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1-Introduction

Today, geochemical explorations in Iran have concentrated on stream sediment settings and
lithogeochemical, which play a crucial role in finding promising areas in the regional dimension in detailed
explorations (Jafari et al., 2019). Although it is now well understood that geochemical data are characterized
by their spatial distribution, traditional methods only emphasize the frequency distribution of elemental
concentration and ignore spatial variability; in addition, conventional statistical techniques contain
disadvantages like a rejection of outliers and normalization of raw data so that it is better to be replaced by
modern techniques (Hassanpour and Afzal 2013; Afzal et al., 2017). In recent years, fractal statistical
analysis methods have been considered efficient for separating geochemical anomalies from a background.
The most important result from the statistical analysis of geochemical data is separating multiple anomaly
communities and determining the background value for each element in the exploration area (Nazarpour et
al., 2015; Zuo and Wang, 2016; Afzal et al., 2019; Mirzaie et al., 2020). In 1983, Mandelbrot introduced
geometry and analyzed all natural processes, naming it fractal geometry (Mandelbrot, 1982). Cheng first
used the number-size (N-S) and concentration-area (C-A) fractal models in the Canadian porphyry gold-
copper deposit to separate anomalies from the background (Cheng et al., 1994).To reveal and prove that
data distribution has a multifractal nature requires extensive computation. The C—N method seems equally
applicable to all cases, which is probably rooted in the fact that geochemical distributions mostly satisfy
the properties of a multifractal function (Hassanpour and Afzal, 2013; Hassanpour et al., 2022). The
concentration's logarithmic area becomes fractured against the number and area, i.e., undergoes steep slope
changes, indicating changes from background to anomalies with different grades and geological conditions
(Agterberg et al., 1996). Generally, the geochemical data show a multifractal behavior, indicating existing
changes such as geochemical, geological, alteration, and mineralization conditions (Zuo and Wang, 2016).

The present research aimed to separate the anomalies from the background for the copper using
concentration-number (C-N) fractal, remote sensing, and ASTER satellite image processing to identify the
copper mineralization-related altered regions in the Sonajil deposit.

2-Material and methods

In the present study, Queen's University Laboratory Canada used the copper density value in 1249 samples
of the elements' rocks data in the framework of systematic geochemical explorations in 1:100000 plate to
separate anomalies from the copper background. Then, the outliers were removed, and the data was
normalized using the logarithm method.

B) Furthermore, it aimed to detect the thermal alterations in the Sonajil copper deposit. The related data
used are ASTER estimator data from the TERRA satellite. Before using the data, they should be prepared
for entering the processing stage. The preprocessing operations for preparing the data in the study area
include radiometric and QUAC atmospheric corrections.
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3-Results and discussions

Table 1 contains statistical properties such as the number of samples in the region for the copper's
geochemical data and maximum, minimum, mean, and standard deviation. The copper's concentration-
number fractal indicates five different geochemical populations in the study area. The distribution of
different geochemical communities of the copper (Figure 1) has been determined based on the fracture
points achieved from the logarithmic diagram of copper's concentration number (Figure 2). The first
community with a slope close to the horizon shows a concentration range of 8.4-160 ppm, the background
value in the concerned area. The second and third communities express a concentration range of 170-1600
ppm, the average value anomaly in the region. The fourth community shows a high anomaly limit in the
region by showing a concentration range of 1700-5600 ppm. The fifth population, the slope of which
approximates the vertical line, represents the most severe anomaly in the region (higher than 5700 ppm).

Table 1. The statistical Values for Cu in the host rocks of the Sonajil deposit
Metal Number Min Max Mean Ave Var Stev  Skew Kurt
Cu (ppm) 1964 7.1 21200 72.95 240.57 914864.8 956.4857 12.29 211.87

Additionally, the threshold limit achieved from the concentration-number fractal method for the copper
is shown in Table 2. In the concentration-number fractal obtained from copper, the fractal dimension
increases from the first population to the second one (Figure 2), indicating an increased concentration,
pixels (pixels' value), the area surrounded in the areas with mineralization, which is reduced with more
speed than non-mineralized regions. The geochemical range obtained for copper based on the
concentration-number fractal method is related to the region's lithology (lower to middle Eocene volcanic
rocks), playing a role in forming anomalies.

Table 2. Separating anomaly from Cu background based on Concentration-Number (C-N) fractal method.

Metal Concentration range (C-N) Geochemical interpretation

8.4-160 Background
Cu (ppm) 170-1600 Medium anomaly
1700-5600 High anomaly
5700 > Strong anomaly

4231300

4229500

4228600

4221700

697000 698000 699000 700000

Fig 1. The copper's comprehensive geochemical distribution map is based on the concentration-number (C-N) fractal
method used in the study area.
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Fig 2. The copper's Concentration-Number (C-N) logarithmic diagram in the study region

The hydrothermal alteration is the most critical factor in suggesting the regions to identify new
mineralization, and ASTER data have an appropriate condition concerning this estimator's ability to
separate hydrothermal alterations in the infrared range of short wavelengths (Rowan et al., 2003).
Considering the zoning of the alteration regions, mainly iron oxides, and the argillic, phyllic, and propylitic
alterations, the images with three visible and near-infrared bands (VNIR) and short-wavelength infrared
images (SWIR), in which the characteristic minerals of the altered regions are primarily differentiated in
terms of spectral reflections, were used, respectively. As shown in Figure 3, the colorful mixture of
RGB:468 results in argillic and propylitic alterations becoming ping and brown, respectively. The Band
Ratio method is one of the standard methods in image processing, which removes topographic and shading
effects, reduces a series of noises, and specifies a difference between illuminated grades, that is a digital
method for multispectral image processing, consisting of dividing pixels of an image or a spectral band
with corresponding pixels in another image or band (Goetz et al., 1983). Since some minerals such as
limonite, goethite, and hematite are in the region, the band ratios can be used to detect iron oxides.
Therefore, the detection can be made using ASTER images and band ratios. Besides, the B3/B1 band ratio
was used for iron detection. The iron minerals in band 3 have more reflections and absorptions in band 1
(Babaahmadi, 2009).
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Figure 3. Detecting the argillic and propylitic alterations using the RGB:468 band combination, where pink and brown
colors represent argillic and propylitic alterations, respectively
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4-Conclusion

The present study aims to separate anomalies from the background and identify dominant hydrothermal
alterations in the Sonajil copper deposits using the stream deposit data and ASTER images. The anomalies
resulted from the concentration-number fractal method showed a higher copper concentration in the
southern and southwest parts of the deposit, which can be due to the existence of the mother rock of Eocene
basalt andesite that has a high potential in the formation of copper deposits in the region. Generally, each
geochemical population obtained from concentration-number multifractal methods shows its distribution.
The asynchronous behavior in different geochemical settings and geological populations are related to the
region's geological complexes, such as lithological units (basalt andesite and paleocene andesite and
trachyte), being considered as the dominant lithology in the region, as well as the faults and hydrothermal
alterations which play a role in forming the anomalies. This feature is due to the fractal nature of element
distribution in the nature.

In the studies conducted by the researcher to identify the alterations in the study area related to copper
mineralization, it was found that the phyllic, argillic, and propylitic alterations regarding the Sonajil copper
deposit are regarded as one of the most significant alterations. Using remote sensing and ASTER satellite
images showed that argillic alteration dominates the phyllic, argillic, and propylitic alterations and covers
a broader area of the regarded deposit, overlapping with the Eocene basaltic andesitic lithological unit. As
shown in the result, it is evident that the argillic alteration could cover well the anomalies related to the
concentration-number fractal-obtained copper, indicating the significance and influential role of this
alteration in forming the Sonajil copper deposit in the region.
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Fig. 2. Simplified geological and alteration map of the Sonajil area on which the pattern of boreholes is pinpointed

(modified from Hosseinzadeh, 2008)

ey 3l Jlagil silulaz (gl asdllas ol jo ol (S
=S dges VYT o o 18 il polae e e 38
wlhordgsy Sllast el o a5 adhis gbo
oK Lol Ly a5 @l VYoo v e )5 50 Slodiucns
A ookl (28,8 1,8 4 i 0,50 0L 50T oBisls
oo &l (V&) [0 eads sy sladiges Coadge

wj) a4 aosls 9 -RCS U)J bl By Sl

faf

o o9 9 Slgo -

il 25 g0 4yl dalllas plxil Jol 5

S @lie 025 5 0,00 13 ol 233 digy o 5o
—3ke JUS )5 g,y 5l oolainl b a5 Jlegs! (g5lulax
laaiges oleowissy glaosls jloslaiwl L (C-N) sluss



Y o)Lo.J:J s\f 0)50 ‘\f‘\“ ul...m.ul.a

%

P . K &
Wiy 635 (ol (e Sl Eart s

3 oiey ol yo S wites Q-Q sla,loges ¢ (1965
S5 Q-Q sla,loges .l 0ol solawl Q-Q (sl loges
iy By (Sow bTdges I &S raie
)o ‘)"‘-“3-‘(5" ‘g).s‘od.a] Cawdy B )J.S 6‘;& ]’Qi VeYeooooo
clociraas>  cansis blas oS atie
slogis, oy 90,5 <ol 5 mleerBg5)
J‘—;j W) & 5‘3 2 o 00—y oalo ‘DL7!_5|
oy 5l e s S1aS S0 (pas (Cheng et al. 1994)
ot gl wlew Lo (g9, Laools plas logos
(Liuetal. 2019) el Laosls 39— Jlo,5 sasas
!, SPSS BUTIPSEIEWIN] Q-Q sla,loges axlllas (o
I llae .000,5 ag anlllas 5,90 ddlaie ;0 ue 38

rloodsis 5 (3L ey ilise a8 olgS a5
sl e

&y e @)lel gl il wiads jlnimay (6,05 0,50
ool &Sl (V Jgo2) )0 e yais (plierdsly slrosls
]

ENENE NS TRy R RPR TN S
3,90 lrosls conl folgw e Lils o ob)S
5,l3ale I ASTER ooz slaosls yol ol (gl oolal
$le |y ool b Wools 5l eslaul 51 i .ol TERRA
030 s Sldee .l solel (o3ls 0 Al 0 as 0959
5 Jeidics axlllas 5,90 dadlaio slaools (glwoslel (gl
el QUAC S jisl] el § S5 ooy sl
oals g3twlo s —V-¥
& oo Jleyi 2 byio e bl sla gy (F 1 3l ool
38 ade e 4y Conl oolainl 550 (sl psie &0 598
pls slaools g Jlo,i ygojl Lo g, 5l colasul

Jezliges LS 1o e (oleordisdy slrosls ol (_g)LoT b el )l denlone =Y Jgu
Table 1. Calculating the statistical parameters for the copper’s geochemical data in the Sonajil deposit.
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Fig. 3. The position of stream sediments samples in Sonajil area.
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brown colors represent argillic and propylitic alterations, respectively
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