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757~741 Ma, £54£ %) 16 Ma) . Sturtian 7K 3] (£ 720~
660 Ma, 43 4L %) 60 Ma) . Marinoan VK 1} ( £ 649~
635 Ma, £F £ %) 14 Ma) Fl Gaskiers VK ] ( 24 584~
580 Ma, #5425 4 Ma) (Bowring et al.,2003 ; #X £ 2 FI
B 7k K, 2011; Shields-Zhou et al., 2016; Hoffman et
al.,2017) o Ho, K22 (720~635 Ma, Tk 6 FR h #
£ 47  Nanhuan Period ; i &5 75 4% , 2005 ) Sturtian 7K
F1 Marinoan PRI PRI RRZE I [R] 1 | 7K 55 40 0 [l L 22
FNIK TAREE iy AR TG BT, B AR R P VR “ T BR b BR”
1+ (Hoffman et al.,2017) . Kaigas VK] Fil Gaskiers
e b AT RENREY (DO U N o 4 g EI RSy T = i 1S

B AT AU (oK 24 v [ B EEOR Z b R A I
ZE 4 X (Karlstrom et al. , 2000 ; Thompson and Bowring,
2000; Bowring et al., 2003; Calver et al., 2004; Xu et
al., 2005 ;Kirkland et al.,2025) .
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2004 ; Kendall et al., 2004, 2006; Zhou et al., 2004 ; fif
EZEEE 2005 Condon et al.,2005; Xu et al.,2005; 7
J& B FAiE S 2, 2006; Stanevich et al., 2007; Fanning
and Link, 2008 ; Zhang et al.,2008a; Macdonald et al.,
2010; Babinski et al.,2013;Du et al.,2013; Lan et al.,
2014 ; MacLennan et al.,2018; Zhou et al., 2019 ; Zhou
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1. The Chuar Group W3 K 11K , & [ K45 (Karlstrom et al.,2000) ;2. Boston Bay ff Roxbury i T Squantum JK#5i 5, Boston Basin,, 5€ [# 2 5% Z£H (Thompson
and Bowring, 2000) ; 3. Aralka Formation TR , K F) P Amadeus 7% HlL (Schaefer and Burgess, 2003) ;4. Gaskiers KR 2 NS RAZF 41 (Bowring et al.,
2003) ;5. Grimes f A& . Kanunnah Subgroup it BL U4, WK B Tasmania 5 (Calver et al.,2004) ;6. Old Fort Point Formation [, JIIZZ K VG B (Kendall e
al.,2004) ;7. BRLZIYLA , o = S FABEZE MITA (Zhou et al.,2004) ;8. DL SCPULHRE AR, T S R G (Xu et al.,2005) ;9. BELIVELALIRHAS ALK , o7 [E =1
[X..Ghaub Formation TR , 40K LIV AL 3 Otavi #IX. (Condon et al.,2005) 5 10. Aralka Formation JIE# , K F) V. Amadeus 7 Hb (Kendall e al.,2006) ; 11. Baikal 1 Osel-
ok B, A2 Wr V4 (A A1 IV 5555 ( Stanevich et al.,2007) ;12. Pocatello Formation , 3% [ Z ik faf JH < 1 . Wilyerpa Formation PNEE MK )2 , K 3B Copley HLIX. (Fanning
and Link,2008) ; 13. B THAREE K B D25 , v [T A 1 V1. (Zhang et al.,2008) ; 14. Sturtian 7K1 228525 ] KLU 5K TGE (Macdonald et al.,2010) ; 15. 3%
TR, WIFE H AT T2 (Du et al. ,2013) ;5 16. Puga Formation VKINTRRY , g Bodoquena Hli [X ( Babinski et al.,2013) ;17. HR A IO EE K i, ) VE b 3G
DTl 717 2 A4 TS A iR E (Lan et al.,2014) ;18. Tambien Group K LUK, B FEMK LI AL H (MacLennan et al.,2018) 5 19. Bg VG4 THEEE TN , 15 2 gk 1 3%
% EIGE (Zhou et al.,2019) 520, K 4L IEEBEE KA, STHIFABEZERR YA (Zhou et al.,2020) ;21. Fiq Formation, B (Gong,2021) ;22. Elbobreen 41 Russgya £ 52 (7, 571
7 Dracoisen 2 B0 TUA , 988 Svalbard (Millikin et al.,2022) ;23. Fury and Hecla ShE AR K Baffin 5 .Steensby Land SR A& 22 PE L Avannaata #1IX. (Dufour et
al.,2023) ;24. Numees Fromation (Jit Kaigas Formation) , 442K Fb WV pg 3% Kalahari 52438 (Pu et al.,2023) ;25. Puga Formation THHBIE 27 , ELPY Araras-Alto Paraguai
Z3 (de Carvalho ef al.,2023) ;26. Tavakaiv(Tava ) B0 2 Bk H 02 VB AR — G 9Bk, 6 BB 2 1 2 1L AT X (Courtney-Davies ef al.,2024) ;27. The Port Askaig
Formation ,Stralinchy 248k 7+ . Fahan Grits VKEEREE L, 93 % L7 /R 2445 (Kirkland et al.,2025) ; TG ARTEAF I B0E RIS 25 Y5 fOBC b 2

Fig.1

Global distribution map of some sedimentary records in the Neoproterozoic Cryogenian glacial

et al., 2020; Gong, 2021; Millikin et al., 2022; de
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B T UK UTR 5 06 1 4K 2 21 Ay 2 (g
T — B ) (W 204655, 2017 ; R4, 20235 4 3%
i, 2024) . TEVLF A M, JEAL B4 (2001) A
SRR AR T B—a R A WA R KA BOY T
Sturtian 7K , AT g J@ T 38 s A Al 45 (2012)
A e T UUAR T T —EKEUA S T
VB 5 R F 55 (2012) Wik H B pa AR T Sk E L
Jb & B 7 VG R e Ak S i B A IS LR T
EVKECA AT AR IR L A M 2, B vk 2 me v
VKA TTRLC S . AE TIORGOS R &



e P FH AT - 4 7 REHAC 2 Dbt DOk 4L vk OBV S5 8547 U-Ph A%

1335

R1 15 FEEHER S 3 X Bk 42 3 /= X1 43 X bE B 3R

Table 1 Simplified stratigraphic division and correlation of the Cryogenian in several regions of the Yangtze Block
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et al. (2014, 2020) ¥ 3% L AEAE AL = VTR % F 3G 2R
BIALEE A 1A B GRS T g ) T K
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720 Ma f R 4E R Sturtian VK AR IH AR , 2 1% 0K
W 2R ELA R

A6 Sturtian VK 14 285 BT [R], — R AR S 24
(] Pk 30 ) JiE 584 M B2k . Zhou et al. (2004, 2019,
2020) 43531 75 5 A Ik 8 RIS 0 51 T A 3 g 4 i o
PRI 5t PR 2 L3 T R I B R 3 = 5 1Y
IR R 2 815 (662.9+4.3)Ma (ID-TIMS) . (659.96+
0.46) Ma (CA-ID-IRMS) . (658.8+0.5) Ma (CA-ID-
TIMS ) =i A B 5 41 U-Pb 4F % , I 80CF 4 7 Sturtian
VK3 4 45 TR E) B E 7E 660 Ma Z R . FHaE TS
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(664.2+2.4) Ma (LA-ICP-MS) . (659.3+2.4) Ma (SIMS)
F(657.3+3.2)Ma %5 A1 U-Ph AR . Fibis 3,
4E B Hb X Sturtian 7K B 45 1 B} 6] K EH A T 667~
657 Ma, 7] UL, Zhou et al.(2019) ¢ F Sturtian vk 25
if 18] F-~660 Ma HY AU BRI
Marinoan yK3] (L FR vk 5 5K 5 B A1l =5 75
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E S (1) . Marinoan KA UTER 5 76 1 Fa b X %)
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Nl (R IH B A 40 20545, 2023) , K
LI 171 b XY A JAE 20, ot i b X B Sk B AN 35 20, I P
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& (JEAG A AE 2001 ; 32 22 425, 20045 V1. 514 45
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Fig.2 Distribution of Cryogenian glaciations and interglaciation in South China (base map modified from Kuang et al., 2017)
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Fig.4 Neoproterozoic field features in Gangchang-Yuanba section, Hanzhong area
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Fig.6  CL images of selected zircons and their U-Pb ages in the study section
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Fig.10  Simplified depositional model of the Cryogenian in the rift basin along the northern margin of the Yangtze Block
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Cryogenian Sedimentary Rocks and Zircon U-Pb Age in Hanzhong
Area, Northern Margin of the Yangtze Block

GAO YueYang, LI Hong, JIN JiaNing, MU YaRong, LI ZongLin

State Key Laboratory of Continental Evolution and Early Life, Department of Geology, Northwest University, Xi’an 710069, China

Abstract: [Objective] Neoproterozoin “Snowball Earth” (Cryogenian) glaciations is a long-standing hot topic in
sedimentology. In South China, well-preserved sedimentary records during Cryogenian Period have been found in
many places in the Yangtze Block. However, there are relatively few reports on deposits of this time in Kangdian Rift
Basin on western margin of the Yangtze Block, and in the rift basin between northern margin of the Yangtze Block
and southern margin of the Qingling Orogen.[ Methods ] This study focuses on the Cryogenian glacial deposits in the
Gangchang-Yuanba section, Hanzhong area, northern margin of the Yangtze Block. Based on the field observations
and measurements, zircons were selected from the bottom tuff layer and upper sandstones for U-Pb dating analysis us-
ing laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). Detailed features of the sedimentary
rocks and their regional correlation are also discussed. [Results ] Two sets of tillites were identified for the first time
within the Neoproterozoic glacial sedimentary rocks in this region, both from a continental glacier. Several layers of
sandstone and siltstone are presented between and above the tillite sets. Zircons from the bottom tuff yielded the earli-
est mean concordant age of (719 + 11) Ma, indicating the beginning of glaciation in this region. Considering their
lithological succession and sedimentary structures, these Cryogenian deposits are thought to have been formed during
Sturtian glaciation, corresponding respectively to the Chang’ an and Gucheng glaciation periods. The timing of this
glaciation event, and the sedimentary associations, are consistent with contemporaneous sediments in the adjacent
Zhenba and Chengkou areas, and also show similarities to Sturtian sediments widely distributed in other parts of
South China.

Key words: northern margin of the Yangtze Block; Nantuo Formation; glacial deposition; Sturtian glaciation;
zircon U-Pb dating
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