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Chemical and siructural characteristics of K feldspars and their constrains
10 “crmation conditions of the Wulashan gold deposit, China

HU Ping"?, ZHAO Ling hu', BIAN Qiu_juan’
(1. China University of Geosciences, Wuhan 430074, China; 2. Northeastern Illinois University, Chicago, 1L 60625, USA)

Abstract: More than one hundred K feldspars were collected from gold bearing Vein [ (K feldspar_quartz vein)
and Vein Il (quartz vein) as well as various other rock types in the Wulashan gold deposit, China. Chemical
compositions of K feldspars were analyzed using electron microprobe analysis (EMPA). The powder X_ray
diffraction (XRD) patterns of K feldspars were collected using Cu Ka source. Au contents of the corresponding
ore samples were analyzed by fire assay. Q_ and R_mode cluster analysis and Spearman rank correlation analysis
of the experimental data were performed. The results indicate that K feldspars from gold_bearing veins, mag-
matic hydrothermal veins and altered wall rocks are intermediate to maximum microclines characterized by higher
content of K;0, lower contents of NaO, CaO and BaO, and relatively small variations in chemical composr
tions. K feldspars from other rock types are likely sanidine, orthoclase or microclines that show greater varia
tions in chemical compositions and are characterized by lower content of K20 but higher contents of NaO, CaO
and BaO. K feldspars from auriferous samples are much richer in K;0, indicating that gold mineralization might
have been related to potassic hydrothermal fluids and intense K feldspar metasomatism. There exist two gold

mineralization stages in the Wulashan deposit. K feldspars from the major K feldspar_quartz veins are characterized
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by higher K;0 and higher formation temperatures of 307~ 379 ‘C with an average of 353 'C. K feldspars from

the quartz veins of the second stage are characterized by lower K0 and lower formation temperatures of 260~

318 'C with an average of 281 C. T hese results indicate that the mineralization fluids were associated with mag-

matic hydrothermal events and evolved toward lower temperatures and lower content of K>0, but the hydrother

mal fluids of higher K;0 and the temperatures of 260~ 380 C may favor gold mineralization.

Key words: The Wulashan gold deposit; K feldspar, mineral chemistry; ALSi degree of order; statistical analy-
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1 Introduction

Geology and geochemistry of the Wulashan gold
deposit have been extensively investigated and several
ore genesis models have been proposed. They include
descriptions of hydrothermal systems considered to be
of magmatic (Nie & Bjerlykke, 1994; Hart et al.,
2002; Miao et al.,
al., 1994), meteoric (Trumbull et al., 1996, and
mixed magmatic_meteoric ( Nie et al., 200?) \raler
origins. In addition, ductile shear_ontrollcd mine ral
ization model ( Zhang, 1979), triple (/. e." regional
metamorphic — “inigmatization — shear deformation)
mineraliation mode! (Guan, 1993) and pegmatite_re-
lated minei:liation. model (Wu et al., 1995) are also
proposed.

One unique feature of the Wulashan gold deposit
is the intensive K feldspar metasomatism. Field stud-
ies show that K feldspar metasomatism is closely asso-
ciated with the formation of gold mineralization in
both space and time. Gold mineralization in the Wu-
lashan gold deposit occurs in K feldspar- quartz or
quartz veins. K feldspar also widely exists in all varr
eties of rock types in this area. However, the miner

alogical study of K feldspars in this deposit has not

been reported in detail so far. It is well known that

feldspars are dependent on crystal_physical parameters
and other external factors such as temperature, pres
sure, oxygen fugacily, availability of fluid phases,
whole_rock composition, and coexisting mineral asso-
ciations ( Ribbe, 1983). Therefore, K feldspar is con-
sidered to be a useful monitor of the physicochemical

environment in which it grows and a valuable indicator

of the metallogenetic potential of the host rock ( Ply-
mate et al., 1992, Neves et al., 2001).
The purposes of this study are (i) to determine

of K

feldspars from gold_bearing veins and other rock types

chemical compositions and structure state
in the Wulashan gold deposit, (ii) *» characterize or
distinguish K feldspars from dif’erent ore o1 rock types
using graphical methods and stalistical inalyses, ( 1ii)
ons raiis to the formati i
Wulashan gild deposit, based on the chemical and

siructural characteristics of K feldspars.

2 Geological setting

The Wulashan gold deposit is situated along the
northwestern margin of the North China craton, and
on the northern side of the Daqgingshan - Wulashan
fault belt ( Zhang, 1989; Hu et al., 1990). The ma
jor host rocks are Archean high_grade metamorphic
volcano_sedimentary rocks of the Wulashan Group, e.
g., banded amphibolite, garnet_biotite_plagioclase
gneiss, hornblende_plagioclase gneiss, sillimanite_bi-
otite gneiss, and magnetite_plagioclase_orthopyroxene_

1990). The

Late Paleozoic Dahuabei granitoid batholite, lying just

clinopyroxene granulite ( Shen et al.,

about 4 kilometers west to the Wulashan gold deposit,
is the major intrusion in this area, which intruded the
a number of granitoid stocks, pegmatite dikes,
migmatite veins, K feldspar alterations and magmatic
hydrothermal veins in this area (Zhang, 1991). Gold
mineralization occurs in quartz K feldspar and quartz
veins with small amounts of base metal sulfides
(pyrite, chalcopyrite and galena etc.). The mineral-
ization ore veins are 200— 500 m (up to 3000 m) long



PHRE ]

DA NSO Rl S R AT (W Ak o B AT 1 E 1) 4 # 223

in E W or close to E_W direction, 1- 3 m (up to 10
m) wide, and 250- 400 m deep, and are spatially as-

sociated with the intrusive stocks, dikes and veins

2002) .

feldspar_quartz and quartz veins consist mainly of K

(Meng et al., Alterations around the K
feldspathization, silicification, and less intensive pyri
tization, carbonatization, sericitization, and chlorit
zation. The width of the alteration envelope ranges
from 3 to 5 m (Zhang, 1991). K faldspathization and
silicification are closely associated with gold mineral-
ization. In fact, Au content of altered wall rocks is so
high that these rocks constitute the third type of gold

ores.

3 Samples and experiments

rad gamnlas weare g
e F I s =i

were collecte
from (1) regional metamorphic rocks (e. g., lLiotite_
biotite_muscovite plagicclise

plagioclase  gneiss,

gneiss, muscovite_plagioclase gne'ss | and - feldspar
quartz gneiss), (2) miematite, (3) pranite. (4) ak

)

drothermial veins, | (7) eltered wall rock, (8) gold_

tered granite. peginatite, (6) nagmatic hy-
bearing Vein ' [ (K feldspar_quartz veins), and (9)
gold_bearing Vein Il ( quartz veins) in the Wulashan

The of K

feldspars in thin sections were analyzed using JEOL

gold deposit. chemical compositions
model 733 electron microprobe operated at 15 kV and
10 nA. On_line data reduction and the matrix correc
tion procedure of Bence and Albee ( 1968) were em-
ployed. A K feldspar sample of known compositions
was employed for standardization. Counting times
were optimized to provide the lowest possible count-
ing_statistical errors and minimize the electron beam
damage to the samples. For example, the counting
time of 20 seconds for Na as the first element in each
analysis was used to produce acceptable counting_
statistic errors and to result in no measurable loss in
Na X_ray intensity during the analysis. The analytical
uncertainties based on counting statistics are estimated
at the level of ~ 2% of the amount present (one stan-
dard deviation, 10) for major elements. Powder X_ray

diffraction ( XRD) patterns of different groups of K

feldspars were recorded using Siemens XRD diffrac
tometer with Cu Ka as a radiation source. In addition,
Au contents of sixty_two ore samples from which K

feldspars were separated were analyzed by fire assay.

4  Statistical analysis methods

Selection of the most appropriate statistic meth-
ods was based on the consideration whether the data
distribution was normal ( i. e. symmetrical, bell
shaped curves) or was asymmetric or skewed in one
way or another. The normality testing was firstly car-
ried out on the compositional data of K feldspars. The
outliers were not included in the statistical analysis.
The cluster analysis was used it this study, because it
is designed to perforin classifica’ion by assigning ob-
servations {5 givups so thet eac
homogeneous an ! distinet from other groups ( Davis,

1936)

the assumptions that other statistical methods do, ex-

The cluster analysis does not require many of

cept for the heterogeneous data, and provides an easily
understandable graphic display ( dendrogram). It
helps identify natural groupings for samples ( Q_mode)
or variables ( R_mode) and, in turn, to reduce the
numbers of groups for the samples or variables.
Minitab program (version 14) was used to conduct
cluster analysis. The ion numbers of elements in K
feldspars from different ore and rock types or groups
were used for Q_mode cluster analysis. All variables
were standardized in order to avoid the influence of the
magnitude of a particular variable, and the Cosine
theta similarity coefficient was used. Meanwhile, all
K feldspars from gold_bearing ore samples were divid-
ed into two groups: auriferous samples (> 0.2 g/t
Au) and barren samples (< 0.2 g/t Au). The R_

10de cluster ormed on the datasets

=]

analysis were pe e
of K feldspars from (i) auriferous samples (N= 25),
(ii) barren samples (N= 37), and (iii) all samples (N
= 25+ 37). The absolute correlation coefficients were
used as the similarity measures.

In addition, the Spearman rank correlation coef-
ficient analysis ( Rs) was utilized. This non_paramet-

ric statistical analysis is suitable for the comparison of
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data with large fluctuations. The Rs is related to the  migmatites, granite and pegmatites changed in a

number (N) of samples and describes the probability
(p) that the correlation is not significant. The dataset
for Spearman rank correlation coefficient analysis was
the same as that for R_mode analysis, and NCSS 2004
statistical software was used to calculate the Spearman

rank correlation coefficients.

5 Results

The ion number of each element in K feldspar is
calculated based on chemical compositions analyzed by
EMPA and 8 oxygen atoms per formula unit, and the
results of representative K feldspars are given in Table
1.

feldspars from different rock or ore types are given in

The average end_member compositions of K

A S AT
01 wadiig

Si;0g( An)
in K feldspars from the Wulashan gold deposit is 0—

1.7 mol% with an average of 0.5 X0. 6 mo'%. The
contents of NaAlSi30g( Ab) and KAIS;5304/0x) 10 K

metamornhic

greater range, with Ab from 1.3- 37.7 mol%, and
Or from 62. 1- 98. 6 mol%. However, in K feldspars
from magmatic hydrothermal veins, and gold_bearing
veins | and II, the content of Ab is < 6 mol% and
that of Or is > 94 mol%.

The ALSi degrees of order of K feldspars were
calculated based on the 20pso and 20,3 in powder XRD
patterns ( Hovis, 1986) (Table 1), and the average
A1Si degrees of order of K feldspars from different
rock types are given in Table 2. The ALSi degree of
order (Z) of K feldspars from regional metamorphic
gneiss, migmatites, granites, altered granites and al
tered wall rocks vary from 0. 27 to 0.95, correspond-
ing to the K feldspars from saridine, orthoclase, and

intermediate to msxunum micro-lines.  The alteration

C: dopran
D1 GEETETE

order and the tronsiticin of K feldspars from orthoclase
(¢ microclines. In contrast, the K feldspars from peg_

matites, magmatic hydrothermal veins, gold bearing

feldspars  from  regionid gneiss, veins | and Il are intermediate to maximum microclines,
iable i Chemical compositions and Al Si degree of order of representative K feldspars
lon number per K feldspar molecule
Au(g/T) Z
Na Ca Ba Mg Fe Mn Ni Cr Ti Al Si

RMR 309 0.018 0.898 0.103 0.011 0 0.011 0.002 0 0.002 0.002 0.006 0.970 2.998 0.89
312 0 0.929 0.076 0.010 0 0 0. 003 0 0 0 0.005 0.983 3.000 0.93
901_3 0.017 0.632 0.384 0.002 0 0 0 0.002 0.007 0.024 0.007 0.951 2.964 0.89
Migmatite 384 0. 065 0.956 0.034 0.002 0.002 0 0 0 0 0 0 0.977 3.017  0.90
388 0. 021 0.962 0.042 0 0.012 0 0. 002 0 0.004 0.001 0 0.976 3.003 0.92
9A_1 0.0005 0.586 0.258 0.002 0 0 0.003 0 0 0 0.009 0.969 3.000 0.62
Granite 306 0 0.803 0.107 0.006 0.003 0.008 0.002 0 0.010 0.001 0 0.976 3.000 0.68
338 0 0.890 0.108 0.007 0.010 0.006 0.008 0 0.001 0.002 0.002 0.973 2.999 0.70
Altered 3111 0. 065 0.857 0.097 0.002 0.018 0 0.003 0 0 0. 002 0 0.965 3.000 0.86
. 326 0.034  0.988 0.043 0.006 0.018 0 0.002 0 0.008 0 0 0.934 2.972 (.86
gt a4 0 0.940 0.077 0 0.004 0  0.001 0.003 0.014 0.001 0.002 0.958 2.991 0.7l
Pegmatite 366 0. 10 0.938 0. 064 0 0. 003 0 0. 006 0 0. 002 0 0.001 0.976 3.009 0.93
) 382 0. 34 0.915 0.040 0 0.010 0 0.001 0 0 0. 004 0 0.979 3.019 0.95
MHV 4151 0.02 0.910 0.051 0 0 0 0.013 0 0.004 0.002 0.006 0.971 3.014 0.92
3541 0.56 0.928 0.071 0.005 0.014 0 0.002 0 0.003 0 0 0.978 2.991 0.92
Gold_bearing 317 40. 00 0.902 0.039 0.008 0 0.010 0.005 0.002 0 0 0.002 0.971 3.022 0.84
vein | C139 5.41 0.901 0.031 0 0.002 0 0. 001 0 0 0.006 0 0.929 3.000 0.89
331 0. 255 1.005 0.050 0 0 0 0.002 0.001 0.003 0 0 0.939 2,970 0.98
C181 20. 05 0.999 0.007 0.002 0 0 0 0.006 0.002 0 0.009 0.942 3.000 0.81
Gold_bearing 334 1. 50 0.934 0.031 0.006 0 0.006 0.012 0 0 0.002 0.001 0.974 3.014 0.93
vein [ 336 5.20 0.941 0.025 0.011 0.002 0.003 0 0 0 0.003 0.003 0.964 3.022 0.89
367 0.26 0.910 0.023 0.006 0.011 0 0. 002 0 0 0.015 0 0.983 3.009 0.92

R.\" R _H(".gillllill malunmrp]li(: rn('k.\;: h“ I'l \"I _h‘i ilglllul ic II_\_'Ilrlll]'lﬂl'I]lilI veins.
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Table 2 The averages of Al Si degree of order (Z) and end_
member compositions (Or, Ab and An) in K feldspars from
different geological bodies

ALSi degree End_member compositions
Rock types )

of order ( £) Or Ab An

Regional metamorphic rocks 0.72 92.5 7.0 0.5
Migmatite 0. 89 87.5 12.2 0.3
Granite 0.76 83.8 15.8 0.5
Altered granite 0. 85 93.6 6.2 0.2
Pegmatite 0.93 88.9 11.0 0.2
Magmatic hydrothermal veins 0. 87 95.2 4.7 0.1
Altered wall rock 0.76 96. 4 3.4 0.2
Gold_bearing veins 0. 89 95.5 4.3 0.3

with Z from 0. 81 to 0. 98. The ALSi degree of order
for the K feldspars from gold_bearing veins varies even
in a more narrow range. The end member composi
tions and Al Si degree of order of K feldspars in Table
2 indicates the similarity of K feldspars from gold_
bearing veins and magmatic hydrothermal veins.

5.1 Box plot of K/ (K+ Na)

Box plot of the ion number ratin, /(I + Ny,
in K feldspars of differeri yock and ore types or zroups
is shown in Fig. ', wheie the outlier cata points are
marked Lv sieri-ks. and three measures, 15", 50™,
and 85™ percentiles, indicate the variation range and
central tendency of K/(K+ Na) ratio. This plot ex-
presses the variability of the parameter, K/( K+ Na),
in the range of 15"~ 85" percentiles and in the medi-
an or 50th percentile that are directly comparable for
different groups, regardless of the data distribution
patterns. The K/( K+ Na) ratio of K feldspars from
magmatic hydrothermal vein ( No. 6), altered wall
rock (No. 7), gold_bearing veins [ and II (No. 8,
9) changes in a narrow range and the medians are
above the reference line that is the median data of K
feldspar from the magmatic hydrothermal vein. The K
feldspars from gold bearing veins and magmatic hy-
drothermal veins are characterized by relatively higher
content of K and lower content of Na. However, the
K/(K+ Na) ratio for K feldspars from the other rock
types changes in greater ranges, even with outlier data
points, and the medians are below the same reference
line. These results enable us to differentiate different

types of rock or ore samples.

=
4 kL o B 0.953
¥
0.9} m D H
%f‘ *
+ 0.8}
¥
v *
0.7}
*
0.6k . ; . . N . . .
1 2 3 4 5 6 7 8 9
Rock types
Fig. 1 Variation of K/ (K + Na) in K feldspars from

different groups or geological bodies
I —Regional metamorphic gneiss; 2 —Migmatite; 3 —Granite; 4 —
Altered granite: 5 —Pegmatite; 6 —Magmatic hydrothermal veins;

7 —Altered wall rock; 8 —Gold bearing veins | » @ Gold_bearing

veins [l
5.2  Scatter plo. o (Ca+ N2)/JK wersus the ion
number Of ita
The scatter plot of the ion number ratio, ( Ca +

Ny /K

from different rock types or groups is shown in Fig.

versus the ion number of Ba in K feldspars

2. Almost all data points of K feldspars from magmat-
ic hydrothermal vein ( No. 6) and mineralized ore
veins ( No. 8 and 9) fall in the rectangular area de
fined by Ba < 0.011 and (Ca+ Na)/K< 0.07. These
results indicate that the K feldspars from gold_bearing
veins and hydrothermal veins have higher content of K
but relatively lower content of Na, Ca and Ba. In con-
trast, the data points of K feldspars from the other
rock types are more scattering in distribution and fall
outside the rectangular area. Several K feldspars from
migmatites, granite, altered granite and pegmatite
even have the (Ca+ Na)/K> 0.2. These results indir
cate that chemical compositions of K feldspars from
these rock types vary in greater ranges and are charac
terized by lower content of K but relatively higher
contents of Na, Ca and Ba. Fur
ing plot of the chemical compositions of K feldspars
can not only help distinguish the K feldspars from the
gold_bearing veins from the other rock types, but also
indicate that formation conditions of magmatic hy-
drothermal veins and mineralized lodes may be more
similar to each other than those of the other rock

Lypes.
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020, — 5.4 R _mode cluster analysis
@ Metamorphic gneiss -
o B Migmatite ['he dendrograms of the R_mode cluster analyses
A Granite
:?e‘;n"ﬁléﬂ“"e for K f(:]t]spars from auriferous and barren Stlll’lpl(?ﬁ-‘s are
0.1 N %m‘:%m‘ifﬂfﬁmimm veins shown in Fig. 4 and 5, respectively. The dendrogram
Gold-bearing vein . .
L] A ® Gold-bearing vein Il from R_mode cluster analysis of all samples is not

»® v
)
=
EO.IO ®
]
2
L] ®
e ©
0.05 V °
=
0.00 I N VP S S W S VST Y TS
0.00 0.01 0.02 0.03 0.04 0.05

Ion number of Ba per molecules

Fig.2 Variation of Ba (ion number per molecule) against

the ratio of (Ca+ Na)/K in K feldspars

5.3 (Qmode cluster analysis

The dendrogram of the Q_mode clister analysis s
shown in Fig. 3. It indicates that the four groups of
samples are recognized ai the level of clustering as fol-
lows:

Group i: Gn'is: and altered granite
Group 2: Magmatic hydrothermal vein,

bearing veins, and altered wall rock

Group 3: Migmatite and pegmatite

Group 4: Granite
It is again shown that K feldspars from magmatic hy-
altered wall rock and gold_bearing

rather than K

drothermal veins,
veins are more similar to each other,

feldspars from gneiss, migmatite, granite and peg-

matite.
99.75 }
=
Ew.ssL
g
7 99.92
mo.oo—=%_" % 3 =
é"‘ - f“ 3 &‘p ﬁ’ &
é@'
~s’s

Fig.3 Dendrogram of the Q_mode cluster analysis

gold_

shown, because it is similar to that of barren samples.

T he dendrogram from the R_mode analysis shows that

the element pair Na— Fe has significant correlations
for K feldspars from auriferous samples and could be
The
mental groupings of Si— Al with Ba, and Mn- Ti are

used as an indicator of gold mineralization. eler

common for K feldspars from either auriferous, barren

or all samples.

11.77¢} 72N — ?_
2 4118} ] |
4 |
E
(74
70.59 |-
100.00[ L
K Al Ni Na Fe Ca Mg Ba S8i Mn Ti OCr
Fig. 4  Dendrogram of R_mode cluster analysis for
K feldspars from auriferous samples
6.62} — -
-’E‘ 3775}
B
“ 6R.87}
100.00 . .
K Na Al Cr Ni Ba Si Ca Mg Man Ti Fe
Fig.5 Dendrogram of R_mode cluster analysis for

K feldspars from barren samples

5.5 Spearman rank correlation coefficient analysis
The elemental mean and other statistical parame-
minimum,

ters ( standard deviation, standard error,

maximum, median, skewness and kurtosis) of K
feldspars from auriferious and barren samples are sum-
marized in Table 3. The mean of each element in K
feldspars from auriferous samples was divided by the

mean of the same element in K feldspars from barren
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samples. The resulting ratio indicates the relative en-
richment or depletion of each element between two
groups of K feldspars. In general, the K feldspars
from auriferous samples have higher K and Cr but
lower Na, Ba, Mg, Mn, Tiand Ni than the barren K
feldspars. The means of Ca, Fe, Al and Si are similar
between the two groups of samples.

Spearman rank correlation coefficient ( Rs) was
computed to investigate the relationships between Au

content and element compositions of K feldspars. The

most positive correlations between the Au content and
specific elements among the auriferous, barren and all
K feldspar samples are summarized in Table 4. It in-
dicates that Si and Ba in K feldspars seem to be an in-
dicator for auriferous and barren samples. For all K
feldspars as a dataset, K is a characteristic element,
which again indicates that high content of K,0 char
acterizes the K feldspars from the Wulashan gold

lodes.

Table 3 The means and related statistical parameters of chemical compositions of K feldspars from auriferous

and barren samples

lon number per molecule

Au(g/T) ()
K Na Ca Ba Mg Fe Mn Ni Cr i Al Si
K feldspar (N = 37} from barren samples ) |\

M ean 0.039 0.894  0.071 0.003 0.006 0.002 0.005 002 .002  0.002 w204 0.973 2.994
Std. dev. 0.052 0.09 0.047 0.004 0010 0.003 0.011 w06z 003 €002 0.004 0.028 0.022
Std. error 0.008 0.016  0.008 0.001 0000  20u)  0.000 0000 0.veu 0000 0001 0.005 0.004

Min 0. 000 0.567  0.016  0.000  0.000  0.000 0 0.002 0000 0.000 0.000 0.000 0.914 2.936

M edian 0.020 0.925  0.064 0,002 0.001 0,000 0.071  0.010 0.0001 0.001 0.002 0.976 2.998

M ax 0.192 1018  0.25: D.017 w03 001 0,002 0.000  0.014  0.007  0.017 1.043  3.041
Skew ness 1.89 2,04 2,29 1.60 1 84 2.01 5.50 1. 63 1. 89 1.03 1.37 0.27 - 0.53
Kurtosis 3000\ B9 7.01 .42 2. 60 2.82 32.10 2. 60 4.87 -0.04 1.61 0. 64 0. 47

" feldspar (N = 25) from auriferous samples

M ean 1250 0.923  0.030 0.003 0.005 0.001 0.005 0.001 0001 0.004 0.002 0.979 2.994
Std. dev. 21. 065 0.076  0.013 0.004 0.010 0.002 0.007 0.000 0.002 0.005 0.002 0.031 0.033
Std. error 4.33 0.015 0.003 0.001 0.002 0.000 0.001 0.000 0.001 0.000 0.000 0.006 0.007

Min 0.210 0.732  0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.926 2.884

M edian 311 0.934  0.030 0.002 0.002 0.000 0.002 0.000 0.000 0.002 0.001 0.975 2.998

M ax 81. 17 1.018 0.050 0.014 0.045 0.007 0.034 0.006 0.006 0.022 0.009 1.054 3.067
Skew ness 2.26 -1.02 -0.08 1.56 2.93 1.37 2.94 2.64 1.26 2.41
Kurtosis 4.47 0.61 -1.03 2.05 9.59 0.76 10. 62 7.51 0.11 6. 66

Ratio of mean” 1.032  0.423 1.000 0.833 0.500 1.000 0.500 0.500 2.000 0.500 1.006 1.000

#

Mean of an element in K feldspar from aurif erous samle

Ratio of mean=

Table 4  Significant Spearman rank correlation coefficients
between the chemical compositions and the Au contents

of the whole rock or ore samples

Spearman rank

Sample set N Element coefficients ( Rs) P’ vaiue
Total 62 K 0.217 0. 066
Auriferous 25 Si 0.270 0. 200
Barren 37 Ba 0. 288 0. 084

The statistically significant element pairs were
determined for auriferous, barren and all samples.

The cut_off values used to define the significance were

mean of the same element in K feldspar from barren samp le

high (i. e. Rs> 0.31 for p= 0.056), which is relat-
ed to the number of samples (N). Like the cluster

analysis, the following elements, Ca, Mg, Ba, Al

&

and S and the elemental
ana 21, ana ne exemenia

Ba, and Mn -

from both auriferous and barren samples. However,

1~{\un;nﬁs~. of Si— Al with
apmgs o1 21 S Whn

)

Ti, are common to the K feldspars

the elemental pairs, K- Ni; Ca- Si, Mg; Fe- Mg;
Al- Ba, statistically characterize K feldspars from au-
riferous samples; the elemental pairs, K- Ba, Al; Ti
— Ca, Mg, Mn; Ba- Cr; Fe- Al, statistically char

acterize the K feldspars from barren samples.
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6 Discussion and conclusions

6.1 K feldspars from gold bearing veins and other
rock types

K feldspars from gold_bearing veins and magmat-

ic hydrothermal veins are very similar in chemical

These K

feldspars are characterized by higher contents of K,

compositions and Al Si degree of order.

lower contents of Na, Ca, Ba, and relatively insignifr
cant variations in chemical compositions. The ALSi
degree of order of K feldspars ranges from 0. 81 to
0. 98, indicating that K feldspars are intermediate to
maximum microclines and the formation temperatures
should be lower than 450 C ( Ribbe, 1983). The re-
sults also indicate that the gold_bearing veins and mag-
closely associated in
genesis and the gold mineralization in the Wulashan
gold deposit is, at least partially, related to-the mig-
matic hydrothermal fluids of high K;0, i0,, and
Au. However, chemical cliaracteristics of K feldspars
cannot clearlv ‘ndicate which intrusions or magmatic
events in this arca ore morc likely related to the gold
mineralizaiion | although the Late Paleozoic Dahuabei
granitoid batholite appears to be one logical source of
hydrothermal fluid for the Wulashan gold mineraliza
tion. These results are in agreement with the previous
studies of isotopes and fluid inclusions ( Gan et al.,
1994, Nie et al., 2002, Hart et al., 2002, Miao et
al., 2003). These authors found that there are two
distinet major gold mineralization episodes in the Wu-
lashan gold deposit, a Late Paleozoic (352 Ma) gold
mineralization and a Late M esozic ( 132 Ma) gold min-
eralization (Miao et al., 2003). The first mineraliza
tion episode is coeval with the emplacement of the

ite bathelith ( Nie et af., 2002, Miao

dant FAVLY FAN A

Dahuabei gran
=]

et al., 2003). However, Gan et al. ( 1994) indicate
that there are significant differences in the characteris-
tics of fluid inclusions between the gold ore veins and
the Dahuabei granioid batholith. T herefore, gold min-
eralization at the Wulashan gold deposit may be not
restricted to a single mineralizing event and the hy-

drothermal fluids may be not restricted to a single

source, which requires more understanding of the
complex tectonic, magmatic and thermal history inte
grated with geological and geochronological studies
(Hart et al., 2002).

[n addition, most K feldspars from altered wall
rocks are also similar to those from gold bearing veins
and magmatic hydrothermal veins, as evidenced by
the cluster analysis which indicates that K feldspars
from the three rock types are classified into the same
group. However, the chemical compositions and Al Si
degree of order of K feldspars from the altered wall
rocks change in greater ranges. These results indicate
that most K feldspars in the altered wall rocks were
formed or re_crystalized w hile the mireralization fluids

were in equilibrium with the v all rocks. During the

alteration processes of K feldspathizat on,  silicifica
tion. nvrit zativn,  carhonstization and sericitization
tion, pyritizatisn, carbonstization and sericitization,

K.0, Si0,, CO., S qid Au in the mineralization flu-
1ds were brought into the wall rocks, while NayO,
teO, MgO, TiO;, AlO3and H,0 into the fluids. As
a result, intense Au mineralization occurred in the al
tered wall rocks with a large amount of K feldspars of
high K»0.

There are two distinet mineralization stages in
the Wulashan gold deposit: the gold_bearing veins ( K
feldspar_quartz veins) and gold_bearing veins ( quartz
veins) . The K feldspar_quartz veins resulting from the
major gold mineralization stage are characterized by
high potassic fluid, intense feldspathization, large
amounts of K feldspars, and high content of K in K
feldspar. The formation temperatures of the gold_
bearing veins | are estimated to be 307~ 379°C,
with an average of 353°C (Hu et al., 2004). The
mineralization fluids were evolved to be less potassic
and more silicic at the second stage gold mineralization
and, as a resull, the guartz veins were formed with
less intense feldspathization, more intense silicification
and less K feldspars in mineralized lodes and lower
content of K in K feldspars. The mineralization tem-
peratures for the gold_bearing quartz veins are estimat-
ed to be 260~ 318 C, with an average of 281 C (Hu

et al., 2004). These constrains on the formation

conditions of the Wulashan gold deposit from the
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chemical compositions and ALSi degree of order of K
feldspars are in agreement with the field observations
and other fluid inclusion studies (Gan et al., 1994,
Wu et al., 1995).

Chemical compositions and Al Si degree of order
of K feldspars from regional metamorphic gneiss,
migmatites, granite and pegmatites are different than
those of K feldspars from gold_bearing veins in two as
pects. First, these K feldspars have relatively higher
contents of Na, Ca, and Ba but lower content of K.
Second, chemical compositions and Al Si degree of or-
der change in greater ranges. The formation tempera
tures of K feldspars also vary greatly even for K
feldspars from the same rock types (Hu et al.,
2004) .

some K feldspars have high content of Na and low AL

For example, in gneiss and migmatitites,

1 deoree o ta N VT anreacnanding to sanidine
Ol GEgTee O Lo . L7, COITESPOINGINng 10 sanitaiiie

2 om

or orthoclase. The formation temperatures of s¢me K
feldspars can be 700 - 800°C. However,

feldspars from these rock types are intermediate to

mo:it K

maximum microclines. The results suggest that K
feldspars from thcse rozk types may hayve experienced
complex miogmaii¢ ¢nd Thermal processes since they
were formed, and therefore, K feldspars must have
achieved re_equilibration. In fact, the alteration of
granite might have resulted in the transformation of K
feldspars from orthoclase to microcline with higher
content of K and greater A1 Si degree of order.
6.2 K feldspars from auriferous and barren sanr
ples

The average contents of Ca, Fe, Al and Si are
similar for K feldspars from auriferous and barren
samples. However, K feldspars from auriferous sam-
ples are characterized by higher contents of K and Cr,
whereas K feldspars from barren samples by higher
contents of Na, Ba, Mg, Mn, 1e
mental groupings of Si— Al with Ba, and Mn- Ti are
common to the K feldspars from both auriferous and
barren samples. However, K feldspars from auriferous
samples are statistically characterized by elemental
pairs of K- Ni; Ca- Si, Mg; Fe- Mg; and Al- Ba,
whereas K feldspars from barren samples by elemental
pairs of K- Ba, Al; Ti- Ca, Mg, Mn; Ba- Cr; and

Fe— Al There is a strong correlation between K;0 in
K feldspars and Au content of all ore samples. These
results suggest that the enrichment of gold should be
related to the high content of K;0 in hydrothermal
fluids or intense potassic metasomatism, and the con-
tent of K;0 in K feldspars may be used as an indicator
of gold mineralization.

The K feldspars of auriferous samples are charac
terized by low contents of element pairs Na— Fe and
Fe— Mg. It might indicate the leaching of Fe during
potassic alteration, resulting in the formation of
pyrite, hematite and magnetite, which is in good &
greement with field observations in the Wulashan gold
deposit. The enrichment of gold ores i5 proportionally
related to the amount of pyrite in the gold ores, and
more hematite and mugnetite are observed in the major

eldspai_qusriz | veins (of

o i

1 he K

K f this deposii.
feldspars from birren samples are statistically charac
terized by relatively higher content of Ba and many
other transition elements, and the elemental Ba— Cr
and Ti- Mn. These results indicate that the high con-
in K

feldspars may be indicators of poor gold mineraliza

tents of Ba and other transition elements

tion, and the high contents of these elements in hy-
drothermal fluids may not favor the gold mineraliza
tion, which is in agreement with a previous study

(Xue et al., 2000).
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