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Abstract By studying both the microscopic physical and
chemical typomorphic characteristics of typical mineral
pyrite samples associated with representative gold deposits
on the north-central margin of the North China Platform,
this paper seeks to identify macroscopic metallogenic
mechanisms of gold deposits and to reveal the formation
mechanism of lattice gold in pyrite. Typomorphic charac-
teristics of pyrite reveal that pyrite grain size has a negative
correlation with gold content. Cubic pyrite, as the dominant
crystal form, contains more gold than pentagonal dodeca-
hedral pyrite. Both pyrite crystal forms and chemical
compositions indicate that the replacement style of gold
deposit formed in a low saturability, low sulfur fugacity,
and at temperatures either much higher or much lower than
its best forming temperature; comparatively, that of the
quartz vein style of gold deposit occurred under conditions
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with the best temperature, rich in sulfur, and with high
sulfur fugacity. The Au/Ag ratios of the pyrites show that
both the replacement and quartz vein styles of deposits are
mesothermal and hypothermal, while the Co/Ni ratios of
the pyrites indicate that the quartz vein style is of mag-
matic-hydrothermal origin. The X-ray diffraction intensity
of pyrite rich in gold is lower than that of pyrite poor in
gold at the quartz vein style. In general, with an increase in
gold content in pyrite, the total sum intensity XI decreases.
The pyroelectricity coefficient has a negative correlation
trend with the values of (Co + Ni + Se + Te)-As and
(Co + Ni + Se + Te)/As. The pyrite pyroelectricity of
the replacement style is N-type, indicating that it formed
under low sulfur fugacity, while that of the quartz vein
style is a mixture of P-N types, indicating that it formed
under high sulfur fugacity. On the pyroelectricity-
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temperature diagram, pyrite of the replacement style is
mainly distributed between 200 and 270 °C, while that of
the quartz vein style varies between 90-118 and
274-386 °C, demonstrating a multistage forming process.
In contrast to previous researchers’ conclusions, the
authors confirm the existence of lattice gold in pyrites
through the use of an electron paramagnetic resonance
(EPR) test. Au in the form of Au™, entering pyrite as an
isomorph and producing electron—hole centers, makes the
centers produce spin resonance absorption and results in
EPR absorption peak II. The intensity of auriferous pyrite
absorption peak II has certain direct positive correlations
with pyrite gold content. The #I and #III absorption peaks
of pyrites possibly result from the existence of Ni*™ and/or
Cu®". ¥y, v», and y; are the strongest and most typical
absorption peaks of the infrared spectra of the pyrites.
Generally, with the increase in gold content in the pyrite
samples, Y1, V2, and y3 tend to shift to higher wavenumbers,
and the gold content in the pyrite samples has a positive
correlation with their relative absorbance.

Keywords Unit cell parameter - Pyroelectricity - Electron
paramagnetic resonance - Infrared spectrum - Pyrite - Gold
deposit

1 Introduction

As is typically commonplace, gold can occur in nature as
free gold and/or as various alloys by forming a complete
series of solid solutions with other metals including silver,
platinum metals, and so on (Jones and Fleischer 1969).
Generally, native gold occurs in hard rock minerals via
four forms including lattice gold in other minerals mainly
including pyrite and quartz (Dang 1991; Hu 1993; Yin and
Shi 1995; Liu 1997; Yin et al. 2021). Very limited research
has been done on lattice gold in other minerals, although
numerous studies have been done on free gold occurring as
inclusions, in fractures, and between crystals of other
minerals (Dang 1991; Hu 1993; Yin and Shi 1995; Wang
and Chen 1996; Liu 1997; Yin et al. 2021).

The authors of this paper confirm that there is lattice
gold available in pyrite, the most common gold-bearing
mineral in almost all of the gold deposits in the world.
Meanwhile, we seek to reveal the mechanisms of gold
mineralization in detail by studying both the physical and
chemical characteristics of pyrite from representative gold
deposits on the North China platform.

By observing and studying the microscopic world
through the dominant gold-bearing mineral pyrite, the
subject of this paper, which was collected from the repre-
sentative gold deposits in the study area, the authors try to
reveal the metallogenic gold ore-forming process. To some
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extent, the study of this article will help with gold mineral
prospection, evaluation, and gold mineralization studies of
related deposits. More importantly, this study will possibly
provide a solid basis for metallurgical technology of gold
ores with lattice gold and thus improve the metallurgical
recovery of this kind of gold ore worldwide.

2 Regional geology

Northwestern Hebei Province, the study area of this paper,
is located in the convergent part between the Inner Mon-
golian axis and the Yanshan folding zone of the North
China platform. Most of the over 100 lode gold deposits in
the region are located within a triangular area among the
Xuanhua, Checheng, and Chongli towns and are thus called
a gold triangle with an area of 1500 km? (Fig. 1, Yin and
Shi 1995; Yin et al. 2021).

According to the previous researchers (Zhang 1984;
Song et al. 1994; Xu et al. 2014; Chao et al. 2022a, b;
Wang et al. 2022), strata within the study area are com-
posed of the following tectostratigraphic units, namely, the
Archean Sanggan Group metamorphic basement consisting
of dark-colored granulite, plagioclase hornblende gneiss,
and migmatite, which are also the major host rocks of both
the replacement and quartz vein styles of gold deposits; the
Middle Proterozoic Changcheng Group marine facies of
sedimentary cover; the Mesozoic continental facies of
volcanic-sedimentary rocks; and the Cenozoic sedimentary
overburden (Fig. 1).

Generally, the Archean metamorphic basement men-
tioned above experienced three phases of folding and
formed the EW hinge synclinorium, the overturned NNW-
NWW hinge synclinorium, and the NW-NWW hinge
synclinorium respectively, while the well-developed faults
include EW-, NW- and NE-striking faults. Of these, the
EW-striking Chongli-Checheng giant fault plays an
important role in the formation of gold deposits. Igneous
rocks including ultrabasic, basic, intermediate, acidic, and
alkali intrusive rocks, are well developed and mainly
formed in the following tectonomagmatic cycles: the
Archean gneissic granite, diorite and hornblende diop-
sidite; the Early Proterozoic peridotite, pyrolite and dunite;
various granites, alkaline complex intrusive rocks and
ultrabasic rocks of the Hercynian orogeny; and the wide-
spread distributed granite of the Mesozoic Yanshan oro-
geny. Numerous different kinds of dikes are well
developed in the area (Song et al. 1994; Yin and Shi 1995;
Xu et al. 2014; Yin et al. 2021; Chao et al. 2022b).

There exist three gold mineralization styles in the
region, namely, quartz vein style, replacement style, and
alkali complex intrusion-related style. The replacement
style of gold mineralization is a mineralization type formed
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Fig. 1 Simplified geological map of the gold deposits in the study area (after Yin et al. 1995, 2021a). 1. Quaternary sediments; 2. Tuff
conglomerate, sandstone and breccia of the Upper Jurassic system; 3. Sandstone, siltstone and dolomite of the Proterozoic Changcheng system; 4.
Metamorphic granulite of the Late Archean Hongqiyingzi Group; 5. Metamorphic granulite of the Aijiagou Formation of the Archean Sanggan
Group; 6. Gneiss of the Shuidizhuang Formation of the Archean Sanggan Group; 7. Metamorphic granulite of the Jiagouhe Formation of the
Archean Sanggan Group; 8. Granite of the Yanshan orogeny; 9. Amphibolite monzonite of the Hercynian orogeny; 10. Pyroxene amphibolite
monzonite of the Hercynian orogeny; 11. Quartz monzonite of the Hercynian orogeny; 12. Amphibolite adamellite of the Hercynian orogeny; 13.
Syenite of the Hercynian orogeny; 14. Pyroxenite of the Hercynian orogeny; 15. The Proterozoic granite-gneiss; 16. The Archean granite-gneiss;
17. The Archean metamorphic mica quartz diorite; 18. Marginal migmatization zone of the monzonite; 19. Fault and/or fault zone; 20. Small to

large size gold deposits; 21. Town and/or village

by gold-bearing pyrite and/or quartz replacing carbonate
minerals in the country rocks (Roberts 1986; Percival et al.
1990; Sillitoe and Bonham 1990; Adams and Putnam III
1992; Garwin et al. 1995; Arehart 1996; Barton et al. 1997,
Lobato and Vieira 1998; Poulsen et al. 2000; Kingston
2009; Ravenelle 2013; Sillitoe 2020; Valette et al. 2020;
Azzaman et al. 2021). The ore consists mainly of potas-
sium feldspar, magnetite, specularite, quartz, pyrite,
galena, chalcopyrite, bornite, native gold, electrum, tetra-
hedrite, calaverite, ankerite, calcite, barite, hematite, and
malachite (Wang 1986; Zheng 1990; Gao 1991; Yin and
Zhai 1994; Yin and Shi 1995; Yin et al. 2021; Chao et al.
2022b).

3 Mine geology
3.1 Xiaoyingpan gold mine
The Xiaoyingpan gold deposit is a mixed gold mineral-

ization type dominated by replacement style and supple-
mented by quartz vein mineralization style. The ore body is

generally 2.0-5.0 m thick, with a maximum thickness of
21.0 m. Individual ore bodies mainly appear in layer-like,
lentils, and lenticular shapes. The main mineral assemblage
includes native gold, electrum, calaverite, argentite, pyrite,
chalcopyrite, galena, carinthite, specularite, malachite,
limonite, hematite, quartz, calcite, potassium feldspar,
chlorite, and sericite, etc. Ore texture and structure include
disseminated, massive, semi-massive, replacement remnant
and pseudomorphic, euhedral-heteromorphic granular,
fragmented structure, etc.

The formation of the Xiaoyingpan gold deposit was the
result of the multi-stage paragenetic process and has gone
through the following paragenetic stages, namely (from
early to late): Potassium feldspar-quartz compound vein
stage (KF-Q;)-Milky white quartz vein stage (Q,)-Poly-
metallic sulfide-smoky quartz i.e., Replacement stage (R3)-
Carbonate mineral stage (C,)-Supergene stage (S5).
Among them, the third stage, that is, the replacement stage
(R3), is the most important mineralization stage, marking
the climax of the gold mineralization of the deposit (Yin
and Shi 1995).
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3.2 Zhangquanzhuang gold mine

As a sulfide-rich gold deposit, Zhangquanzhuang gold
deposit is a typical quartz vein style mineralization. The
ore body is generally 0.2-2.0 m thick and 10.0-2200.0 m
long. The main mineral assemblages include native gold,
electrum, pyrite, chalcopyrite, galena, ilmenite, quartz,
potassium feldspar, iron dolomite, calcite, chlorite, epidote,
sericite, etc. The ore structure and texture include vein,
stockwork, agglomerate, dissemination, euhedral-hetero-
morphic granular, replacement remnant and pseudomor-
phic, dissolution and fragmentation, etc.

The formation of Zhangquanzhuang gold deposit con-
sists of the following three metallogenic stages, namely
(from early to late): Milky white quartz vein stage (Q1)-
Smoky gray quartz-polymetallic sulfide stage (Q2), and
Carbonate mineral stage (C3). Among them, the second
stage, that is, the Smoky gray quartz-polymetallic sulfide
stage (Q2), is the most important paragenetic stage,
marking the climax of the gold mineralization of the
deposit (Yin and Shi 1995).

3.3 Dongping gold mine

The Dongping gold deposit is an alkali complex intrusion-
related style of gold mineralization discovered in the alkaline
complex in the 1980s. The ore is sulfide-poor and telluride-
rich type. The ore minerals of the Dongping gold deposit
include native gold, pyrite, chalcopyrite, galena, magnetite,
hematite, limonite, bornite, pyrrhotite, and telluride, etc. The
main mineral assemblage is pyrite-chalcopyrite-various
telluride-native gold-calaverite-hessite. Gangue minerals
are mainly potassium feldspar, plagioclase, quartz, calcite,
chlorite, epidote, zoisite, and sericite, with trace apatite,
sphene, zircon, and so on. The ore texture mainly includes
euhedral-semihedral crystal, metasomatic erosion, embed-
ded crystal, fragmentation, interstitial, etc. The ore structure
mainly includes patchy, mass, strip, veinlet, stockwork,
breccia, geode, comb, honeycomb, and so on.

The formation of the Dongping gold deposit was the
result of the multi-stage paragenetic process. Specifically,
the formation of the Dongping gold deposit has gone
through the following four paragenetic stages, namely
(from early to late): Milky white quartz (Q;)-potassium
feldspar (K;)-coarse-grained pyrite (cgPy) stage, Grey
white quartz (Q,)-brick-red potassium feldspar (K,) stage,
Potassium feldspar (Kj)-quartz (Qj)-polymetallic sulfide
stage, and Calcite-chert (Qg4)-barite stage. Among them, the
third stage, that is, the Potassium feldspar (K3)-quartz (Qs)-
polymetallic sulfide stage, is the most important parage-
netic stage, marking the climax of the gold mineralization
of the deposit (Yin and Shi 1995; Chao et al. 2022b).
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4 Analytical methodology

Pyrite is one of the most common auriferous minerals in
both the study area and any other gold deposits worldwide.
With the addition of gold, the characteristics of pyrite will
surely change. As a result, the mineralization mechanism
of lode gold deposits can be revealed by studying these
microscopic alterations. Most if not all of the pyrite sam-
ples, which formed in the dominant paragenetic stages as
mentioned above, were collected from proper locations of
the typical ore bodies of the selected representative large
gold deposits in the study area.

Gold was analyzed through standard fire assay proce-
dures. A weighed sample (30 g for FA430 and 50 g for
FA450) was mixed with fire assay fluxes (borax, soda ash,
silica, and litharge), and Ag was added for inquartation. The
mixture was placed in a crucible to produce a fluid slag at
1000 °C. The crucible was then removed from the assay
furnace, and the molten charge was carefully poured from the
crucible into a mold allowing the slag to separate, leaving a
lead button at its base. After cooling, the lead button was
placed in a preheated cupel, which absorbed the lead when
cupelled at 950 °C to recover the silver 4+ gold (doré bead).
Gold was then separated from the silver in the doré bead by
parting with nitric acid. The remaining precious metal beads
(gold) were weighed gravimetrically on a microbalance,
dissolved in acid, and analyzed by atomic absorption (AA)
spectrophotometry. During the fire assay, a commercial gold
standard was inserted as QA/QC.

Silver and other trace elements were determined by a
Thermo Scientific ICP Spectrometer—iCAP6000 after full
acid digestion. During the ICP analysis, an internal stan-
dard pyrite sample was used as a reference. Assays of the
standard and reference are reported in Table 2 along with
the sample assays.

Electron paramagnetic resonance (EPR) measurements of
the pyrites were performed at the EPR lab of the Department
of Physics, Peking University, China. The test conditions were
as follows: equipment used: BRUKER ER200D-SRC, tem-
perature: 295 K, microwave frequency: 9.744-9.779 GHz,
microwave power: 10 mW, scanned area: + 2500 G, scan-
ning time: 500 s, rated magnetic field: 5000 G, home position:
2500 G, modulation amplitude: 3.2 G.

5 Physical characteristics

Generally, pyrites of the three representative gold deposits,
namely, the Xiaoyingpan, Zhangquanzhuang, and Dong-
ping gold mines in the area, each formed in the following
three  mineralization stages and have different
characteristics:
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Pyrite of the early stage: coarse-grained (> 2 mm), per-
fect euhedral and/or subhedral crystal, disseminated in
quartz and/or potassium feldspar-quartz veins/veinlets; gold
content in this kind of pyrite is low and usually 1-17 g/t.

Pyrite of the middle stage: the dominant gold parage-
netic stage of the gold deposits, light yellow to yellowish
green, fine-medium grained (< 2 mm), allotriomorphic
crystal, in the form of pellets and/or fine veinlets occurring
in smoky quartz veins/veinlets; gold content in this kind of
pyrite is usually 59-257 g/t.

Pyrite of the late stage: formed in the ending mineral-
ization stage, namely, the carbonate stage of the gold
deposits, mainly fine-grained (< 1 mm) dissemination in
carbonate veins/veinlets with very low gold grade.

The general mineralogical characteristics of pyrites from
the early and middle paragenetic stages of the Xiaoyingpan
and Zhangquanzhuang gold mines, which are the subject of
this paper, are summarized in Table 1.

Pyrite’s crystal form reflects its forming conditions. For
example, the (100) pyrite crystal occurs in low saturability,
low sulfur fugacity, and at a temperature either much higher
or much lower than pyrite’s best forming temperature, while
(210) pyrite crystal forms in an environment rich in sulfur
and with high sulfur fugacity (Jin and Li 1985; Chen 1987).
According to Table 1, it can be preliminarily concluded that
pyrites from the Xiaoyingpan gold deposit formed in a low
saturability, low sulfur fugacity environment and at tem-
peratures either much higher or much lower than its best
forming temperature, while that of the Zhangquanzhuang
gold deposit occurred under conditions with the optimal
temperature, rich in sulfur and with high sulfur fugacity (Jin
and Li 1985; Chen 1987).

Pyrite grain size and gold content: Trace element anal-
ysis results of pyrites from both the Xiaoyingpan and
Zhangquanzhuang gold deposits in Table 2 indicate that the
grain size of pyrite has a negative correlation with its gold
content: coarse-grained euhedral pyrite has a lower gold
content than fine-grained subhedral and/or allotriomorphic
pyrite (Fig. 2).

Pyrite crystal form and gold content: Electron microprobe
measurements of pyrite show that cubic pyrite, as the dom-
inant crystal form in the study area, contains more gold than
pentagonal dodecahedron pyrite in the area (Table 3). This is
different from the conclusions published by other research-
ers (Dong 1989; Hu et al. 1990; Xiang 1991; Li 1992).

6 Chemical characteristics

6.1 Major element compositions

Theoretically, the S and Fe contents of pyrite are 53.45%
and 46.55%, respectively, and their standard mass ratio is

S/Fe = 1.148 (Jin and Li 1985; Chen 1987). According to
Table 3, the S/Fe ratio of pyrites from the Xiaoyingpan
gold deposit is close to but slightly higher than the standard
ratio, while that of most pyrites from the Zhangquanzhuang
gold deposit is higher than the theoretical ratio (Fig. 3),
showing a loss in Fe but a surplus in S, which is similar to
the conclusion that the Zhangquanzhuang gold deposit
occurred under conditions with the best conditions for the
formation of pyrites.

6.2 Trace compositions

Au and Ag contents in pyrite from both Xiaoyingpan
(Au = 1.11-5050 g/t and Ag = 4.4-750 g/t) and Zhang-
quanzhuang (Au = 5.22-3490 g/t and Ag = 41-1100 g/t)
deposits vary between a very wide range (Tables 2, 3),
reflecting that pyrites from these deposits formed in mul-
tistage metallogenic processes with nonuniform gold dis-
tributions. The average Au/Ag ratio of the Xiaoyingpan
deposit is 3.29 and that of Zhangquanzhuang is 5.07
(Table 3 and Figs. 3, 4). According to Shao (1990), the Au/
Ag ratio of pyrites from mesothermal and hypothermal
gold deposits is usually over 1.0. This means that both the
Xiaoyingpan and Zhangquanzhuang deposits are of
mesothermal and hypothermal origin.

Copper, Pb, and Zn contents in the pyrites are relatively
high in the area (Tables 2, 3, Fig. 5). This can be used as
one of the gold ore-hunting indicators.

The Co/Ni ratio in pyrites from Xiaoyingpan, Shui-
jingtun, and Hanjiggou, the replacement style of gold
deposits, is essentially below 1.0 (Tables 2, 3, Fig. 4); that
of Zhangquanzhuang and Jinjiagou, the quartz vein style of
gold deposits, is over 1.0; and that of Hougou, which is the
same style as the Dongping large deposit, the alkaline
complex intrusive rock-related style of gold deposits, is
below 1.0. The three styles of gold deposits represent three
gold metallogenic series in the area (Yin and Zhai 1994;
Yin et al. 2021). According to Jin and Li (1985), the Co/Ni
ratio in pyrites from magmatic-hydrothermal gold deposits
is over 1.0, while that of other styles of gold deposits is
below 1.0. As a result of this, the quartz vein style of gold
deposit in the study area would be of magmatic-hy-
drothermal origin, while both the replacement and alkaline
intrusive rock-related styles are not. Additionally, accord-
ing to Tables 2 and 3, the Co/Ni ratios in pyrite of all three
styles of gold deposits generally have a negative correla-
tion with gold content; Jin and Li (1985) thought that this
meant ore-forming materials were abyssal.

Se/Te and S/Se ratios in pyrites can provide genetic
information, and those of magmatic-hydrothermal gold
deposits are 9000-13000 and 5.0 (Chen 1987), respec-
tively. The Se/Te and S/Se ratios in pyrites from both the
Xiaoyingpan and Zhangquanzhuang gold deposits in
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Table 1 General characteristics of pyrites from representative gold mines

Characteristics of pyrite

Gold mine

Xiaoyingpan

Zhangquanzhuang

Paragenetic stage

The early stage

The late stage

The early stage

The late stage

Crystal form

Cube

Pentagonal dodecahedron
Other

Crystal size

Coarse grained > 5mm
cube 3-5mm
1-3mm
Fine-grained 0.1-1.0mm
cube
Pentagonal < 0.lmm
dodecahedron

Fractured degree
Coarse grained
Fine-grained
Style

Associated mineral

Secondary alteration

Gold-bearing potential
Coarse grained

Fine-grained

30%

5%
10%
10%
3-5%

< 1%

Very strong
Strong

Mainly dissemination with
some cg clot

Milky white Q, K-feldspar,
Cpy, Ga, native gold,
specularite and limonite

Strong limonite alteration
dissolution along fractures
and at margins of pyrite

Poor

Fair

60-70%
< 5%

< 1%
5%
10%
35%

20%

Strong
Medium

Dissemination, clot and
fine veinlet

Smoky Q, Ga, Spl, Cpy,
Bn, Tt, altaite, native
gold and electrum

Limonite alteration and
dissolution exist

Good
Very good

20%
< 5%

< 5%
5%
10%
5%

< 5%

Strong
Medium

Clot, fine veinlet
and Ds

Milky white to

grey Q, Ga,
Cpy and native
gold

Strong dissolution

Fair

Fair

55%
20%

< 1%
(octahedron + dodecahedron)

< 1%
< 5%
10%
35%

25%

Medium
Weak

Ds, clot and fine veinlet

Smoky Q, Ga, Spl, Cpy, Bn,
calcite, ankerite, native gold,
and electrum

Weak dissolution

Good
Very good

cg, Coarse grained; fg, Fine grained; Ds, Dissemination; K, Potassium; Q, Quartz; Cpy, Chalcopyrite; Ga, Galena; Spl, Sphalerite; Bn, Bornite;

Tt, Tetrahedrite

Table 3 are comparably lower (Fig. 3), indicating that both
have nothing to do with magmatic-hydrothermal solutions.
The Zhangquanzhuang style of gold deposit, is against the
conclusion drawn from the Co/Ni ratio mentioned above,
possibly meaning hydrothermal solutions of this style of
gold mineralization originated from multiple sources. On
the other hand, the S/Se ratios in Table 3 are below
9000-13000. Hu et al. (1990) published Se/Te and S/Se
ratios in pyrites from the Xiaoyingpan deposit at 0.04—6.5
and 20,000-52,000, which are far from the criteria men-
tioned above, meaning that the replacement style of gold
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deposits has nothing to do with the magmatic solution,
which is consistent with that of the Co/Ni ratio.

The As and Au contents in the pyrites tend to have a
positive correlation with each other (Tables 2, 3, Fig. 6).
Both previous researchers and the authors of this paper
observed the presence of trace arsenopyrite, bismuthinite
and stibnite under a microscope. Considering that the radii
of both As®>~ and [52]27 are very close to each other, it is
very possible that As enters pyrite by replacing S as an
isomorphous mixture. The As isomorphous mixture would
make the unit cell parameters larger and chemical bonds
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weaker. This would in turn make it easier for gold to enter
the lattice defects of the pyrite crystals and result in gold-
rich pyrites.

7 Unit cell parameters

The unit cell parameters of the pyrites are calculated and
listed in Table 4. X-ray diffraction was performed at the lab
of China University of Geosciences in Beijing. Compared
to its standard parameter o = 5.417 x 10~'° m (Jin and Li
1985; Chen 1987), the following can be seen:

Each o of the three coarse-grained pyrites from the
Xiaoyingpan gold deposit is smaller than the standard o,
and their average value (5.415 x 107'° m) is smaller than
that of the six fine-grained pyrites (5.4189 x 107'° m)
from the same deposit. This should be due to more As, Co,
Ni, Au, and Ag entering fine-grained pyrite than coarse-
grained pyrite.

Both the average oy (5.41895 x 107" m) and v,
(159.1275 x 107 m?) of pyrites from Zhangquanzhuang
deposit are  bigger than those  (respectively
%y = 5.41760 x 107° m and vy = 159.0080 x 107" m?)
of pyrite from Xiaoyingpan deposit, possibly meaning that
both the ore type (poor and rich sulfide ores) and metal-
logenic condition of the two styles of deposits are different
from each other to some degree.

The v, of pyrites from both representative deposits has a
generally positive correlation trend with the gold content of
pyrite samples (Fig. 7).

The average o (5.41989 x 107" m) and v
(159.2103 x 107 m?®) of the pentagonal dodecahedral
pyrites are greater than those of the cubic pyrites from the

@ Springer
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Zhangquanzhuang deposit, which are
ap = 5.41844 x 107" m and vy = 159.1091 x 107°° m°,
respectively. According to Chen (1987), this is because it is
easier for pentagonal dodecahedron pyrite to accept As
than for cubic pyrite, and pentagonal dodecahedron pyrite
forms at a higher As concentration than cubic pyrite.

It is worth saying that the X-ray diffraction intensity of
pyrite rich in gold is lower than that of pyrite poor in gold
from the Zhangquanzhuang deposit. In general, as gold
content increases in pyrite, the total sum intensity X/ de-
creases. Pyrites rich in gold usually contain higher Au, Ag,
Co, Ni, As, Se, and Te contents, which result in lattice
plane net defects when these trace elements enter pyrite,
and the defects in turn result in lattice defect scattering
when X-rays irradiate the plane net with defects and
decrease the X-ray intensity.

8 Pyroelectricity characteristics

The pyroelectricity characteristics of the pyrites are listed
in Table 5 and further summarized in Table 6 based on
Tables 2, 3 and 5. The pyroelectricity test was performed in
a lab at the China University of Geosciences in Beijing.

Based on Tables 5 and 6, it can be preliminarily con-
cluded that.

e The pyroelectricity coefficient a has a negative corre-
lation trend with the values of (Co 4+ Ni + Se + Te)—
As and (Co + Ni + Se + Te)/As in pyrites, except for
the # ZE790-19-01-2 sample in Table 6. Namely, when
values of (Co 4+ Ni 4+ Se + Te)-As and (Co + Ni +

Se + Te)/As increase, a decrease, and the conduction
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Fig. 5 Spider diagram of various elements in pyrites from both the Xiaoyingpan and Zhangquanzhuang deposits

type contains more N type than P-type, and finally
becomes N type completely (Fig. 8).

The pyroelectricity of the pyrites does not have any
regular relationship with either its crystal form or gold
content (Fig. 9).

@ Springer

e The pyrite pyroelectricity of the Xiaoyingpan deposit is
N-type, indicating that it formed under low sulfur
fugacity, while that of the Zhangquanzhuang deposit is
a P-N mixed type, indicating that it formed under high

sulfur  fugacity (Fig. 10). Meanwhile, pyrite
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Fig. 6 Spider diagram of various elements in pyrites from both the Xiaoyingpan and Zhangquanzhuang deposits

pyroelectricity shows that the formation of Xiaoying-
pan has something to do with metamorphism, while that
of Zhangquanzhuang has to do with hydrothermal
superposition. Comprehensively considering the ore
control structures, host rocks, and other geological
controls of the two styles of gold deposits, it is probable
that the current mining level of the former mine is the
root part of the whole mineralized bodies, while the
latter is the middle part of the total ore bodies. As a
result, the ore-hunting target for the Xiaoyingpan mine
is not at depth but instead along strike around the
present mining site, while that for the Zhangquanz-
huang mine is both at depth and along strike around the
current mining site.

On the pyroelectricity-temperature diagram (Fig. 11),
pyrite from Xiaoyingpan is mainly distributed between
200 and 270 °C, while that from Zhangquanzhuang is
distributed within 90-118 °C and 274-386 °C, showing
a multistage formation process.

9 Electron paramagnetic resonance spectrum

The EPR test was carried out on pyrites from both
Xiaoyingpan and Zhangquanzhuang mines to confirm
whether there is any lattice gold available in the area. The
results are shown in Fig. 12 and listed in Table 7. In
Table 7, g = h*y/[f*H, h is the Planck constant, where 7y is
the resonance frequency, f is the Bohr magneton
(9.27 x 107%" erg/Gauss), and H is the add-on magnetic

field intensity; the g factor of free electrons used here is
ge = 2.0023.

The linear type in Table 7 was determined by the use of
the differential slope method. The absorption peak of the G
type is narrow and decays fast, while that of the L type is
wide, gentle, and decays slowly.

According to Fig. 12 and Table 7, auriferous pyrite has
more absorption peaks than gold-free pyrite. In addition to
a wide-gentle L and/or G-L mixture absorption peak (I),
the former also has one or two narrow G absorption peaks
(II & III), while the latter has only one wide-gentle L
absorption peak (I). All gold-bearing pyrites have a narrow
# II absorption peak, of which both ZY/AHpp and I are
larger than those of the other two peaks (Fig. 13). The
calculated g factor of this peak ranges between 1.987351
and 2.00425, of which most is concentrated at 2.0023,
namely, around g, = 2.0023. The existence of the peak has
a close relationship with the gold present in pyrites.

The affiliation attribute and mechanism of the EPR
bands/lines of the pyrites are discussed as follows.

9.1 Absorption peaks I and IIT

According to Table 7, the g factors of peaks I and III are
greater than g. = 2.0023 (Fig. 14). The g factor determines
the position of the EPR bands/lines and only has something
to do with the physical properties of the sample. Free
electrons here refer to electrons with only spin angular
momentum but without orbital angular momentum. Gen-
eral transition metal ions have both spin and orbital angular

@ Springer
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Table 4 Unit cell parameters of pyrites from the representative gold mines

Gold mine Series Sample  Style Unit cell parameter Au
# #
oo Vo Max. d value d value when >l x 107°
(x 107"°m) (x 107°m? [(111) planar net] = 100 [(311)
planar net]
Xiaoyingpan 1 PD1-04 cg 5.41491 158.7715 3.125 2.706 443 -
cube
2 HS1-01 fg 5.41969 159.1926 3.132 2.712 401 (Au
cube diffracted
ray)
3 HS1-04 fg 5.41781 159.0269 3.132 2.709 364 33.71 (Au
cube diffracted
ray)
4 HS1-04 cg 5.41609 158.8757 3.125 1.633 400 -
cube
5 HS1-05 fg 5.41895 159.1276 3.132 1.634 459 -
cube
6 HS2-06 fg 5.42308 159.4915 3.136 1.635 466 —
cube
7 XS5-01 cg 541414 158.7044 3.123 2.706 415 -
cube
8 XS5-01  fg 5.41452 158.7376 3.123 1.632 495 15.11
cube
9 XD-012 fg 5.41922 159.1511 3.132 1.634 465 -
cube
Average 5.41760 159.0088 3.129
Zhangquanzhuang 10 ZE790- fg 5.42215 159.4092 3.134 2.714 460 -
12-02 cube
11 ZE790- fg 5.42106 159.3138 3.134 1.635 482 -
12-04 cube
12 ZE790- fg 5.41653 158.9141 3.127 1.633 422 5.57
13-02 cube
13 ZET790- fgPD 5.41963 159.1879 3.132 2.711 398 8.65
13-02
14 ZE790- fg 5.41463 158.7477 3.125 2.709 371 -
15-01 cube
15 ZE790- fg 5.42292 159.4779 3.136 1.635 439 -
17-02 cube
16 ZE790- fg 541317 158.6186 3.121 2.703 391 -
19-01 cube
17 ZE790- fgPD 5.42014 159.2327 3.132 1.634 417 5.43
19-01
18 ZE790- fg 5.41759 159.0077 3.127 1.633 404 -
19-02 cube
19 ZW870- fg 5.42096 159.3046 3.134 1.635 408 29.25
10-07 cube
20 cyp-01 fg 5.41963 159.1879 3.132 2.711 335 -
cube
Average 5.41895 159.1275 3.130

cg, Coarse grained; fg, Fine grained; PD, Pentagonal dodecahedron; X/, I} + I, + - Iy,
Analysis by the X-ray Diffraction lab, China University of Geosciences (Beijing)

@ Springer
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momenta. As a result, their g factors are far from g..
= 2.0023. According to Chen (1987), when the d shell
electron of the transition metal ions is below half full,
g < ge; when the d shell electron of transition metal ions is
above half full, g > g.; additionally, when the d shell
electron of transition metal ions is just half full, g & g.. As
a result, the g > g, absorption peaks I and IIT in Figs. 12
and 14 results from transition metal ions with d shell
electrons above half full.

The best material abundance range for EPR testing was
(10-1,000) x 107°. Tons that could produce spectra at
room temperature include Cr”, Mn2+, Fe”, Ni”, and
Cu*t (Jin and Li 1985; Chen 1987). As discussed above, it
is common for pyrite in the area to contain Cr3+, Ni2+, and
Cu*" (Tables 2, 3). The d shell electron of Cr’" is below
half full and its g < g, which conflicts with the EPR result.
Thus, Cr*" has nothing to do with absorption peaks I & III.
Therefore, absorption peaks I & III could only be produced
by the resonance absorptions of Ni** and/or Cu*".

9.2 Absorption peak IT

When the symmetry described by the crystal space group is
destroyed, crystal structure defects occur. These defects
then destroy the original electric neutrality locally and form
a variety of “defect centers” in the crystal. For example,
when the defect vacancy of an anion or cation is replaced
by another cation with a more positive charge, the crystal
structure position shows a positive charge owing to the lack
of a negative charge and becomes an electron trap. This
position would become an electron center when capturing

one or more electrons. If the defect vacancy of a cation
and/or some cations is replaced by another cation with a
less positive charge, this crystal structure position would
show a negative charge owing to a lack of positive charge
and become a positive electron trap; under certain condi-
tions, for instance, under irradiation, an anion next to this
position would lose surplus electrons and produce a hole
center.

The study targets of EPR are these electron-hole centers
available in the crystal structure. The EPR band/line pro-
duced by these electron—hole centers is extremely narrow
and g ~ g. and has only one fine line. It is clear that the
absorption peak II in Fig. 12 results from the electron-hole
centers in the pyrites. Since the comparative sample in
Fig. 12 is gold-free and does not have an absorption peak
I1, it can now be concluded that absorption peak II results
from gold entering the pyrite structure.

Now, it is time to determine in which chemical form,
Au’, Au™, or Au’", gold enters the pyrite lattice.

9.2.1 Supposing in the form of Au’ and/or Auw’™

The outer shell electron configuration of Au is 5d106s1,
meaning that both Au® and Au®" have unpaired electrons
on their outer electron orbitals. Considering their spin
magnetic moment [ = 3/2, either of them should produce
an obvious superfine structure on the EPR image if avail-
able in pyrite, but the fact is that this kind of structure does
not appear in Fig. 12. As a result, it can be concluded that
gold in pyrite is neither in the form of Au’ nor Au’™.

@ Springer
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Table 5 Pyroelectricity of pyrites from the representative gold mines

Gold mine Series # Sample # Style Pyroelectricity a(uV/°C) Au
TVG® Average cT® N%©  x 107°
Xiaoyingpan 1 PD1-04-01 cg cube (— 180.714 to — 502.857) — 300.136 N 100
2 PD1-04-02 fg cube (— 133.571 to — 461.429) —290.000 N 100
3 HS1-04-01 cg cube (— 186.429 to — 387.857) —287.680 N 100
4 HS1-04-02 mcg cube (— 166.428 to — 391.428) —299.860 N 100
5 HS1-04-03 fg cube (— 207.857 to — 379.286) —299.960 N 100 33.71
6 HS1-05-01 mcg cube (— 236.428 to — 429.286) — 313.360 N 100
7 HS1-05-02 fg cube (— 237.143 to — 434.286) — 338.680 N 100
8 HS2-06 fg cube (— 146.429 to — 348.571) —239.200 N 100
9 XS5-01-1 cg cube (— 205.714 to — 502.857) — 323420 N 100
10 XS5-01-2 fg cube (— 127.143 to — 409.286) — 268.540 N 100 15.11
11 XS5-10 Fe stained cube (— 150.000 to — 337.857) — 223960 N 100
12 XD-012 Subhydron, anhydron (— 237.857 to — 530.000) — 361.820 N 100
Average (— 236.428 to — 429.286) — 295.551 N 100
Zhangquanzhuang 13 ZE790-12-2-1 mcg cube (— 320.714 to + 312.857) 15.860 P-N 55
14 ZE790-12-2-2  fg cube (— 315.000 to + 382.857) 60.857 N-P 40
15 ZE790-12-2-3 fg PD (— 109.286 to + 386.429) 187.180 N-P 15
16 ZE790-12-4 Cube + a few PD (— 210.000 to + 280.000) 35.460 N-P 35
17 ZE790-13-2-1 fg cube (— 349.286 to + 345.000) 28.460 N-P 45 5.57
18 ZE790-13-2-2 fg PD (— 209.286 to + 318.571) — 43.607 P-N 60 8.65
19 ZE790-15-1 fg cube (— 438.571 to + 032.143) — 165.250 P-N 90
20 ZE790-17-2 Cube + PD (— 290.714 to + 277.143)  — 129.390 P-N 70
21 ZE790-18-1 Cube + PD (—232.143 to — 114.287) — 175960 N 100
22 ZE790-19-1-1 cg cube (— 455.714 to + 489.286) — 30.210 P-N 55
23 ZE790-19-1-2  fg cube (— 321.428 to + 330.000) — 62.350 P-N 75
24 ZE790-19-1-3 fg PD (— 340.000 to + 097.143) — 194.360 P-N 90 5.43
25 ZE790-19-4 fg PD (— 365.000 to — 090.714) —212.190 N 100
26 ZW3830-01 fg cube (— 288.571 to + 080.000) — 156.610 P-N 90
27 ZW830-02 fg cube (— 242.143 to + 073.571) — 112.600 P-N 84
28 ZW870-10-07 fg subhydron (— 284.286 to + 215.714) — 117.120 P-N 80 29.25
29 CYP-01 Subhydron, anhydron (— 275.571 to + 044.286) — 179.560 P-N 89
Average — 73.605
Excitation temperature 140 °C

Each single sample was composed of 20 grains of pyrite mineral which were chosen randomly. Test by the lab of geology of mineral deposits

sector, China University of Geosciences (Beijing)

cg, coarse grained, fg, fine grained, mcg, medium to coarse grained, PD, pentagonal dodecahedron

@Thermoelectric voltage range
®Conduction type
©Percentage of N type

9.2.2 Supposing in the form of Au™

This should be the only possibility after eliminating Au®
and Au’™.

Au™ (5d'%), as a nonparamagnetic ion, would break the
charge balance of the whole system and produce charge
compensation after replacing Fe>" as an isomorph. Since

@ Springer

the majority of valence bonds in the pyrite structure are
covalent, this would produce hole centers on the S—S bond,
namely, the electron—hole centers. In other words, the FeS,
system obtains an “electron” that produces the EPR reso-
nance absorption information, which is equivalently a free
radical with only a spin magnetic moment and without an
orbit magnetic moment, and its g X~ g.. This aligns
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Table 6 Relationship between pyroelectricity and trace elements in pyrites from representative gold mines

Series # Sample # Style Co+ Ni Se+ Te As (Co+ Ni+ Se (Co+ Ni+ Se  Averaged CT® N%®
+ Te)-As + Te)/As pyroelectricity

% of atomic mass a(pv/°C)
1 PD1-04 cg cube 0.870 0.040 0.120 0.790 7.580 — 300.126 N 100
2 HS1-04 cg cube 0.430 0.010 0.000 0.440 - — 287.680 N 100
3 HS1-05-01 mcg cube  0.540 0.020 0.000 0.560 - — 313.360 N 100
4 HS1-05-02 fg cube 0.540 0.020 0.060 0.560 9.330 — 338.680 N 100
Average 0.595 0.023 — 309.962 N 100
5 ZE790-15-1 fg cube 0.070 0.100 0.030 0.140 5.670 — 165.250 P-N 90
6 ZE790-19-01-1 fg cube 0.000 0.030 0.000 0.030 - — 62.350 P-N 55
7 ZE790-19-01-2 fg PD 0.000 0.000 0.010 - 0.010 0.000 — 194.360 P-N 75
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completely with the characteristics of absorption peak II in
this paper. With increasing Au™ entering the pyrite lattice,
an increasing number of electron-hole centers are pro-
duced, and the density of electron-hole centers increases.
As a result, the signals of the EPR absorption peak are

@ Springer

® Xiaoyingpan ® Zhangquanzhuang

enhanced accordingly, and the intensity of absorption peak
II can be used to determine the gold content in pyrite.

Based on the discussions above, it can be preliminarily
concluded that:
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Fig. 11 Pyroelectricity-
temperature diagram of pyrites
from the study area

Fig. 12 EPR spectra of pyrites
from the representative gold

deposits when T = 295 K (Lab:

EPR lab of the Department of
Physics, Peking University,
China)
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g o 2 QM' g e In contrast to previous research conclusions, lattice
o = = . . . . .
E = o | E gg Z gold does exist in pyrites from gold deposits in the
“‘E 8 & o study area. Au, in the form of Au™, entering pyrite as
7 3 & E an isomorph and producing electron-hole centers,
=) +E5 52 P p g
2z x 8|12 Sy makes the centers produce spin resonance absorption
< ; = = § and results in EPR absorption peak II.
=} . . .
5 2EST e Auriferous pyrite has more EPR absorption peaks than
g 2 2 o3 Py ption p
& ;:j e E § 3 & pyrite without gold. The latter only has one gentle and
s S| < Ql é § % wide L-type absorption peak, while the former has one
. S g S §n or two narrower G-type absorption peak(s), in addition
= '9 E R _E to the similar/same L-type peak as the latter.
E x| 9 ” f £ e The I and IIT absorption peaks of the pyrites possibly
2= 4 result from the existence of Ni** and/or Cu®*.
. § g i~ 2 § e The intensity of auriferous pyrite absorption peak II
= S L g . . .. . .
B N EERE has certain direct positive correlations with the gold
2 5’ IO < content in pyrite.
ax &g
>_. 3 g
Y 203
N =0 "0 O
To|l4 |88
== £ o . .
N GI=EZE8 10 Infrared spectroscopic analysis
N X E = DS
E3S °own
Snsq
£ ZT g ‘:;' To confirm the infrared spectroscopic characteristics of the
E ‘?E‘tc § auriferous pyrites, infrared spectroscopic analysis (ISA)
X = 20;» o was conducted on powders of the pyrite samples in dif-
E o T E g é ferent forms and various grain sizes from the representa-

= L = . . .

z EEEs tive gold deposits in the study area. The results are shown

5 052 g p y

g DN in Fig. 15 and Table 8.

E é S éaf__{ ; If the infrared spectrum absorption peaks are numbered

~5IRE|sS =8 ng g 71> V2> V3, Y4 and ys from high to low wavenumbers, y; and

E E £ £ y> would be the expansion vibration absorption spectro-
2 Z 8§ Z scopic bands of Fe-S bonds in pyrite, y; would be the

4 E 8 .g% % bending vibration absorption spectroscopic band, and y4

213 —~ |G g2 % 0 and ys would be the vibration and rotation absorption

§ 3 ész é“@‘, spectroscopic bands of the crystal framework in pyrite.

g é ggiag o Due to the weak absorption and multiple interference

jé = — £ _ BT § = signals at the bands, 74 and 5 do not always appear. It can

S ~ B .
= ﬁ 2 2 o be seen from both Fig. 15 and Table 8 that:
[} o 2L = b 2]

9 3|35 maE 8 e The y;, 72, 73, and ys absorption peaks appear on all

> LS 2aD O s s /3

A FIASZ e o ISAs of the pyrites, of which 7y, 7, and 73 are the

~ < . 3
R E £E g strongest, namely, the typical absorption peaks. Some
Q — = O O . .
2788 8 of the pyrite samples produce weak absorption peaks at
3 cE XEES 2 . i
o ¥ |SU 3 & a wavenumber of approximately 270 cm™ .
S QAN S pp y

= * S O — © & . . . . .

g | 2382 . 2 e The intensity, highest base intensity, wavenumbers

g a2 -0y 2 y, mg Y, )

e © g 3 éf’\‘ o ; and intensity ratios of the corresponding absorption

= L . . .

3 8 L: Eb 3 B §D peaks of different pyrite samples differ from each other

8 2 £ET 2 E (Figs. 16, 17). These differences are embodied in the

— N = A .

A 2|3 i E C; g d'ﬂr = differences and changes of the calculated absorbance D
3 N :é 2 = g a . & (= logTy/T, Ty is the light energy transmitted through a
g a2z %‘3 S g reference blank sample, while T is the light energy
g o~ 2= = . . .
= L SeE - ! £ E transmitted through the pyrite sample) and the relative
~ %E) L:f § Y S i g absorbance values in Table 8 and Figs. 16 and 17.

~ =] . .
=2 é &R % g % i é i} S e By comparing the infrared spectra, calculated param-
£l RIJZEER S 2 @ eters, and gold content of the pyrite samples, it can be
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determined that with varying gold content in pyrite, the
positions of the three typical absorption peaks 7y, 75,
and y; change to varying degrees accordingly. Gener-
ally, with an increase in gold content in pyrite samples,
Y1, 2. and y3 tend to shift to higher wavenumbers
(Fig. 15).

e The gold content in pyrite samples has a positive
correlation with their relative absorbance (Table 8).
The purpose of the concept of relative absorbance is to
eliminate potential changes in the absolute absorbance
resulting from slight differences in sample mass.

11 Discussion and conclusions

Through the study of both the physical and chemical
typomorphic characteristics of pyrites from representative
gold deposits in the study area, this paper concludes the
following conclusions:

@ Springer

Pyrite grain size has a negative correlation with its gold
content: coarse-grained euhedral pyrite has lower gold
content than fine-grained subhedral and/or allotriomorphic
pyrite; cubic pyrite, as the dominant crystal form, contains
more gold than pentagonal dodecahedral pyrite in the area.

Both pyrite crystal forms and chemical compositions
show that the replacement style of gold deposit formed in
low saturability, low sulfur fugacity, and at temperatures
either much higher or much lower than its best forming
temperature, while that of the quartz vein style of gold
deposit occurred under conditions with the best tempera-
ture, rich in sulfur and with high sulfur fugacity.

Au/Ag ratios in pyrites show that both the replacement
and quartz vein styles of gold deposits are mesothermal and
hypothermal. The Co/Ni ratios in the pyrites indicate that
the quartz vein-style deposit is of magmatic-hydrothermal
origin, while both the replacement and alkaline intrusive
rock-related styles of gold deposits are not. The Co/Ni
ratios of pyrites from all three styles of gold deposits have a
generally negative correlation with gold content, possibly
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Fig. 15 Infrared absorption spectrum of pyrites from representative gold deposits

meaning that ore-forming materials were abyssal. Se/Te &
S/Se ratios in pyrites from the replacement style of deposit
indicate that it has nothing to do with the magmatic solu-
tion, which is consistent with that of the Co/Ni ratio, while
that of the quartz vein style of deposit possibly indicates its
hydrothermal solution was from multiple sources in addi-
tion to a magmatic origin.

Both the average o and v, of pyrites from the Zhang-
quanzhuang deposit are greater than those from the
Xiaoyingpan deposit, possibly meaning that both the poor
and rich sulfide ore types and the metallogenic conditions

of the two styles of gold deposits are different from each
other to some degree. The X-ray diffraction intensity of
pyrite rich in gold is lower than that of pyrite poor in gold
from the Zhangquanzhuang deposit. In general, with an
increase in gold content in pyrite, the total sum intensity
2] decreases. Pyrite rich in gold usually contains higher
Au, Ag, Co, Ni, As, Se, and Te, which results in lattice
plane net defects when these trace elements enter pyrite,
and the defects in turn result in lattice defect scattering
when X-rays irradiate the plane net with defects and
decrease the X-ray intensity.
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The pyroelectricity coefficient has a negative correlation
trend with the values of (Co 4+ Ni 4+ Se + Te)-As and
(Co + Ni + Se + Te)/As. Pyrite pyroelectricity does not
have any regular relationships with either its crystal form
or gold content. The pyrite pyroelectricity of the Xiaoy-
ingpan deposit is N-type, indicating that it formed under
low sulfur fugacity, while that of the Zhangquanzhuang
deposit is a mixture of P-N type, indicating that it formed
under high sulfur fugacity. Meanwhile, pyrite pyroelec-
tricity shows that the formation of the Xiaoyingpan deposit
has something to do with metamorphism, while that of the
Zhangquanzhuang deposit has to do with hydrothermal
superposition. Comprehensively considering the ore con-
trol structures, host rocks, and other geological controls of
the two styles of gold deposits, it is probable that the

current mining level of the former mine is the root part of
whole ore bodies, while that of the latter is the middle part
of the total ore bodies. As a result, the ore-hunting target
for the Xiaoyingpan mine is not at depth but instead along
strike around the present mining site, while that for the
Zhangquanzhuang mine is both at depth and along strike
around the current mining site. On the pyroelectricity-
temperature diagram, pyrite of the Xiaoyingpan deposit is
mainly distributed between 200 and 270 °C, while pyrite of
the Zhangquanzhuang deposit is distributed within
90-118 °C and 274-386 °C, demonstrating a multistage
formation process.

In contrast to previous researchers’ conclusions, the
EPR test confirms the existence of lattice gold in pyrites
from gold deposits in the study area. This provides

@ Springer
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metallurgists with solid evidence to increase the gold
milling recovery of ores in the study area. Au, in the form
of Au*, entering pyrite as an isomorph and producing
electron—hole centers, makes the centers produce spin
resonance absorption and results in EPR absorption peak II.
The intensity of absorption peak II of auriferous pyrite has
certain direct positive correlations with the gold content in
pyrites. The #I and #III absorption peaks of the pyrites
possibly result from the existence of Ni*™ and/or Cu**.

71, V2, and 3 are the strongest and most typical absorption
peaks of the infrared spectra of pyrites. The intensity, highest
base intensity, wavenumbers, and intensity ratio of the cor-
responding absorption peaks of different samples are dif-
ferent from each other. Generally, with the increase in gold
content in pyrite samples, 71, 7,, and y5 tend to shift to higher
wavenumbers. The gold content in the pyrite samples has a
positive correlation with their relative absorbance.
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