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Fig. 2 Geological sketch map of the Huangboshuwan witherite deposit at Ziyang (modified after Chen'"!)

[13]

Q. H 22 H 2 ; -2
At
1. ;2. - ;3. - s 4. ;5.
;6.
Q. Quaternary; 1?72 the upper sub-member of the second lithological member of Lujiaping Formation; 117", the lower

sub-member of the second lithological member of Lujiaping Formation;  11' 2. the upper sub-member of the first lithological

member of Lujiaping Formation;  11' 7', the lower sub-member of the first lithological member of Lujiaping Formation.

1. witherite orebody; 2. witherite-barite orebody; 3. limestone-barytocalcite lense; 4. overthrust fault and its No. and dipping

angle; 5. normal fault and its No. and dipping angle; 6. dipping and dipping angle of the strata.
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Fig. 3 Geological sketch map of the Wenyuhe witherite-barite deposit

(Provided by Yang Ming-yin of the Hubei Bureau of Geology and Mineral Resources)

nyl- |]|. 112.
1 I‘.
1. 2. 3. 4. S.
Ziyl. Lower Sinian Yaolinghe Group metabasicrocks; iI'. Lower Cambrian Lujiaping Formation siliceous slates of the first member; W2
Lower Cambrian Lujiaping Formation carbonaceous slates interbedded with thin-layered siliceous rocks of the second lithological member; — I°.

Lower Cambrian Lujiaping Formation sericite quartz schists of the third lithologicalmember.

1. barite orebody; 2. witherite orebody; 3. dipping and dipping angle of the strata; 4. overthrust fault; 5. boundary of lithological member.
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1

Table 1 ~ Carbon, oxygen, rubidium and strontium isotopic compositions of witherite, barytocalcite and calcite and country rocks

from the Huangboshuwan and Wenyuhe witherite deposits

/ 8°C(%0)  8"0(%e) Rb (pg/g)  Sr(pg/g) STRb /%Sy Y181 /%Sy + 20 (¥Sr/%8y)
HB-1 ( ) ~16.2 19.2 0.096 36 1138 0. 000 024 51 0.708 294 + 14 0.708 294
HB-2 ~14.6 21.4 0.680 9 5930 0.000 332 5 0.708 637 + 17 0.708 634
HB-3 ( ) -15.5 20.9 0. 132 1299 0.000 294 1 0.708 736 + 17 0.708 734
HB-7 -11.8 19.6 0.123 4 6 194 0.000 057 67 0.708 712 =16 0.708 712
HB-8 -16.6 18.5 0.6323 6 422 0. 000 285 1 0.708 599 = 13 0. 708 597
W-2 -15.7 21.5 2.62 5390 0.001 408 0.708 272 £ 15 0.708 261
WM-2 -14.5 16.4 0.343 6 3853 0.000 258 3 0.708 293 + 19 0.708 291
WM-4 ~13.0 17.5 0.059 94 6 375 0.000 027 22 0.708 377 = 14 0.708 377
WM-7 -13.5 18. 8 0.309 7 5 656 0.000 158 6 0.708 341 + 14 0.708 340
WM-3 -11.6 17.0 0.017 2 2 649 0.000 018 8 0.708 869 + 13 0. 708 869
WM-10 75. 600 269. 40 0.8127 0.712 281 =12
WM-12 39.450 61.100 1.870 0.713 760 £ 10
WM-17 14. 300 21.320 1.943 0.720 704 + 10
W-7 3.241 541. 60 0.017 33 0.710 053 + 12
H-9 -20.0 13.8 0.3228 3045 0. 000 307 0 0.708 122 = 14 0.708 120
H-11 -21.0 14.4 0.217 8 859.0 0.000 734 2 0.708 485 = 12 0. 708 479
H-12 -22.2 14.6 0.013 85 3412 0.000 01176  0.708 186 = 14 0.708 186
H-13 ~18.7 17.2 0.043 39 796.7 0.000 157 7 0.708 450 + 14 0.708 449
H-19-1 ~15.7 14.9 0.091 68 1974 0.000 134 5 0.708 265 + 10 0.708 264
H-19-2 ~11.0 16. 8
H-20 -19.2 18.7
H-14 -5.8 22.3 0.417 4 243.90 0. 004 954 0.709 951 = 14 0.709 914
H-2 4.754 132.30 0.104 1 0.710 806 + 10
H-3 7.054 488. 10 0.042 11 0.710 432 £ 12 0.710 115
H-22 5.202 25.630 0.587 8 0.710 419 + 13
n 13. 989 527. 46 0.076 45 0.706 750 + 6 0.706 175
12 19. 452 384. 61 0.145 8 0. 706 850 =6 0. 705 753
13° 31.257 364. 84 0.246 99 0.707 610 =6 0.705 751
Cow” [23] [24]
(M8r/%8r)i = (VSr/%8r) - (YRb/%Sr)  x (e¥—1) t=5.28x10° a
3.1
1
§°C §%0
9 1 8"C
/ —11.6%0 ~ — 16. 6%0 - 14. 3%0
/ 8"C

CO3;~  HCOs / 6"C (= 11%0 ~ —34%o)
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2
Table 2 Samarium and neodymium isotopic compositions of barytocalcite and country rocks from the Huangboshuwan and Wenyuhe witherite deposits
/ Sm (pg/g)  Nd (pg/g)  “Sm/™Nd  ONd/“Nd+20  (SNd/™Nd) e(1) Fonrna
WM-10 7.225 41.763 0.104 6 0.512 003 9 0.511 641 -5.63 -0.47
WM-12 7.568 34. 145 0.134 1 0.511 890 = 10 0.511 426 ~9.83 ~0.32
WM-17 5.149 23.076 0.1350 0.512 183 +7 0.511 716 -4.16 -0.31
Ww-7 7.486 30. 456 0.148 7 0.512 060 +7 0.511 546 -7.49 -0.24
H-22 0.442 7 2.792 0. 095 91 0.512 065 8 0.511 733 -3.83 -0.51
H-11 1. 069 4.534 0.142 6 0.512 142 +9 0.511 649 -5.48 -0.28
H-19-1 2.119 9. 487 0.1351 0.512 085 +9 0.511 618 -6.09 -0.31
11 10. 693 52.915 0.122 2 0.512 426 +28 0.512 003 1.45 -0.38
12° 11.453 43.471 0.1593 0.512 635 +50 0.512 084 3.02 -0.19
13° 15.228 49. 144 0.187 3 0.512 754 £ 50 0.512 106 3.46 -0.05
14 22.492 103. 188 0.1318 0.512 495 + 30 0.512 039 2.15 -0.33
15° 22.541 113.041 0.1599 0.512 637 +5 0.512 084 3.02 -0.19
N [23]
SBC( +2%0 '*1) Rb Ba Sr
Sr
- 4 2 (HB-1  HB-3)Sr
2 6" cC - 11.0%0 ~ 1138 ~1299 pg/g
-22.0%( 1) -18.3%0 1 (WM-3) Sr
(H-19-2) 8”C - 11.0%0 2649 pg/g Sr
3853~6422 pg/¢g
(H-14) 8®C  -5.8%o 5689 pg/g
8"C Sr
8UC  (-4.93%o0) (261
Sr Sr
- Sr
6"C Sr
si°C 2]
(= 11%0 ~ —34%o0) 8"C -
( +2%0)"™> Rb 0.01385~0.322 8 pg/
8"C I 0.1379 pg/¢g
2C Rb
3.2 Sr 796.7 ~3 412 pg/g
2017 pg/g Sr
Rb 0.0172~0.6809 pg/g (W-2 Sr
) 0.266 7 pg/g W-2 Sr
Rb
(2.62 pg/g) Rb Sr

Rb
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Rb 7Sy /86Sr
0.417 4 pg/g Sr 243.9 ng/g Rb
Sr ¥7Sr /%Sy
Sr $7Sr /#5Sr
Sr
- Rb  Sr ( 1)
Rb Rb AlLOs
8Rb /*Sr (1) Sr Rb Rb
7Sr /%Sy YRb/%Sr  ¥Sr/*Sr
( ) Sr
8Sr /%Sy 1 4 Sr
7Sy /%6Sr 87Sr /%6Sr
0.708 122 ~0.708 869
0.708 442 5 $7Sr /86Sr
0.708 120 ~ 0. 708 869 0.708 4404 Sy /%6Sr 0.709 ( 0.708 99"
7Sy /86Sr 0.709 1181) (291
8Sr /6Sr
7Sy /%Sy 0.708 120 ~0. 708 479 ( 0.708 78 0.708 99)
0.708 299 XRD
$7Sr /%Sy 7Sy /%Sy
0.708 261 ~0. 708 869 0.708511 - H-3
7Sy /86Sy 8Sr /86Sr
Rb 7.054 pg/g  Sr
¥Sr /%6Sr 488. 1 pg/g *Rb/*Sr 0.042 11 (t=
544 Ma) 7Sy /Sy 0.710 115
Sr Mn /Sr 1.6 80  9.9%c Sr
7Sr /%6Sr 50 pg/g Kaufman et al. (3]
(1) Sr Mn/Sr < 10 6"0 > - 10%c0 Sr
8 > 50 pg/gl )
= B BEG Witherite Sy /%Sy 87Sy /58Sy
B T Barytocalcite
E F#BG Calcite VSr/*Sr
u; 0.710 1 H-3
_;é ar Sr [29]
z 8Sr /86Sy (
% 0.708 78 0.708 99) ¥Sr /6Sr
¥ 0.708 99 ~0.710 12
0 | Rb 13.989 ~31. 257
0.7 080 0.7 085 0.7 090 0.7 095 0.7 100 , Sr 364. 84 ~527. 46 1
VS1/*Sr Sr 0.705 8 ~0.706 2
4 81 /558y

Fig. 4 Frequency diagram of *'Sr/**Sr ratio of witherite and barytocalcite
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Carbon, oxygen and strontium isotopic studies of Huangboshuwan witherite deposit
at Ziyang and Wenyuhe witherite deposit at Zhushan, China

LU Zhi-cheng'2, LIU Cong-giang®’, LIU Jia-jun®, ZHAO Zhi-gi’, WU Feng-chang®, LI Jian*?
1. Development and Research Center, China Geological Survey, Beijing 100037, China;
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3. Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
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5. China Geological Survey, Beijing 100011, China

Abstract: Being stratiform or stratoid, the Huangboshuwan witherite deposit at Ziyang and the Wenyuhe
witherite-barite deposit at Zhushan occur in the lower Lower Cambrian siliceous rocks and the orebodies are
remarkably controlled by lithological characteristics and petrography. Strontium, carbon and oxygen isotopic studies
of witherite, barytocalcite and calcite have shown that the carbon, involved in the formation of these minerals, was
derived largely from hydrocarbons and biogenetic gases resultant from degradation, condensation and
dehydroxylation of bio-organic matter in sediments at the early stage of diagenesis; the strontium was a mixture of
strontium in pore water and that released from alteration of volcanic mater in the sediment. Strontium, carbon and
oxygen isotopic studies unanimously demonstrate that witherite was precipitated in organic carbon-rich pore water
medium during the early stage of diagenesis. Extensive occurrence of biodetritus and clastic texture in witherite ores
strongly evidences that Ba’* was concentrated and settled down in the form of bio-barite on the seafloor as a result
of biological processes, thereafter forming the initially enriched orebodies of barium deposits. Biological processes
in seawater and early diagenesis in sediments are the major ore-forming mechanisms of witherite deposits in the
region studied.

Key words: witherite deposit; strontium isotope; carbon isotope; oxygen isotope; early diagenesis; bio-barite;

Ziyang; Zhushan
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