 93-
106.

Guenthner W R, Reiners P W, Ketcham R A, et al. 2013. Helium
diffusion in natural zircon: radiation damage, anisotropy, and
the interpretation of zircon (U-Th)/He thermochronology.
American Journal of Science, 313(3): 145-198.

Guenthner W R, Reiners P W, DeCelles P G, et al. 2015. Sevier
belt exhumation in central Utah constrained from complex zircon (U-
Th)/He data sets: Radiation damage and He inheritance effects on
partially reset detrital zircons. GSA Bulletin, 127(3-4) . 323-348.

Guenthner W R. 2021. Implementation of an alpha damage annealing
model for zircon (U-Th)/He thermochronology with comparison to a
zircon fission track annealing model. Geochemistry. Geophysics.
Geosystems, 22(2) ; €2019GC008757, doi: 10. 1029/2019GC008757.

Hu S B, Raza A, Min K, et al. 2006. Late Mesozoic and Cenozoic
thermotectonic evolution along a transect from the North China
craton through the Qinling orogen into the Yangtze craton,
central China. Tectonics » 25(6) ; TC6009, doi: 10. 1029/2006 TC001985.

Ji W B, Lin W, Faure M, et al. 2014. Origin and tectonic significance of
the Huangling massif within the Yangtze craton, South China.
Journal of Asian Earth Sciences, 86 59-75.

Jiang G Z, Hu S B, Shi Y Z, et al. 2019. Terrestrial heat flow of

continental China; Updated dataset and tectonic implications.
Tectonophysics, 753: 36-48.

Jiao F Z. 2018. Significance and prospect of ultra-deep carbonate
fault-karst reservoirs in Shunbei area, Tarim Basin. il & Gas
Geology (in Chinese) , 39(2): 207-216.

Jing X Q, Yang Z Y, Tong Y B, et al. 2018. A SHRIMP U-Pb zircon
geochronology of a tuff bed from the bottom of Liantuo Formation in
the Three Gorges Area and its geological implications. Jowrnal of
Jilin University (Earth Science Edition) (in Chinese), 48(1):
165-180.

Johnson J E, Flowers R M, Baird G B, et al. 2017. “Inverted”
zircon and apatite (U-Th)/He dates from the Front Range,
Colorado: High-damage zircon as a low-temperature (<50 C)
thermochronometer. FEarth and Planetary Science Letters, 466
80-90.

Jolivet M. 2017. Mesozoic tectonic and topographic evolution of Central
Asia and Tibet: a preliminary synthesis. Geological Society , London,
Special Publications, 427(1): 19-55.

Ketcham R A. 2005. Forward and inverse modeling of low-temperature
thermochronometry data. Reviews in Mineralogy and Geochemistry ,
58(1): 275-314.

LiSZ., Zhao S J, Liu X, et al. 2018. Closure of the Proto-Tethys
Ocean and Early Paleozoic amalgamation of microcontinental
blocks in East Asia. Earth-Science Reviews, 186 37-75.

Luo SY. Chen X H, Yue Y. et al. 2020. Analysis of sedimentary-
tectonic evolution characteristics and shale gas enrichment in
Yichang area, Middle Yangtze. Natural Gas Geoscience (in Chinese) ,
31(8): 1052-1068.

Meesters A G C A, Dunai T J. 2002. Solving the production-diffusion
equation for finite diffusion domains of various shapes: Part IL
Application to cases with a-ejection and nonhomogeneous distribution
of the source. Chemical Geology, 186(3-4): 347-363.

Morin J, Jolivet M, Barrier L, et al. 2019. Planation surfaces of the
Tian Shan Range (Central Asia): Insight on several 100 million
years of topographic evolution. Jowrnal of Asian Earth Sciences .,
177 52-65.

Nasdala L, Reiners P W, Garver J I, et al. 2004. Incomplete retention of
radiation damage in zircon from Sri Lanka. American Mineralogist
89(1): 219-231.

Powell J, Schneider D, Stockli D, et al. 2016. Zircon (U-Th)/He
thermochronology of Neoproterozoic strata from the Mackenzie
Mountains, Canada: Implications for the Phanerozoic exhumation and
deformation history of the northern Canadian Cordillera. Tectonics »
35(3): 663-689.

Qi L, Cawood P A, Xu Y J, et al. 2020. Linking South China to
North India from the late Tonian to Ediacaran: constraints from
the Cathaysia Block. Precambrian Research, 350: 105898,
doi: 10.1016/j. precamres. 2020. 105898.

Qiu N' S, Zuo Y H, Chang J, et al. 2014. Geothermal evidence of
Meso-Cenozoic lithosphere thinning in the Jiyang sub-basin,
Bohai Bay Basin, eastern North China Craton. Gondwana Research .

26(3-4): 1079-1092.



2 4 HORAE A He 9 HOBERY 5 o (5]

JR ST A B R R Rk Al 725

Qiu N'S, Xu W, Zuo Y H, et al. 2015. Meso-Cenozoic thermal regime in
the Bohai Bay Basin, eastern North China Craton. International
Geology Review, 57(3): 271-289.

Qu Y Q, Pan J G, Liang L D, et al. 2012. The attributes of the
Mesoproterozoic unconformities in the Yanliao rift trough. Sedimentary
Geology and Tethyan Geology (in Chinese), 32(2); 11-22.

Reiners P W, Farley K A, Hickes H J. 2002. He diffusion and (U-
Th)/He thermochronometry of zircon: initial results from Fish
Canyon Tuff and Gold Butte. Tectonophysics » 349(1-4) . 297-308.

Reiners P W, Spell T L, Nicolescu S, et al. 2004. Zircon (U-Th)/He
thermochronometry: He diffusion and comparisons with “°Ar/3 Ar
dating. Geochimica et Cosmochimica Acta, 68(8) . 1857-1887.

Reiners P W. 2005. Zircon (U-Th)/He thermochronometry. Reviews in
Mineralogy and Geochemistry . 58(1): 151-179.

Richardson N J, Densmore A L, Seward D, et al. 2010. Did incision
of the Three Gorges begin in the Eocene? Geology, 38(6): 551-554.

Shen C B, Mei L F, LiuZ Q, etal. 2009. Apatite and zircon fission
track data, evidences for the Mesozoic-Cenozoic uplift of Huangling
Dome, Central China. Jowrnal of Mineralogy and Petrology (in
Chinese) » 29(2) . 54-60.

Sobel E R. 1999. Basin analysis of the Jurassic-Lower Cretaceous
southwest Tarim basin, northwest China. GSA Bulletin, 111
(5): 709-724.

Wang Z M, Xie HW, Chen Y Q, et al. 2014. Discovery and exploration
of Cambrian subsalt dolomite original hydrocarbon reservoir at
Zhongshen-1 Well in Tarim Basin. China Petroleum Exploration (in
Chinese) » 19(2): 1-13.

Wolfe M R, Stockli D F. 2010. Zircon (U-Th)/He thermochronometry in
the KTB drill hole, Germany, and its implications for bulk He
diffusion kinetics in zircon. Earth and Planetary Science Letters, 295
(1-2): 69-82.

Xu C H, Zhou Z Y, Chang Y, et al. 2010. Genesis of Daba arcuate
structural belt related to adjacent basement upheavals:
constraints  from Fission-track and ( U-Th )/He
thermochronology. Science China FEarth Sciences, 53 (11):
1634-1646.

Yamada R, Murakami M, Tagami T. 2007. Statistical modelling of
annealing kinetics of fission tracks in zircon; Reassessment of
laboratory experiments. Chemical Geology, 236(1-2): 75-91.

Yang X, Li HL, Yue Y, et al. 2017. The strata and palaeo-geomorphology
framework at the end of Neoproterozoic and development mode of source
rocks at the beginning of Cambrian. Natural Gas Geoscience (in
Chinese) , 28(2): 189-198.

Yang Z, Ratschbacher L, Jonckheere R, et al. 2013. Late-stage
foreland growth of China's largest orogens (Qinling, Tibet) ;
evidence from the Hannan-Micang crystalline massifs and the
northern Sichuan Basin, central China. Lithosphere, 5 (4):

420-437.

Zhai M G, Hu B, Zhao T P, et al. 2015. Late Paleoproterozoic-
Neoproterozoic multi-rifting events in the North China Craton
and their geological significance: a study advance and review.
Tectonophysics. 662: 153-166.

Zhang C H, Li C M, Deng H L., et al. 2011. Mesozoic contraction
deformation in the Yanshan and northern Taihang mountains
and its implications to the destruction of the North China Craton.
Science China Earth Sciences, 54(6); 798-822.

Zhang S H, Zhao Y, Ye H, et al. 2012. Early Mesozoic alkaline
complexes in the northern North China Craton: implications for
cratonic lithospheric destruction. Lithos, 155; 1-18.

Zhang Y P, SuY Z. LiJ C. 2010. Regional tectonics significance of
the Late Silurian Xibiehe Formation in central Inner Mongolia,
China. Geological Bulletin of China (in Chinese), 29 (11):
1599-1605.

Zheng X L. 2016. The faulting characteristics and paleo-uplift migration of
Bachu uplift, Tarim Basin [Ph. D. thesis] (in Chinese). Hangzhou:
Zhejiang University.

Zou C N, DuJ H, Xu C C, et al. 2014. Formation, distribution,
resource potential and discovery of the Sinian-Cambrian giant
gas field, Sichuan Basin, SW China. Petroleum Exploration
and Dewvelopment (in Chinese), 41(3) . 278-293.

Bt i 32 5 % STk

FEOTIE. 2018, 3 LR b I AL R R ik 2 R UV AR AR R B
X Hais. AMlE KRBT, 39(2): 207-216.

SR, BRT, AW, 2018, =ik M X 5 o o A 3 18 4 3
BE KB A SHRIMP U-Pb AR AR 2 KO 5 . 35 ARk 2
R CERBL 2O » 48(1) : 165-180.

WREIC, BRFLT, F 5. 2020, % T B X SRR v AL 5
FERRIUE AR EMAE. RRHERELS, 31(8): 1052-1068.

i . R, RA AR, 2012, FEITRFERY oL AR A T
PP, DUB SRR PR M B, 32(2) . 11-22.

WAL, MERRSS . XIWEPESE. 2009, 3 b B o307 A 4% e T T
SRR, A A, 29(2) : 54-60.

FHW, A0, PRAM . 2014, R AP 1 HFER R
T A= EEA A RSB P E A mE R, 19
(2): 1-13.

g, ZEH, HBEE. 2017, BEEARG MR Q20K M2 - g s 4L 5 98
RAVIBEE A Z TR RIS HIREL, 28(2): 189-198.
WA, FRIRIE, 2R, 2010, PSR A b IX I A B A 1 S 0

2B X I 2 R . HUTE AR . 2911 1599-1605.

FRLETT. 2016, 3% HLR £ b [0 A [ 2 I 4 R AE B oty B e 3T 4% B Ak B
B3], oM . Wi k2.

SRARE, KEA RS, MRS, 2014, PO AR B R-FE R R A A
SHIE B IS O R R R B AR 5 R, 41
(3): 278-293.

CA gntE )



