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Abstract

The Shilu Co-Cu ore bodies hosted in lower 6th member of the Neoproterozoic Shilu Group occur between
schist of 5th member of the Neoproterozoic Shilu Group and the iron ore bodies. These ore bodies are hosted by

dolomite and diopsidic and tremolitic dolomite. The Shilu Co-Cu ore-forming process has experienced exhalative

sedimentation, epigenetic silicification and sulfidation, and supergene enrichment stages. The homogenization

temperatures of fluid inclusions in exhalative sedimentary quartz vary from 112°C to 205C, mostly between
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130C and 205C, similar to those of the ancient and modern seafloor exhalative sedimentary deposits. The
salinities w(NaCly,) of sedimentary fluid inclusions vary from 1.74% to 6.59% , lower than those of many ex-
halative sedimentary deposits and equal to those of the lower dense exhalative sedimentary deposits. The densi-
ties of sedimentary fluid inclusions vary from 0.88 to 0. 95 g/cm®. The 8*S values of exhalative sedimentary
anhydrites present a narrower range, from +21.4%0 to +21.8%o, indicating that sulfur was derived directly
from sea water. The homogenization temperatures of fluid inclusions in quartz, dolostone and calcite of the
quartz-sulfide period are mostly concentrated on 170~270°C , with a salinity w(NaCl,,) range of 1% to 7% and
a dense range of 0.88 t0 0.95 g/cm’, indicating that the ore-forming fluids of the quartz-sulfide period were
mesothermal and had low salinities. The 8*S values of sulfides in Co-Cu ores of the quartz-sulfide period vary
from +8.1%0 to +21.2%o, indicating that the sulfur was derived either directly from a anhydrite source or from
a dissolution of evaporite rocks rather than being of magmatic origin. The 6D values of quartz of the quartz-sul-
fide period vary from —63%o to — 83%o and the BIBOHZO values of quartz are between +1.3%0 and + 6.8%o,
suggesting that the ore-forming fluid was mainly from magma with the later addition of some meteoric water.
The authors hold that the Shilu Co-Cu deposit is a mesothermal metasomatic and infilling deposit associated with
the granitoids in the Shilu ore district.

Key words: geochemistry, fluid inclusions, stable isotopes, origin of the Co-Cu deposit, Shilu
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Fig. 1 Geological map of the Shilu Fe-Co-Cu deposit (modified after Mineral Resources and Environment Surveys Hainan
Province, 2009)



32 5 - 887

20 m -
NW S0m -
30~60 m
1 _
S —
S Cul Cub
Cu8 Cu9
2.2 -
NW-NNW NE NNE- SN 11 km?
1 17 41
E6~ES
LA-ICP-MS U-Pb 230 ~ 248 Ma -
Col 98 %
Cul 92 %
NNW-NW NNE-NE Co-Cu
2009
1 Col
97~100 Ma
1986 1222 m
LA-ICP-MS U-Pb 93 +2 Ma 34.44 m 2~5m 4.35m
2011
) Cul VI
Col 42° VI 10°
Co-Cu
Col w Co
0.308% w Cu 0.75% w Ni 0.09%
2.1 - Cul
- 440 m
- 35.71 m 3~8m 6.11 m
NW315°
10 m 47~
- 75° Cul w Co 0.004% w Cu

87 m 1.89%



B2 ARy X EET A A
a. R HELTRBERAZENRS, FHHBEAAENAMEHEFFTER L—RA 72 m 6% b. REEEWRKD FHEFA L—




32 5 - 889

c. 72 m d. 72 m e.
- 240 {. g.
Cu-Co —150m h. - Cu-Co —200m Dip— Tre—
Jas— Py— Gar— Hm— Q— Do— Po—
Fig. 2 Photographs of country rocks and ores of the Shilu Cu-Co deposit
a. Banded diopsidic and tremolitic rock shown by alternating diopside and tremolite at 72 m level of Beiyi open pit b. Jasperite cut by pyrite stock-
works Beiyi open pit c. Schistose hematite ores cut by garnet vein at 72 m level of Beiyi open pit d. Massive hematite ores cut by garnet vein at 72
m level of Beiyi open pit e. Quartz-tremolite vein cutting massive hematite ores at 240 m level of South 6th open pit . Hematite ores cut by stock-
work pyrite South 6th open pit g. Stockwork Co-bearing pyrrhotite veins cutting dolostones at — 150 m level of Cu-Co ores h. Stockwork Co-bear-
ing pyrrhotite and pyrite veins cutting dolostones at —200 m level of Cu-Co ores.
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1
Table 1 Geological characteristics of fluid inclusions sample from the Shilu Cu-Co ore deposit
SL10-91
SL10-84-1
SL10-85-1
SL10-83
SL10-84-2
SL10-85-2
SL10-86
SL10-87
SL10-88
SL10-89
SL10-101
SL10-117
SL10-118
SL10-119
SL10-123
SL10-169
SL10-173
C02 C02 H2 O-NaCl
CO, 2 CO, Il
Collins 1979 CO,-H,O -
1999 CO, 0, CO,
CO, 1999 20% 3 g
3.2 6 pm
CO,
1~5 pm 7 pm CO,
3a b v 3 CO, Il
CO, CO,
2 3h i 20%
~9 pm 14 pm 4~6 pym
CO;-
HZO—NaC1
3 3.3
1 1
112~205TC 130~205C 4
3a b ] ] ] ] w NaCl,, 1.74% ~6.59% 2 5
3cde 0.88~0.95 g cm’
85% 10% — -
30% 40% 2~9 pm 151~356TC 170 ~270C 4
w NaCly, 0.88% ~8.14% 2
5 0.63~0.96 g cn?’
171~297C 190~270C 4
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Fig. 3 Microphotographs of fluid inclusions of the Shilu Cu-Co deposit

a» b. Gas and liquid two-phase inclusions in exhalative sedimentary quartz ; c. Gas and liquid two-phase inclusions in quartz of the quartz-sulfide pe-

riod: d) Gas and liquid two-phase inclusions in dolomite of the quartz-sulfide periods e. Gas and liquid two-phase inclusions in calcite of the quartz-

sulfide period; f» g. CO,-bearing two-phase inclusions in quartz of the quartz-sulfide period:s h, i. CO;-bearing three-phase inclusions in quartz of

the quartz-sulfide period. VOOZ*Gas phase COy; LOOZ*Liquid phase CO,; L—Liquid phase
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Table 2 Gas-liquid two phase fluid inclusion in quartz calcite and dolostone at the Shilu Co-Cu deposit

C T w NaCly % g om’
SL10-91 141~205 15 —4.1~-1.6 12 1.74~6.59 0.90~0.95 12
SL10-84-1 140~197 6 -1.9~-1.05 1.74~3.23 0.88~0.90 5
SL10-85-1 112~200 7 -3.2~-2.25 3.71~5.26 0.90~0.94 5
SL10-83 194~294 13 —-5.2~-2.0 13 3.39~8.14 0.81~0.90 13
SL10-84-2 199~312 7 -3.1—--2.16 3.55~5.11 0.72~0.90 6
SL10-85-2 221~312 9 -4.1~--2.39 3.55~6.45 0.73~0.89 9
SL10-86 191~282 16 —2.4~-0.5 14 0.88~4.03 0.74~0.89 14
SL10-87 151~264 15 —4.4~-0.5 14 0.88~7.02 0.77~0.92 14
SL10-88 162~268 17 -3.5~-2.0 17 3.39~5.71 0.86~0.93 17
SL10-89 184~356 15 -3.7—-2.0 15 3.39~5.86 0.63~0.92 15
SL10-101 151~269 16 —4.2~-1.4 16 2.41~6.74 0.79~0.96 16
SL10-117 182~286 15 -3.0~-0.8 15 1.40~4.96 0.74~0.92 15
SL10-118 174~210 16 -4.4~-1.9 16 3.23~7.02 0.90~0.96 16
SL10-119 178~244 16 -1.7—--0.8 15 1.40~2.74 0.81~0.91 15
SL10-123 162~343 16 —4.2~-1.2 16 2.07~6.74 0.65~0.94 16
SL10-169 200~297 17 -4.7~-2.0 17 3.39~7.45 0.78~0.90 17
SL10-173 171~264 16 -4.7~-1.4 16 2.41~7.45 0.82~0.92 16

3 - - CO, CO,

Table 3 CO,-rich two phase and CO,-bearing three phase fluid inclusions in hydrothermal quartz
from the the Shilu Co-Cu deposit

[, 0O, T 1O T 00, T 4, T ow NaCl, % 2 ,
g cm’ g cm’
o -60.7 9.4 0.87
SL10-83 e ~60.4 12.9 0.84
-60.1 11.4 0.85
CO, ~64.2 1.0 0.92
SL10-84-2 ~ 6402 6.8 0.89
Co, -65.6 426>V
CO, ~64.4 15.0 0.83
SL10-87 o -64.2 20.1 369 0.78
s ~64.6 13.4 338 0.84
CO, -61.5 9.0 24.9>-V 366>V 2.00 0.23 0.54
SL10-117
~61.5 8.5 24.5>V 253>V 2.96 0.23 0.27
v tm CO,  CO, ty CO,  CO, t, CO,  CO,
Ly
6
HO 5
1986 5%S SL10-91 oD 3180
+21.4% — + 21.8% 4 ~66% 3.3% 5 - 8D
+21.6%o0 +17.5%0 Claypool et —83%0~ — 63%0 30O
al. 1980 11.9%0~ 18.1%o 5
3%S +8.1%0 ~ 1000 Ina ~ =3.38x10°T 2

+21.2%0 4 +15.39%o0 —3.40 Clayton 1972 30 1.3%0~
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Table 4 Sulfur isotope of sulfides in the Shilu Co-Cu deposit
Fs HRES W X 5 REELE PR 84S/ %0

1 F9-04 BB Jb—— ST & — 150 m & THA=E T EHEGE +15.7
2 F9-09 BHIRBRE Jb—— ST & — 150 m T & AR A S E A +15.9
3 Fo-11 BHIREBA Jb—— ST & — 150 m T & W AP EHEEY +16.9
4 N14-09 CXalia e Jb—— ST & — 200 m T & AR A SRR B +17.2
5 N21-10 BHIRBA Jb——SH4ET & — 200 m T & AR A S E +15.3
6  SL-77-37-1 HY Jb—8" 1% 377 &0 AT R B ok AR AT +13.8
7 SL-77-374 BB Jb—8" 1% 377 &8 FERT PR B & AR ARk +17.4
8  SL-77-741 HRY Jb—4" 1% 388 & B PERT R, AR 2 A KA I 2L ok +13.5
9  SL-77-139-2B BHIREBRA CK548 fl 466 m H5REET NS HRT +21.2
10 SL-77-140-1 Y CK548 7L 468 m ERA T HEET 2R +15.7
11 SL-77-140-2 BHIRBRE CK548 fL 468 m ERAETHEHEGE +15.6
12 SL-77-224-1-6 BHIREBA CK706 7L 666~605 m Hza I bk-R YR S ek +11.1
13 SL-77-224-7A BEIRBRA CK706 fl. 666~606 m Hza T R BCR B e (k&) +17.5
14 SL-77-224-7B BHIREBRA CK706 7L 666~ 606 m Hza TR BCR ek (ki &) +16.6
15 SL-77-92 R CK714 7L 145 m Ho s TR s +17.4
16  SL-77-239 WA CK706 7L 716 m WHRHTEENAE s ST 2 YR +14.7
17 SL10-143 HRY 7K946 fL 18 m HzE TR YR EMET +8.1

18 SL10-145-1 HRY 7K948 fL 29 m Shae=taskiiiline/NERaT g -C i il +13.3
19  SL10-145-2 BHWEGKE ZK948 7L 29 m Shae=askiiline/NCRaT A C i il +13.4
20 SL10-146 BHIRBRE ZK923 fL11.6 m H=aTACR-ZYR SRS FEET  +15.0
21  SL10-147 HRY 7ZK946 L. 22.8 m Hz 8 R YR BoR S a +12.6
22 SL10-149-1 HRY Jb——SH4ET & — 200 m T & Hza T EYCRERT S m s +17.0
23 SL10-149-2 CXalaer3in Jb——SEHT & — 200 m T & Hzma T EYCR BT S m s +17.6
24 SL10-150 BEHERY ZK946 L 36 m Hza TR 5 S R ime +15.2
25  SL10-151 BHIRBRE 7K923 1L 34 m Hza TR E R R ime +17.3
26  SL10-152 BHIREBA ZK943 L 0.2 m HzaTRER- MRS EgT fEEy +12.7
27  SL10-153 BEIRBRA ZK914 L. 4.2 m HeaTRIREHERT +12.4
28  SL10-154 EEHESY  ZK932fL 1.6 m Bz TR ST -2 m +17.7
29  SL10-155-1 HY 7ZK946 L, 41.8 m Hza T bR ST S m +15.4
30 SL10-155-2 BHWREGKE  ZK946 fL41.8 m Hza T bR BT -2 m +15.4
31 SL10-156 BHIRBRE Jb—— ST & — 200 m T & H=aTHEYCR SRk +18.4
32 SL-77-114 WAE CK714 %L 745m WAEE +21.8
33  SL-77-115 WAE CK714 7L WAEE +21.4
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5
Table 5 Hydrogen and oxygen isotopes of quartz from the Shilu Co-Cu deposit
3180 %o t C oD %o 30 %o
SL10-87 17.9 209 - 66 6.8
SL10-88 18.1 202 - 63 6.5
SL10-91 17 172 - 66 3.3
SL10-117 11.9 218 - 68 1.3
SL10-118 16.8 188 - 63 4.3
SL10-119 17 204 -83 5.5
SL10-123 16.4 215 -79 5.6
=150 m —200 m
0F Tow 2008 0.88~0.95 g e’
SL10-91 8D &8O
—66%  3.3%0 7
-40 - 77§ 7k
- 170 ~
) s S 270C 4 w NaClg, 1% ~
3 50 7% 5 270 ~310C
JR 455 J K 310 ~ 340°C
o R i T B A 2 260~300C
120 o BT AL I 1986
170 ~270C
-20 0 10 20 w NaClg, 1% ~7% -
80 0/% -
7 B HO BD - 83%0 - = 63%0
Fig.7 Hydrogen and oxygen isotopes of quartz from = 80%0 ~ — 40%o
the Shilu Co-Cu deposit Taylor 1986 3180 1.3%0 ~
6.8%0 5 SL10-87 SL10-88 SL10-119
- CO;, SL10-123 3180 5.5%0 ~6.8%0
3180 5.5%0 ~9.5%0 Taylor
) 1986 2
0, 8180 1.3%0  4.3%0
COZ 7
@ -
Hagemann et al. 2003 CO,
I
112~205C 130~205C 4 - -
Peter et al. 1988 CO,
w NaClg, 1.74% ~ “ K
6.59% 5.2
Gardner et al. 1985 Samson et al. 'S
1987 Ansdell et al. 1989 +21.4%0~ +21.8%0 +21.6%0

+17.5%0 Claypool et al.
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1980 534S
S
100~200TC
TSR ASO; ™ 3%S
10%0 ~ 15%o Machel et al. 1995 McGowan
et al. 2006 El Desouky et al. 2010
>200C
ASO;~ S
5% McGowan et al. 2006 El Desouky et al.
2010 SL-77-139-2B S
+21.2%0 S
SL-77-224-1-6  SL10-143
3%*S F11.1%  +8.1%o0
<200TC
S
+12%0 ~ + 19%o ASOR~ 5%o
S
200C TSR
- >200TC
TSR
5.3 -
1986
S +21.4% ~ + 21.8%o
+21.6%o S
S
- 2g h
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Kampunzu et al. 2009
6
1 B}
2
3
Meinert Pirajno Franco
References

Oskar Schulz

Franz Vavtar

Lawrence D.



898

2013

. 2008. W-Sb-Au J.
82 5 641-647.

. 2009.

. 2010.
R .
. 1999. M .
1-290.
. 1988.
J. 1 52-56.
. 2011.
LA-ICP-MS U-Pb
] 352 292-299.
.2010.

24 3 251-255.

2009. M .
. 1-331.
. 1986.
M . . 1-376.

Ansdell K M Nesbitt B E and Longstaffe F J. 1989. A fluid inclusion
and stable isotope study of the Tom Ba-Pb-Zn deposit Yukon

Canada J . Econ. Geol. 84 4 841-836.

Bodnar R J. 1993. Revised equation and table for determining the freez-
ing point depression of HyO-NaCl solutions ] . Geochimica et Cos-
mochimica Acta 57 683-684.

Claypool G E Holser W T Kaplan I R Sakai H and Zak 1. 1980. The
age curves of sulphur and oxygen isotopes'in marine sulphate and
their mutual interpretation J . Chemical Geology 28 199-260.

Clayton R N. 1972. Oxygen isotope exchange between quartz and water

J . Journal of Geophysical Research 77 3057-3607.

Collins P L F. 1979. Gas hydrates in (0,-bearing fluid inclusions and the use of
freezing data for estimation of salinity J . FEcon. Geol. 74 1435-1444.

El Desouky HA Muchez P Boyce A J Schneider ] Cailteux J] L H
Dewaele S and Von Quadt A. 2010. Genesis of sediment-hosted
stratiform copper-cobalt mineralization at Luiswishi and Kamoto
Katanga Copperbelt ~ Democratic Republic of Congo J

Mineralium Deposita 45 735-763.

Gardner H D and Hutchinson I. 1985. Geochemistry mineralogy and

geology of the Janson Pb-Zn deposits Macmillan Pass  Yukon
Canada J . Econ. Geol. 80 1257-1276.

Hagemann S G and Luders V. 2003. P-T-X conditions of hydrothermal
fluids and precipitation mechanism of stibnite-gold mineralization at
the Wiluna lode-gold deposits Western Australia Conventional and

infrared microthermometric constraints ] . Mineralium Deposita
38 936-952.

Kampunzu A B Cailteux ] L H Kamona A F Intiomale M M and
Melcher F. 2009. Sediment-hosted Zn-Pb-Cu deposits in the Central
African Copperbelt ] . Ore Geology Reviews 35 263-297.

LiXH ZhouHW Chung SL DingSJ] LiuY LeeCY GeWC
Zhang Y M and Zhang R J. 2002. Geochemical and Sm-Nd isotopic
characteristics of metabasites from central Hainan Island South
China and their tectonic significance J . The Island Arc 11 193-
205.

Machel HG  Krouse H R and Sassen R. 1995. Products and distingui
shing criteria of bacterial and thermochemical sulphate reduction J .
Applied Geochemistry (110  373-389.

McGowan R R Roberts S and Boyce A J. 2006. Origin of the Nchanga
copper-cobalt deposits of the Zambian Copperbelt J . Mineralium
Deposita 40 617-638.

Peter J M and Scott SD. 1988. Mineralogy composition and fluid inclu-
sion microthermometry of seafloor hydrothermal deposits in the
southern trough of Guaymas Basin Gulf of California J . Canadian
Mineralogist 26 567-587.

Samson I R and Russell M J. 1987. Genesis of t he Silvermines zinc-lead-

Ireland Fluid inclusion and stable isotope evidence

J . Econ. Geol. 82 371-394.

barite deposit

Taylor BE. 1986. Magmatic volatiles Isotopic variation of C H and S
J . Reviews in Mineralogy and Geochemistry 16 185-225.
XuDR XiaB LiPC Chen GH Ma C and Zhang Y Q. 2007. Pro-
tolith natures and U-Pb sensitive high mass-resolution ion microprobe
SHRIMP zircon ages of the metabasites in Hainan Island South
China Implications for geodynamic evolution since the late Precam-

brian ] . The Island Arc 16 575-597.

XuDR XiaB Nonna B C Bachlinski R Li P Chen G and Chen T.
2008. Geochemistry and Sr-Nd isotope systematics of metabasites in
the Tunchang area Hainan Island South China Implications for

petrogenesis and tectonic setting J . Mineralogy and Petrology 92

361-391.





