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ABSTRACT

According to the combinations of metallogenetic elements and minerals assemblages. the Au-Ag deposits

in the Middle-Upper Proterozoic Suberathem of the middle of northern margin of Yangtze Platform could be

classified into four types: (1)Au-Ag-Pb-Zn type: (2)Au-Ag~Te type: (3)Au—quartz vein type: ()Au—Ag—Pb—

Zn-Ba type. The Yangpin formation and the upper Dangyuhe subformation, which belong to Wudangshan

group. are regarded as favorable strata for Au—Ag mineralization by systematic assessments for Au-Ag bearing

ability of the strata. as well as the felsic rocks of Bikou group. The metallogenetic physicochemical conditions

and the stable isotopic compositions (S. Pb, H, O, C) have been studied in this paper. The sources of

metallogenetic materials, origins of fluids and genesis of various deposits have also been studied

Key words: Yangtze Platform Middie~Upper Proterozoic Suberathem Au-Ag deposit assessment physico-

chemical stable condition isotopic geochemistry

1 INTRODUCTION OF REGIONAL GEO-
LOGIC BACKGROUND

The Middle-Upper Proterozoic Subera-
them (Pt,, ;) is distributed widely in the region
of northern margin of Yangtze Platform, as
well as the Paleozoic Erathem (Pz) and the
Mesozoic Erathem (Mz). The Pt,,, is called
respectively Wudangshan group (Pty,s,) in
Wudangshan area. Yunxi group (Pt,.;,) in
Ankang area and Bikou group (Pt,.,) in
Miarilue area"’. The Upper Proterozoic Sube-
rathem (Pt;) is called Yaolinhe group (Pts,)
in Wudangshan area. From bottom to top,
Pty.s, consists of Loutai formation (Pt2+3w}),

Dangyu formation (Pt2+3w¢) and Yangpin for-
mation (Pt2+3w}). Pt2+3w} is mainly composed
of metamorphic quartz-keratophyic-tuff, meta-
tuffaceous feldspathic quartz and meta-arkose
sandstone. The lower Pt2+3w! is composed of
metamorphic basic volcanic rocks, and the
upper Pt2+3w¢ is a series of rocks from the
metamorphic quartz-keratophyre-crystall tuff
Pt2+3w} is a set of minus metamorphic rocks
that enrich S, P, and C. Pt,,, is mainly com-
posed of metamorphic quartz-keratophyrebre-
ccia, tuff and fragment tuff which show obvi-
ous characters of cyclic eruption.Pt,, s, is mai-

nly of maf diale-felsic vol

canic rocks and normal sedimentary rocks. Pt

1/Chinese manuscript received March 8, 1992; Transtated by He. Xuefeng
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mainly consists of mafic volcanic rocks which
contain moraine-conglomerate and splite in
Wudangshan area, and of a series of Na-bear-
ing basic lava which contain breccia and tuff in
Ankang area.

In the region, magma activity was very st-
rong so that a system of sea facies volcanic se-
dimentary rocks was formed by the magma er-
uptions during Pt,,; Era. From Jinninian to
Yanshanian, magma intrusion movements br-
ought up a series of instrusion bodies from
selsicmafic to ultramafic rocks, especially in
Caledonian.

Regional tectonic grain are very complex.
The major fault control the magmatic activi-
ties and metallizations in the region, which
have NE, NW or near EW trends.

The metamorphic grades of Pt,,; in the
region are very low, they only get to green sc-
hist facies.

The regional mineral resources are very
plentiful. There are many deposits of Hg, Sb.
Fe, Cu, Co, Ni and non-metalliferrous ores
have been found in the region besides Au—Ag

deposits. According to the combi of

Ag deposits could be classified into four types
(Table 1).

2 ASSESSMENTS OF Pt,,; FOR Au-Ag
BEARING ABILITY

Table 1 shows the obvious differences of
the Au—Ag deposits in Pt,.;. In order to find
out the differences of metallogenetic types and
mineralize intensity in different areas, and sys-
tematic appraise for field and lab of the stra-
tum, the author has analysed and counted the
abundances of Au—Ag geometrical average X,
arithmetic averages X, in different strata of
Pt,,; and X,/ X,. Based on the field and lab
work, the ratios of accessible Au—Ag (ab-
sorptive Au—Ag, Au—Ag in sulfides and or-
ganic matters) in various strata as well as the
ratio have been deduced. while the element
combinations with Au—Ag in various stratum
have also been given by statistical analysis
(Table 2). The Au—quartz vein type deposits
have not been studied further more in this pa-
per because of their lower research extents.

From table 2 some conclusions could be

deduced: (1) Abund

of Au—Ag in various

metallogenetic elements and minerals. the Au—

strata are lower than the Clark values (Li, To-

Table 1 Types and characteristics of Au-Ag deposits in Pt,.,

Type Au-Ag—Pb—Zn Au-Ag-Te Au—quartz vein Au-Ag-Pb—Zn—Ba

Host rock Plaiw} Pl P,

Occurrence vein, lens layeroi veinet layer, layeroid,

vein, lens vein, lens

Ore silver, electrum hessite, silver, gold, pyrite, barite, electrum,

minerals kostelite, galena Kostelite, specularite, kostelite, galena
sphalerite, acanthite  jalpaite, chalcopyrite salenite, sphalerite
pyrite proustite pyrite

Gangue quartz, sericite quartz, ollite, quartz, quartz, sericite,

minerals ‘muscovite tremolite, sericite, albite, actinolite
ankerite muscovite. epidote calcite, chlorite
chlorite chlorite chlorite

Elements Au,Ag.Pb,Zn,Cu  Au, Ag Te(Pb, Au Au, Ag, Pb,

combination (As, Sb. Bi. Mo, Cd)  Zn, Cu. Sb, Mo) Ba (Cu, As)

Ag/ Au (strata) 50 45 >10 55~65

Ag/ Au (ore) 100 58 >10 12~52

Scale large middle, small small middle

Example Yindonggou Xujapo Baiyangou Donggouba
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ng et al, 1990). Pt2+3w} and the upper Pt2+3wd,
in which there are higher abundances, higher
ratios of accessible Au—Ag, lower X/ Xy
(2) The felsic volcanic rocks of Pt,.., are
thought to be favorable strata for Au—Ag
mineraliza- tion because of their higher abun-
dances and accessible ‘ratios of accessible
Au— Ag, lower X,/ X,, compared with the
mafic volcanic rocks of Pty (3) Pty in
Ankang area is similar to the strata such as
Pt2+3wy and the upper Pt2+3wi, so that they
should be paid more attention in the future.

As i above, the h ru-

les of assessment for Au—Ag bearing ability of
favorable strata could be summed up as: high-
er abundances and accessible ratios of Au—Ag,
lower X,/ X,and especial element combina-

tions'"’.

3 METALLOGENETIC PHYSICO-CHE-
MICAL CONDITION OF Au-Ag DEPO-
SITS IN Pt,,,

In order to learn the metallogenetic physi-
co-chemical conditions of various Au—Ag de-
posits, the author has done the research work

stable isotopic geochemistry and thermodyna-
mic computation. Based on fetched analytic

values, therm

1274 the metallo-

and reaction equations etc.
genetic physico-chemical conditions of three
types of Au—Ag deposits excepted Baiyangou
Au—quartz vein type deposit have been given
(Table 3).

The wide variable ranges of metallogene-
tic temperatures is thought due to the multi-
stage mineralization of various deposits in Ta-
ble 3. The main mineralization temperatures
vary in a range of 160~ 270 T, the salinities
generally vary in a range of 4.0~ 8.0 (wt—=%
NaCl), except the one of the early minera-
lization of Au—Ag—Pb—Zn type deposit (9.3~
12.1 wt=% NaCl). The pH values of minera-
lization fluids have not a wide variable range
compared to the neutral pH value (pH,), they
vary in a range of pHn—1~ pHn+1 and have a
trend from acid to base varied with time .
The sulfur fugacities vary in a very close range
as well as the oxygen fugacities, but the oxygen
fugacity of Au—Ag—Pb— Zn—Ba type deposit
is a little higher because of the appearance of

of fluid inclusi hemistry, logy, sulfate minerals (e. g. barite). Although the
Table2 Abundance of Au-Ag (ppb), X, / X,, ratio of accessible Au-Ag and element combination with Au-Ag in various stratum
Area Wudangshan Ankang Mianluc
Stratum T 2 3 4 5 3 7 8 9
X, (Au) 084 105 117 073 0.59 108 095 0.80 0385
X, (Au) 073 0.76 076 052 0.54 090 081 0.70 0.80
N 59 7 65 46 33 68 77 29 19
X,/ X,(Aw) 087 072 0.6 071 092 083 0385 0388 091
X, (Ag) 10 47 53 26 7 <10 <10 50 29
X, (Ag) 7 40 34 24 & @D+ + (49) 40 26
N 9 58 68 73 68-490  40-200 29 12
X, /X, (Ap)  / 0385 0.64 0.92 / (32) ®) 0.80 0.90
Accessible ratio low high high low low high low high low
Elements Au.Sb  AuAgF Au Ag / Au, Ba, Ag, As AuNi  AuCu
combination Sb, Hg, Bi Ag Cu Zn, Ag crp Li, Al
Cu,5i0, B CrAsV, Pb Mg Ca,sr

*+ 1=Pt, 2=Pt2eau}, 3=upper P2t

9=Pt,,5, (mafic volcanic rock); * * Numbers of samples

=lower Ptaewd, 5=Ptasiwj, 6=Pty,, 7=Pt,,,, 8=Pu,,, (felsic volcanic rock).
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Table 3 The parameter of metallogeneticly physico—chemical condition of Au-Ag deposits in Pt
Au-Ag-Pb—Zn Au-Ag-Te Au-Ag-Pb—Zn—Ba
290~ 330 220~320 124~312
150~320 135~230 98~325
116~206
160~ 380 175~290 176~263
20~150 50~70 50~ 100
Salinity / wi-%Nacl  9.3~12.1 49~8.1 42~66
Density / g - em™ 0.85~0.98 0.85~0.94
pH' " pHn* 1 pHn+ 1 4.7~6.0
fo,/ Pa 1075~107% 107%~ 107 10720~ 1072
fs,/ Pa 107°~107"° 10748~ 19710
Mg*, Na*, K", Ca*, Na', LK*, Mg
Composition HCO;, HS™(5™), CI", HCO3, HS ™, SO,
CI, F,C0,.C, CH, €0, CO, CH,
* T, — Temperature (C ) of=decrepitation method: T, — Temp. of homogenization method: Ty — Temp. of isotopic

geothermometer: T, — Temp. of metallogenetic Y condition and under correction pressure.

under metallogenetic temperatures
compositions of anions are almost similar to
each other in metallogenetic fluids of various
deposits. The composition of cations are very
different. so the correspondent alterations ex-
cept silicification are also different. The major
alteration of Au—Ag—Pb—Zn type, Au—Ag—
Te type, and Au—Ag—Pb—Zn—Ba type are re-
spectively ankeritization, talcization, baritiza-
tion and pyritization. Using deduced physico-
chemical conditions of matallogenetic fluids
and thermodynamic parameters””**'"), the au-
thor has calculated the solubilities of thio-Au
(Ag) coordinate compounds and chloride-Au
(Ag) di pound
matallogenetic fluids of various Au—Ag depos-

pectively in the

its. The calculated results show that the solu-
bilities of thio—Au(Ag) complexes are about
10° times higher than those of choride—Au
(Ag) complexes: therefore, the thio—Au(Ag)
complexes have much stronger transport abili-
ty than chloride—Au(Ag) complexes in the ma-
tallogenetic fluids of three major Au—Ag de-
posits in the area. In addition, Au—Ag could
be transported as other Au—Ag coordinate
compounds, in which CO,. HCO;. HSO;.

* * neutral pH value of water

HTe', Te*,
dinate anions.

probably play the role of coor-

4 STABLE ISOTOPIC GEOCHEMISTRY
STUDY OF Au-Ag DEPOSITS IN Pt,.;

The stable isotopie compositions have be-
en studied by the author so as to bring forward
metallogenetic mechanism of three major types
of the Au—Ag deposits in Pt,,; .

Fig. 1 shows with the compositions of sul-
fur isotope of various deposits including Au—
Ag—Pb—Zn type, Au—Ag—Te type and Au—
Ag—Pb—Zn—Ba type. As a whole, the 5*'S%;
(CDT) values of different sulfide minerals of
Au—Ag—Pb—Zn type deposit vary in a close
range of 4~ 6. With the help of the 6** S val-
ues of galena and sphalerite, the ri"SZ s value
of metallogenetic fluid is caught out as 2.5%,
by using the high-temperature balanced extra-
polation (Pinckney, O. M. 1972), which dem-
onstrate the characteristics of mantle source
sulfur. The variable range of §*$%. (CDT)
values of different sulfide minerals of Au—Ag—
Te type deposit is similar to the one of Au—
Ag—Pb—Zn type deposit. Because two types of



Vol2 N3

Geochemistry study of Au—Ag Deposits <15

Au—Ag deposit are located in the same meta-
llogenetic belt and have close mineral assem-
blage, the EJ‘SZS of them ought to be similar
to each other. The Au—Ag—Pb—Zn—Ba type
deposit is different to them. Its 5%, (CDT)
value of pyrite varies in a range of 5.3~ 10.5
and the one of barite varies in a range of 16.9
~20.3. According to the isotope fractionation
mechanism'”™, 6”325 is higher than the 6*'S
of pyrite and lower than the one of barite
when the two minerals are coexisting. Based
on above, the §*'Syg has been estimated at
12—15%», which was perhaps a mixture of vol-
canic reduction sulfur (enrich **S) and marine
facies sulfate-sulfur (enrich *'S) . From the

Sy, We can find the sulfar to have multi-
source and to drift away the compositon of
mantle sulfur.

——Pyrite ( 11)
——Sphalcrite ( 16)
—_ galena ( 19)

Yingdongou

Pyiite (5) Ly
-~ Chalcopyrite (2))” Xuiapo

- galena (2)
~Sphalerite (2)

== Pyrite! (5} }

Donggoube

Barite (3)—

0 4 8 g2 T
54 S%s (com

Fig. 1 Composition of Sulfur Isotope of

Different Types of Au—Ag Deposits
References; 1— this papers 2— Liu Chonggiang (1984); 3—
Chendu College of Geology ef al (1987); 4— Mineral Re-
sources and Geologic Survey of North-westen Hubei provi-

nce.The number of samples are in the parentheses.

The 6"°C%, (PBD) value of enkerite of
Au—Ag—Pb—Zn type deposit varies in a range
of —1.11~ —2.86. Based on the metallogenetic
physico-chemical conditions, the isotopic com-
position of carbon (.s”c):c) in the metalloge-
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Fig. 2 Plots of *Pb / *Pb VS *®Pb / *Pb vs and *"Pb
/Pb VS *Pb / *Pb (simplified from (19])

+—Yindonggon; O—Xujiapo; /A\—Donggonba

References of the Fig. are the same as Fig.1

netic fluid is estimated at —2~ 7%, which
shows the characteristics of the primary car-
bon.

The isotopic compositions of lead of Au—
Ag—Pb—Zn type deposit and Au—Ag—Te type
deposit scatter between the two evolutional
curves of oroganic zone and lower earth cru-
st'” on 2*Pb / 2Pb~ *Pb / ™Pb plot (Fig.
2), and scatter between the two ones of mantle
and orogenic zone on *’Pb/Pb~ *Pb
/*"Pb plot (Fig. 2), which demonstrate that
the 11 luding pb, Au,
Ag, Ba) probably of Au—Ag— Pb—Zn—Ba type
deposit fall down between the evolutional cur-
ves of lower crust on “*Pb/?Pb~ **Pb
/2™ Pb plot, and distribute over the upper
evolutional curves on *Pb/**Pb~ **Pb
/" Pb plot which is a little higher in this

ic materials (i

kind of deposit, and also demonstrates that the
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metallogenetic materials cheifly came from
bi-sources of the mantle and marine simulta-
neous Sediments.

occan water
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Fig.3 Plot of 5180 vs.0D

References of the Fig. are the same as Fig. |

The studies of the hydrogen and oxygen
isotopic compositions of metallogenetic fluid
show that 6'*01,0 of Au~Ag-Pb—Zn type de-
posit varies in a range of =3~ 7%, and éD va-
ries in a range of —40~ —80%o, which take on
the double property of magmatic water and
metamorphic water; In view of the shifting
5'%0OH,0 and the stationary 3D, there could be
a few meteoric water joining in it (Fig. 3). 6D
of Au—Ag—Te type deposit varies in range of
=55
of

—12%, and 5'*OH,0 of it varies in a range
5%o. Their compositions fall down be-

tween the two domains of metamorphic water
and meteoric water on Fig. 3, which demon-
strate that the metallogenetic fluid could be
derived from sugenetic formation water and
meteoric water by metamorphy. Since the wall
rock of Xujiapo deposit is a serious of negative
metamophic rock, the metallogenetic fluid
shows more obvious characteristics of meteo-
ric water. The variable ranges of 6'*Om,0 and
D of Au—Ag—Pb—Zn—Ba type deposit are
very wide, the major variable range of 5'*On,0
is —4~ +8%, and the one of §"*Om,0 is —20~
—100%o which shows the multi-sources charac-
teristics of metallogenetic fluid. The water in

the fluid were mixed with magmatic water,
meteoric water, ocean water and metamor-
phic water, most of the fluid came from
magmatic water and ocean water which is
in line with the geologic fact that this type
deposits are found in the marine facies vol-
canic rocks.

5 CONCLUSION

From the information and discussion
mentioned above, the results could be con-
cluded as: (1) The Au—Ag deposits of Au—
Ag—Pb—Zn type and Au—Ag—Te type were
mainly found in the strata of the upper
Pt2+3w! and Pt2+3wj in Wudangshan area
(e. g. Yindongou ), which are thought to
belong to metamorphic low-to-moderate-
temperature hydrothermal deposits. The
deposit of Au—Ag—Pb—Zn—Ba type (e. g.
Donggouba) is thought to belong to meta-
morphosed volcanic syngenetic sedimenta-
ry depositi (2) The upper Pt2+3wd, Pt2+3w}
and felsic volcanic rocks of Pt,,y, are re-
garded as favorable strata for Au—Ag

mineralization because of their high abun- .

dances of Au—Ag, high ration of accessible
Au—Ag, lower Xg/Xa of Au—Ag, and
special elements combination with Au—Ag.
(3) Au and Ag mainly are transported as
Au(HS); and Ag(HS); in
genetic fluid; (4) The compositions of sta-

the metallo-

ble isotope show the metallogenetic mate-
rials of Au—Ag—Pb—Zn type and Au—Ag—
Te type deposits were mainly derived from
the deep socerce, meanwhile the metallo-
genetic materials of Au—Ag—Pb—Zn—Ba
type deposit probably came from the man-
tle and marine sediments.

(To be continued on page 29)
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