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Abstract: Provenance of manganese deposit is a key problem in the manganese metallogenic study. For a better understanding on the
metallogenic process of the Nanhuan manganese deposit in Songtao area. East Guizhou Province, we need to gain a clear idea of the
provenance of this manganese deposit. The Sr isotope study on the Mn deposit in Lower Nanhuan Datangpo Formation in Songtao, East

Guizhou Province indicates that ¥ Sr/* Sr ratios in 15 samples vary in 0.705 727 —0.732 536. Studied samples include Mn ore, Mn shale
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and black shale in the Mn-bearing layer and the highest *” Sr/® Sr ratio appears in the black shale sample. With Al (%) increasing in
samples, ¥ Sr/* Sr ratios show two changing trends: the rising trend indicates terrigenous materials input and the falling trend indicates
the deep hydrothermal sources input. As to *” Sr/*® Sr ratios via Mn (%) , there is no significant correlation coefficient, but *” Sr/*® Sr ra-
tios decrease when Mn (%) increase generally,according to residual analysis, we find that this is caused by the convergence fluctuation
of ¥ Sr/® Sr ratios against the Mn( %) changes. The broad variation of *" Sr/* Sr ratios in Mn layer is caused by the dual inputs from
terrigenous materials and hydrothermal sources. Compared with the contemporary (about 660 Ma) Sr isotope ratio in paleoseawater and
the Sr isotope data from different ages Mn deposit world wide, we find that the broad variation of *” Sr/*® Sr ratios in the Datangpo For-
mation. Mn layer does not conform to the feature of hydrogenetic Mn deposit. Considered with the specific geological background, we
believe that the accumulation and precipitation of manganese are separated processes: the accumulation of Mn had finished in the anoxic

basin during the Sturtian glaciation, whereas the Mn deposit precipitated in an unstable paleoceanographic environment at the beginning

of interglaciation.
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Fig.1 Simplified tectonic map of South China (a) and geo-

logical map of Xixibao area in Songtao, East Guizhou

and locations of sampling drilling cores (b)
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Fig.2 Lithological columns of drilling core ZK 1408 and ZK 4207 in Xixibao area, Songtao Country, East Guizhou
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Fig.3 Optical and SEM micrographs of Mn ore in drilling

core ZK1408 in Xixibao area, Songtao Country,
East Guizhou
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Table 1 Sr isotope data of Mn deposit in Datangpo Formation in Xixibao area, Songtao Country, East Guizhou

B wrE FESAR(Ma)  S7Sr/8Sr 26 Rb(1076) Sr(107%) 87Rb/%Sr A Sr/%Sr  AlCY%)  Mn(%)
ZK1408-76-11 B0 514 660 0.745166  0.000 014 81.4 172.0 1.341 4 0.732 536 17.42 0.47
ZK1408-76-12  ZE46H" 660 0.723 849 0.000 016  115.0 169.0 1.924 7 0.705 727 11.38 13.56
ZK1408-77-1 FHE % 660 0.723 347 0.000 026 57.5 213.0 0.763 5 0.716 158 9.21 2.56
ZK1408-77-2  ZE4GH" 660 0.712 724 0.000 032 24.9 211.0 0.333 4 0.709 584 2.38 27.67
ZK1408-77-4 & 5f iU 660 0.724 816 0.000 027  110.5 161.0 1.941 4 0.706 536 13.84 6.43
ZK1408-77-5 & 5f 0UH 660 0.721 299  0.000 020 97.8 198.0 1.396 7 0.708 147 11.52 2.33
ZK4207-26  FHE A 660 0.731784 0.000013  103.5 119.5 2.4517 0.708 699 11.30 9.81
ZK4207-25 B33 660 0.730 458 0.000 012  109.5 158.5 1.955 3 0.712 047 11.45 10.60
ZK4207-23 B30 660 0.727 100 0.000 013 92.1 147.5 1.766 7 0.710 465 9.72 14.49
ZK4207-21  FHE A 660 0.729 591 0.000 016 87.2 133.0 1.8555 0.712 120 12.60 8.36
ZK4207-17  ZEERET 660 0.720 587 0.000 014 30.8 257.0 0.338 9 0.717 396 12.60 21.56
ZK4207-11  &ER TS 660 0.729 526 0.000 016 85.5 146.0 1.657 3 0.713 921 9.33 6.85
ZK4207-5 EXt 660 0.724 907 0.000 013 88.2 156.0 1.599 3 0.709 848 9.85 13.92
ZK4207-2 B 10 660 0.717 525 0.000 014 34.0 183.5 0.523 7 0.712 593 3.97 20.04
ZK4207-1  HELIUH 660 0.728197 0.000 012  104.5 178.0 1.661 2 0.712 555 12.10 5.26

HALS Mo 84551 H A TS (2015).
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3~10 pm, B %5 22 46 5 SRR 19 42 1K, B ok ki
AIG5 G R A FLAR 22 48 - A B ZE 48 0 0 40 P
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0.732536,¥1E K 0.713 114, Hp S Ek H T2
8T A FE i ZK1408-76-11. %5 fL ZK4207 By 9 P HE
i W AR Se/* Sr BT E D 0.708 699~0.717 396,
¥I{E R 0.712 183, 14 A B0 87 )2 FE v 0 ¥ R
0.711 128 ARFEAE AL Sr/*Sr WA 5 Al 28k —
JCEITT UL (B 4a) , B G B0 & & 1Y B 2ol A0 B

0.02

(a) m ZK 1408 (b) ®™ZK1408 ; (c) ®ZKI1408
0.7400 ®ZK4207 7400 | ©ZK4207 - ® ZK4207
= - . &R 0.01F
£ R*=0.82 z =
£0.7200f $0.7200 F 2 . .
: . 0,00 o
. o .o. - . gm .
0.707 5 ) \R2=O.57 0.707 5 . ry ° o
0.700 0 . L ! 0.7000 — ; ) 0.01 L ; ’
0 5 10 15 20 0 10 20 30 0 10 20 30
Al(%) Mn(%) Mn(%)
B4 BSARFARE M X PR KRR Y Sr/% Sr 5 Al JTE () \Mn Jo E (b) & & A8 L F1¥ Sr/% Sr {5 Mn ot &
i AR 25 03B (o)
Fig.4 ¥ Sr/*Sr- Al(a), Mn (b) binary diagrams and residual analysis diagram of * Sr/* Sr-Mn (c¢) in Xixibao area, Songtao

Country, East Guizhou
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3 o S B L o AR R S [ A R BF
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B4 b DX H B R B VR R RO R R T
Mh SR XA Z G, BoR TS
HE )RR (Stille et al., 1989). LA b Hb X i 46 0 1
5T Sr/% Sr Wb (H ¥y 4% 3T 5 M & T A B T K
"Sr/% Sr AR L 48 7 B BT AE U0 UE 5 R N B4 T
KA PR B T B A K S [FI A R AR R B
THLA R K SR 45 A% 1 B P 3 (Goldstein
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FEHEHT (1990) 76 1 B AL 30 R AR B4R R0 1T
L2 ASHRE A Y Sr/% Sr W fE A 0,709 350 ~
0.711 450 CEl 5) , i 46 47 I 2 ik 5T 1 %5 Sr/* Sr b
B %535 0.742 650~0.758 080. Wi Fg L 1E R SRR 4L &
5 S A Bk M X R AR R R — B =
Yy HAGR AR S Y Se/% Sr AT A S AR S
DA B 4 7 39 (8 42 50 {0 AR BIF 58 A2 X 15 14 FF
Sr/YSrbEM AT AT G & B B AR M X AR R
W B BT GUA S S/ Sr L AR Y B AR AR 3K, 3 40 4
RE & (B0 ZK1408-76-11, ZK1408-76-11, ZK4207-
17 %) BAR®EYSr/*Sr Wl K E s am b n
IR U R S ZK1408-76-11 H A f% 5 B9 Sr/% Sr
FEAE 0.732 536 , Bt W 3X R 404 i Hh A7 72 388 22 1 52 TR
Yo O O3 — # 4 M R, W ZK1408-76-12
(0.705 726) 5 ZK1408-77-4(0.706 536), H:*"Sr/* Sr
Lo AR D) A, AN AL /N T 58 IR RE AR BT W B P 1
S'Sr/*Srib A 0.712 000, [A] B /N F [6] B 3 (2

660 Ma) [ 7 ¥ 7K™ Sr/* Sr HfH 0.707 500 (Halver-
son et al.,2007), 3¢ H 76 ¥ H ¥E 47 56 % B W s X
SEM WL £ I ¥ oK & 903 o 3 KL iR s 4 5 Gk W A
EA JE i 5 s Se d A 5 a5 R R b
Sr/YSrib A B4t B e A — EB 4 R
ZK1408-77-2 ,ZK1408-77-5,ZK4207-26 Fl ZK4207-
5)%Sr/% Sr W AA B K T [ B #  iE 7K S [\ 47 % L
{EL o {HL /N T i 95 A0 T ) B S (6] A R HU AR, 3 &6
SRR Gt R R T R R A T B A AR Sr [R
LY IR A 1E .

BRAR 1165 b DX A B 5 28 8%k EL A R IR AR AE £ 4
T2 G0 B e T8 W 5 A W] R e L A R S A 4
AUWEX -MELAFEESZE LA T RIERH
BB R BT L 2 i A 1 I B0 e 5 B R ik
f 7= ¥ (Rogers et al.,2000). 5 3| H #4576 16 3 )
TR 2 KA P 0 52 T o 210 G 30— 2 X3, 40 2 44 1Y
Atlantic 11 % Shaban ¥ JH . 77 75 5& 2 0K 05 3, #4
WARGEN T AR Z A b 28 B T3l A K, Ho
AU HE K &R TR WA + TR (%
TEAE L 2014), FF 33X B g I XL g K B R A 43
2R B R EIRSA MR KIKZE, RZZLEE &M
RZMGIK P Z A7 AR R B AN o8 IR G K )2 L IR
EMK KT E & &R TR Fe . Mn TR — LA
) J S A AL BB Bl € TR A )2 07 B (Ans-
chutz et al.,1995; Hartmann et al.,1998;Butuzova
et al.,2009) XL R [R 2 B AR DT 1Y) Sr
[F]43; Z& LU AE T 5T 3F B (Cocherie er al.,1994) (& 5),
TE I K2 B DL Sr/% S Fb AR 4k 3 Bl R
0.707 320~0.707 810, F- 314 0.707 540, W& = T #
i 7K Sr/% Sr b {H 0. 707 105 ( Anschutz er al.,
1995) 5 MR & 7K )2 5 %A K X iRy 4 B A
HERZHEK 0.709 170 (Anschutz er al.,1995) Fi 4%
T RS- 3 Se /% Sr LU AR Y UTRR W b iR KR T K
Ll A S 1) 2 AR AR A7 S/ S L (B CAn &1 5 v
21 IE F MK DU H 0,703 32003 Bi B L IR VR 9
ik AT 5 25 5 BT Se/ St LE B FEAIL.
ARG B AL & i b T Y Se/% Sr
TR I AR Sr/®% S Fb B4 1 H B U B R T 2 A
TRt B 4 32 T R IR Y B A R TR
2R i b R DL LR JE ) B, R O T R O DA AR
RGN MEET 2N Sr MM RAN. 52
AR 76 5 2R 1l X 7 A8 R B 0 v A7 A AR 2 — 8 O3 Sl
W 5 S5 DU RE b o 3™ Se /% Sr Wl 45 G AE
BN USRI ER R A AERL IR B P B 4
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Fig.5

¥ Sr/% Sr data of Mn deposits with different ages in the world

W A AR B0 SR U T T (1990) s Pennine Alps R % R4 0 8045 K U8 T Stille er a/.(1989) ; B VH A Molango i X 4k % AL 6™ K FiE 1%
& Imini 3 X E04E K U8 T Doe et al.(1996) ; £ LA TT R B K U5 F Cocherie er al.(1994) . Bk 48 R 7m 46 0 5k TTAR ) T 1l 1sf 388 oty 365 K /

BLARHE KRS S/ Sr LU fH

AT N EE B 2 H = Sr/% Sr e fE 7Y H B2 B TR
T T8 W) o A A 1) 45 2R

FET UL B i A KIS R0 1) o 4 38 ok U
TR XA 4 B A AEAT i v WL 3 1 B4R 0 WL %€
BN IACTEE 1 Wk B U AR S [R) A R AR T 1 T
WK Sr [F 2 A B4 (Amakawa et al.,1991). 11
AN ABIFFERE S R0 i S A7 R 582 B Ok F K
JCER 56 8 R it R LG A A BE R Y S FL L 5 Y R
Molango M X % JB 4/ Bf Imini i X, 3% P9 > Hb X 4% 5
Kl Sr AL R AEARAF T K Sr [ R EAE R
T Sr [F]2 28 (B 73 A1 B o 8 v (&L 5) T AR AF 58 v /R
WESER T DU AE T R AR 40 18] VK 0 9 2R 40 D05 )T 3
e, AL 24 4 F b oty B T S5 PR S 0 R B 2
B W)= 45 A s G AR 2015) » K% i 241 At
2T B R DU AR TR S N 8 Y Bl IR B )
JOT. 35K 4 oy IR R TS 4 T AR e G AR b i AR T AR
Y, — Ol 2 e WA 5 iz o B b e A TR A 0
Wy, RAS 25 3 B o 28 B b AR R 53 57 (Cox et al.
1995) ABZTE K I 320 50 007 2 Hh B9 FE & A0 s S BE &
AL O; & BTt Sr R R AR R 7 B4 HE R
PR AR AR Y 2R Z A A B R A R X Fh AR b e 3 s
Wy B IR S 0 B S A TR A B B4 SRR T
i 5 1S 0 T 48 i i o A 2 M IS RO R G Y A
il O 7 A e S B ik R

HE T T 4 2 b TR T A 20 3R R HY P TR R T 24 o
(2423 75 MR AiE (Wang and Li,2003) , 5 B [F A, 5
HE g e T AR K I B B, 7 oK1 S 20
TR HLEE S T R B 4 (Li e al.,

2012) TR S T AR B 20 TR TR Stur-
tian [A] kI 4 HLPE 2 f5 09 U2 o JF R FE i BE
W BH 12 I S99 A B T AR R — > R R A 2R R DO (R
A4, 2015).7F Sturtian vKEARTE, Tk 58
s N b N T i ) s [ A G S NS
B E B (Zhang et al.,2015) , T 73 Hb PN 35 W6 JiS 4
TR ZR GEATHAE A B 14 45 i ot 3 N 4 P e S K AR il
P rE R AT BB 2 B Sturtian VKIS R,
I TET K V1 {1 R e A b PR VR K 5 A Y 3 3
BN KA b SR AL 5 R A SR AR AR e AR S AL
WIFE SN R KK (Li et al.,2012) AL ERBE 1 FR K
B BT 5 B A DA, i A TCAR ) b 5t [R) B[R]
UK ZU A Bl B XA AR P A5 O o 14 1S ) 5T 3 A
b B ) 5T Bl DR R IS ) SR 45 . TR] IR LR A TE R
W2, R EOL Sr AR O AE I Tz 1Y A2 1k
T0 B AT LA B8 7R Ml DX R AR AR R R T IS PR R
G5 R)ZRGEILFEERTTT B9

6 ZHit

B AR R MR DX R A R AR A2 b Sr [ K e
R R IR R 48 L5t IR A5 B IR 28 B IR T ] i
Wt itg K Sre TRl 2R LG (R B B AT A0 AR R R OR R B
FEAE KT W) 5T TR 26 w8 - 24 7 ~F- 2 Sr [+
{37 28 AR RE i v D) b R 2 ol R 46 S 400 J5 L A
W A AR SR RE AR Sr/% Sr WH S AL & & LM
A3 e e, DL R E G UE SR A )= A 4 TR A OUER
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[ A St [Rl 07 ZAFRFAE. 25 65 2 0 07 2 B s 109 9 5 5% b
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