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1 Introduction
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Abstract: The world-class Huize Pb-Zn deposits of Yunnan province, in southwestern China, located in
the center of the Sichuan-Yunnan-Guizhou Pb-Zn polymetallic metallogenic province, has Pb+Zn
reserves of more than 5 million tons at Pb+Zn grade of higher than 25% and contains abundant
associated metals, such as Ag, Ge, Cd, and Ga. The deposits are hosted in the Lower Carboniferous
carbonate strata and the Permian Emeishan basalts which distributed in the northern and
southwestern parts of the orefield. Calcite is the only gangue mineral in the primary ores of the deposits
and can be classified into three types, namely lumpy, patch and vein calcites in accordance with their
occurrence. There is not intercalated contact between calcite and ore minerals and among the three
types of calcite, indicating that they are the same ore-forming age with different stages and its forming
sequence is from lumpy to patch to vein calcites.

This paper presents the rare earth element (REE) and C-O isotopic compositions of calcites in the
Huize Pb-Zn deposits. From lumpy to patch to vein calcites, REE contents decrease as LREE/
HREE ratios increase. The chondrite-normalized REE patterns of the three types of calcites are
characterized by LREE-rich shaped, in which the lumpy calcite shows (La)y < (Ce)y < (Pr)y = (Nd)n
with Ew/Eu” < 1, the patch calcite has (La)y < (Ce)y < (Pr)y = (Nd)y with EwEu" > 1, and the vein calcite
displays (La)y > (Ce)y > (Pr)y > (Nd)y with EwEu" > 1. The REE geochemistry of the three types of
calcite is different from those of the strata of various age and Permian Emeishan basalt exposed in the
orefield. The 6" Cppg and 6" Ogyow values of the three types of calcites vary from —3.5%o to —2.1%c and
16.7%¢ to 18.6%c, respectively, falling within a small field between primary mantle and marine
carbonate in the 6 Cppg vs 6'3Ogmow diagram.

Various lines of evidence demonstrate that the three types of calcites in the deposits are produced
from the same source with different stages. The ore-forming fluids of the deposits resulted from crustal
-mantle mixing processes, in which the mantle-derived fluid components might be formed from
degassing of mantle or/and magmatism of the Permian Emeishan basalts, and the crustal fluid was
mainly provided by carbonate strata in the orefield. The ore-forming fluids in the deposits were
homogenized before mineralization, and the ore-forming environment varied from relatively reducing
to oxidizing.
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and Lin,

1999). Most of these ore deposits

In SW China, more than 400 Pb-Zn ore deposits or
mineralizations comprise the well-known Sichuan-Yunnan-
Guizhou Pb-Zn polymetallic metallogenic province (Liu
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mineralizations are spatially associated with Permian
Emeishan basalts aged ¢.26() Ma (Boven et al., 2002; Lo et
al., 2002; Zhou et al., 2002; Ali et al., 2004; Fan et al.,
2008) and are controlled by fault zones (Fig. 1). The
relationship between Emeishan basalts and Pb-Zn
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Fig. 1. Tectonic map of the the Sichuan-Yunnan-Guizhou Pb-
Zn polymetallic metallogenic province and distribution of
part of the large-middle Zn-Pb deposits (taken from Han et

al., 2007; brief revising).

Major NS-trending tectonic zones: (A) the Xichang-Yimen fault zone, (B)
the Xiaojiang fault zone, (C) the Zhaotong-Qujing fault zone. Major NW-
trending tectonic zone: (D) the Weining-Shuicheng fault zone. Major NE-
trending tectonic zones: (E) the Xundian-Xuanwei fault zone, (F) the
Dongchuan-Zhenxiong fault zone, (G) the Huize-Yiliang fault zone, (H)
the Ludian-Yanjin fault zone, (I) the Yongshan-Suijiang fault zone.

mineralization in this district was examined by numerous
works (Zhang et al., 1988; Liu and Lin, 1999; Huang et al.,
2001, 2004a,b; Hu et al., 2005). The world-class Huize Pb-
Zn deposit, Yunnan Province, located in the center of the
Sichuan- Yunnan-Guizhou Pb-Zn polymetallic
metallogenic province (Fig. 1), has Pb+Zn reserves of more
than 5 million tons at a Pb+Zn grade of higher than 25%,
and contains abundant associated metals, such as Ag, Ge,
Cd, and Ga. The geology of these deposits (Zhou et al,,
2001; Han et al., 2007), ore-controlling structures (Han et al,
2000, 2007), ore-forming ages (Huang et al., 2001; Li et al.,
2007a), and the source of the ore-forming metals and fluids
(Liu and Lin,1999; Zhou et al., 2001; Han et al., 2004; Li et
al., 2006) have been investigated widely. However, there is
still a matter of debate about the source of ore-forming
metals and ore-forming fluids of these deposits (Liu and
Lin, 1999; Zhou et al., 2001; Huang et al., 2004a; Han et al.,
2004; Li et al., 2006).

Calcite is a common gangue mineral in many deposits

and has been used for constraint the source and evolution of
ore-forming fluids (Zheng and Chen, 2003). Because the
0"”Crpg and 6'*Ogmow values of many mantle-derived
carbonatites are outside the range of the 5" Cppg (from
—4%o0 to —8%¢) and 6'*Osmow values (from 6% to 10%) for
primary mantle (PM) (Taylor et al., 1967; Demény et al.,
1998), the use of C-0O isotopes to constrain the source and
evolution of ore-forming fluids often enable various
explanations. In the last two decades, rare earth element
(REE) geochemistry of hydrothermal minerals, especially
Ca-minerals, such as fluorite, calcite, apatite and scheelite
have been used to trace the origin of ore deposits
(Lottermoser, 1992 and references therein: Subias and
Fernandez-Nieto, 1995; Whitney and Olmsted, 1998;
Hecht et al., 1999; Ghaderi et al., 1999; Brugger et al.,
2000; Monecke et al., 2000; Bau et al., 2003; Bihn et al.,
2003; Alvin et al., 2004; Schwinn and Markl, 2005; Li et al.,
2007a; Huang et al., 2007). Calcite is the only gangue
mineral in the primary ores from the Huize Pb-Zn deposits.
Han et al. (2000) and Li et al. (2007a) suggested that REE
in the primary ores from these deposits are mostly hosted in
gangue calcite. Therefore, study on the REE geochemistry
of calcite can provide important information about the
source and evolution of ore-forming fluids.

Based on REE and C-O isotopic compositions of calcite
from the Huize Pb-Zn deposits, in combination with other
geological and geochemical data, the source and evolution
of ore-forming fluids, and the relationship between
Emeishan basalts and Pb-Zn mineralization are discussed
in this paper.

2 Geologic Setting

The Huize Pb-Zn deposits are located in the intersection
of the NE-trending secondary fault zone of the Xiaojiang
fault zone, the NS-trending Zhaotong-Qujing fault zone
and the NW-trending Weining-Shuicheng tectonic zone
(Fig. 1). The surface geology and a representative section
of the stratigraphy are shown in Figs 2 and Fig. 3,
respectively. The deposits are hosted in the Lower
Carboniferous carbonate strata (Baizuo Formation; Fig. 3)
and fault-controlled. The structures are mainly the north-
east fault including Kuangshanchang, Qilinchang,
Yinchangpo and Niulanjiang faults (Fig. 2). These faults
are characterized by multi-episodic activities and are
related to the Pb-Zn mineralization (Han et al., 2000,
2007). The Permian Emeishan basalts, whose age is ¢.260
Ma (Boven et al., 2002; Lo et al., 2002; Zhou et al., 2002;
Ali et al., 2004; Fan et al., 2008) are exposed in the
northern and southwestern parts of the orefield (Fig. 2).

The Huize Pb-Zn deposits are composed of the
Kuangshanchang and Qilinchang ore deposit (Fig. 2).
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Fig. 2. Geological map of the Huize Pb-Zn deposits (modified from

Zhou et al. (2001) and Han et al. (2007) described the
geological setting and characteristics of the deposits. In
recent years, four primary orebodies whose Pb+Zn
reserves vary from 0.5 million tons to 1 million tons were
found in the depths of these deposits. Orebody No. 6, No.
8 and No. 10 are in depth of Qilinchang, the outcrop level
of which is 1631 m, 1571 m and 1471 m, respectively, and
orebody no. 1 is in depth of Kuangshanchang the outcrop
level of which is 1751 m. With the exception of weak
oxidation of parts of orebody no. 1, the four orebodies are
similar in mineral associations and contain galena,
sphalerite and pyrite as ore minerals, and calcite as gangue
The characteristics of the deposits
summarized as follows. (1) The carbonate strata of various
ages are exposed in the orefield (Fig. 2 and Fig. 3), but
only the Lower Carboniferous Baizuo Formation is the
ore-hosting stratum. (2) The distinct boundaries between
ore bodies and host rocks (Fig. 4a, b, ¢), and the wall-rock
alteration  of  dolomitization,  pyritization  and
limonitization were observed (Fig. 4d). (3) The Pb+Zn
grade in orebodies is extremely high, such as the average

mineral. are

Han et al., 2007)

Pb+Zn grade of orebody no. 6, no. 8, no. 10 and no. 1 can
reach up to 34.6%, 25.8%, 33.5% and 32.6%, respectively,
and orebodies contain an abundance of accompanying
elements, including Ag, Ge, Cd, and Ga. (4) From the
bottom to the top of the primary orebody, the mineral
assemblages exhibit differentiation from coarse pyrite +
ferrous sphalerite + calcite to sphalerite + galena + pyrite
+ calcite to fine pyrite + calcite.

Calcite is the only gangue mineral in the primary ores
from the Huize Pb-Zn deposits and can be classified into
three types, namely lumpy, patch and vein calcites in
accordance with their occurrence (Fig. 5a). The lumpy
calcite is irregular in shape, usually more than 10 cm x 10
cm X 10 cm in size, with sharp boundaries with the ore
minerals (Fig. 5b). The patch calcite is evenly scattered
within the ore minerals, mostly less than 5 cm X 5 cm X
5 cm in size, showing no distinct boundaries with the ore
minerals (Fig. 5b). The vein calcite occurs as veins
penetrating the ore minerals, generally less than 2 c¢m in
width and within the range of 5 cm to 20 cm in length,
showing distinct boundaries with the ore minerals (Fig.
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Grey cryptocrystal limestone and oolitic limestone, the
| top is grey-brown siltstone and purple mudstone,
disconformable contact with the below strata.

The above is grey cryptocrystal limestone and yellow- |
white mid-crystai dolomite, the middle is mid-thick

bedded powdered crytsal siliceous dolomite, the

below is light-grey mid-thick fine-mid crystalline

dolomite mix up light-grey pelitic dolomite, dis-

conformable contact with the below strata.

The interbedg of Iiéh@low sandstdne or siltstone and
green, grey-black argillutite. disconformable contact
with the below strata.

Black argifl(lt}ie mipr 7ye110w sandy mudstonc:
disconformable contact with the below strata.

Grey-white siliceous dolomite, fault contact with the
below strata.

|

The Liangshan Formation and Haikou Formation do not outcrop in Fig.2.

Fig. 3. Histogram of the strata of the Huize Pb-Zn deposits

5d). As for their respective quantities, the three types of
calcites follow the descending order of lumpy calcite>
patch calcite> vein calcite. On the basis of the contact
relations with the ore minerals, in combination with
minerographical observations (Huang et al., 2004b), three
types of calcites are the same ore-forming age but at
different stages and its forming sequence is from lumpy to

patch to vein calcites.

3 Sample Preparation and Analytical
Methods

Three types of calcites were collected from orebodies
no. 1, no. 6, no. 8 and no. 10 of the Huize Pb-Zn deposits.
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Fig. 4.Contact relationship between orebody and host rock of the Huize Pb-Zn deposits.

(a), (b) and (c) Photographs showing the distinctive boundary in orebody no.6, displaying the distinctive boundary between the orebody
and the wall-rock (the Lower Carboniferous Baizuo Formation). (d) Photograph of the drilling core from Orebody no.8 showing simple
dolomitization and limonitization between the orebody and the wall-rock (the Lower Carboniferous Baizuo Formation).

Fig. 5. Photographs showing the gangue calcite in primary ores from the Huize Pb-Zn depsoits.

(a) The distribution of the ore mineral (black, is mainly comprised of galena, sphalerite and pyrite) and gangue mineral (LC, lumpy
calcite; PC, patch calcite; VC, vein calcite) in orebody no. 6; (b) the lumpy calcite in primary ores from orebody no. 10: (c) the patch
calcite in primary ores from orebody no. 6, and (d) the vein calcite in primary ores from orebody no. 1.
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Selected calcite grains were analyzed for major elements,
REE contents and C-O isotopic compositions. For
comparison, the ore-hosting stratum (the Baizuo
Formation) and drusy calcite of carbonate strata in the
orefield were measured for major elements, REE contents
and C-O isotopes. REE contents of the strata of various
age and the Emeishan basalts in the orefield were also
determined.

Because calcite is the only gangue mineral in the
primary ores from the Giant Huize Pb-Zn deposits,
samples of lumpy, patch and vein calcites were easy to
select. Lumpy calcite was directly sampled from the
primary orebodies. After being lightly crushed, pure
calcite was picked out. The methods of selecting patch and
vein were the same. The specimens of the patch and vein
calcite were crushed to 40-60 mesh in grain size, and
then calcite was separated from ores using heavy liquid.
After being washed in alcohol and dried, the patch or vein
calcites were picked out under a binocular microscope.
The selected samples of lumpy, patch and vein calcites
were cleaned in distilled water and dried again, and
finally, ground to less than 200 mesh in grain size for
analysis.

Major elements of whole-rock samples were determined
by wet chemical methods at the Institute of Geochemistry,
the Chinese Academy of Sciences. REE contents were
analyzed in solution by inductively coupled plasma mass
spectrometry (ICP-MS) at the Institute of Geochemistry,
the Chinese Academy of Sciences. The analytical
procedure was conducted by Qi et al. (2000). Fifty
milligrams of whole-rock powder were dissolved in a
Teflon bomb using 1 mL HF and 0.5 mL HNO;. The
sealed bomb was placed in an electric oven and heated to
190°C for 12 h. One milliliter of 1 u g mL™' Rh was added
to the cooled solution as the internal standard and the
solution was then evaporated. One milliliter of HNO; was
added, evaporated to dryness and followed by a second
addition of HNOj; and evaporation to dryness. The final
residue was re-dissolved in 8 mL HNO;. The bomb was
sealed and heated in an electric oven at 110°C for 3 h. The
final solution was diluted to 100 mL by the addition of
distilled de-tonized water for ICP-MS analysis. The
analytical precision is better than 10%.

The C-O isotopes were analyzed at the Isotopic
Laboratory of the Institute of Mineral Resources, Chinese
Academy of Geological Sciences. The analytical method
was the 100% phosphorate method (McCrea, 1950). After
the release of CO, by the reaction between calcite and
phosphoric acid at 25°C, the 5Cppp and §'%0ppg values of
calcite was directly measured from CO, by MAT-251 EM,
with an analytical precision of +0.2%c. The formula of

Friedman and OWNeil (1977), 6"®0gmow=1.03086

6"%0ppp+30.86, was used to transform 6'%0ppg  into
18
J""Osmow-

4 Results

The major elements, REE contents and C-O isotopes of
the three types of calcites as well as the Baizuo Formation
and drusy calcite in carbonate strata are listed in Table 1
and Table 2, respectively. Table 3 presents the statistical
results of REE contents of calcite, strata of various ages
and the Emeishan basalts in the orefield.

4.1 Major Elements

There is no significant difference in SiO,, AlLQ;, CaO,
Na,O and CO; contents of lumpy, patch and vein calcites in
the deposits with the exception of Sample Cal-3 and Cal-5,
which have higher Fe,0;, FeO, MnO and MgO and lower
Na,O than those of the other samples (Table 1). Fe,O3, FeO,
MnO and MgO contents in the lumpy, patch and vein
calcites are higher than those of drusy calcite in carbonate
strata, and the CaO/(Fe,03;+FeO+MnO+MgO+Ca0) ratios
of the former (from 94.55% to 97.63%) are lower than
those of the latter (from 98.98% to 99.13%). Fig. 6 shows
that lumpy, patch and vein calcites fall within the field
relatively near (Fe,03;+FeO+MnQ) end and drusy calcite
near CaO end .

Rare earth elements From Tables 1 and 3, some
differences of REE geochemical features among the three
types of calcites in the Huize deposits were observed.
From lumpy to patch to vein calcites, the REE (including
Y) contents decreased from 31.90-357.14 pg/g to 22.60-
106.67 pg/g to 23.70-36.24 pg/g, as LREE/HREE ratios
increase (from 3.73-17.91 to 8.22-24.95 to 30.71-40.70).
The chondrite-normalized REE patterns of the three types
of calcites are LREE-rich shaped, in which the lumpy
calcite shows (La)y < (Ce)x < (Pr)y = (Nd)y with Eu/Eu” <
1 (0.33-0.96), the patch calcite is characterized by (La)y <
(Ce)n < (Pr)x = (Nd)y with Eu/Eu” > 1 (1.1-2.04), and the
vein calcite displays (La)y > (Ce)x > (Pr)y > (Nd)y with
EuwEu" > 1 (1.73-2.53) (Fig. 7). Their (La/Sm)y, (La/Pr)y,
(Gd/Yb)n, and (La/Yb)y have obvious differences among
the three types of calcites (Table 1 and Table 3).

The REE geochemistry of the three types of calcite in
the deposits is different from that of drusy calcite of
carbonate strata. REE contents of the former are much
higher than that of the latter (Table 1). With the exception
of Sample HZQ-35 (XREE is 9.74 ug/g), XREE of drusy
calcite is less than 3 pg/g. Because the contents of most of
the REEs in drusy calcite are below the detection limit,
their chondrite-normalized REE patterns are irregular
(diagram omitted) and the Eu/Eu” and Ce/Ce” values have
a wide range (from 0.74 to 3.71 and 0.61 to 1.18§,
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Table 2 The C and O isotope of calcite and Baizuo Formation
from the Huize giant Pb-Zn deposits

Sample no. | Orebody |Mineral | Occurrence 8"Cops |6 Osmow
HZ-911-3 Calcite Patch =22 17.5
HZ-911-10 No.1 Calcite Lumpy -3.4 18.4
HZ911-15 Calcite Lumpy =3.5 18.6
HZQ-25 Calcite Lumpy =25 17.5
HZQ-40 Calcite Patch -2.6 17.7
HZQ-47 Calcite Lumpy -3.1 17.5
HZQ-55 No.6 Calcite Vein =27 17.7
HZQ-66 Calcite Lumpy =34 18.1
HZQ-70 Calcite Patch -3.3 18.1
HZQ-77 Calcite Vein -2.8 17.8
HZQ-85 Calcite Patch =27 17.3
HZQ-90 Calcite Patch =27 17.2
HZQ-96 Calcite Lumpy =21 175
HQ-10-7 Calcite Lumpy -29 17.0
HQ-10-12 Calcite Lumpy ~3.2 18.5
HQ-10-18 No.10 Calcite Lumpy =23 16.8
HQ-10-25 Calcite Patch =3.0 179
HQ-10-5 Calcite Vein ~2.8 17.2
HQ-8-115 Calcite Lumpy =2.2 17.0
HQ-8-143 No.8 Calcite Lumpy =27 17.6
HQ-8-98 Vein -3.0 17.8
HZQ-35 Drusy calcite of carbonate strata 0.50 22.1
HZK-33 Drusy calcite of carbonate strata 1.1 235
HZQ-74 -0.80 22.6
HZ-2053-29 | Baizuo Fnl Whole 0.35 232
HZS-40 rock 0.74 2238
HZ-X-3 -0.24 23.1

3 0smow = 1.03086 8"*Opp + 30.86 (Friedman and O'Neil, 1977).

respectively).

Rare earth element contents of calcites (especially
lumpy calcite) in these deposits are significantly higher
than those of the carbonate strata of various ages, but
lower than those of non-carbonate strata of various ages
and Emeishan basalts in the orefield (Table 3). The
chondrite-normalized REE patterns of the carbonate strata
and non-carbonate strata show (La)y > (Ce)y > (Pr)y >

CaO
100

50
0 Av4 0 94
0 50 100 4 5 6
MgO FeO+Fe,0,+MnO FeO+Fe,0,+MnO

Fig. 6.Ca0-MgO-(Fe,03+FeO+MnO) diagram of calcites

in the Huize Pb-Zn deposits.
o, lumpy calcite; 0, patch calcite; %, vein calcite; ®, drusy calcite.

(Nd)y with Ew/Eu'<l, whereas Emeishan basalts display
(La)x > (Ce)n > (Pr)y > (Nd)n with EwEu" = 1 (Fig. 8).

4.2 C-O isotope

The C and O isotopic compositions of calcites in the
Huize deposits are relatively constant and their 6"Cppg and
68 0smow values vary from —3.5%o to —2.1%¢ and 16.8% to
18.6%¢, respectively (Table 2). Moreover, the C and O
isotopic compositions of lumpy, patch and vein calcites do
not exhibit obvious differences (Table 2). In the diagram of
B Cppp vs 5" Osmow, all of the calcites plot within a small
field between the primary mantle and marine carbonate
(Fig. 9).

Calcites of the ores have different C and O isotopic
compositions from those of drusy calcite in carbonate
strata and the Baizuo Formation in the orefield. The
8" Cppp and 6'805M0W values of drusy calcites vary from
+0.50%0 to +1.1%0 and 22.1%0 to 23.5%c and the Baizuo
Formation vary from —0.80%¢ to +0.74 %¢ and 22.6%c to
23.2%e¢, respectively. In Fig. 9, both drusy calcite and the
Baizuo Formation are plotted within the field of marine
carbonate.

5 Discussion

5.1 Genetic relationship among the three types of
calcite

Minerographical observation (Huang et al, 2004b)
shows that three types of calcites in the Huize Pb-Zn
deposits are the same ore-forming age with different
stages and its forming sequence is from lumpy to patch to
vein calcites. The major elements of the three types of
calcites from the Huize Pb-Zn deposits have no obvious
differences, with the exception of Sample Cal-3 and Cal-5
(Table 1 and Fig. 6). In the Tb/Ca vs Tb/La diagram, all
samples of calcites plot within the hydrothermal field (Fig.
10). The three types of calcites are similar in C and O
isotopic compositions (Table 2, Fig. 9). All of these
features indicate that they formed from the same source.
As shown in Fig. 11, the three types of calcites from the
deposits are distributed horizontally in the Y/Ho vs La/Ho
diagram, according to Bau and Dulski (1995), indicating
that they formed from the same source.

Although there are some differences in REE
geochemistry of the three types of calcites from the
deposits, the ranges of XREE, LREE/HREE, (La/Yb)y,
(La/Sm)y, and (Gd/Yb)y values of the different type of
calcites partially overlap (Table 3). In Fig. 12, there are
positive correlations between the Sm/Nd ratios and £REE,
Y contents and Tb/La ratios but negative correlations
between the Sm/Nd ratios and LREE/HREE ratios. Those
features can also be seen in the same type of calcites (Fig.
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12). It demonstrates that the REE
geochemistry of the three types of calcites
has a tendency of continuous variations and
confirms that they are products of different
evolution stages of ore-forming fluids. The
content of REE of lumpy calcites (early
stage) are higher than those of vein calcites
(late stage) (Table 1 and 3). This feature is
consistent with the findings of Moller et al.
(1984) and Davies et al. (1998) that REE
contents of the early crystalline calcite
from the carbonate system are relatively
higher than those of late calcite.

In addition, the major elements, REE
geochemistry and C-O isotopic compositions
of the drusy calcite in carbonate strata in the
orefield are different from those of gangue
calcites. In Fig. 10, the gangue calcite is
plotted relatively close to the pegmatitic
field, but drusy calcite is near the
sedimentary field. In Fig. 11, drusy calcite is
distributed outside the field of the gangue
calcite, which is distributed horizontally. All
of these features show that gangue calcite
and drusy calcite in the orefield have
different sources.

5.2 Source of ore-forming fluids

There is still much controversy on the
source of ore-forming fluids of the Huize Pb-
Zn deposits (Liu and Lin, 1999; Zhou et al.,
2001; Han et al., 2004; Li et al., 2006). Liu
and Lin (1999) and Han et al. (2004) reported
that the dDjyo and 6'*Omo values of fluid
inclusions in gangue calcite from these
deposits vary from —-75%c¢ to —44%o and
6.44%0 to 10.1%c, respectively, which are
mainly within the respective ranges of the
Do (from —90%o to —50%c) and 6"*Omo
(from 6%o0 to 10%c) for magmatic waters,
suggesting that the H>O in the ore-forming
fluids are derived predominately from
magmas or mantle. Li et al. (2006) reported
that the 6>*S values of 46 samples of galena,
sphalerite and pyrite in these deposits ranged
between 13%c¢ and 17%o, which are close to
those of sulfate (from 14%o to 18%0) from the
carbonate strata with different ages in the
orefield (Liu and Lin, 1999), suggesting that
the S in the ore-forming fluids mainly came
from the sulfate-bearing carbonate strata in
the orefield. REE geochemistry and C-O

(La/Yb)n
2.67-131.63

Ce/Ce" (La/Sm)n (La/Pr)n (Gd/Yb)n

1.08-1.25

Fu/Eu”
0.33-0.96
0.62

LREE/HREE
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0
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1.00
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1.90-2.15
2.02
0.94-2.38

1.81-2.12
1.97
1.55-2.03

4.11-4.63
4.37

1.13
0.67-1.82

0.68-0.68
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0.32-0.78
0.54
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1.82-6.63
5

13.96
3.05-8.97
474
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6.22-11.07

1.54
1.52-2.33
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1.21-2.28

3.07

1.95-3.48
2.30-5.10
3

1.06

1.02-1.15

0.39-0.71
0.56

8.59
7.63-13.28

1.87
2.10-2.26

1.82
1.64-2.14

1.07
0.39-0.66
0.52

0.43-0.76
0.60

6.74-7.51
7.06

5.15-6.26
5.70

1.99

1.03-3.86
2.93-4.03
3.48

1447

6.92-28.98
15.07-25.21

19.87
23.11-39.48

9.31-40.51

10.46
7.66
5.17-7.49

2.18

1.89
1.68
1.78-3.88

3.134.69
91

0.60-0.67
0.64

20.14

31.30~
05.75
0.94-1.90

1.07
0.35-1.26

0.41

0.84-1.32
I

8.08
2.62-4.99
4.15

5.90

0.11-0.22

51.21
0.57-0.79
0.65

6.36
3.83-8.44

0.98
1.51-2.46

0.71-1.15

2.62
1.28-1.43

2.23-12.06
7.40

0.76
0.99-1.04

12
0.86-0.95
90

0.17

22.36-36.14
29.50

1.55
149.01-325.88

6.66

2.13

1.367

o

2.04-2.54
2

1.03

6.10

4.39-7.21

98.10-250.61
183.53

247.38

Name

Table 3 The statistic results of rare earth element (REE) of calcites, strata and Emeishan basalts in the Huize giant Pb-Zn deposits (ug/g)

Range
Average

Range
Average

Range
Average

Range
Average

Range
Average

)

)
Range
Average

Range
Average

Range
Average

Range
Average

Range
Average

)

Range
Average

Range
Average

Lumpy calcite (18)

Patch calcite (7)

Vein calcite (3)

Drusy calcite (4)**

Dengying Formation (3)

Qongzhisi Formation

Haikou Formation

Zaige Formation (4)

Datang Formation (2)

Baizuo Formation (6)

Weining Formation (3)

Maping Formation (2)

Liangshan Formation

Qixia-Maokou Formation (3)

Emeishan Basalts (9)

** The REE contents of drusy calcite of carbonate strata are for reference only, the figure in brackets is number of samples.
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10

T

T

Calcites/Chondrite

Lumpy calcites

Pacth calcites

Vein calcites

Fig. 7. The chondrite-normalized rare earth element (REE) patterns of calcites in the Huize Pb-Zn deposits.
Only displaying the range (shaded area) and average (dotted-line). The chondrite value of REE is taken from

LaCePrNd SmEuGdTbDyHoErTmYbLu

Boynton (1984).

LaCePrNd SmEuGdTbDyHoErTmYbLu

LaCePrNd SmEuGdTb DyHoErTmYbLu

10°

100

Samples/Chondrite

{

10"
10°

Samples/Chondrite

10"
10°

Samples/Chondrite

Dengying Formation (3)

Zaige Formation (4)

Datang Formation (2)

Baizuo Formation (6)

Weining Formation (3)

Maping Formation (2)

Qixia-Maokou Formation (3)

S e b ket )

illl |

—&— Qongzhusi Formation
—F3— Haikou Formation

—A— Liangshan Formation

Emeishan basalts (9)

10"

LaCePr SmEuGd YbLu

LaCePr SmEuGd Yb Lu

LaCePr Sm EuGd YbLu

Fig. 8. The chondrite-normalized rare earth element (REE) patterns of strata and Emeishan basalts in the
Huize Pb-Zn deposits. The shaded area is a range and the dot-line is an average value. The figure in brackets
is the number of samples. The chondrite value of REE is taken from Boynton (1984).
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Fig. 9. 8"Cppp vs 6™ Osmow diagram of calcite in the Huize Pb-Zn

deposits.

o, gangue calcite; ®, drusy calcite: A, the Lower Carboniferous Baizuo Formation.
Trend A is sedimentary contamination or high temperature fractionation (Demény et
al., 1998) and Trend B is degassing of magma and /or magmatic fluids (Demény and

Tb/La (atom ratio)

Fig. 10. Tb/Ca vs Tb/La diagram of calcite in the
Huize Pb-Zn deposits. The primary diagram is taken
from Méller et al. (1976).

Haragi, 1996). The dotted rectangle is the range of the 5" Cppp and 8" 0gumow values
of calculating results by simple binary mixing estimation for the primary mantle

(PM) and Baizuo Formation in the orefield. In the processes of calculating, the 1000
average of 3'*Cppp and 8"*Ospow value of Baizuo Formation take 0.01%c and 22.9%..
respectively (this paper) and those of the PM take —6.7%c and 8%, respectively
(Demény et al., 1998). The proportion of the Baizuo Formation and PM take from

50% to 70% and 50% to 30%, respectively.

isotopes reported in this paper suggest that the ore-forming
fluids of these deposits are crustal-mantle mixing fluids, as
the main evidence is shown as follows:

(1) REE evidence

Because calcite is the main mineral hosting for REE in
the Huize Pb-Zn deposits (Han et al., 2000; Li et al., 2007b),
its REE geochemistry can represent that of ore-forming
fluids. As stated above, since the three types of calcites
formed from the same source with different stages, the
early ore-forming fluids, which can be represented by
lumpy calcite, should be relatively REE-rich.

Rare earth element contents of calcites (especially of
early lumpy calcite) in the deposits are significantly higher
than those of the carbonate strata of various ages (Table 3).
Michard (1989) indicated that relatively REE-rich fluids
would not be the product of leaching of the carbonate strata.
This conclusion can be supported by REE contents of the
drusy calcite in carbonate strata in the orefield, which can
be considered as the product of leaching of the carbonate
strata, are relatively low (Table 1).Therefore, it is
impossible that the ore-forming fluids were provided
completely by carbonate strata of various ages in the
orefield, since a relatively REE-rich source is required for
the ore-forming fluids.

Although REE contents of calcites in the deposits are

O Lumpy calcite
® Pacth calcite

A Vein calcite

The strata of various uge

2100 + Drusy calcite
=
- O E’. AL
& °
Emeishan basalts
10 L L
1 10 100 1000

La/Ho

Fig. 11. Y/Ho vs La/Ho diagram of calcite in the Huize
Pb-Zn deposits

relatively lower than those of non-carbonate strata of
various ages and Emeishan basalts, their chondrite-
normalized REE patterns are different from those of the
two latter (Figs 7 and 8), and the (La/Yb)y values are much
higher than those of the two latter (Table 3). The
experimental results from Ohr et al. ( 1994) showed that the
leachates of argillaceous sediments, which are similar to the
non-carbonate strata in this area, have low REE contents
(ZREE< 5 pglg generally) and (La/Yb)y values (~2).
Therefore, it is impossible that the ore-forming fluids in
these deposits were provided completely by the non-
carbonate strata and Emeishan basalts. The results also
show that relatively REE-rich fluids must be involved in
the ore-forming fluids.

Geological and experimental data confirmed that fluids
derived from mantle degassing and magmatic degassing are
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relatively enriched in REE, especially in LREE 1000 100
(Schrauder et al., 1996; Coltorti et al., 2000; Liu — A A
. . i £ O
et al., 2004). The ore-forming fluids of the Huize g o O o Az
Pb-Zn deposits may have had a mixture of =2 A QA 0 E " %p%
mantle-derived fluids. However, the (La/Pr)y 3“5 100 0 %:t] = E—_—]
values of the calcites in the deposits are R\ AL |5 O
relatively lower than those of the mantle fluids T A 0OA \
a 1 L

(Schrauder et al., 1996; Coltorti et al., 2000; Liu 10

et al.,, 2004). This feature demonstrates that

100.0 1.000
other kinds of fluids with relatively low (La/Pr)y 0 E]
values were involved in the ore-forming fluids.
The experimental result of Méller et al. (1984) = '%1 o D%j@jﬂ = _ovoor ﬁ o
and Ohr et al. (1994) showed that the leachates & A A =
of carbonate and argillaceous sediments, which > 10(4 A Tootop A
are similar to the carbonate strata and non- A A A
carbonate strata in the orefield, have low REE ol ‘ ] . ¢ 001 . . ) d
contents (XREE< 5 pg/g) and (La/Pr)y values (< 0.10 0.15 020 025 030 0.10 0.15 020 025 030
Sn/Nd Sm/Nd

1). Therefore, we suggest that these fluids with
relatively low (La/Pr)y values may be the
product of leaching of strata of various ages in
this area.

(2) C-0O isotopic evidence

The C and O isotopic compositions are important for
discriminating mantle fluids from crustal fluids. However,
abundant analytical data showed that the 513CPDB and
8"®0smow values of mantle-derived carbonatites are
outside the range of the 8"*Cppp (from —8%o to —4%o) and
3" Osmow values (from 6%o to 10%0) for PM (Taylor et al.,
1967; Demény et al., 1998). Previous investigations have
proposed sedimentary contamination or high temperature
fractionation of primary carbonatite with the the 8 Cppg
and 6" Osymow values of PM to explain the origin of
carbonatites with Trend A in Fig. 9 (Pineau et al., 1973;
Reid and Cooper, 1992; Pearce and Leng, 1996;
Horstmann and Verwoerd, 1997; Demény et al., 1998;
Andrade et al., 1999; Ray and Ramesh, 1999; Zhang et al.,
2009).

In Fig. 9, the C and O isotopic compositions of calcite
in the Huize Pb-Zn deposits plot within a small field
between PM and marine carbonate (or the Baizuo
Formation in the orefield), which can be reasonably
explained by the sedimentary contamination or high
temperature  fractionation of PM. Because the
homogenization temperature of fluid inclusions in gangue
calcite in the deposits is relatively low (mostly less than
250°C, Han et al, 2004), the high temperature
fractionation of primary carbonatite can be excluded.
Thus, the C and O isotopic compositions of the calcite
may result from of the Baizuo Formation in the orefield
contaminated with PM. In Fig. 9, most of the sample plot
within the dotted rectangle, with the range of 5‘3CPDB and

Fig. 12. Sm/Nd vs Zrare earth element (EREE) (A), LREE/HREE (B), Y (C)
and Tb/La (D) diagram of calcite in the Huize Pb-Zn deposits.

o, lumpy calcite; A, patch calcite; A, vein calcite.

5"®0spmow values calculated by simple binary mixing
estimation for PM and the Baizuo Formation in the
orefield (the calculating processes is shown in the note of
Fig. 9 ). It also confirms that they may be the result of the
Baizuo Formation contaminated with PM. That is to say,
fluids involved in the mineralization of the Huize Pb-Zn
deposits are crustal-mantle mixing fluids.

5.3 The relationship between Emeishan basalts and Pb-
Zn mineralization

Because abundant carbonate strata outcrop in the
orefield (Figs. 2 and 3), it is possible that the strata
provide the crustal compositions for ore-forming fluids.
As involvement of the mantle compositions in ore-forming
fluids of the Huize Pb-Zn deposits, is it related to the
Permian Emeishan basalts magmatism?

The only igneous rocks in the orefield are Permian
Emeishan basalts (Fig. 2). There is still controversy on the
ore-forming age of the Huize Pb-Zn deposits (including
the  Sichuan-Yunnan-Guizhou Pb-Zn  polymetallic
metallogenic province) (Zhang et al., 1988; Liu and Lin,
1999; huang et al., 2001, 2004a, b; Zhou et al., 2001).
Based on the statistical results of the age of ore-hosting
strata of the Sichuan-Yunnan-Guizhou Pb-Zn polymetallic
metallogenic province, Huang et al. (2001) suggested that
the ore-forming age of this area is close to the formation
age of the Permian Emeishan basalts. Li et al. (2007b)
reported that the Sm-Nd age of gangue calcite from
orebodies no. 6 and no. 1 in the Huize Pb-Zn deposits is
225+9.9 Ma and 228+16 Ma, respectively. Although these
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ages are less than the formation age of the Permian
Emeishan basalts (c.260 Ma; Boven et al., 2002; Lo et al.,
2002; Zhou et al., 2002; Ali et al., 2004; Fan et al., 2008),
lots of investigations showed that it is a general
phenomenon of the existence of the time difference
between magmatism and mineralization, and the
maximum can reach up to 60 Ma (Halliday, 1980; Snee
et al, 1988; Chesley et al., 1991; Leach et al., 2001). Thus,
the ore-forming age of the deposits provide evidence for
the involvement of mantle-derived fluids, which are
related to Permian Emeishan basalts magmatism.

Previous investigations have shown that the Emeishan
basalts are the product of mantle plume activity (Chung
and Jahn, 1995; Chung et al., 1998; Song et al., 2001; Xu
et al., 2001, 2004; Ali et al., 2005). Liu et al. (2004) listed
geological evidence to indicate that the fluids, which
formed from the degassing that accompanied the
magmatism of the mantle plume, were involved in the
mineralization. Demény and Harangi (1996) suggest that
the carbonatites with Trend B in Fig. 9 are the product of
degassing of magma and/or magmatic fluids. In Fig. 9, the
C and O isotopes of the calcites in the deposits also exhibit
the feature of Trend B (i.e. negative correlation between
the 6"'Cppg and "*Ogyow values), indicating that calcite
was influenced by degassing of magma and/or magmatic
fluids. Therefore, we propose that the fluids that formed
from the degassing of magma and/or magmatic fluids that
accompanied the Permian Emeishan basalts magmatism
were involved in the mineralization of the Huize Pb-Zn
deposits (including the Sichuan-Yunnan- Guizhou Pb-Zn
polymetallic metallogenic province).

5.4 The evolution of ore-forming fluids

The REE features of calcites in the Huize Pb-Zn
deposits have recorded information about the processes of
evolution of the ore-forming fluid. From lumpy to patch to
vein calcites, corresponding to the mineralization from
early to late, REE variation features are described as
follows: (1) REE contents tend to decrease steadily; (2)
ratios of Sm/Nd and Tb/La show a tendency of regular
variations; and (3) Euw/Eu" values tend to rise
progressively. For the REE contents of ore-forming fluids
decreasing steadily, it implies that almost no more
relatively REE-rich fluids were involved in mineralization
in this area. Regular variations of Sm/Nd and Tb/La seem
to be related to the variation of calcite lattice and the
physicochemical properties of the ore-forming fluids, that
is, dependence on partitioning coefficient of REE between
calcite and COs,-bearing fluid Eu is usually present in the
form of Eu™, but under relatively reducing conditions,
part of Eu will be converted to Eu** and then separated
from the other REEs (Brookins, 1989; Barbin et al., 1996;

Zhang et al., 2008). As the Eu/Eu  values of calcite
crystallized under relatively reducing conditions are lower
than those of calcite formed under relatively oxidizing
conditions, it can be deduced that the ore-forming
environment in the deposits once experienced a changing
process from relatively reducing to oxidizing.

From lumpy to patch to vein calcites, although there
exists the variation of REE geochemistry, the C and O
isotopic compositions have no obvious difference. This
feature shows that almost no more crust or mantle fluids
were involved in the evolution of ore-forming fluids in the
processes of mineralization. That is to say, the ore-forming
fluids in these deposits were homogenized before
mineralization. This conclusion was supported by the
following evidence.

(1) Li et al. (2006) reported that the S isotopic
compositions of the ore mineral (such as galena, sphalerite
and pyrite) from various orebodies in the Huize deposits
have no obvious differences, and have ()‘3“15,“tc {(from
14.92% to 16.42%c; 17 samples) > 0*Synuerie (from
13.36% to 16.02%¢; 21 samples) > O‘”ngcml (from 11.25%
to 14.49%0; 8 samples). These features show that the S in
the ore-forming fluids had been homogenized and
equilibrated before mineralization.

(2) From Zhou et al. (2001), Han et al. (2007) and our
unpublished data, the Pb isotopic compositions of ore
mineral (such as galena, sphalerite and pyrite) from
various orebodies in the deposits have also no obvious
difference, and  their  “Pb/™Pb,  *"Pb/™Pb,
2%pb/™Pb  range from 18.461 to 18.514, 15.664 to
15.754, and 38.729 to 39.009, respectively. It suggests that
the Pb isotope in the ore-forming fluids had been
homogenized before mineralization.

(3) The geological characteristics of the deposits, such
as the different primary orebody composed by galena,
sphalerite, pyrite, and calcite, the presence of distinct
boundaries between orebody and wall rock, and simple
whole-rock alteration represented by dolomitization and
pyritization, also demonstrate that the deposits are the
product of single-event mineralization of the
homogeneous ore-forming fluids.

6 Conclusions

Calcite, which formed throughout the mineralization
processes, is the only gangue mineral in the primary ores of
the world-class Huize Pb-Zn deposits and can be classified
into three types, namely lumpy, patch and vein calcites in
accordance with their Minerographical
observation shows that three types of calcites are the same
ore-forming age with different stages, and its forming
sequence is from lumpy to patch to vein calcites. Although

occurrence.
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there are some differences in REE geochemistry among
three types of gangue calcite, the REE geochemistries of
the different (or the same) type of calcites show a tendency
of continuous variation. The different types of gangue
calcites are similar in the C and O isotopic compositions,
suggesting that the three types of calcites are the product
from the same source but at different evolution stage of ore
-forming fluids.

Rare earth element contents of calcites (especially of
early lumpy calcite) are significantly higher than those of
the carbonate strata of various ages, and lower than those of
the non-carbonate strata of various ages and the Permian
Emeishan basalts in the orefield. The C and O isotopic
compositions of the three types of calcites plot within a
small field between primary mantle (PM) and marine
carbonate. We consider here that the ore-forming fluids of
these deposits are crustal-mantle mixing fluids, in which
the mantle fluid component might be formed from
degassing of mantle or mantle-derived magma
accompanying magmatism of Permian Emeishan basalt,
and crustal fluids were mainly provided by carbonate strata
in the orefield.

From lumpy to patch to vein calcites, REE contents tend
to decrease with increasing Euw/Eu*, indicating that the REE
contents of ore-forming fluids tend to decrease in the
processes of mineralization and the ore-forming
environment varied from relatively reducing to oxidizing.
In addition, thinking of similar mineral associations in
these deposits, and contact relations between orebody and
wall rock, and development of alteration in whole rocks,
and no obvious differences in C-O isotopes of calcites, and
S, Pb isotopes in ore minerals, all of these evidences
declare that the ore-forming fluids of the deposits were
homogenized before mineralization.
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