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Luo L, Pi DH, Yang JH and Wu HP. 2012. Ore-genesis of the witherite deposit in Ziyang, Shaanxi Province: Evidence
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Abstract Qinling-Daba Mountains region is extremely rich in mineral resources of barium, characterized by widespread occurrence
of the world’s unique stratiform witherite deposit. In this study, we found the rose petal-like structure of witherite ores in the witherite
deposit at Ziyang, Shaanxi Province. Microscope observation and electron microprobe analysis showed that the rose petal-like structure
is composed by slab and column barites. This structure may have formed from pore fluids during early diagenesis. Redox-sensitive trace
element analysis indicates high concentrations of V, Ni, Cr, Mo and U in the witherite ores, with low Th/U ratios ( <0.04) , and high
V/(V+Cr) (>0.8) and V/(V +Ni) ratios ( >0.9), suggesting a reduced sedimentary environment for the witherite deposition.
Carbon and oxygen isotope analysis show the witherite ores have 8" C values of —10.9%0 ~ — 16. 0%0 and 8" O values of 18. 1%0 ~
22.3%o, indicating a >C-rich biogenic carbon source possibly resulting from degradation, polycondensation and dehydroxylation of bio-
organic matter in sediments at the early stage of diagenesis, mixing with a " C-rich seawater-derived HCO, ~ or CO,*~. In combination
all the previous and present data, we suggest that the deposition of the witherite ores were likely related to the Early Cambrian sea-floor
hydrothermal fluids.

Key words Witherite deposit; Rose petal-like structure; Redox-sensitive trace elements; C-O isotopes; Ziyang deposit;
Southern Qinling
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Fig.2  Geological map of the witherite deposit in Ziyang,
Shaanxi province (after Lii et al. , 2003)
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Fig.4 The characteristics of rose petal-like structure in witherite ores in Ziyang
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Table 1 The electron microprobe analytical results of rose petal-like structure in the witherite ores in Ziyang deposit, Shaanxi Province(wt% )
g5, = 1 2 3 4 5 6 7 8 9 10 11 12 13
7Y CITYe HEA PlA EUEPE]
BaO 65. 44 65. 06 65. 42 65. 48 77.16 75.00 74. 96 57.70 58. 94 55.76 55.97 55.52  53.23
MgO 0.04 0.02 0. 00 0.01 0.12 0.02 0.02 16. 06 17.32 0.07 0.08 0.03 0. 04
CaO 0. 46 0.09 0.16 0.01 0.10 0. 00 0.05 0.33 0.15 21.13 20.97 21.57  20.30
S0, 34.72 34.37 34. 67 34.24 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
SrO 0.11 0.34 0. 00 0. 00 0.19 0.97 2.76 0. 00 0.02 0. 05 0.05 0.03 0.31
Si0, 0.04 0. 05 0.07 0.01 0.04 0.03 0. 04 0.03 0.01 0. 05 0.05 0.01 0.01
Al, O, 0.05 0.07 0.07 0.07 0.05 0.04 0.03 0.01 0.03 0.04 0.04 0.04 0.03
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TR HES T Ao T 5 A5 BAE (2004 ) 76 8 S8 T R AL
Jai B, BOAE AR EE ¥4y ey S JCR AR 20 A (1) 75 T A7 LA 41 2
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Table 2 The analytical results of redox-sensitive trace elements ( x 10 ~®) and C-O isotopic compositions (%o) of the witherite ores in

Ziyang deposit, Shaanxi Province

FEGS Wth-l Wth-l Wth2 Wth-3 Wth4 Wth-5 Wth-6 Wth-6 Wth-7 Bte-l Bte2 Bte3 H-1 H2 H3 H-5 H4

. BT I A B IR s

AR (W% ) 61.76 61.76 66.92 62.79 97.18 74.03 85.69 85.68 83.66 87.24 99.29 100.0 16.99 27.67 36.20 14.51 39.18

s 99.5 104 180 93.6 135 50.0 12.3 11.0 21.6 1.49 16.3 1.17 904 457 174 346 367

Cr 5.54 5.29 36.9 598 11.0 508 2.68 272 3.78 9.50 2.16 2.71 78.7 242 20.1 40.7 41.2

Mn 25.2 25.7 86.9 133 71.3 24.4 12.9 12.7 15.1 18.4 251 9.07 235 659 57.0 157 162

Co 3.11 3.36 3.74 3.85 8.47 0.58 0.37 0.29 0.46 0.47 3.85 0.24 7.39 1.43 1.32 3.22 2.70

Ni 18.6 19.28 20.37 22.27 51.2 1.48 2.39 2.17 2.26 32.7 23.75 3.06 144 7.24 16.31 60.5 22.44

Mo 2,90 2.66 3.73 4.68 0.96 1.75 2.50 2.44 1.23 0.62 0.29 0.13 13.32 6.30 44.5 57.5 33.67

Th 0.09 0.07 0.10 0.11 0.11 0.01 0.00 0.01 0.00 0.01 0.03 0.01 0.04 0.12 0.0l 0.15 0.18

U 10.19 9.99 2.99 13.07 3.63 2.43 1.38 1.24 1.04 1.10 3.02 0.44 27.21 26.72 16.04 65.0 43.0

Th/U  0.009 0.007 0.035 0.009 0.029 0.006 0.001 0.009 0.001 0.012 0.011 0.029 0.001 0.004 0.001 0.002 0.004

V/(V+Cr) 0.95 0.95 0.83 0.94 0.92 0.91 0.82 0.8 0.85 0.14 0.8 0.30 0.92 0.95 0.90 0.89 0.90

V/(V+Ni) 0.8 0.84 0.90 0.81 0.73 0.97 0.84 0.8 0.91 0.04 0.41 0.28 0.86 0.98 0.91 0.85 0.94
8" Cyppy  —11.8 -10.9 -12.0 -13.9 -16.0 -11.9 -21.1 -21.4 -16.1
80y ppy  -8.3 -12.3 -8.6 -9.9 -10.5 -10.1 -11.5 -10.0 -10.5
5% 0y.swow  22.3 18.1 22,0 20.6  20.0 20.4 19.0 20.5 20.0

WA IR EFE AT T, A ImL HNO, J5HZE 2L T,
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% 50mL, i ICP-MS FHLINRK . A G I 7E R B K22 N
S BT IR PLH T B 5K E 5000 = 50 A, A 2
Finnigan 2\ 5] B2} Element 11 1) HR-ICP-MS, 23 ¥ %5 & H
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2.76% (% 1),
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WFSE 1 B G 58 BH BRIV 2 A 07 DR v B BB IR S5 4 ,
RRAEAR T T A s A7 [ 8 A% 0 (T ol £ R L) S AR
ARHEFTT AL (L B & A4 (2004) B T(e)) o B A
(2004) TA A% Lo A R A1 D A DR DR800 300 9 5 A
ol U A1 S AR 2 e/ NORE BR AR 5 418 HH BOAE AR DR 25 g 2 iy
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AL AN A 3 B A S AT i A1 R L LT Ry, R 2R
N R BACHPR G DR AT 58 B IR WL B SR BB AR , it 2L
T ELA B B SR BAE MRS T, I B0 W 2 i s AU B
G AR o BeAh, B E A P S A L, T
st A A AL B RG /  3o F 2 t AR afle  5 T A A AU
A RSB o A A AN K B LARE A7 O AE T A BOE AR
SR A1, FATTIN N T FE A R A AT RN R AR AT
REX & BRI I R AT B, 3 T AT BETE )0 T A0 3
B CO, i SO,” T WREEA By IR o

3.2 BSEATANENEEGFEMETEAR

AL I UG TR A4 MoV Ni Cr Co U Mn 4§,
XEETT R B AN A, AR DU b 1 5 SRR B 2 U A
BAALR JF AR R . G, TES A GR IR K IR I A
A DU BT 8 A S e Y SR R U T R
Erik, AR R BUBOCR 19 & i ST R A HAE AR AE A A
REUURUER 35 1 — A 8 S48 AR 1M 9 7 32 1 JH ( Wignall and
Twitchett, 1996; Algeo and Maynard, 2004; Yang et al. 2004;
Tribovillard et al. 2006; Zhou and Jiang, 2009; Zhang et al. ,
2011) o ASCRI R E A 1 BT & A AR R BUR T R R
EA 5 5 B AT AT S RO TR ERSR

W #FIZ M Th U W ETPAG ORI 1 b8 I 2%
4 ( Wignall and Twitchett, 1996) , 4l 7C &K 76 A AL 1 K L)
U™ (AREEAR B T U0, F74E, Rl 3 SR B T4 &1
S U0, (COy) WK, FEREIAEE T, U H Mk A
TR U FUTie S Ui b v T B P i U s
£, Algeo and Maynard (2004 ) A, U JCE MR FEIMIIE S
SRS BRI o, A A K R B, R I (AR
1) B BV S U BRI EAE < U 7ED0ER Y H iy
[Zf Suris

EE(Th) SR R HE R T8 , A2 B AL 5 25 1 1 3
Wi, A ARG A A (Th* ) T AE e . TR, TR
HIK Th/U HAE SO T S TR SR B A R SR ) 26 . |if A
MR, Th/U LB AE O ~2 Z [H] 43 A3 I, 58 5 45 75 Bl S 3
i, AL I Th/U WAETE 2 ~7 ZJa), 3R ZU 4 Ah 1 3R 5
F,Th/U H{H <5 % 8 A L (Jones and Manning, 1994;
Wignall and Twitchett,1996)

BEE A RAETE S #E o, |y 7 00T V0 b 3 A R
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AR Th/U AT 0. 04, R BRTEL R AT T TR
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B UV . Cr 1 Mo I U275 24 s FTURR PR 55 Sy A HG A it 7
EEACH T ST (K 6) .

3.3 FEATAMC-O0 FALEAR

ARRMEEATS EHBEE AT AT T C-0 MM R4
JRIE (32 2) SRR d A i iR IE . SRR A HE
AF A 85 C A —10.9%0 ~ —16. 0%o0,— A7 Ak [l 7 ik
HPBEAN S CHN - 16. 1%, 5HEAH A1) 87 C (H
— 5, T2 AR IR KA 6" CE I B AR ( - 21. 1%
~ =21.4%0) , I AT RE & (1 8" O A5 (L TE AR ],y 18. 1%
~22.3%0 (F22) o X—45 05 Fr AIRE Y 5 I3 A 18 75
FET AN S C AL RAMF( —11. 6% ~ —16.6%0, ik
4 2003; — 11. 8%0 ~ —23. 6%o, MIFRITEE,2007) , Ui L AL
B A MY , FEk B UUBUE HLTUI R B4R F
Y M fRAE F BT B CO, 0 BN M SE (U5 4, 1987;
B A BLAE,2003) A ML BRI R R SAE I £ &
A FEK-A L LUR AR A B, BRTR OB i A=
WA LTI B 222 T A 0 1) I A A TR BT TR B A /N 3 T
FEE— 2L 4R G T UG U6 T i) 2 B P R AR R BN 2
HRERIEA . fEax —id A, oA b 4 A2 A WL i
P B R R B A AT P TG SRR W A RS J K B 2 € f
B CO, SR, X EEE " C OB H B CO, ARl it 5
PR LB A F 5 Y /K 3 B R Pl o 46k 1 L T
BLIY KB MR HCO, "5 €O, B+, Wit R R I
R A7 B L ZBTRY O, BT

A7 ML 3 2o A1 1 R 0 4 1 F AR 16 Y CO,° 1y
8" C — /T - 25%0, THEFL A 87 C Ky - 10. 9%0 ~ —23. 6%0
FEAT AT, AR T A E D CORRR I 1 [ 3
KA 8" C Ry 0%aZe A7 , WU B 75 T A0 B4 Bk 5 ] i A AL
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Fig.6 Plots of Mo-V (a), Mo-U (b), Mo-Cr (c) for the

witherite ores in Ziyang

3 1o AT P SUBERSE VR AR AR C Aok 5 W] 1A Kk 42
iy 5" C K HCO, ™ 3 CO™ T IR A2 .

3.4 BERVKABRATRE

SEGRTNFIAR ST ST R, 28 U R B 1 X B PR
(T2 BT RESZ K 2143 (SO,° 1 CO* T YRIE) AR (TR
JESEIRT A STIE) IR AL (Ba' R AT ) EY
T S PS5 LU SR OB B 25 22 o R 42

AN B RG0S I 2R SO L 1 3 X 3 30 4 PR 119 3t o
FRAE 3 BB ik 2 WSO 1 FHAR AT 8 -5 Vg IS FRB A AT %
(RIREEE, 2004) . H K= H THTFHEILESHEKZ
(] K 24 B e A PR S 2R ARUZ AR 3B BRI 1 ik o ik
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A, — 2 R A] 2R A A 2 (R A R
MBS B R R A OB 43 R B 4 4B 3
A AT U A D R RIS A N R
45

ZRI KB 1L 55 BH AN 11—, 7 S JE R U & B
R A T T — B8 & A DUT TR K Rl AR R E 58 58 301 %
e B AR R ek A BRI £, TR R Eh 2t 5 i 4 ol 11
[ A= W24, A5 R I IS TR X AT 2R

TR R B BEE 5 K TR R AR BT R 9 38 5008 I AR R
TS T, FEICT R 32 b Ol s AR s, i b R
R K TR AP AN Ba® | B2 R & Ba® T LT TR
BT TR R R AR IS AR 2t A LR DI UA R R
Ba 5K s ALK SO,° " B T R4 AL A1 ( BasO,)
UUGE. MR MEARSE (2010) #7240, Y Ul 517K
PR R 28 FREE 162°C LR, A T8 & A g
B T RXANRE A TR EEA . BT BaSO, MR
(Ksp=1.08 x107"") . BaCO, AR (Ksp=5.1x107°)
IN— B SR, FTT BaSO, 5 H 56T BaCO, & A UTIET A
FnAr, AR E AR,

F B ARSCHIBFGE 0, Sl SRR B S LR h i SR A
HUTAR AT BB R B R+ 434 Rl X 5 4256 (2007 )
IR R R A A A DL & 5 R 0.5% ~ 10.32% ; 5 L[l
FAHUERE RN 0.78% ~6.74% ;Wi s B AW A T A LIRS
R 0.41% ~4.3% . 4 F A HLIK A ST FBA,
TNIT B 2 B HE A P A B P AR TR A L R R
(Schenau et al. , 2001 ; XIFZEEZE, 2007) . 7E£E G WU
FRF T, BT A 0 eI TTTE B R e IR S SR BN (1
SEEAT , YR R AR KT P B AR B AR SO, B RS th
FEAVURTURA R F i 2 YA LR R sk AR PR, ol
PIKE R A7 C 1 HCO, ™ B CO,° ™ B TR IMER I | 1 i
PR B BT 5 A A MLUR R AR R R A C
{5 HCO, ~ 5% CO,> ™ B 7 U K i /K P i & 5 C 1y HCO, ™ 8§
CO" BT REWNFEA, RAIWMEEAT K. LM
T Ba® B TR W B RE L, Bl P Ca, Mg %5 8 T S0 B
Ba®" B 75 HCO, ~ 8% CO,>~ B T ALUTHE , o i B J A A1
W28 k.

AIATERF IR TR G B EAE R D Ni-Mo 24 85
PRI B B8 5 1T PR 0 A [ 408 i P B A2 2, —
R IR ARV [ A DT 2 A O 2 A b K AR v, T o Ak 2
TUBUT S8 (Jiang et al. , 2006, 2007a) ; 75— R MU i
PR AR B0 2RI HOm 38 7E A 253 2 9 & 5 A WL I iR
Herp I 3 3 A Ak 2 0 O 53X 5 L (Orberger et al.
2007) o (USSR BRI BN K P A TR
BRERAR B, T 2E OB FL B T A v 5 I AR 11 PR 3 G o
A FITE B BT i FRAR PO A 8%, A R T 8 A TR . BRIk,
AT K5 —Fp i B2 T B 538 T8 E A0 0 R T 1
MR A I T - BRI TAE R T IR AT &, A RE b it
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PR T AT PRI B DR [ R 4 o R S e o R A —
PRI , BT OO A R BT o A FE R PR 20 R )2 K&
Hory Ni-Mo 24 JB A5 4715 T Pb-Pb £ Re-Os 452 Fh
[F] 7 Z EARLE R (Mao et al. , 2002 ; Jiang et al. , 2003, 2006,
2007a, 2009 ; Chen et al. , 2009; Zhu et al. , 2012) , {HX}1Z
DAY 7 JE A - F A A0 PR A3 B T RE R AR IR IR

4 g5

(1) TERMHEE AT IR RABACTREER, 25T
WSS FIFE FHREH AT 2 A, BOIEARE 2 il SRR T 40 i 58—
ARG B A SARHES 1 B, AN [ T i & B 75 T A 2L
A B AEREAR G514

(2) REEE A RAME S BUR R TR i T, 5T
IRBETFEAE AL E A REFUE 1 Mo, V, Ni, U %0
EEERE,Th/U<0.04, V/(V+Ni) >0.9, V/(V +Cr) >
0. 85 FRWIHI BT B i) 3 It (R AR)) 26 1F o ARG T &, 1
JIIE I IR 9 CL BN A kX 260 2K 3 4 B, B AR PR B AN

(3) C-O RN KA IR, E KB EOTHEEAT 1
) 8" C 1A —10. 9%0 ~ —16. 0%o, Tl 2 IR 11 (L HUE A1 Ik 1y
SUCAHHAR( =21 1%0 ~ —21. 4%o) , i A K iy 8™ O fH 7%
B EIAAIR, 9 18. 1%0 ~22. 3%o. T 5 B A1 IR IR 1] E &
AT HUTE I A P SRR S AR 1R C 5 T 3
KB C KB HCO, ™ 8 CO,° T IRA LS R

Bugt BN TAEAS R B (AL a0 HUBRELE 5 B
URA BE X A ZE R 0 SCRE RIS Bl 5 S0 30 3 20 B Il T A A
PR RURSA MR A 5 TR 2 e 5K SC 22 B s TR
R 16 5 (R TR R
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