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ABSTRACT: The aim of this study is to quantify the geochemical elements distribution patterns 
analyzed from stream sediment data and then to delineate favorable areas for mineral exploration. A 
total of 7 270 stream sediment samples were collected from four subareas and 37 rock (ore) chip 
samples from five different locations in the Bange region, northern Tibet (China). The multifractal 
spectra of 12 elements including Au, Ag, As, Cu, Mo, Pb, Zn, W, Sn, Bi, Sb and Hg are represented by 
the method of moments, and characterized by five quantitative multifractal parameters. The results 
show that the multifractality for Cu and Bi in the Gongma area is much stronger than those in other 
subareas. Both the asymmetry index of multifractal spectra and the variance coefficients of Cu and Bi 
in this area are the highest, which imply that the distribution pattern of Cu and Bi in the Gongma area 
is the most heterogeneous. These multifractal parameters indicate that the Gongma area is the most 
favorable for prospecting Cu and Bi. The results obtained by the method of moments are in agreement 
with petrochemical analysis and field observation. It is suggested that multifractal analysis can be used 
as an effective tool to evaluate the ore-forming potential in the study area and to provide new 
approaches for geochemical exploration. 
KEY WORDS: stream sediment, the method of moments, multifractal spectrum, ore-forming potential, 
Tibet. 

 
0  INTRODUCTION 

To identify the distribution patterns of geochemical ele-
ments and to delineate target areas for mineral exploration are 
essential objectives of exploration geochemistry. Exploration 
geologists often need to separate anomalies associated with 
mineralization from background reflecting regional geological 
processes. Various quantitative methods have been developed 
to model the distribution patterns of geochemical elements, and 
among them, the conventional and spatial statistical methods 
have played important roles (Cheng et al., 1996; Sinclair, 1991; 
Stanley and Sinclair, 1989; Grunsky and Agterberg, 1988; 
Stanley, 1988). In addition to frequency distributions and spa-
tial correlation and variability of concentration values, geome-
trical properties and scale-independent characteristics of ano-
malies can be considered in fractal/multifractal methods 
(Cheng et al., 1997, 1996, 1994). 

The developments of fractal and multifractal theory in the 
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past 30 years have shown that many geological processes (in-
cluding mineralization, sedimentation, volcanism, igneous ac-
tivity and geomorphology) exhibit self-similarity or 
self-affinity, which can result in fractals and multifractals with 
scale-independent characteristics (Cheng, 1999a). The applica-
tion of fractal/multifractal offered a new horizon to the under-
standing of irregularities of geological features and the spatial 
distribution patterns of geological objects (Carranza, 2009; 
Raines, 2008; Wang et al., 2008, 2006; Cheng and Agterberg, 
1996, 1995; Cheng, 1995; Mandelbrot, 1983) and the properties 
of mineralization (Gumiel et al., 2010; Turcotte, 2002, 1997; 
Shi and Wang, 1998; Li et al., 1994; Sanderson et al., 1994; 
Carlson, 1991). Fractal and multifractal techniques have been 
extensively used to characterize spatial structures of geochem-
ical data for mineral exploration (Zuo, 2011; Zuo et al., 2009; 
Xie et al., 2008, 2007; Xie and Bao, 2004a, b, 2003a, b; Cheng, 
1999a; Cheng et al., 1996, 1994; Xie and Yin, 1993).  

The Gangdese metallogenic belt is one of the most impor-
tant areas for mineral exploration in China, where large amount 
of mineral deposits (e.g., Qulong, Jiama, Chongjiang, Tinggong, 
Zhunuo, etc.) have been discovered in recent years (Li et al., 
2004). In the past two decades, several geological surveys and 
resource assessments have been carried out in this belt by the 
China Geological Survey, showing that it is prospective for 
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copper polymetallic deposits in the belt (Rui et al., 2006, 2003; 
Wang et al., 2002; Zheng et al., 2002; Qu et al., 2001). Most 
researches in this belt have focused on geology, geochemistry, 
evolution history, mineral exploration and genesis of porphyry 
copper deposits (Hou et al., 2009; Li et al., 2009; She et al., 
2009; Pan et al., 2006; Zheng et al., 2003). Recently, fractal/ 
multifracatl models have been applied in this belt for mineral 
exploration (Zuo, 2011; Xie et al., 2010, 2008; Zuo et al., 
2009). 

In this paper, a total of 7 270 stream sediment samples 
were collected from four different subareas (Duoba, Gongma, 
Jiurucuo and Bange County) at a mapping scale of 1 : 50 000 
and 37 rock (ore) chips were sampled in five different localities 
(Biangari (BGR), Duoria (DRA), Longga (LG), Quru (QR) and 
Gangguo (GG)) in the Bange region, northern Tibet (China). 
The stream sediment samples were analyzed for 12 elements 
(Au, Ag, As, Cu, Mo, Pb, Zn, W, Sn, Bi, Sb, and Hg) and 
processed by the method of moments in order to evaluate the 
ore-forming potential of copper and bismuth in these areas. The 
petrochemical analysis and the field observation were used to 
verify and check the results obtained by the method of mo-
ments. 

 
1  GEOLOGICAL SETTING AND GEOCHEMICAL 
DATA 
1.1  Regional Geological Background and Ore Deposit Ge-
ology 

The study area, the Bange region, is located north of Tibet. 
It belongs to the Bange-Tengchong volcanic-magmatic arc belt 
in the northern Gangdese block, and is located in the southern 
part of the central Bangonghu-Nujiang surture zone (Fig. 1b, 
grey polygon). It was demonstrated that the formation of the 
Bange-Tengchong volcanic-magmatic arc belt was mainly the 
result of the southward subduction of the Bangonghu-Nujiang 
Ocean (Gao et al., 2011a; Zhu et al., 2006). The host rocks in 
this belt consist of Late Paleozoic to Cenozoic sedimentary 
rocks (conglomerate, sandstone and carbonate). The Paleozoic 
sedimentary rocks are mainly distributed in the Shenzha Coun-
ty and the Luolong-Basu region. The Mesozoic and Cenozoic 
sedimentary rocks are widely distributed in this belt, which are 
represented by Jurassic and Cretaceous formations. The mag-
matic rocks in this belt comprise Late Carboniferous and Juras-
sic to Cretaceous rocks. The Cretaceous magmatic rock is the 
most widely distributed (Gao et al., 2011b). The faults in this 
belt mainly have NW trend, and some faults have NE and E-W 
trends. The magmatic intrusions in this belt were structurally 
controlled by these fault systems. The NW-trending faults con-
trolled the distribution of the Early Cretaceous granite, while 
the NE-trending faults controlled the distribution of the Late 
Yanshanian granite (Zhang et al., 2011). 

The Bange-Tengchong volcanic-magmatic arc belt is con-
sidered to be a polymetallic belt where Fe, Cu, Pb, Zn, W, Sn, 
Au, Hg, Sb, Cr, and REE deposits occur (Gao et al., 2011b; 
Zhang et al., 2011; Rui et al., 2006). The Pb and Zn deposits, 
which are mainly distributed in the eastern part of this belt (e.g., 
Basu, Ranwu and Boshulaling), include hydrothermal veins, 
carbonate-and/or clastic-hosted and skarn types. The dominant 

ore deposits in the central part of this belt (Bange region) are 
Cu-Fe polymetallic deposits of skarn type, W and Sn deposits 
of greisen type and placer Sn and Au deposits. The Hg, Sb, Cr, 
and REE occur as small deposits in some places in northern 
Tibet (Rui et al., 2006).  

In the study area, sedimentary rocks, such as the 
NW-trending Lower Cretaceous Langshan Formation, are 
widely distributed in the central part of the Gongma area and 
the southern part of the Jiurucuo area (Fig. 1a). The dominant 
rocks in these areas are terrigenous clastic rocks and carbonate 
rocks, which are represented by the Yongzhu and Langshan 
formations, respectively. The Cu-Fe mineralization is related to 
the Langshan Formation in the Gongma area. 

Outcrops of volcanic rocks are rare in the study area, and 
such rocks occurring only as interlayers distributed discretely 
in the central-upper Jurassic Lagongtang Formation in the east-
ern part of the Bange County area (Gao et al., 2011b). However, 
Yanshanian intrusive rocks are mainly composed of two major 
geological units (monzogranites and granodiorites) and are ex-
tensively distributed in the central and northern parts of the 
study area, accounting for approximately 50 percent of the total 
area (Fig. 1a) (Gao et al., 2011b). 

The greatest achievement in the latest exploration in this 
area was the discovery of the Ria Cu-Fe polymetallic deposit 
(Fig. 1a), which is composed of three ore blocks and eight ore-
bodies with different sizes (50–300 m in length) (Gao et al., 
2011b). The chemical compositions of the orebodies are cha-
racterized by average contents of 1.07% Cu, 3.24% Pb, 1.93% 
Zn, and 0.015% Ag. 
 
1.2  Geochemical Data 

With an average density of four samples per square ki-
lometer, a total of 7 270 stream sediments samples were col-
lected from four subareas measuring a total area of 1 748 km2: 
1 789 samples from the Duoba area, 2 328 samples from the 
Gongma area, 1 711 samples from the Jiurucuo area and    
1 442 samples from the Bange County area. These samples 
were analyzed for 12 major ore-forming elements (Au, Ag, 
As, Cu, Mo, Pb, Zn, W, Sn, Bi, Sb, and Hg) by the Mineral 
Resources Analyzing Centre of Ministry of Land and Re-
source, Shenyang. The concentrations of Au were determined 
by graphite furnace-atomic absorption spectrometry 
(GF-AAS). Ag and Sn by atomic emission spectrometry 
(AES). Cu, Pb and Zn by inductively coupled plasma optical 
emission spectrometer (ICP-OES). As, Sb, Bi and Hg by 
atomic fluorescence spectrometry (AFS) and W and Mo by 
inductively coupled plasma-mass spectrometry (ICP-MS). 
The method detection limits for Au, Ag, Sn, Cu, Pb, Zn, As, 
Sb, Bi, Hg, W, and Mo were 0.000 3, 0.02, 1, 1, 2, 4, 0.6, 0.05, 
0.05, 0.000 5, 0.04, and 0.04 µg/g, respectively. 

Thirty-seven rock (ore) chips were sampled (Fig. 1a) and 
the contents of Cu, Pb, Zn, and Ag were analyzed by the Min-
eral Resources Analyzing Centre of Ministry of Land and Re-
source, Wuhan. The contents of Cu, Pb, Zn and Ag were meas-
ured by flame atomic absorption spectroscopy (AAS), whereby 
the average analytical error was less than 5% and the reprodu-
cibility of duplicate analyses was generally within 10%. 
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Figure 1. Geological map and rock (ore) chip samples location in the Bange region, Tibet ((b) is revised from Gao et al., 2011a). 
 

The statistical properties of the geochemical data for the 
stream sediment samples are summarized in Table 1. The dif-
ferences between the means of elements in the different areas 
are very clear (e.g., the means of Cu, Mo, Pb, and Bi in the 
Gongma area are much higher than those in the other three 
subareas). The coefficients of variation of the individual ele-
ments are also variable in the different subareas (e.g., the coef-
ficients of variation of Cu and Bi in the Gongma area are much 
higher than those in the other three subareas), indicating dis-
tinct distribution patterns of geochemical concentrations in the 
different subareas (Table 1). 
 
 

2  THE METHOD OF MOMENTS 
It has been demonstrated that element concentrations in 

geochemical fields exhibit fractal or multifractal characteristics. 
Many methods have been proposed to study and describe the 
multifractal characteristics of element concentrations, among 
which the method of moments is commonly used (Xie et al., 
2010, 2008, 2007; Xie and Bao, 2004a, b, 2003a, b; Xie, 2003; 
Agterberg, 2001; Cheng, 1999b; Evertsz and Mandelbrot, 1992; 
Halsey et al., 1986). In order to perform a multifractal analysis, 
a measure related to local concentrations should be defined in 
sampling space. Firstly, a measure μi(ε) for a box i in the sam-
pling space can be defined as 
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2( )i ixμ ε ε=                                   (1) 

where xi is the average concentration of an element in the sam-
pling space with ε box size (Cheng, 1999b). The partition func-
tion, 

( )
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n q
q ii

x
εε μ

=
=                               (2) 

results from a weighted sum over all boxes, where n(ε) is the 
number of boxes covering the sampling space, and q is the 
moment of the weighted sum (Halsey et al., 1986). If the dis-
tribution pattern of xq(ε) is multifractal, then the relationship 

between xq(ε) and box size ε can be described as below 

( )( ) q
qx τε ε∝                                  (3) 

where τ(q) is the mass exponent (Feder, 1988), which is a func-
tion of q. Monofractal sets display a linear τ(q) spectrum with 
τ(q)=αq−1, where α is the global Hölder exponent, which is a 
singularity index of geochemical data. For multifractal meas-
ures, τ(q) is the nonlinear function τ(q)=αq−f(α), where 
α=dτ/dq is not constant and f(α) is the fractal dimension. 

 
Table 1  Statistical properties of geochemical data for elements analyzed in  

stream sediment samples from the Bange region, Tibet. Data are in ppm, 
except for Au (ppb). Cv. Coefficient of variation 

Elements 
Duoba Gongma Jiurucuo Bange County 

Mean Cv Mean Cv Mean Cv Mean Cv 

Au 1.02 1.63 0.98 0.63 0.91 1.95 0.76 4.71 

Ag 0.076 0.43 0.119 3.50 0.074 0.24 0.074 0.32 

As 17.70 0.73 15.10 0.61 15.91 0.40 16.21 0.62 

Cu 13.55 0.50 27.04 10.04 14.79 0.39 12.38 0.38 

Mo 0.53 0.37 0.82 1.58 0.55 0.46 0.46 0.38 

Pb 27.46 0.52 44.58 1.72 30.31 0.25 28.21 0.20 

Zn 48.41 0.37 67.45 1.30 58.18 0.42 46.72 0.34 

W 4.61 0.99 5.92 1.89 2.54 0.38 4.14 1.53 

Sn 5.48 1.89 5.09 1.83 2.72 0.31 5.29 1.67 

Bi 0.49 0.81 2.99 15.48 0.49 0.67 0.44 0.74 

Sb 1.01 0.56 1.02 0.64 1.10 0.38 0.88 0.42 

Hg 0.018 0.68 0.017 0.51 0.02 0.59 0.019 1.16 

 
To calculate the multifractal parameters, q was selected in 

the range from -10 to 10 with an interval of 0.5 to construct the 
partition functions xq(ε). With standard errors less than 0.05 and 
correlation coefficient |r|>0.97, the slopes of straight lines of 
log(xq(ε))−log(ε), τ(q), are estimated using a least squares fit. 
The singularity exponent α(q) and the multifractal spectrum f(α) 
can then be obtained. Multifractality, represented by τ″(1) 
(τ(2)−2τ(1)+τ(0)), is calculated and proved to be associated 
with spatial analysis parameters (Cheng, 1999b). The widths of 
the singularity spectrum f(α), i.e., Δα=αqmin−αqmax, are also 
calculated. To characterize the shapes of the multifractal spec-
trum, the asymmetry index, R=(ΔαL−ΔαR)/(ΔαL+ΔαR), is also 
calculated, where ΔαR(αqmin−α0) is the width of the right branch 
of the multifractal spectrum curve and ΔαL(α0−αqmax) is the 
width of the left branch of the multifractal spectrum curve (Xie 
and Bao, 2004a). 
 
3  RESULTS AND DISCUSSION 
3.1  Multifractal Distribution Patterns of Ore-Forming 
Elements 

The multifractal spectrum curves (f(α)) of the 12 studied 
elements, calculated by the method of moments (Fig. 2), are all 
continuous and asymmetric with convex shape. This indicates 
that the distribution patterns of individual elements in the geo-
chemical fields of the studied region are multifractal and all the 

geochemical fields of the 12 studied elements have experienced 
different degrees of superposition (Xie and Bao, 2004a). The 
maximum of a multifractal curve is attained by one value of α, 
called α0, and around this maximum there are two branches of 
the curve: one is the left branch with all singularity values α 
smaller than α0 and the other is the right branch with α greater 
than α0. For all the element concentration values, the multifrac-
tal spectrum curves are not symmetrical around the maximum, 
some deviating to the left part and some to right (Xie, 2003). 
For the left-deviating continuous multifractal spectrum curves, 
the right branches are shorter than the left branches, showing 
that higher concentration values are much enriched. For the 
right-deviating continuous multifractal spectrum curves, the 
right branches reflect depletion of element concentrations (Xie 
and Bao, 2004a). The multifractal spectrum curves of the dif-
ferent elements or the same elements are different in the indi-
vidual subareas. Taking Cu in the four subareas as an example, 
the multifractal spectrum curves for Cu in the Gongma and 
Bange County areas are left-deviating but those in the Duoba 
and Jiurucuo areas are right-deviating.  

The Δα value, the width of the multifractal spectrum curve, 
reflects the enrichment of concentration of elements in a local 
space. A high Δα value means that the concentrations of an 
element are more variable and enriched, indicating a compli-
cated distribution pattern in a geochemical field, which is fa-
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vorable for ore-formation. The ΔαL and ΔαR are the widths of 
the left and right branches, respectively, in a multifractal spec-
trum curve. The ΔαL value mainly describes the distribution 
pattern of high element contents in a geochemical field. The 
higher the ΔαL value, the stronger the singularity is, implying 
favorability for ore-formation. The ΔαR value reflects the dis-
tribution pattern of low element contents (Xie and Bao, 2004b, 
2003a, b; Agterberg, 2001; Cheng, 2000a; Evertsz and Man-

delbrot, 1992). The asymmetry index (R) is used to quantita-
tively describe the deviation of an asymmetric multifractal 
spectrum curve to a symmetric one. The higher the R value, the 
wider the left branch of the curve is and the stronger the singu-
larity of element concentrations, providing useful information 
for ore-forming potential assessment of elements (Xie and Bao, 
2004a, b, 2003a, b; Xie, 2003). 

The Δα, ΔαL and R values for the main ore-forming ele-  
 

 

Figure 2. Multifractal spectrum curves of 12 elements in stream sediment samples from the Bange region, Tibet. (a) Duoba area; (b) 
Gongma area; (c) Jiurucuo area; (d) Bange County area. 
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ments Cu, Pb, Zn, Ag, Mo, Bi, W, and Sn in the Gongma area 
are notably greater than those in the other three subareas. The 
corresponding τ″(1) values (τ(2)−2τ(1)+τ(0)) of the eight main 
ore-forming elements in the Gongma area are lower than those 
in the other subareas. The ΔαR values of Ag, Cu, W, and Sn in 
the Jiurucuo area, are higher than or close to the corresponding 
ΔαL value, resulting in lower R values in that area (Table 2). 

The geochemical maps for Au, Ag, As, Cu, Pb, Zn, W, Sn, 
Mo, Bi, Sb, and Hg, which are derived by means of an inverse 
distance weighted moving average method were created by 
GeoDAS software (Cheng, 2000b), are shown in Fig. 3. The 
moving averaging used a square window of size 0.4×0.4 km2, 
distance decay exponent 2 and minimum number of samples 
equal to 16. It is shown that the main ore-forming elements Cu, 
Pb, Zn, Ag, Mo, Bi, W, and Sn are enriched in the Gongma 
area apparently and are spread in the NW-trending, and these 
distribution of the main ore-forming elements are controlled by 
that of the geological background. It can be inferred that the 
elements distribution may be related to the skarn type minera-
lization in the Gongma area. On the contrary, the elements Ag, 

Cu, W, and Sn in the Jiurucuo area are not concentrated with 
low content distribution. The distribution of elements in the 
geochemical maps is in accordance with the parameters calcu-
lated by the method of moments. 

The multifractal parameters Δα and ΔαL for Cu and Bi in 
the Gongma area are 2.231, 2.251 and 1.943, 2.035, respec-
tively, which are much higher than those in the other three sub-
areas, indicating that the concentrations of the two elements in 
the Gongma area are more heterogeneous. The asymmetry in-
dex R for Cu (0.762) and Bi (0.814) in the Gongma area are the 
maximum, which implies the strongest singularity of the two 
elements in the four subareas. The greatest coefficient of varia-
tion values (Table 1) also show the dispersed and locally 
enriched distribution patterns of Cu and Bi in the Gongma area. 
The τ″(1) values for Cu (0.378) and Bi (0.426) in Gongma area 
are the minimum (Table 2), which may represent a new insight 
into evaluation of ore-forming potential. The coherence of the 
multifractal parameters indicates that the Gongma area may be 
the most favorable area for Cu and Bi mineralization and the 
most prospective area for Cu and Bi. 

 
Table 2  Multifractal parameters of geochemical data per element analyzed in stream sediments from  

four subareas in the Bange region, Tibet 

Location Parameter Au Ag As Cu Mo Pb Zn W Sn Bi Sb Hg 

Duoba 

area 

△α 1.708 0.860 0.702 0.992 0.321 0.824 0.584 0.969 1.59 1.081 0.685 0.887△αR 0.585 0.191 0.254 0.625 0.161 0.072 0.433 0.260 0.485 0.265 0.278 0.096△αL 1.122 0.669 0.448 0.367 0.160 0.752 0.151 0.710 1.105 0.816 0.408 0.791

R 0.314 0.556 0.277 -0.260 -0.002 0.825 -0.482 0.464 0.390 0.509 0.190 0.783

τ″(1) 0.950 0.998 0.988 1.003 1.009 1.004 1.014 0.969 0.961 0.982 0.994 0.997

Gongma 

area 

△α 0.770 1.819 0.695 2.231 1.544 1.378 1.667 1.375 1.612 2.251 0.869 0.745△αR 0.310 0.169 0.237 0.262 0.240 0.119 0.574 0.270 0.429 0.208 0.203 0.087△αL 0.460 1.642 0.458 1.943 1.304 1.259 1.093 1.105 1.183 2.035 0.666 0.658

R 0.195 0.814 0.318 0.762 0.689 0.827 0.311 0.608 0.468 0.814 0.533 0.767

τ″(1) 0.980 0.713 0.982 0.378 0.898 0.863 0.899 0.898 0.889 0.426 0.981 0.986

Jiurucuo 

area 

△α 1.64 0.157 0.683 0.776 0.550 0.163 0.588 0.552 0.319 1.309 0.478 0.441△αR 0.504 0.093 0.230 0.623 0.129 0.060 5 0.235 0.252 0.184 0.223 0.112 0.090△αL 1.135 0.064 0.453 0.153 0.421 0.104 0.353 0.301 0.135 1.085 0.366 0.351

R 0.384 -0.187 0.328 -0.606 0.530 0.271 0.201 0.089 -0.154 0.659 0.533 0.590

τ″(1) 0.992 1.031 1.023 1.024 1.013 1.029 1.019 1.021 1.023 0.985 1.022 1.028

Bange 

County 

area 

△α 1.939 0.324 0.65 0.666 0.313 0.104 0.262 0.931 1.276 0.72 0.609 1.169△αR 0.440 0.139 0.233 0.166 0.139 0.051 0.144 0.031 0.192 0.161 0.319 0.119△αL 1.427 0.185 0.417 0.500 0.173 0.053 0.117 0.900 1.085 0.559 0.290 1.051

R 0.528 0.143 0.283 0.501 0.108 0.027 -0.103 0.933 0.699 0.554 -0.048 0.797

τ″(1) 0.831 1.070 1.058 1.061 1.059 1.070 1.062 0.999 0.983 1.052 1.070 1.043

Note: △α. The width of the multifractal spectrum curve; △αR. the width of the right part of the multifractal spectrum 
curve; △αL. the width of the left part of the multifractal spectrum curve; R. the asymmetry index of the multifractal 
spectrum curve; τ″(1). the multifractality when q=1. 

 
3.2  Petrochemical Analysis of Rock Chips  

The mineral exploration in the Bange region was con-
ducted during 2008–2010, and eight Cu-Fe occurrences (Fig. 
1a) and some mineralization clues were discovered. It was 
shown that the NW-tending mineralized zone was mainly con-
trolled by the intrusion of the Late Cretaceous granitoid pluton 
(monzonitic granite), and the ore-bodies occurred in the contact 
zones between the pluton and limestones of the Lower Creta-
ceous Langshan Formation. The main ore minerals are chalco-

pyrite and magnetite, and the secondary minerals are malachite 
and azurite. 

A total of 37 Cu-Fe rock chip samples were collected from 
five locations including Biangari (BGR), Duoria (DRA), 
Longga (LG), Quru (QR) and Gangguo (GG) (Fig. 1a), and the 
geochemical data for Cu, Pb, Zn, and Ag are shown in Table 3. 
Petrochemical analysis shows that the ranges of concentrations 
of Cu, Pb, Zn and Ag in rock chip samples are 1.11%–19.40%, 
0.005%–2.18%, 0.05%–9.77%, 8.46 ppm–426.00 ppm, respec-
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tively. According to the specifications for Cu, Pb, Zn, Ag, Ni 
and Mo mineral exploration in China (Ministry of Land and 
Resources of China, 2002), the Cu contents of 37 rock (ore) 
chip samples all exceed the cutoff industrial grade (Cu 0.5%) 
while some of the Pb, Zn and Ag contents are over 0.2%, 0.4% 
and 1 ppm, respectively, which are the minimum grades for 
associated components in a copper deposit. 

Bismuth is a rare element in the nature, and its average 

contents in the ultrabasic rock, the basic rock, the intermediate 
rock, the acid rock and the crust are 1 ppm, 7 ppm, 10 ppm, 10 
ppm and 0.004 ppm, respectively (Liu and Cao, 1987). Nine-
teen skarn type rock chip samples were collected from three 
localities named Chalangla (CLL), Xueru (XR) and Gengnai 
(GN) in the Gongma area and the Bi contents in the rock chips 
were detected (Zhao et al., 2010) (Table 3). The concentrations 
of Bi range from 26.9 ppm to 1 317 ppm, with an average  

 

 

Figure 3. Geochemical maps of 12 elements in stream sediments of the Bange region, Tibet. 
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Table 3  Contents of Cu, Pb, Zn, Ag and Bi in rock (ore) chip from the Gongma area in the Bange region, Tibet 

Location Sample No. Cu (%) Pb (%) Zn (%) Ag (µg/g) Location Sample No. Bi (µg/g) 

Biangari 

(BGR) 

1-01 2.55 2.18 1.67 <0.001 Chalangla 

(CLL) 

CLL-4 34 

1-02 4.20 0.17 0.45 <0.001 CLL-4 218 

2-01 3.43 0.10 0.27 <0.001 CLL-4 26.9 

2-02 3.07 0.14 3.08 33.80 Xueru 

(XR) 

XR-3 32.8 

2-03 2.64 0.17 5.52 30.10 XR-4 64.2 

2-04 19.40 0.10 1.42 350.00 XR-5 793 

2-05 17.00 0.07 1.40 295.00 XR-7 723 

2-06 4.25 0.03 0.17 18.30 XR-8 141 

2-07 8.61 1.39 5.14 112.00 Gengnai 

(GN) 

GN-9 304 

Duoria 

(DRA) 

3-01 3.33 0.01 0.26 11.50 GN-16 67.7 

3-02 15.74 0.03 1.74 19.80 GN-17 31.8 

3-03 10.74 0.04 0.73 10.10 GN-34 34.7 

3-04 10.85 0.02 0.76 21.70 GN-35 1317 

3-05 8.63 0.06 1.04 8.46 GN-37 466 

3-06 5.76 0.03 1.07 8.47 GN-38 125 

3-07 7.73 0.15 1.28 33.30 GN-39 465 

3-08 10.26 0.06 0.55 12.20 GN-40 135 

Longga 

(LG) 

4-01 1.11 0.08 0.23 19.20 GN-41 196 

4-02 2.44 0.01 0.42 11.30 GN-42 150 

4-03 2.39 0.02 0.35 10.90 Note: The Bi contents data were cited from Zhao et 

al. (2010). 5-01 1.40 0.02 0.20 23.80 

5-02 1.19 0.01 0.25 16.20 

5-03 2.16 0.06 0.11 13.90 

5-04 1.75 0.22 0.33 57.80 

Quru 

(QR) 

6-01 1.86 0.11 0.05 179.00 

6-02 2.17 0.20 0.22 33.60 

6-03 1.28 0.18 0.26 <0.001 

6-04 1.26 0.08 2.40 <0.001 

7-01 1.34 0.04 1.10 <0.001 

7-02 1.22 <0.005 <0.005 <0.001 

7-03 1.19 <0.005 <0.005 19.40 

7-04 1.23 <0.005 <0.005 <0.01 

Gangguo 

(GG) 

8-01 2.39 1.12 9.77 426.00 

8-02 1.58 <0.005 <0.005 <0.001 

8-03 1.64 <0.005 <0.005 <0.001 

8-04 1.85 1.64 8.88 344.00 

8-05 4.04 0.01 0.07 37.40 

 
concentration of 280.3 ppm, which are significantly higher than 
that of different types rocks both in the earth and in different 
metallogenic belts in the Tibetan Plateau (Zhao et al., 2010). 
Moreover, the Bi contents of two samples (GN-37 and GN-39) 
are close to the cutoff industrial grade 500 ppm, three samples 
(XR-5, XR-7 and GN-35) exceed the cutoff industrial grade 
and one sample (GN-35) reaches the industrial grade 1 000 
ppm (He et al., 2004).  

These petrochemical results show that Cu and Bi are ex-
tremely enriched in the Gongma area, which are in agreement 
with the results of the multifractal analysis. The results imply 

that there is a good ore-forming potential and prospectivity for 
Cu and Bi in the Gongma area. It can be concluded that all the 
results obtained by the method of moments are consistent with 
petrochemical analysis and field observation (Fig. 4), which 
show that Cu-Bi polymetallic mineralization of skarn type is 
present in the Gongma area (Gao, et al., 2011a; Song, 2011). 
 
4  CONCLUSIONS 

Multifractal techniques have been used to characterize 
spatial structures of geochemical fields for mineral exploration. 
In this work, a total of 7 270 stream sediment samples were 
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collected from four subareas in northern Tibet, Southwest Chi-
na. Concentrations of twelve elements were measured per sam-
ple. The method of moments was used and several multifractal 
parameters were obtained to characterize the multifractal prop-
erties of the distribution patterns of element concentrations. 
The work obtained the following conclusion. 

1. The multifractality for Cu and Bi in the Gongma area 
are much stronger than in the other three subareas. The asym-
metry index of multifractal spectra and variance of Cu and Bi 

are the highest in the Gongma area compared to the other three 
areas, implying that the distribution pattern of Cu and Bi in this 
area are the most heterogeneous. The Gongma area is the most 
favorable area for prospecting Cu and Bi.  

2. The coherence between the results obtained by the me-
thod of moments and the petrochemical analysis shows that 
Cu-Bi polymetallic mineralization of skarn type is present in 
the Gongma area. Multifractal analysis may provide more new 
avenues for geochemical exploration. 

 

 

Figure 4. Photographs of skarns and Cu-Fe ores in the Bange region, Tibet (Mal. malachite; Mag. magnetite; Py. pyrite; SK. skarn; ls. 
limestone). 
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