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Abstract: This paper presents an integrated Re-Os isotope and trace element investigation of the Neoproterozoic to Cambrian or-
ganic-bearing black mudstones in the eastern Three Gorges, the Yangtze Craton. Their sedimentary environmental evolution
and geological significance are then discussed. It shows that (1) initial Os isotopic ratios of fine-grained sedimentary rocks {rom
the strata display regular variations along the stratigraphic column. Of the strata, layers with negative §"*C excursions are cou-
pled with high initial Os isotopic ratios; (2) the Nantuo tillites display higher initial Os isotopic ratio than that of the overlying
cap carbonate, while the overlying successive strata show an increase trend with several fluctuations; (3) geochemical features
of U/Th ratio and §U value for the samples suggest that the Liantuo sandstones and Nantuo tillites were formed within oxida-
tion environments, whereas black mudstones of the Doushantuo, Dengying and Shuijingtuo Formations were formed within re-

ductive environments; (3) negative correlation between Y/Ho ratio and 5Ce value for the black mudstones is likely indicative of
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variable involvement of seafloor hydrothermal activity during some sediments deposited, which likely accounts for their low Os

isotopic ratios. The correlation between high initial Os isotopic ratios and pulsed oxidation of deep ocean as well as appearance

of metazoan in late Neoproterozoic-early Cambrian afford a new clue for the linking of continental weathering extent with oxy-

gen content in atmosphere and ocean. These Os isotopic and trace element features infer that the Nantuo tillites were formed in

an environment where the earth’s surface had not been fully covered by ice layer, and continent-derived inputs by intensive

weathering played an important role.
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Fig. 2 Stratigraphic column of the Neoproterozoic-Cambri-

an strata for the eastern Three Gorges and sampling

positions
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Table 1 ¥70s/'® Os ratios of the in-house standard XG26
and sample ZG08-13 and comparison with litera-
ture

5 Y HtE 870s/180s i SCHR K U

1 XG26 Wiis  0.11582%19 Yuan et al. , 2007

2 XG26 WRE A 0. 114 84427 [7

3 XG26 WS A 0.115 93436 A3

4 XG26 s 0.1158948 A3

5 XG26 WdEA  0.114 6612 A

6  ZG08-13 WRF vl 2.606 8+3  AC(CrO;-Ho SOy IHRIAEE)
7 7ZG08-13 BRIRBUE 2.606 1412 ASCOR EKEWIERE

3 Re-Os [AL 2R HBRAL A RFE

X NFEHE R i H R FNFER R IR AN RS & Re
SEVLER 0. 1~21. 0 ng/g, BI{H N 5. 5 ng/g. & T
Kbl b7 FEBEAY 2 ng/g(Sun ez al. , 2003) ;Os F g
7 0.01~0. 72 ng/g, ¥MEHR 0. 22 ng/g, A= TR
Fdi s 5% £ BF (0. 05 ng/g) (Esser and Turekian,
1993). kT B2 B T 01 2 (ZGO8-13) i) Re il Os & &
i MR BT K S (ZG08-12 Fl ZG08-24) | yK ik 2+
(ZGO8-25) FFETCLH A JE TIAUE Y Re #1 Os &1
AL, v RE S5 HAR A AL & 8 6. FE 5 1) Re/Os
WEAR AL IE RN 7. 2~36. 8, 4{H 22. 7, H Re-Os &
Hr ELU I A IE A e (T ).

YEJE 2 8 1D T U %A ) Re (0. 10 ng/g) . Os
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(0. 011 ng/@) F i WEAR, 0 Os [Fl 7 R YIIH L E
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Table 3 Trace element compositions of the Neoproterozoic-Cambrian black shales from the Sixi profile of the eastern Three Gorges

k5 7G08-8 7G08-9-2 7G08-12 7G08-13 7G08-14-1 7G08-14-2 7G08-14-3 7G08-14-4
J2 7 KA KA STl STl B Lye 2 B g2 B g2 B g2
A BAETUA RBETUA IR BT U BATUE BAATUE Wit BT
Ni 85. 4 31.9 3.06 5.76 50. 6 16.3 42.9 23.0
Y 30.9 51.5 1.49 11.1 44.0 33.0 76.7 14.3
La 19. 4 49.9 1. 22 9. 36 48.2 33.7 95.9 12.7
Ce 25.3 53.2 1. 02 11.2 65. 6 31.9 99.5 21.2
Pr 3.72 10. 6 0.26 1. 85 16.9 8.63 25.9 3.51
Nd 14. 8 43.6 1. 06 6. 94 77.1 38.3 115 14.3
Sm 2. 90 8.18 0. 20 1.19 13.9 6.71 19. 4 2.97
Eu 0. 64 1.63 0. 057 0.24 2. 02 1. 40 3.63 0. 65
Gd 3. 04 7.79 0.21 1. 05 10.7 6. 02 15.7 2.78
Tb 0. 46 1.12 0. 036 0.18 1.35 0. 84 2.08 0.42
Dy 2. 95 6. 40 0. 20 1.45 7.26 4. 48 11.3 2.45
Ho 0.72 1.35 0.043 0. 38 1.39 0.91 2.25 0. 50
Er 2. 09 3.59 0.10 1. 34 3. 67 2.35 5.79 1. 34
Tm 0. 29 0.51 0.014 0.22 0.47 0. 30 0.74 0.16
Yb 1.82 2. 68 0.076 1.63 2. 80 1.51 4. 20 1.07
Lu 0. 27 0.41 0.010 0.26 0.43 0.21 0.58 0.16
Hf 1.57 3.03 0.032 1. 44 2. 67 1.22 2.52 1. 48
Ta 0.29 0.82 0.016 0.32 0.55 0.22 0.51 0.31
Pb 7.34 10.9 0. 65 3.01 18.8 4. 98 16.9 6.37
Th 3. 65 8.33 0.075 2. 50 7.54 2.39 7.24 2.47
U 35.5 5. 87 1.73 4,52 10. 1 1. 85 7.32 1. 00
Y/Ho 43.1 38.1 34.3 29.1 31.5 36.3 34.1 28.7
U/Th 9.72 0.71 23.0 1.81 1.35 0.77 1.01 0.41
sU 34.3 3.10 1.70 3.68 7.63 1. 05 4. 90 0.18
> REE 78. 4 191 4. 50 37.3 252 137 402 64. 2
(La/Yb)n  7.54 13.2 11.3 4. 06 12.2 15. 8 16.1 8. 44
oCe 0. 70 0.56 0.43 0. 64 0.58 0.46 0. 50 0.79
SEu 0.63 0.59 0. 81 0. 62 0.47 0. 64 0.59 0. 66
=22 7G08-15 7G08-23-1 7G08-23-2 7G08-23-3 7G08-24 7G08-25 7G08-26 7G08-29
JZ 0 BT BTl BT BTl B4l M4l A SEYEAL
Pk BETUA BETUA BOTUA BTUA WK A ViSTivas Kaaswbs Bbmes
Ni 36.3 39.9 40.5 44.3 3.08 21.4 1.73 13.4
Y 25.2 20. 8 22.3 28.5 1. 90 29.7 16. 2 46. 8
La 18.1 17.9 17.3 19.3 1. 30 28.4 35.2 46. 6
Ce 27.5 28.1 27.2 28.9 1.13 56. 2 57.9 91. 4
Pr 4. 61 4.22 4. 44 4. 81 0.27 7.16 6.17 12.0
Nd 19. 3 17.1 18.5 20. 6 1.25 27.5 21.9 47.5
Sm 4,01 3.53 3. 84 4,22 0.27 5. 87 3.38 9.61
Eu 0. 97 0. 89 0. 95 1. 07 0. 055 1. 14 0.81 2.49
Gd 4.19 3.49 3.77 4,42 0.27 5. 46 3.01 9.31
Tb 0.63 0.55 0.56 0.67 0.038 0.89 0. 44 1. 42
Dy 3. 66 3.25 3.27 3.94 0.22 5.45 2.57 8. 44
Ho 0.77 0.67 0.70 0.81 0. 045 1.13 0.53 1. 68
Er 2. 04 1. 83 1. 89 2.23 0.13 3. 20 1.50 4,61
Tm 0.29 0.26 0.26 0. 30 0.017 0.49 0. 24 0. 68
Yb 1. 60 1. 62 1.58 1. 74 0.10 3.16 1.59 4. 46
Lu 0. 24 0.23 0.22 0.25 0.013 0. 47 0.25 0. 67
Hf 2.03 2. 04 1.92 1.42 0.033 4,93 2.93 7.37
Ta 0. 41 0. 41 0. 40 0. 34 0.014 0.73 0.35 0. 69
Pb 6.73 6. 65 5.92 4. 88 0.52 11.1 12.8 15.0
Th 3.13 2. 92 2. 94 2. 54 0. 096 8.83 4,04 7.73
U 2.82 2.08 2. 30 3. 44 1.98 1. 46 0. 67 1.45
Y/Ho 33.0 31.2 32.0 35.1 42.0 26.3 30. 6 27.9
U/Th 0. 90 0.71 0.78 1.35 21.0 0.17 0.17 0.19
oU® 1.77 1. 10 1.32 2.59 1. 95 —1.49 —0. 68 —1.13
> REE® 87.9 83.7 84. 4 93.3 5.11 146 136 241
(La/Yb)n®  8.02 7.85 7.75 7.82 9. 20 6. 36 15.7 7.41
6Ce® 0.74 0.79 0.77 0.74 0. 46 0.97 0.91 0.95
SEu® 0. 69 0.74 0.73 0.72 0.58 0.58 0.73 0.77

. DoU=U-Th/3; @ X REE F5 WHs + 0 Z B4 O Tk N1t 8k BUa b1 74k (Sun and McDonough, 1989) ; @8Ce=2 X Cex/
(I4aN+PrN);®8EU:2><EUN/(SH1N+GC]N).
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Fig. 4 ReOs correlation plot for late Neoproterozoic-early

Cambrian black shales from the eastern Three Gorges

0.475 ng/g) &5, H Os [ =P iH HAE
T AR FE A 5 - RSB YR B A 11 0. 39 %45 Tt
ZBELyEA s —Berp BEY 0. 88, ZBEILTE 4L T
AP ASAE A 0. 815 RIEPEI 22 5 AT L FE S 9 Re Al
Os Fit 20 (GR 2), HJEH Os [ R PIH L
B (0. 89), 1] L NBEH 0. 69; FER AT AKI
TEA S8 T Re(2. 49 ng/g) Fl Os(0. 344 ng/g)
Er i > Os [F Z R IA FUE 0. 80, 51T RS
SESRAAL (Jiang et al. , 2007). H M) -, ) 00 b2
Os [ Z WG E SR E 2 Fobias, RIS
Sr [ Z HAEAR L REAIE (Yang et al. , 1999),{H
Os [R5 22 1 I8 Bl 45 o588 A B d (I 5). 58 1
KRG AE AR — B A KA R e A
$iiE (Cohen, 2004).,

4 Phe

4.1 Os FAAM AR EYSREBELNIER

MK Os [FAALRARA 3 Fh EZEYIE Os it
HOPET AR S (D AR E AR R s
HH) Os JoE, K% Os/" Osa=0. 127; (2) ] i
AT R B KA = b Os ot R, H
BT 0s/" Osaz1. 45 (3) Bt A R 5 2R LR V& A TE
i Os J6 2, H'™ Os/'™ Os &~ 0. 127 (Cohen,
2004). 5T B, B A F0 54 2R X R K B Os BT8R
TERZHAF LT 7] LLZwE. B4 K Os Al
HAE#) 5 1. 06 (Sharma et al. , 1997; Oxburgh,
1998) . i 24 81% 9 Os 75 % K [ K ifi (Sharma
etal., 1997).

HEIWWHBARM Os [ R WU LA (0. 3D F87R
TORRA T T A e 5 4 T ke CRID 387 A H 7 0 oI A
T 02 BT U A5 T oty A 0 A A A i 1 X
a2 NIRRT E] (780~740 Ma) (Li et al. , 2003;
Zheng et al. . 2003) FHXS L FBAKAY Os [RIAL R WU
Eb AR T B8 Sk LT A % b e A 5% 2 1 7

TG AL vk B A 1) Os 847 2 90 16 He (38
0. 77, BT R B, 29 51201 Os 3k A Rl
TS S 8 735 3K — I 0 R il AU X SR Os 19 B ik 4
I Z IR AR5 A 58 7 2K i BR 7 48 A (Hoffman
etal. , 1998) A J& » K Ay 52 42 pK 3t 1) 3l 35K 3 1 4
BR ] e A KA A Pl VR TG & AR SRS B X
5T T BR AR B Y T BE AR B T AE bR R AL S
Py ATURGC S5 1Y SR (2R 42 A E 40 2007 5
Allen and Etienne, 2008) , 387~ W f#1E TG IK K AR,

FEAH UK 2 b B SR IR BRIR A 1Y Os [F 47
REVR AR 0. 39. BT AT HIE 1 o IE Ak R £ 5
FAER R C AR R IS (K] 5) (Hoffman
etal., 1998; Jiang et al., 2003; Condon et al. ,
2005; McFadden et al. , 2008), 31\ & CO, B¢
CH, SR Kt HE 5 30T VK 1 45 3R (Hoffman
etal., 1998; Jiang et al., 2003; Bao et al.,
2008)  {H X X P il 28 A Y R IR Bk = 20 T AR AT
FERY], SRR IR £ A AR Os [R AL R 90 1A LU (B4R
fiE 48 735 3k 2R = SR AT RE R TR T R 5 28 1 LK
YERL ZN R S IR ORIR £ A IR P A S [7]
7 ZHFHIEMISF A (K 5) (Yang et al. 5 1999).

ZREWLEAH S — B [ #)Z2 1) Os [ AL R Y]

f GBI E 0. 88 1R E . 5 A1 (BRI 30) b 2 ik
[l 3z 2% A9 B 2 S RS AN B2 (1] 5) (Condon ez al.
20055 McFadden et al. . 2008). H R} i% 6 & £
RAER R R R A, 40 Condon ez al.
(2005)IN\ B Gaskiers vk S5 4 2, 1 McFad-
den et al. (2008) W TA A AT GEJ2 VRV A — UK ik i =X
Ak, ETHZ 0 Os [RA KW IAE A S A
A B[R0 2R 17 B RS AT RE S ik 1) 2 B Ak S
R RS I 5 B XU A FH 8 38 5 A AR G (4 %
I & % (Campbell and Allen, 2008). BEILVE4 78
R Os [RAL KB LGEZ B T B A5 Sr [ R L
HZDBA W AR k. 2 BE e TR, Os [l &R
WA PR T 28 0. 81, 48 7 K bl LAk ) ot F-— 1k
BRI K Os 1 32 R R, o050 b 2 W] #E HoA B 8
(1) C [ R RS BEGE  FF X1 1 I o) 20 4 2y 7
L XA R AR R T IR 5 — E kg (B 5)
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(Zhu, 2004; Condon et al., 2005; McFadden
et al. , 2008). KT 52 20 Bk 51 DU 55 V4 B ke 2y ) A 7™
H 2 AL ARRS B (Zhu, 2004) , Hogg Os [@) 0 Z 40 4R
FEAH (0. 8D [RIFEFE 7R 1 9 B A% KBl KUARAE H. AT 52
TR Z 1Y) Os [R) A R 4 B P T B HAE T 98
RGENEER R A 5UA T EHT R 3 0. 80 1Y AL X
TERGEREO TS T AWM R, H Os [ %R
IR LCAE BT I 3% 7 4 5 (Singh ez al. s 1999
Jiang ez al. , 2007) , M FERLL A Ay KR R FAF R A
Tzt

5 Sr [FZHFAE (Yang et al. . 1999) 2481 . )
M0 Os [RIAEZR B 46 H AR 2 8 T 1) 1 Ak 3 s
W T oT AR ORI U A P S IR g 5. B oy
PRI — FER 2L AU M BR A AR R K e i
ORI 3], A2 R M T P AR R i e Y
Kz —(Fike et al. ,» 2006; Campbell and Allen,
2008; Konhauser et al. , 2009). 8 15 % Hb A8 A Fili v
5 KRKESRER K Z . Campbell and Allen(2008)
N KB s 2R S TR S 8T RS =

. X BE Ly C R 2R 0 ZER 1Y 404
FTASE 2 I G S e 1 38 2o fok o =X 4R Ak, R Fh B
A Ji P [ S A 1) B AR ok AR 3 A i ) 22 35 5
Wk BT A M & 1F (Shen and Schidlowski,
2000; Condon et al., 2005; McFadden et al. ,
2008). ARG i . 5% B g )2 v C A 2 i
R LA R AR 7 L i 257 B e O P UL Os
[Fl 057 2 AR (&L 5 5 A A BB 92 R W1, Os [al i %=
HAS A AT LIRS ST C RIS 2R (05 311, 48 7R T X6 34
AR AL I 2% VE i (Turgeon and Creaser, 2008).
= Os LR A S C R R A ERA AEYREZ
()R XTI B G 2R o SRR T R P KA T 5 R
TR T AR B N 2 A AE AR R B &R B AR
(Campbell and Allen, 2008) , 3 MIRT I # 2Z [6] 114
R TR ERfb 22 K. Bk Sr Rl R Ak
Sz et R i AR A T3 5 19 3t B2 (Yang ez al.
1999) o {H B & ke = %55 185 7K 22 30 ok v =2 40 1 e iz
PRI » Os [R]3: 28 AT LA S Agcaot 10 sg v 7K P 45 19 28
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