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Fig. 1 Distribution of the Neoproterozoic Jiangkou Group in central Hunan area: (a)rift basins in south China; (b) distribution of

the Jiangkou Group in central Hunan area; (c) stratigraphic column and distribution of the Jiangkou Group in the Dacheng Mits.
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Table 1 Data of the LA-ICP-MS U-Pb ages of detrital zircons from the Neoproterozoic Chang’ an Formation in central Hunan Province

* 1 PR ARBER LA-ICP-MS U-Pb £#NELR

I 7. LE A Th U &t K Hofd R (Ma)

r?‘ n( 207 P]’)) Il( 207 Pb) n( 206 Pb) n ( 208 Pb) n( 207 Ph) n( 207 P]’)) n’( 206 Pb) ”< 208 Pb)
= n(*Pb) n(*0) n(**U) n(2Th) wa, | 38y | U n(*™Ph) n(*U) n(*0) n(**Th)

{E lo e lo B lo e lo E lo IfE lo e lo e lo
1| 0.076 |0.00243| 1.76949 |0.03255| 0.16886 |0.0028 | 0.05027 |0.00081| 90.18 |296.27 | 0.3044 | 1095.1 |62.62 | 1034.3 | 11.9 | 1005.8 | 15 | 991.3 | 15.6
2 | 0.16865|0.00566 | 10.87265 |0.23407 | 0.46756 | 0.00848| 0.12991 [0.00197 |225.46 | 23.79 | 9.4771 | 2544.3 |55.19 | 2512.3 | 20 | 2472.8 | 37 |2468.7 | 35.2
3 | 0.07025]0.0024 | 1.23437 [0.027 | 0.12743 |0.00216 0.03721 [0.00063| 78.12 | 120.09 | 0.6505 | 935.8 |68.42 | 816.3 | 12.3 | 773.2 | 12 | 738.4 | 12.3
4| 0.0665 |0.00243| 1.18846 |0.0302 | 0.12961 |0.00225 0.03729 |0.00065| 77.18 | 78.9 |0.9782 | 822.2 |74.49 | 795.2 | 14 785.6 | 13 | 740.1 | 12.6
5| 0.12217]0.00415| 2.38642 |0.05168 | 0.14167 |0.00245/ 0.06898 [0.00118| 60.41 | 93.67 | 0.6449 | 1988.1 |59.28 | 1238.5 | 15.5 | 854.1 | 14 |1348.2 | 22.4
6 | 0.0678 |0.0029 | 1.14613 |0.03835| 0.12259 | 0.00227| 0.03627 |0.00067 | 52.19 | 35.27 | 1.4797 | 862.6 [86.18 | 775.4 | 18.1 | 745.5 | 13 | 720.2 | 13.1
7 | 0.16476|0.00535 10.76265 |0.2119 | 0.47376 | 0.00826| 0.12966 |0.00221 | 38.28 | 42.54 | 0.8999 | 2505.1 [53.6 | 2502.8 | 18.3 | 2500 36 |2464.1 | 39.5
8 | 0.06416|0.00244| 1.04572 |0.02876| 0.11821 | 0.00208| 0.03574 [0.00064| 63.71 | 66.53 | 0.9576 | 746.8 |78.37 | 726.8 | 14.3 | 720.2 | 12 | 709.7 | 12.5
9 | 0.12438]0.00414| 6.25983 |0.13122| 0.36501 | 0.00639| 0.10033 [0.00169 | 75.59 | 66.61 | 1.1348 | 2019.9 |57.88 | 2012.9 | 18.4 | 2005.9 | 30 |1932.5 | 31.1
10| 0.1301 |0.00485| 6.99799 |0.18996| 0.3901 | 0.00767| 0.11335 |0.00236 | 41.02 | 38.81 | 1.0569 | 2099.3 | 64.05 | 2111.2 | 24.1 | 2123.3 | 36 |2170.3 | 42.9
11| 0.06707|0.00237 | 1.18346 [0.02827| 0.12797 |0.0022 | 0.03912 |0.00065|128.48 | 111.64 | 1.1508 | 840 |72 792.9 | 13.2 | 776.2 | 13 | 775.6 | 12.6
12| 0.06667 |0.00245 | 1.28295 [0.03327| 0.13956 | 0.00244| 0.04254 |0.00071|102.41 | 70.91 | 1.4442 | 827.4 |74.98 | 838.2 | 14.8 | 842.2 | 14 | 842.1 | 13.8
13| 0.06622(0.0022 | 1.19935 |0.02498 | 0.13135 | 0.00222| 0.03894 |0.00061 |213.66 | 177.04 | 1.2068 | 813.3 |68.09 | 800.3 | 11.5 | 795.5 | 13 | 772.2 | 11.9
14 | 0.06534|0.0022 | 1.18345 |0.0255 | 0.13136 |0.00223| 0.04016 |0.00065|148.71 |168.36 | 0.8833 | 785.2 | 69.31 | 792.9 | 11.9 | 795.6 | 13 | 795.8 | 12.7
15| 0.16933]0.00529 |10.66174 |0.18818 | 0.45663 | 0.00763| 0.12613 |0.00199| 70.83 | 129.14 | 0.5485 | 2551 | 51.44 | 2494.1 | 16.4 | 2424.7 | 34 | 2401 35.7
16 | 0.065410.0024 | 1.11629 [0.02887| 0.12377 |0.00216( 0.036  |0.00059|192.09 |105.39 | 1.8227 | 787.5 |75.27 | 761.2 | 13.9 | 752.2 | 12 | 714.9 | IL.5
17 | 0.065630.00278 | 1.17962 |0.03918 | 0.13034 |0.00241| 0.03965 [0.00084 | 39.59 | 50.14 |0.7896 | 794.7 |86.42 | 791.1 | 18.3 | 789.8 | 14 | 786 16.2
18 | 0.064920.00251 | 1.13895 |0.03248| 0.12723 | 0.00226/ 0.03766 |0.00071| 35.34 | 40.45 | 0.8737 | 771.7 |79.37 | 772 15.4 | 772.1 | 13 | 747.2 | 13.8
19 | 0.06559(0.00216 | 1.19957 |0.02447| 0.13263 | 0.00223| 0.03809 |0.00063(249.87 |449.81 |0.5555 | 793.3 |67.6 | 800.4 | 11.3 | 802.9 | 13 | 755.6 | 12.3
20 | 0.06637|0.00216 | 1.15192 |0.02278 | 0.12586 |0.00211| 0.03725 [0.00059|149.68 | 182.61 | 0.8197 | 818.2 |66.54 | 778.1 | 10.8 | 764.2 | 12 | 739.1 | IL.5
21| 0.06437|0.00254 | 1.09152 |0.03219| 0.12297 | 0.00221| 0.03754 |0.00065|116.43 | 70.59 | 1.6494 | 753.8 |81.05| 749.2 | 15.6 | 747.6 | 13 | 744.8 | 12.7
22| 0.1233 |0.00393 | 5.94713 |0.11244| 0.3498 | 0.00594| 0.09838 |0.00157| 77.83 | 75.45 | 1.0315 | 2004.5 |55.59 | 1968.1 | 16.4 | 1933.6 | 28 |1896.7 | 28.9
23| 0.0673 |0.00243 | 1.24559 |0.03141| 0.13422 | 0.00235| 0.03909 [0.0007 | 75.82 | 87.94 |0.8622 | 847 |73.49 | 821.4 | 14.2 | 8I11.9 | 13 | 775.1 | 13.6
24 | 0.06966(0.002 | 1.28738 |0.03 0.13403 |0.0023 | 0.04161 [0.0007 | 74.3 | 87.36 | 0.85 918.3 | 71 840.1 | 13.65| 810.8 | 13.2| 824 14
25| 0.06714{0.002 | 1.2751 |0.03 0.13772 |0.0023 | 0.04033 [0.0007 |122 181.4 |0.674 | 842.2 |66 834.7 | 11.36| 831.8 | 13.1] 799.2 | 12.7
26| 0.065 [0.002 | 1.13974 |0.03 0.12715 |0.0022 | 0.03883 [0.0007 | 56.8 | 70.96 | 0.8 774.4 |75 772.4 | 13.8 | 771.6 | 12.7| 770 13.6
27 | 0.06712{0.002 | 1.24366 [0.02 | 0.13437 |0.0023 | 0.04073 |0.0007 |171 232.4 |0.734 | 841.5 |66 820.5 | 10.98| 812.7 | 12.8| 806.9 | 12.6
28 | 0.06996|0.003 | 1.31945 [0.04 | 0.13676 |0.0025 | 0.04282 [0.0009 | 23.3 | 35.17 | 0.661 | 927.3 |77 854.3 | 16.23| 826.3 | 13.9| 847.5 | 16.6
29 | 0.16413[0.005 |10.31159 0.2 0.45562 | 0.0079 | 0.12127 [0.0022 | 23.8 | 39.41 | 0.604 | 2498.6 |53 2463.1 | 17.81| 2420.2 | 35 |2313.6 | 39




[ L fE Th.U &t M LU fE FMAFHE (Ma)

lig n(*Pb) n(*"Pb) n(*Pb) n(*8pb) n(*"Pb) n(*Pb) n(*°pb) n(*®Pb)
=3 n(?°Ph) n(*0) n(>80) n(**Th) 22y, 38y Th/U n,(ZO(’Pb) n(BSU) n(238U) n(BzTh)

iE lo e lo WHE lo e lo HE lo e lo e lo WA lo
30 | 0.12224 | 0.004 | 6.24065 0.12 0.37022 | 0.0063 | 0.10412 | 0.0017 | 85.2 | 69.08 | 1.233 | 1989.2 56 2010.2 | 16.68 | 2030.4 | 29.8 2002 30.5
31 | 0.06518 | 0.002 | 1.14594 | 0.03 0.12751 | 0.0023 | 0.0409 0.0008 | 29.9 | 45.1 0.662 780 76 775.3 | 14.38 773.6 | 12.9 810.3| 15.2
32 | 0.0648 0.002 | 1.16001 0.02 0.12981 | 0.0022 | 0.0402 0.0006 | 157 154.9 1.013 767.9 68 782 11.3 786.8 | 12.5 796.7| 12.5
33 | 0.06694 | 0.002 | 1.30574 | 0.02 0.14145 | 0.0024 | 0.04146 |0.0007 | 75.2 |371 0.203 836 64 848.3 | 10.58 852.9 | 13.3 821.1| 13.7
34 | 0.12318 | 0.004 | 6.23568 0.11 0.36713 | 0.0062 | 0.10321 |0.0016 | 153 121.3 1.261 | 2002.7 54 2009.5 | 15.62 | 2015.9 | 29.1 1985.41 29.2
351 0.07155 | 0.002 | 1.37918 0.03 0.13979 | 0.0024 | 0.04489 | 0.0007 | 123 166.6 0.738 973.1 65 880.1 | 11.6 843.5 | 13.3 887.5| 14
36 | 0.15957 | 0.005 | 8.98571 0.16 0.40837 | 0.0068 | 0.11086 | 0.0017 | 146 238.7 0.61 2451.1 51 2336.6 | 15.79 | 2207.5 | 31.2 2125 31.2
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Fl4 fiE, Th & &K 63.71 x 10°°, U & & K 66.53 x
10°°, Th/U {4 0. 96,

4 e

4.1 i H K Sturtian 7k Hi B R

Sturtian PKIITTAR K 734570 Fl 7] REH T, (H 2 i
BRI Sturtian PKIATTRAL K B 729K L AL &R IR
| N AEER 511y N [ 32 P RS e s
BR MR BB AT Sturtian pK B 3T A9 A8 OC B8 6 it 18
(/& 4k, 2012 ¥ & 45, 2007 ; Hoffman and Schrag,
2002 ; Xiao Shuhai et al. , 2004 ; Zhang Qirui et al. ,
2009) , Sturtian KU R ILAEATIFAAAERER
4+ ( Hoffman and Li Zhengxiang, 2009; Xu Bei et
al. , 2009),

Hoffman (11996 ) M 44 >k b ¥ db #8 H X
Ombombo YV #f Naauwpoort K 11|75 315 14454 U-Pb
HEHE Ry 746 £2 Ma, LUAE D Sturtian K3 i) i R4
I (2% Z KA AL T oK s Chuos 2H 27T 700
m, A it Halverson (2005 ) 1A & fth 145 1) Ombombo
EAFHER K LK B85 A7 U-Pb 4R 760 + 1 Ma A
FeAKE i 7] 5E /. Zhou Chuanming (2004 ) 7£ X} H
] i 7 K2 2 R 22 34 40 52 A Ol Sturtian Pk
NIZAE 761 +8 Ma 1 663 £4 Ma 2 Ji],

—SBAE A (1 B Al ;BT 2 B Sultanate Hb X
Hugf B Gubrah 20 pKfit & J& K Bt A4 b vh
A1) SHRIMP 4E#8 2 723 + 16/ =10 Ma ( Allen et
al. , 2002 ; Braiser et al. , 2000) , J5 K 3R15 6] — 217
AR BE R B A TIMS 4R 82 711.8 £ 1.6 Ma Al
711.5 £0.3 Ma (Bowring et al. , 2007 ), JII& K
JLH Rapitan Hf b K BIUTR Y Z T MountBerg 4H i)
TERd BTHE S B A 1) U-Pb 4R 802 755 £ 18 Ma
(Ross and Villeneuve, 1997 ), T il & X 7§ 4t %8
MountHarper ff - #vKfiia 2 & D Bok g ik
£1H) U-Pb 4E 8 5 717. 43 £0. 14 Ma ( Macdonald et
al, 2010) , H:P &R & A SRR GE A B B A U-
Pb 482 716. 47 £0.24 Ma, i TiZBE kKILZa 2
A BRUKIA IO, TR I X S AR 8 0 % 2 AR 4
JF Sturtian ¥K 1 /% KAE 8. 3% B Pocatello 7§ 3%
Porteuf Narrow Hi[X Pocatello 4] Scout Mountain EX 1]
b vkdstE h BRI SUA 1 S KBS A U-Ph AR IS 2
717 £4 Ma ( Fanning and Link, 2004 ) . Z7{& 78V K
W] 45 Yukon F) Hyland Ff#E47 X b A9 4 52k
B4 BE 27 1 U-Pb 4E 8% Ji: 688.6 +9.5/ — 6.2
Ma ( Ferri et al. , 1999)
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Fig. 3 Representative cathodoluminescence images for Chang’ an Formation samples in central Hunan
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HAA—ANR] P, B2 DRI R V8 T A 1] oK
(X8 70,45 ,1980 5 F HI {845 ,1980 ; Wang Yuelun et
al. , 1981 ;Liao Shifan, 1981) ., Fhi#A4E (1985) 42 H
DA ok 3™ IO ok A v 1 AR A 22 ok B
SR HASE T v B 47, 1 2 AH 2 TRk
I b —T 3 Ty IR EOA R VKA R B — R
GRIN R I UK B, AN TE G AR A VK . X
7 A B A D B 0 e A 20 ] DK —— 1 2 D
ST Z [ Y 5 A 1A KA A A TRl DA TR (b
R5E,2010) o SKISBIFIHEHE ( 2006) ff o [E AL 1
i DX L2 e A 2H R 2R DG I 1l JE PR T
—iE, A TLERE, 2 S AR R b AR T UK
TR G —HZ oc, ENEA L EARD7E(
Zhang Qirui et al. , 2003 ; #¥ 5 4& # = H 7= )7y, 1997 5
F4£1,2000) #I R VLT ALA S F K AL AR & AR Al
Z A

H T SR AR R L PR SR AR A, Sl m X
B UKt 1 (f] 4 A7 5, 2007 5 572 I8 gl 5
2008) , LA EE (B PR 524, 1980,2000,2003 5 Br &
P55, 2005 ), vk HA M2 Ml Bk AL 2= R AE (X FE A,
2007 ; Xu Bei et al. , 2003 ; Xiao Shuhai et al. , 2004 ;
Wk s ,2007 ) M0 1 AR OC I BIE9E o PR v B A
C R R ERHTC T A K A 5 1) S0 U T, AT RE
IREAFAE 3 ~ 4 KAt o 22 8, B DL S 8 | ]
P I R i 2 0 RS IR 7 v I 0 UK A o
DUSCPE IR UKTS A b R B KIS SHRIMP A28
740 +7 Ma F1 725 + 10 Ma, PR HED i 2 vK 5t DT
FRUGT 730 Ma i B % 1 BAFIDURS JR 7 v 3 vk fo
ZE KA LER N 615 £10 Ma (Xu Bei et al. |
2009) . PURIIARICEBAA AL X, = 4E 55 (2011) 3k
THRA T RS BB ZH (A 24 15 45 5 300 oKt & )
TSR AE 1 B 5 P a8 34k 417 Ph/ 2" U 4R Oy 642
+10 Ma,

Hoffman (2009 ) 1A~ Sturtian yK 5 & KA1
S 726 £1 Ma ( Bowring et al. , 2007 ) H/NE# N
659.7 +5.3 Ma ( Fanning and Link, 2008) & H.%¢n]
SEM), (HAS—3E M2, Zhang Qirui and Li Xianhua
(2008 ) MR 12 1 ToU A 24 4l £F 4 4k 153 /Y SHRIMP U-
Ph 4F 5 % 725 + 10 Ma, X6 7k & (2003 ) Ik N
Namibia F1 Oman BJVK LA JZ4ERE 746 £6 Ma £ 723
+ 13 Ma, I 2 0K 20 i 393 79 Ry 8 ok T 0 AR 2 /0 7
740 Ma e E A TFIE T » Wang Xuance (2011) 7E
FRUNHERER A0 4 8 5 A1 00 fe A A 20 i AR AT )
Pk 731.3 + 4.4 Ma (20, n = 8, MSWD =

1.3) Ak VoK Y 3 B AR 8 A R T 730Ma,
(LI, At BF 0 A AR 4 TR T 1262 Ph/ 2 U i i A
SN 782.3 £4.3 Ma (20, n = 50, MSWD =
2.3) , Hp /N — A AER 719 £ 10 Ma (P Ph/>®
U)o K28 21 R 48 IS 5 A 4F i 751.7 £ 3.7 Ma
(20, n = 32, MSWD = 0.4) fili4E#d -~ 751.1 +
3.6 Ma (MSWD of concordia = 0.32),

R Lyl XA 22 L s 40 AR R S 2H A
AR N 769 Ma (20, n = 9, MSWD = 11.3) 40
828 Ma(20¢, n = 16, MSWD = 7.9) , 5/NME#S 720
+12 Ma(*Pb/*"U SREFEW) o L FAREEE, K
LKA AT 770 Ma, T e/ MERE 720 Ma
REA BB UK I Y )3 S AF %, (B B0t — 28 1Y
WHFE . HIEZR G BUA R BTRL, UKt P Y Kl E Bl
AT BE I AR Z2 AR AN — 20, BB IX 2L 0K
i AR e [ J& T Sturtian PRI, FATA B IR, 7T
AETEA 1 Sturtian PRI 224>/ oK A 36 UCE ] 40
IR — SR UK I, 3 26 /N ) K B 4 T B RN 2 R ) 22
S, R T IR e Kt P Y KL S R R OB Y K
FAEB A2
4.2 @I EEREHRS Rodinia 2F

ME KRB B A U-Pb AR T RORE , 5 LU
Foolr ROE I Iz 7 O RE B R RE AR TR T T
AR H R (1.7 ~ 3. 4Ga) 15 A BUE 5%,
ArAlfE 1.9 ~2.0 Ga,2.4 ~2.5 Ga fl12.8 ~2.9 Ga
HBLER A (K %,2003) .

A YT FE A 2 2H 0 5 A AR 15 1 0 o =
4. @ 2500 ~ 1933 Ma; @ 1005 ~842 Ma I3 831
~720 Ma; iy ool A A 805 B 7E 142 L S B A
A HE B, DR 78 3R b R fe L M X B 4% T AR 4 Y
— b . KK KAE (2007) A0 2.0 ~
1.8 Ga HI] A% J5T VF FH 0 25 930 3 A 74 F Bl
JEERIRIE I, 7578 T AR 7E Columbia KK 5&
Fefb iy 1A eh— R R A AR AR R S A T
AR i v B AR T B A AR R AR I 2 A S T
T 750 ~ 850 Ma, HoAr HA5 —4~ 1005 Ma, iz
AR XTI T A R R R R K A A i — o S
I IRIER Sy ¢ 7 R R e ] T 2 vz - o R L IV
Bhrai (5K ©48,2003,2007) o fHZ, % TRl
ARG AR E X — . L
Xianhua % (2003), Li Zhengxiang Z£ (2003 ) 1A N
0.83 ~0.78 Ga X Y& K 454 5 ili N 2L A1 5C, T
Zheng Yongfei 2 (2008) A 4R ~0.75 Ga M
Rodinia Zf# I, HA HAGHE (BAETT L) KA 980 2R
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DA R O ANE B I I QAP T s al kA S £ ] (<P
i 5 A KA . BTl RCE T S )
F )AL EATIAE A ) B TR (ER (R AR T Y
7,820 Ma 71 750 Ma 3 P R HLAR A9 & K 30 2l 55
fHC s T Rem R ool AU A AR KA, AT BE
5 Rodinia # KRl 248G 5C . R IX K 224
T4 J18 s A LA 2 R M A ZH A AR 1% 769 Ma (20,
n =9, MSWD = 11.3) #1 828 Ma(20, n = 16,
MSWD = 7.9) . Li Zhengxiang % (2003, 2008 ) A
o ,825Ma & J 15 S 445 Rodinia 8 K Fli0) i 2 1F
FASG, AR LA W RE T 780 Ma JF45 i 25 Laurentia
(Zheng Yongfei et al. , 2008) ,
5 Hhie

ARSI x4 5 MR AR B ORI b XK 22 2
BRI BE R T s TP IR 5 B 4 Y U-
Ph [ R AR TS , I K 22 UK O AR AN R
T 770 Ma, fie/MEWE 720 Ma GEASBEANFR A UK 1]
A SRS , (B MO — P R TS, fH2 Sturtian 9K
vkt i g BT AR B B8 K AR IR AN —
2, AT REUL P Sturtian K H1 24> /)N UK 3 35 Y
[l — SR vk . i oTil A 2500 ~ 1933 Ma )
SRR R TE VL 1T 44 1S 55 A0 A9 HE B, DTS 7R 1 ik e
KA1 X 47 ¥ AR 2 1) — W e s S T
H BSUHR JE A  5 h Fie TE I8 5 A0 TR 1A 1) 4 % 2 A
750 ~830Ma AR 7EHT T AU Y A K F0 3
FIAEY Rodinia i KRl Y 2 A K
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LA-ICP-MS U-Pb Ages of Detrital Zircons from the Neoproterozoic
Chang’ an Formation in Central Hunan and
Its Geological Implicatons

DU Qiuding, WANG Zhengjiang , WANG Jian, ZHUO Jiewen, XIE Shangke , DENG Qi, YANG Fei
Chengdu Institute of Geology and Mineral Resources, China Geological Survey,Chengdu, 610082

Abstract: The Yangtze Block in South China is one of the important regions in the world where the
Neoproterozoic glacial sediments are well developed and well studied. In this paper, we report and analyse the L.A-
ICP-MS U-Pb ages of detrital Zircon grains from the Jiangkou Group in the Central Hunan, Southeastern Yangtze
Block. Together with compilations of all available high precision zircon U - Pb data on tuff beds in the Nanhua
Basin, our work demonstrates that the Cryogenian deposition in South China had three depositional cycles at 831 ~
720 Ma, 1005 ~842 Ma and 2500 ~ 1933 Ma. The dominant age group can be further divided into two sub-groups
with weighted mean age of 769 and 828 Ma, the youngest grain gives a “*Ph/** U age of 720 Ma. The youngest age
population gives a mean “*Pb/** U age of 769 Ma that constrains the onset time of the Sturtian ( Chang’ an)
glaciation to < 770 Ma. The largest age group 750 ~830 Ma from the Cryogenian sedimentary rocks maybe compare
global episodic continental growth and reworking events with possibly coupled Rodinia supercontinent break up. The
late Paleoproterozoic (1.9 ~2.5 Ga) thus appears to have witnessed significant of continental reworking in central

Hunan Province.

Key words: The Yangtze Block of South China; Neoproterozoic; Cryogenian sedimentary; Chang’ an
Formation; detrital zircon LA-ICP-MS U-Pb Ages





