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Abstract — In this paper the stream sediment data obtained from geochemical surveys in Zaduo area, Qinghai province, have been 
processed and analyzed based on multifractal and factor analysis. An experiment is designed to compare the validity of 
geochemical anomalies obtained from conventional statistics and multifractal. The result shows that the thresholds of geochemical 
anomalies obtained from multifractal are more objective and accurate than that of conventional statistics. The geochemical 
anomalies of this area can be classified into two multifractal models of simple and high cluster. Simple model elements of Sb ,Hg  
and Mo show low metallogenic potential, while high cluster model elements of Ag, Cu, Pb, Zn and Bi show the high ability of 
enrichment and mineralization. The results of multifractal are highly consistent with the elements combination model derived from 
factor analysis. Factors of F1 represent the ore-forming element association of Ag, Pb and Zn, while factor of F3 reflects the ore-
forming elements of Cu. To reduce the variables for metallogenic prediction, factors of F1 and F3 are reunited into a new variable 
of F1+3 using equal weights method. According to the combination anomaly of F1+3 and the related geological data, 5 prospective 
metallogenetic zones and 35  prospecting anomalies have been obtained, which will have good guidance for the subsequent 
prospecting  work. 
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I. INTRODUCTION 

 
    The analysis of geochemical anomaly has an important 
significance in geochemical exploration. Geochemical 
background value is an important parameter which has a 
great influence on the effect of geochemical prospecting. 
Statistics is a traditional method used to determine the 
threshold of geochemical background [1]. It is simple and 
convenient, while it does not consider the changes caused by 
spatial distribution and scale [2-4]. Multifractal is an 
effective method used to study self-similar and singularity 
and can reveal the intrinsic relations between different 
statistical distributions. Geologists have recognized the 
multifractal features of geochemical field [5-9].For 
multifractal method has the good  ability to  reflect the 
frequency characteristics and spatial distribution of 
geochemical data, the fractal dimension values can be used 
for the quantitative division of geochemical anomaly with 
multiple background. Because of the multi-period and multi-
sources of mineralization and the diversity of geological 
conditions, there are obvious element association 
characteristics for geochemical elements [10-12].It is 
necessary to consider the combination relationship of 
different elements of when using geochemical data to 
prospect. According to the multifractal characteristics of 
element geochemistry, the type of spatial combination of 
ore-forming elements can be determined effectively. Then 
elements combined abnormalities can be derived using 
appropriate mathematical model. 

  In this paper, stream sediment survey data about 4000 
km2 with the scale of 1:50 000 in Zaduo, Qinghai have been 
processed and analyzed to reveal the multifractal 
characteristics and spatial quantitative association of 
geochemical elements. The study results of the spatial 
variation of elements and mineralization regularity in this 
area will provide scientific basis for anomaly evaluation 
and prospecting prediction. 

II. BACKGROUND AND DATA SOURCES 

    Study area locates in the northern section of Sanjiang 
metallogenic belt, which is part of Tanggula metallogenic 
province, the north of Qinghai Tibet Tethyan metallogenic 
domain. It lies in Zaduo county, Qinghai Province with the 
geographical range about 32.66°–33.32°N and 95.25°–
95.98°E.It is rich on mineral resources in this region, 
especially on copper, lead and zinc deposits. Ranzheyong, 
Dongmozhazhua and Mohailaheng are the representative 
lead-zinc deposits. Metal mineralization has close genetic 
relationship with carbonate formation and the characteristic 
of stratabound deposit is obvious [13, 14]. 

  Stream sediment survey data covered about 4000 km2 
and 10230 samples have been collected and processed 
according to the requirements of 1:50 000 scale. The 
element content of Au, Ag, Cu, Pb, Zn, As, Mo, Si, Sn, Hg, 
W, Bi were measured. The data of more than 50 deposits 
were used to validate the prospecting effect of geochemical 
anomaly derived from this paper. 
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III. MULTIFRACTAL ANALYSIS 

A. Model 

     The self-similar of scale invariance is the special 
characteristic of geochemical field. This kind of self-similar 
occurs only in a certain scale range which called non-scale 
section. Different non-scale section have different fractal 
dimension values, that is to say, the self-similarity has local 
characteristics [15]. It laid a theoretical foundation for the 
study on geochemical background value using fractal model. 

     Christopher et al (1995) [15] described the fractal model 
as following formula. 

N(r) = Cr –D                                                                    (1) 

Log[N(r)]= -DLog(r)+ Log(C)                                      (2) 

where, 

r---the scale characteristic; 

C---the proportionality constant; 

N(r) --- the number of the scale is greater than or equal to r. 

    Content-area, content-summation, content-distance are 
three common methods to determine Geochemical 
background value based on fractal theory [1, 3, 5]. In this 
paper, Interactive Data Language (IDL) was used to 
programming the fractal method of content-area. All the 
stream sediment survey data were preceded based on this 
program. 

 

B. Multifractal characteristics 

 
    All the stream sediment survey data of 10230 samples 
were calculated with fixed step using IDL program, and 
LogN(r) - Logr curves of 12 elements can be plotted as 
Fig.1 . 

 

Figure 1.  LogN(r)- Logr curve of 12 geochemical elements. 

The fractal dimension of D describe quantitatively the 
degree of cluster and uneven for the spatial distribution of 
element content. In the same spatial range, the smaller the 
D, the higher the degree of cluster for element content, and 
the more uneven of spatial distribution [5]. General, the 
histogram of element content shows that the geochemical 
element background obeys usually the lognormal 
distribution. In the LogN(r) - Logr curve, there appears usually a 
continuous curve with two line segments, and corresponds to the 
second non-scale section. While the geochemical elements with 
high abnormal value do not obeys the lognormal distribution. 
On the contrary, they obey multifractal distribution. In the 
LogN(r) - Logr curve, there appear usually more than two non-
scale sections.     According to Fig. 1, the geochemical field 
of main ore-forming elements can be summarized as two 
types Fig.2: simple multifractal model and high clustered 
multifractal model. 

 

Figure 2.  Two types of multifractal models (a. simple modes, b. high 
clustered model). 

      Simple multifractal model has two non-scale sections 
(see Fig. 2a).General, geochemical elements belonging to 
this model have no trend of enrichment and mineralization. 
There is also no substantial anomaly caused by ore. The 
geochemical element of Hg and Sb are typical simple 
multifractal mode. Mo element is similar to the simple 
multifractal mode. Their cluster degrees are poor with 
uniform spatial distribution and low potential for 
enrichment. The value of D2 of Hg and Sb are 2.87and 3.23 
respectively. 

  High clustered multifractal model has more than three 
non-scale sections, Ag, Cu, Pb and Zn are the representative 
elements (see Fig. 2b).Geochemical elements of this model 
have high potential for enrichment and mineralization. In 
LogN(r) - Logr curves, it is need four lines to fit all the 
scatter points of Ag, Cu, Pb and Zn. It instructions that 
there are four non-scale sections for the element of Ag, Cu, 
Pb and Zn. The slope of the first line segment is low with 
the small value of D1 in the low value range of element 
content. The demarcation point of r01 between D1 and D2 is 
very close to the lower limit the element background value. 
The first line segment reflects the impoverishment of 
element content related to local geological factors. The 
second line segment is the main scope of element content 
with the higher value of D2 (D2≥2.5). It reflects the element 
background distribution of non singular, and covers most of 
the regional of geochemical survey area. The third line 
segment is not as  steep as the second line segment. It 
reflects mainly the high abnormal scope of element content. 
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There is an obvious turning point of r02 between D2 and 
D3.This non-scale section of  r02 reflects  the distribution of 
geochemical anomaly  field associated with mineralization. 

 

C.Threshold 

Statistics is a conventional method used to process 
stream sediment survey data. In this method, the 
geochemical background can be determined by the mean of 
element content, while the threshold of geochemical 
anomaly can be determined by the mean and variance of 

element content. General, the original data should be 
processed with logarithm to obtained the near normal 
distribution data. Then, the logarithmic anomaly threshold 
of each element can be calculated according to the 
logarithmic mean and k times of logarithmic standard 
deviation. The value of k is generally determined according 
to the region experience. The statistic results of 
geochemical data in study area are shown in Table I. 

 

TABLE I. THE THRESHOLD OF GEOCHEMICAL ANOMALIES DERIVED FROM DIFFERENT METHODS. 

 Au Ag Cu Pb Zn As Mo Sb Sn Hg W Bi
Original Mean 1.52 142.96 42.31 37.92 105.09 27.62 1.95 1.47 2.70 31.58 1.67 0.48
Original Standard Deviation 5.03 278.72 58.46 75.45 160.81 54.99 2.60 3.85 1.22 68.02 1.78 2.55
Logarithmic Mean 0.03  1.89  1.38 1.41 1.86 1.16 0.10 -0.16 0.35  1.44  0.14 -0.56 
Logarithmic Standard Deviation 0.19  0.23  0.24 0.23 0.26 0.33 0.27 0.26 0.18  0.38  0.21 0.31 
Anomaly Threshold of Statistics 2.57  223.87  72.44 74.13 239.88 66.07 4.37 2.29 5.13  158.49  3.63 1.15 
Anomaly Threshold of Multifractal 3.42 121.21 96.32 62.35 244.42 140.18 NA NA 62.43 NA 32.46 1.26
Unit of element content 10-9 10-9 10-6 10-6 10-6 10-6 10-6 10-6 10-6 10-6 10-6 10-6

 
 

 
 

Figure 3.  Geochemical anomalies of Cu element derived from two methods of statistics (a) and multifractal(b). 

 
Figure 4.  Geochemical anomalies of Pb element derived from two methods of statistics (a) and multifractal(b). 



GUANGXIONG PENG et al: A STUDY ON MULTIFRACTAL AND ELEMENT ASSOCIATION OF GEO … 

DOI 10.5013/IJSSST.a.17.48.05                                           5.4                           ISSN: 1473-804x online, 1473-8031 print 

     Multifractal method has the good ability to distinguish 
geochemical background and anomalies caused by 
mineralization. The r02 of LogN(r) - Logr curve in high 
clustered multifractal model can be used to be the anomaly 
threshold of geochemical elements. The anomaly threshold 
of geochemical elements belong to simple multifractal 
model can only be calculated using statistical methods. 
Moreover, the anomaly calculated by the above method is 
generally not caused by mineralization, but some regional 
anomaly or the reflection of some lithologic anomaly. 

     In the case of the element of Cu and Pb to describe the 
difference of geochemical anomalies derived from two 
methods of statistics and multifracta(See Fig.3 and 
Fig.4).Table.1 shows that the anomaly thresholds of Cu 
element derived from statistics and multifractal are 
72.44×10-6and 96.32×10-6  respectively. In Fig3 ,the area of 
Cu anomalies derived from statistics is larger than that of 
multifractal. It is not conducive to the evaluation and 
analysis of anomaly. Fig.3a shows that many regions of  Cu 
anomalies derived from statistics outside deposits. While in 
Fig. 3b, the area of Cu anomalies derived from multifractal 
is smaller and has higher spatial correlation with 
deposits.For multifractal method can filter out the noise 
caused by interference factors, it reflect truly the anomalies 
related to mineralization. 

    In contrast to the Cu element, the anomaly thresholds of 
Pb element  derived from statistics is 74.13×10-6 which is 
higher than that of multifractal (62.35 × 10-6) (See 
Table.1).Fig.4a shows that many deposits locate in the 
outside of Pb anomalies derived from statistics and cause 
the omissions of some potential deposits. In Fig. 4b, about 
10 deposits locate in the outside of Pb anomaly   derived 
from statistics, while they all lie in the internal or edge of 

Pb anomaly derived from multifractal. From the case of Pb 
anomaly, the superiority of multifractal can also be showed. 

IV. ELEMENT ASSOCIATION ANALYSIS 

    Though the calculation method and principle of factor 
pan-Kriging model, multiple sequences typical of the trend 
surface model and characteristics of combined model are 
different, the work of Li et al (2010) [10] shows that their 
calculation results of geochemical anomalies have very high 
similarities. Factor analysis is a powerful tool to identify 
and evaluate the regional geochemical anomalies. Through 
factor analysis, the most representative element 
combination of different genetic can be obtained. On the 
premise of lost little information, multiple indicators can be 
converted into several comprehensive indicators by element 
quantitative combination. It will be conducive to process 
the multivariate information of geochemistry and 
metallogenic prediction. Liu et al (2010) [11] and Cong et 
al (2012) [12]have proved that the method of R type factor 
analysis can identify effectively Geochemical anomaly and 
reveal the association relationships between different 
geochemical elements in northern Sanjiang region . 

     According to the above multifractal analysis, the element 
of Sb、Hg and Mo can be classified as simple multifractal 
mode and has poor ability to enrichment. In the processing 
of element quantitative combination, these three elements 
can be eliminated. The correlation matrix of 12 
geochemical elements shows that, the elements of Sb, Hg 
and Mo have little correlation with other elements (See 
Table II).This results is consistent with the results of 
multifractal analysis .In this paper , nine elements of Ag, Cu, 
Pb, Zn, Bi, Au, As, Sn and W which  belong to high 
clustered multifractal model are used to analyze the element 
combination. 

TABLE II. THE CORRELATION MATRIX OF 12 GEOCHEMICAL ELEMENTS 

 Ag As Au Bi Cu Hg Mo Pb Sb Sn W Zn
Ag 1      
As 0.556 1     
Au 0.292 0.542 1    
Bi 0.842 0.370 0.302 1   
Cu 0.321 0.196 0.203 0.391 1   
Hg 0.079 0.036 0.042 0.037 0.059 1   
Mo 0.143 0.127 0.002 0.032 -0.059 -0.089 1   
Pb 0.706 0.281 0.312 0.401 0.268 -0.071 0.161 1   
Sb 0.418 0.369 0.147 0.247 0.166 -0.047 -0.110 0.409 1  
Sn 0.329 0.298 0.144 0.271 0.130 -0.309 0.022 0.263 0.324 1 
W 0.362 0.350 0.225 0.667 0.225 -0.086 -0.036 0.278 0.215 0.358 1
Zn 0.638 0.414 0.295 0.295 0.360 -0.083 0.176 0.755 0.336 0.233 0.368 1
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Figure 5.  The spatial distribution map of F1(a) and F3(b) 

     The eigenvalue and cumulative percentage of variance 
can be calculated from correlation matrix. The eigenvalues 
of Ag, Cu, Pb, Zn, Bi, Au, As, Sn and W are successively 
3.43,1.31,1.00, 0.89,0.83,0.54,0.44,0.36 and 0.2. The 
corresponding percentage of variance are successively 
38.10%,14.56%,11.15%,9.89%,9.22%,5.98%,4.86%,4.00% 
and 2.26%. 
    The first 5 principal factors were selected according to the 
rule that the  eigenvalue is more than 0.3.The cumulative 
percentage of variance of the first 5 principal factors are 
39.10%,52.66%,63.81%,73.69% and 82.91% respectively. 
Therefore, the most information of the original variable can 
be reflected by the first 5 principal factors of F1, F2, F3, F4 

and F5.The load matrix of five factors can be derived by 
factor rotation based on Varimax method (See 
Table.3).Table III shows that the first principal factor of F1 
reflects mainly the element combination of Ag, Pb and Zn. 
The loads of Ag, Pb and Zn are 0.811, 0.890 and 0.877 
respectively. This result is consistent with the high 
correlation coefficient of the three factors. The correlation 
coefficient of Ag and Pb is 0.706, for Ag and Zn of 0.638, 
Pb and Zn of 0. 755. F2 reflects mainly the element 
combination of As and Au with the loads of 0.885 and 0.828. 
F3 reflects mainly the element of Cu with the loads of 0.920. 
F4 and F5 reflect mainly the element of Sn and W 
respectively. It shows that F1 and F3 reflect are the main 
factors related with ore-forming in this area. F1 is the 
element combination of Ag, Pb and Zn and reflect the 
hydrothermal Pb-Zn deposits controlled by thrust nappe 
structures. F3 reflects mainly the porphyry copper deposit 
related to acidic intrusive rocks. Fig.5 shows the spatial 
distribution of F1 and and F3 has close correlation to the 
deposits. The most of deposits locates in the region of high 
values of F1 and F3. 

TABLE III. THE LOAD MATRIX OF FIVE FACTORS 

 F1 F2 F3 F4 F5

Ag 0.811 0.075 0.208 0.219 0.019
As 0.055 0.885 -0.041 0.133 0.003
Au 0.206 0.828 0.185 0.030 0.014
Bi 0.404 0.252 0.577 0.234 0.104
Cu 0.151 0.065 0.920 0.004 -0.020

Pb 0.890 0.238 0.041 0.072 -0.065
Sn 0.171 0.134 0.076 0.959 0.013
W 0.231 0.121 0.021 0.014 0.997
Zn 0.877 0.353 0.216 0.014 0.019

 

    Au, Ag, Cu, Pb and Zn are the main types of deposit 
prospecting in the northern section of Sanjiang metallogenic 
belt [13].The work of Chen and Hao(2012) shows that there 
are some superposition for Cu deposits and Pb-Zn deposits 
[16].In order to reduce the number of geochemical anomaly 
variable, a new variable called F1+3 is integrated by F1 and F3 

using the equal weights. The anomaly threshold of F1+3 can 
be caculated to be  1.21×10-6 by the analysis of multifractal. 
The spatial distribution of the composite anomaly of F1+3 
eliminated background value are showed in Fig.6. 

V. METALLOGENIC ANALYSIS 

    The direction of spatial distribution of single element 
anomaly of Ag, Pb, Zn and Cu and the  composite anomaly 
of F1+3  are both consistent with the   direction of regional 
structure. According to single element anomaly of Ag, Pb, 
Zn and Cu and the composite anomaly of F1+3 5 prospect 
zones  of metallogenic and 35 prospecting anomalies can be 
selected(See Fig.6 and Table Ⅳ). 

TABLE Ⅳ. THE PROSPECTING ANOMALIESS IN ZADUO ,QINGHAI. 

Anomaly
Code

Anomaly
Name

Anomaly 
Code 

Anomaly
Name

A1 Ranzheyong(RZY) C4 Gema
A2 Dongjiaoyong(DJY) C5 Marise
A3 Naiqian(NQ) C6 Ganzan

A4 Dongmozhazhua 
(DMZZ) C7 Yelongda

(YLD)

A5 Mohailaheng 
(MHLH) C8 Mohelaze 

B1 Seqiongnong C9 Youlanma
B2 Mogui C10 Xiongdatan
B3 Kuaiqienong C11 Jilongjiama
B4 Jilaneng C12 Kasege
B5 Zhalonggongma C13 Dengqunka
B6 Aayashai C14 Luodengka
B7 Lanqiequ C15 Tingria
B8 Amuzhongyong C16 Jilongse
B9 Tuoreyong C17 Semamore
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B10 Gayagen C18 Junxian
C1 Telongse C19 Duoqiuse
C2 Duogaimogongla C20 Qiemoda
C3 Songrimase  

 

 

Figure 6.  The spatial distribution map of combination anomaly of F1+3 and 
prospect areas  of metallogenic in Zaduo, Qinghai. 

The 5 prospect zones of metallogenic are :   (1) 
Ranzheyong-Seqiongnong, (2)Naiqian-Dongjiaoyong, 
(3)Yelongda-Ganzan-Dongmozhazhua, (4)Dengqunka-
Mohailaheng and (5) Jilongse-Jinayong. The 35 prospecting 
anomalies can be classified into three levels: The number of 
anomalies of level1 are 5 (From A1 to A5), for level2 of 10 
(From B1 to A10), level3 of 20 (From C1 to C20). 

VI. CONCLUSIONS   

The geochemical field of main ore-forming elements can 
be summarized as simple multifractal model and high 
clustered multifractal model in this region. Sb, Hg and Mo 
belong to the simple multifractal model with uniform spatial 
distribution of element content and low potential of ore-
forming. The high clustered multifractal model has three or 
four non-scale sections with high potential of element 
richment and metallogenic. Au, As, Sn and W have three 
non-scale sections, while Ag, Cu, Pb, Zn and Bi have 
four.Because the geochemical background obeys to the law 
of  multifractal and has different fractal dimension, the 

threshold of geochemical anomaly calculated from 
multifractal  is  more reliability than that of  statistics. 

The factor analysis is an effective method for the analysis 
of  element quantitative combination. The results derived 
from the factor analysis can identify effectively geochemical 
anomaly in northern Sanjiang region. F1 and F3 are used to 
be the metallogenic prediction factor for hydrothermal Pb-
Zn deposits and the porphyry copper deposit respectively. 
The composite anomaly of F1+3 integrated by F1 and F3 can 
reduce deeply the number of geochemical anomaly variable 
and are more conducive to delineate the prospecting 
anomaly.The 5 prospect zones of metallogenic and 35 
prospecting anomalies selected from F1+3 can provide an 
important basis for the future prospecting work. 
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