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Abstract: Hengyang area of Hunan Province is located on the southeastern margin of the Yangtze Block, the
bottommost of the Cryogenian sedimentation regionally being the Chang’an Formation, with slate interbed
between tillite beds in some areas, which could be instructive for studying glacial retreat during the middle of
Jiangkou (Sturtian) glaciation period in South China. This research focuses on the sedimentary sequence and
detrital zircon ages of the Chang’an Formation in the Sankouqiao section in this area. The weighted average

zircon *Pb/**U ages of the youngest groups, from samples of bottommost tillite and overlying slate, are
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726+7 Ma and 671+17 Ma respectively. These ages correspond with the onset of the Sturtian glaciation (ca.

720 Ma) and the glacial retreat during the middle Sturtian glaciation period (ca. 690 Ma). The bottommost

tillite of the Chang’an Formation is the response to the cold climate of the Sturtian glaciation period and the

overlying slate to the process of getting warmer within this glaciation period. Detrital zircon age spectra show

that the provenance of the Chang’an Formation of the Sankouqiao section is mainly from the Jiangnan

Orogenic Belt. It is suggested that “Jiangkou glaciation period” should be used to refer to the early glaciation

period (Sturtian) during the Cryogenian in the Yangtze Block, emphasizing its complex and long duration, to

avoid confusion with the name of the stratigraphic unit.
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Fig. 1 Geological setting of study area and locations of sections
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Fig. 2 Simplified regional geological maps of the sampling locations and lithology of the samples
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Fig. 4 Cathodoluminescence (CL) images and age of
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representative zircons from the studied samples in this paper

AEIE B0 Ma; 22skq-1z 2 BIHEIEATIAR, B 5 5555 | XL

(76.0%), T IC A 1L (1600 ~ 1000 Ma) %z 2 4H
(1.6%), T 7CH18(2500 ~ 1600 Ma) B 27 41
(21.6%), Kt (>2 500 Ma) FdiE 1 4(0.8%), JEAL

AR I {43 511K 752 Ma., 780 Ma LA & 802 Ma
(K 6a),

FE i 22skq-2z 5 A IR B (6 FJC (235 B Ry
F, BB AR AR, KR 70 ~ 100 pm, K5
b2t 1~5:1, Itk &56(CL) BR SR 2 80%
1 A B AR 5 I S5 (15] 4) . S8
FEE>90% A IS H0 G 84 4H, B AFH2AY 4 P/
U AE RS AE 660 ~ 687 Ma 2 [6], fil A 24 4F %
671 = 17 Ma(20, MSWD = 3.1, 4] 5b); H:r 82 4
M Th/U>0.2, ot i AR (<1000 Ma) %4
67 41(79.8%), "1 IC 1 1 (1600 ~ 1000 Ma) % 4%
54(6.0%), i 6 i 1R (2500 ~ 1600 Ma) % 4%
1040 (11.9%) , K 1 (>2500 Ma) ¥t 45 2 41
(2.3%), JE U A IR (R 53 901 693 Ma, 741 Ma
P 787 Ma([%] 6b) .,

318

3.1 PR X K R AR F TSR T4 B A 52

= AR S MR SR [ 52
AR O 2 H s A e, 20176), JIEHS 29.67 m
YRGB, thE IR A 24.34 m Y-
JEZ AT IRA = B (1] 20), B EBARUCH Sk
ARG R A T Z 8 B (1< 3) o AR T
BB R D R RN AR e SRR A A
45 31 B B i 5 41 2°Pb/ 7 BT Y AR IS 4 )k
726 +7 Ma Fll 671 £ 17 Ma([%] 2, [5] 5) .,

KZH) 2o i TH iR m %, KT

206 238 206 238
755 MaC"PbU) 210 MaC*Pb/*U)
a
22skq-1z 700 22skq-2z
. T4 =671£17 Ma
745 T kP4 I=T726+7 Ma MSWhos 1
MSWD=0.25 690 -
735 680
795 | 670
660
715 oo
705 640

P 5 = VAT I 2 LR S 4 A R it P B AT e — LA 41 P/ U A 2 45

Fig. 5 Mean age of the four youngest detrital zircons of the samples from Chang’an formation of Sankougqiao section
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et al.,2009; Condon and Bowring, 2011; Keeley et
al., 2013), TEAE R Hb DX AH R JZ A7 P KL K T RS
PAREE A7 2Ph/PU AEHY 691.9+8.0 Ma(Lan Z W et
al., 2015) , 37 EURE DICHA P 35 6 3 DI 179 T J i BR
A ca. 690 Ma,

ARYTTF e TAER = IR ZH 5F HH
QAT FEH B A, DL A U IR R
e, 125 BR b de B BB rp S AR R — i
209pb/A8U I I4E RS 726 + 7 Ma; & BRI A
B2 BB CA R AL, o R R U i
AF I — 4] 55 A 2Pb/2RU AR I A 8 (H 671 +
17 Ma, ERPIANEIRMETE R 2290 BN 5 E B i
PEIARF DI 9 i Bk 1) B H PN BB DGR T I 1) BR
— B LI, 2023) 5 FER AR AR X SRR
¥ BTTCRR A 0L, A 2 e R DU S e 1 KB N
R 0E . (HAFERAYAE, Yin C Y et al.(2008)7E 5%

M BT B R LI B HLAS SHRIMP £5 41 °°Pb/”*U
AR 669 + 13 Ma, IWAEUHIZ A8 22 B3R B = 1
AT R o3 2 T R & 47 T Rl e s AR ALY
TURR, EURS B 1 b J2 5 E AT e 2 5 2 i

32 LERKZANKFRAR

A2 21 AR b XK 28 B et B KR I
A HDURRT BRARE 1B AR S v FE AR R
F4) J5 Bl BT RR (IR0 25, 20145 2 MO S, 20155 22
fP{f, 2023),

AR SCHE = FUMR ST e LS TR R A 2 R 4
TREEES GRS, BN A S iR R
(1 20), SRR B 0 R ETEERL O H0IR
MR 25 2 S W 4 42 ik O R T BT (O] 1 22 o )
B, 2017b), Herh i A48 — 2 AR 1 8 5 A DY B
WL L E (14 4), THU HAEA T 0.59 ~
151 Z B (5 1), IHFR&E T JE# U-Pb 1A R &
B, IMBCEE AR 726 7 Ma([4] 5a), fEiR 2275
W5 Lan Z W et al.( 2015, 2020) . #13H8 iz &
(2015) . Song G et al.(2017) . ZXIRIH S (2018) |
ZE A (2021) AR AR BRI A 22
BTGB ARG 1Y [) 5 2= AE 8 AH — B, W] BRGE K221
DUBURBR M ca. 720 Ma, 5 [ Pr_I 5937 B RR vk 39
— B ( Shields-Zhou et al., 2016; Hoffman et al.,
2017; Hu C L and Zhu M Y, 2020; Lan Z W et al.,
2020),

BR T ca. 720 Ma (UTFRAT R, +< 22 1 H0FR
BRIEFEAE ca. 760 Ma BY ca. 780 Ma AR, A SC
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FERIRIFFE AN IR A, X b 5 1 2 B A7 A2 TR
R A BB TR TR (U E VA, 20155
AR 2023), TR, RFF ca. 780 Ma A M RLVK
RIE TR X — AN 45T F8 AL

WK, K2R AT DL B AR AR A
Gz . BATEA MRS (2014) 7R XKL
ZH TR IMTTEE I )2 B 751 + 5 Ma, 764 +
10 Ma [AE I 50 o (HU2 R TTEE A, 854
SR T SR B ERAE, He AR K22 ZH B vk )T

108° 109° 110° 11°
T T T

T, 25 & 2Nk [z Hh i g ORI AN 2 BB [
RUTEE A JZ N R 20 T — e F i iz, A8
SCIA A HTT 22 b S e 1 9 r b IX 22 41 B R
fiE o T AE AR R B XY )2 07 TOUH U 18 4 1% 2
P, W AR B Bl A Y 2 A0 52 B 22 2 Ak
JROK NS0 K A 1 <A A sl ol >fE T i
IR B s A AR R P D 22

o =, KT p e 244 F B 2445 1 ]
o VLRI LA R E B EEAE T 830 ~ 750
Ma(AS 7755, 2016), BEREZ ca. 720 Ma B9 2K
. FEAEEWISSA SR HIX (14] 7), KD
A T 82 R DURRIN 5 JE T6 sh i 55 8., i)
24t ialy, W ZRAE T F YRR AE S

LR LR, AR SO SR 45 SR B e T 1
Rl AR A A DURIFR A ca. 720 Ma.
3.3 KR AR

CL A BYRE T B A i 55 3R DI Hh b XA e 2H )
P38 57 800 Ma [ BRLIEAE (FF ki 55, 20135 4¢
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j?ll M
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50 km pS=
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Fig. 7 Sketch map of Chang’an and the correspondence formation and synsedimentary faults
in the southeastern margin of the Yangtze Block
WFFE 1 4 Song G Y et al.(2017); WF5T 2 PRFMEEIE S (2014); HF5T 3 3 Wang X C et al.(2012); #F5T 4 HaAtFE S (2013);
WS 5 9% Zhang S H et al.(2008); #F5T 6 TEARIT 5 (2019); HFFT 7 PEHIEIEAF (2015); WF5T 8 PR AF(2021); WH5T 9
Wang Z J etal.(2016); BT 10 FEEEHPZE4E(2016); #F5% 11 9 Lan Z W et al.(2014); 85 12 HEERIRIR5F(2018)
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J545,2019) . Wang X C et al.(2012) 76 3] P X
22 1 RAR PR B B85 A A S AT 752 Ma il
800 Ma XUEAH HFAE, FNEETE 55 (2014) 785 k34
b X BE K 2 2 v 3RAS I 85 A2 °°Pb/P Pb JINAR
SEIAERS 9K 751 + 5 Ma Fll 764 + 10 Ma, £5 /A
R B BRI . A SCA SN H Bl 1 X 5y
VR s FEAEDL = VT HBIX, 2 2R T B A A S
I ZMERIEE, Hrh 5 D i IE(Eh 807 Ma
(EEHEE 2016) 5 FEREIL B Il IX., K222 P U
B R AR IR I (50 A6 T 720 Ma ~ 850 Ma 2 [i],
BRI (S 00175, 2018) o ARIRTE =
A 1) TR R B 4 22 A5 B BRR il e i s A1
25 H AR A 359k 752 Ma, 780 Ma & 802 Ma,
M B R b (AR IR W (B 4331 4 693 Ma, 741 Ma
F1 787 Ma, #BE B H <1000 Ma £M4F 18 5 {H 43
ARHIE, SHEAL S Sl X AR

RS, KRR A R 2 BN
BRI B B PR A A58, Th/U HU(E S i
>0.2, FFJE 85 A B A 45 oA BT X1, B %
IRHBIX | A b =T DX 8 i A B s DX 22 2 A
W FRAR . R AR B B A 22 T URIBRAR G o 5,
20165 ZE0HUH55, 2018) o WHH HBIX K ZE AR
TR A W 22 S VR BPER CFE B 2, 201135 4 05 7,
2019), B A ZEE b DX A2 2 IR BE A T U
(45 A I B R AIE o [R]AST, 38R Pl XK 22
2 0 DR AL XS 58 Ry B — B [5R] FR 1 EE {E A A
7, b XK il B S G E

Froe i AR, 1R 2 ik E IR KR 4,
TRl G & F R ARG S (L Z X etal,
2007), Hr VIR LA 830 ~ 750 Ma (KA 1% 5h
JeREI B O, 2016), ARERA R G
B NS KT R R T EE YR,
TR B G MK A IR AR AR G- b S ke 1 3k — b

FTHs 5o TR TR I Wr 240 S AL 2

FT FH, 22 0 O B A AR 15 U0 BH A 24 th
DX B Sk A2 2%, S P s IX K 2 2 A X B — D
BT, T %F 800 ~ 780 Ma 3¢ 1 sh 4 v I Bt
(57545, 2016) FIEMIE,
3.4 37 FREBRAL ik 2 T vk B & FREA {8 B

B ARG, HER T BT RO AR Y

VKN A (Hoffman et al., 2017), H P lipk 2o B [a]
(<7 MR KT 2R (720 ~ 660 Ma) Fl1“Ih I3 vk
JI 5 (650 ~ 635 Ma) J& T 4= Bk M vk 1| = 1
(Hoffman et al., 2017), {fE46TE . T H B TRk
I iZﬁﬁiﬁ TURRAE B B A vk N U (VKBS )
(7595, 2023) o HA, ST P FREEE T
Hﬁ%@ﬁkﬂl%@ﬂ’ﬂ/ﬁﬁ{}\\ i R R ] o Xof b 452 1) i —
BAFTEARRIAIA,

P Wl B oK B TRR A 52 D7 BB A&,
T ARG B Be ik Sy <rg A vk 4> Cnl vt 7 75
1980) o FEEWITITRA, DL G4 TS PR 7
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T BRI . S e ak A UK M rE
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12 80 ~ 90 AR, HFRtiHuE T K
3B DURRT 530 53 H RS 240, 45 1 XU Rl
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S, 1984) | SETELL RN IR G b A8 Ho T )R

1997) . Bﬁﬁmﬂ BRI NPT (DN A
JELA 7 ey, 1997) A AR 5 UK ShAH DG A
Eiﬁz}zﬁ{‘zo R X T 2 21 At 3l Ol
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%Eﬁi—‘é%ﬁ“%ﬁﬁ FHF800 iR vk )42 B 5T
(EG 155, 1984), TR F-BRR I, BUS Y[
u%@m/ﬁﬁgﬁﬁﬁ&%ﬁﬁ FETHE Y 25 8] CFS /i
K,2003) 5 1999 4F, “mgfE R MR B R gk
BRIy, JEE AR RS 800 Ma, THALAENA 680 Ma( >
[ b L2 22 51 25, 2001), JE BB 2R 780 Ma i
635 Ma(J 142 755, 2015)

FEF B IRBFFE R, i 4r2a 3 LIRS L X
W5 Rt 1, 52 3 1B sk 2 A7 7E — IR vk
TT REME (S5 A2 1] 25 2001 ), F-38 F X 3R BRAR %)
[ ZAEAR S | [l 2% R fb 2 K )2 0 e A 2
R0 N E 7 R 8 € € S I N 2 4
RN =K, BT FR AN v e [R] X
. Fr B A R AR VK (Zhou € M et al., 2004) .
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IT 5 PR A BRI DA
CEATNT , A A R B vk 40 5 A 2 1
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Boet UK 2 b e =2 0 A Wik A e i 2
ST DL B BT R M2 X FE A bR s R0 2 S /i
€. 2011); (2) UK b AR FH 5 RS0 7 i IX b 2
B DA K AR AT 3R R S B KT 41
ZEFER LI, 2016); (3)XFPKIHT ., R VKT
FRAE AN TR BT AR Ak (IR BRI 578, 200065 1)
SR, 20105 MR HEE4E, 2010; Hu C L and Zhu M Y,
2020) o AHOCH AL AR BAE XS T UKk Cok ) 44
o IO G I S B o K7 € NS i " 7 S 84
VKA (Zhou C M et al., 2004) | “Hr Ik pkH > (227
AEAE L 2004) Koy 3wk B Cok T B R AE A
2006) R EE Y, I R] B E 6 R 3 B AR vk 3N, (H
JE 5 A M2 B B 5 RIS A
BEXT R, AR T 2 1 TAE
TS 2 X H T T, X<l vk E AR 4 B T AT
BAREM . WA ERT , E B TR R
%, BARAZ WAk RN (VR 45, 2023), #R4
E A BA VKA DU AE (IR B0 R if 575, 20065
PR IEAE, 2010) 5 FER LB 145 T Bl b is,
R 2 RS R — ROR A, AR R A (2023) I
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7R A L IX, B R 2 TR ) i B £ B R 2 A
(PRME LA 2010) o 254 B Br 1 X307 B R vk 3 T
JRRAT G, o AEAE— A2 2 A VKGR B 1
(HuCL and Zhu M Y, 2020; Lan Z W et al., 2022;
Qi L et al..2023), AT X 43 B vk it — KR 1Y g
M, TR P22 | B R A RN A R A

A, AR HEXRT I VK BB 13X — A8k . TTAE DXk
LT AR ORI, A A AR TR R Ak
S5 7 T A 9 34 2R I HL R R I <A T B AR
(FFHIEE, 2015; B35, 2016; 11w 44 Hb o 14 A
B, 2017a; Z2R B4, 20215 2050545, 2021), 2L
RUFR) B K HATCAR .

HWR, AR HARTF-Be ) H R e A I, (di45
S QA vk 1 2 B R AE SR R oA AT RE . 4
BRAS LT R A I R vk
BB R UK B B2 R 720 ~ 660 Ma (Shields-
Zhou et al., 2016) . AR}, FERGHoC i AR UKL
SERFFE A1 22 R 2 2 IS PR A 24 720 Ma,
KIEEZH iR FLBREALE 659 Ma( = 1L, 2023 K H:
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B 43 3T R R UK DR . 7E S B fk 2l
JEEFREE K A2 S Y SHRIMP 45 47 U-Pb 4E#%
669 +13 Ma(Yin C Y et al., 2008)3iF B B 440 J& T
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A 1 30T R UK KB 4F % ( Condon and Bowring,
2011;Keeley etal.,2013;Lan Z W et al., 2015)—%&L,

PRIk, DA b 2 FARA R b2 P 9 P 5 T, B
HIEAINGI RS 7S SN =T R e s B ) [ w4
FrVKIH (JE4ZPH, 2016; Hu C L and Zhu M Y, 20205
b, 20235 4R, 2023), {HIRFE VK A4 AR
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I UL AR TR, R TR

YL AT R KT R & 554 v
IR 10 i DX O 2 0 BA, 1965), IR RE XL
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Jo RIS 20 GRERZH) w2 B 0] 43, Y0 28 X
h A BABE AR I R FIR S 4H =22 ) ()
A7 Ml B G P 45 1 I 77 ), 1988), 5 28
B XIE T 1992 47 DX ek b 5 8 2 TAE rh ik — 25
AT R 43 Qb o 44 T A B, 2017a), <YL E 417
152 FH 01 R 28 B SO0 72 S50, 1997 10 5 44 1 S ) A
B, 2017a) o 5K Ja BRI S A (2006) 8 &1L, ¥
YLHARF R IL IR, AR Z . Kk
PetHZ R K T ok I BT A U B 2, I H]
YL PRI 3K — 24 o0t 1oz 61 oL A 3 Pl R vk 40
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