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Part of Dehshir—Baft Fault is located on the 1:100000 Sarvbala geological sheet west of Yazd Province
in Iran on the Urmia—Dokhtar magmatic—mineralization zone. Regions with iron mineralization
potential on this sheet were detected by identifying alterations and fault trends by processing ASTER
satellite images. Images were processed using the false color composite (FCC), Crosta, LS-Fit, and
spectral angle mapper (SAM) methods to identify iron oxide, argillic, propylitic, and phyllic
alterations. To find out the role of faults and lineaments in mineralization, the general faulting trend
on this sheet was extracted by relief shading on the digital elevation model (DEM), and the fault
zones were examined through field operations. Regions with high iron potential were identified by
integrating the fault layers, alterations, and mineralization-related geological units in ArcGIS. The
identified regions were then validated through field operations. The relationship between the
distance of iron oxide alterations obtained from the LS-Fit method with the main fault was evaluated
by the fractal method. The results showed the location and more significant relationship of iron
potential with faults in the south and southwest of Sarvbala sheet than other regions.
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Parte da falha de Dehshir — Baft esta localizada na folha geoldgica Sarvbala 1: 100.000 a oeste da
provincia de Yazd, no Ird, na zona de mineragdao magmatica Urmia — Dokhtar. A pesquisa conduzida
buscou indetificar regides com potencial de mineragdo de ferro nesta folha a partir da detecgao e
identificacdo de alteracbes e tendéncias de falha pelo processamento de imagens de satélite do
instrumento ASTER. As imagens foram processadas usando os métodos de composicao falsa cor
(FCC), Crosta, LS-Fit e mapemaneto de angulo espectral (SAM) para identificar alteracGes de éxido
de ferro, argilico, propilitico e filico na drea. Para descobrir o papel das falhas e lineamentos na
mineracdo, a tendéncia geral de falhas nesta folha foram obtidas com a elaboracdo do
sombreamento do relevo no Modelo Digital de Elevagdo (DEM), e as zonas de falha foram
examinadas por meio de verificacbes de campo. Regides com alto potencial de ferro foram
identificadas através da integracdo das camadas de falha, alteracGes e unidades geoldgicas
relacionadas a minera¢do com o uso do programa ArcGlIS. As regides identificadas foram entdo
validadas in loco. A relacdo entre a distancia das alteracdes do éxido de ferro obtida pelo método
LS-Fit com a falha principal foi avaliada pelo método fractal. Os resultados mostraram a localizagao
e a relacdo mais significativa do potencial de ferro com as falhas no sul e sudoeste da folha do mapa
geoldgico de Sarvbala do que em outras regioes.

Palavras-Chave: Sarvbala; Alteracao geoldgica; ASTER; LS-Fit; Mapeamento de angulo espectral

INTRODUCTION

The 1:100000 Sarvbala, Dehshir and Khezrabad sheets are located in the west of
Central Iran, west of Yazd Province, and south of the 1:250000 Naeen sheet along the Urmia—
Dokhtar metallogenic belt. Multiple iron, copper, gold, uranium, nickel, vanadium,
molybdenum, and rhenium mineralizations are found along this belt (Shahabpour, 1994,
Afzal et al., 2012, Aghazadeh et al., 2015, Abdoli Sereshgi et al., 2019, Daya 2019). The
presence of intrusive masses and big Soork and Almason iron ore mines respectively in the
north and south of Dehshir Fault (Adib, 2011) in the Sarvbala and Dehshir sheets is indicative
of the high potential of these regions (Yazd Rolling Mill Co., 1:1000 geological map of Soork
mine blocks, 1392). A major part of these sheets in the main Dehshir—Baft Fault exists as an
active earthquake-generating (seismogenic) fault (Adib, Mehrnahad, 1999). The north-
northwest (NNW)-south-southeast (SSE) Dehshir Fault intersects part of the Sanandaj—
Sirjan, Urmia—Dokhtar magmatic arc, and Central Iran structural zones, and is considered the

western boundary of the right-slip northern-southern faults in Central Iran and the east of
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Iran. This fault is of great importance in terms of color blending expansion (Ahmadi and
Sheykhi., 2019, Shafaii et al., 2010).

The study of multispectral images is very important and useful for the exploration
and identification of hydrothermal altered areas. Also, remote sensing (i.e., ASTER) images,
which have suitable spectral and spatial resolutions, are used in the effective recognition of
hydrothermal alteration and structures (Aramesh Asl et al. 2015, Novruzov et al., 2019).

The ideas on the relationship of mineralization and geological structures
demonstrate the key role of these structures in the formation of minerals (Craw and
Campbell, 2004; Drew, 2006; Wang et al., 2012). Understanding this structural situation can
be an exploration key, and satellite and airborne geophysical data are also useful tools for
determination of alteration zones. This relationship can be more effectively determined with
the help of fractal geometry methods (Ulrich et al., 2001). The geochemical distribution and
dispersion of elements and mineralization is a function of geological, igneous, sedimentary,
structural, tectonic, and metamorphic processes. These processes have self-similarity
features with fractal and multi-fractal properties (Yousefifar, 2011, Ghavami-Rajabi, 2007,
Khalajmasoumi et al., 2016; Afzal et al., 2017, Yazdi et al.,, 2019 a and b, Yasrebi and
Hezarkhani., 2019). The literature (Bolviken et al., 1992; Cheng et al., 1994; Agterberg et al.,
1996) reveals a fractal correlation between the grade and concentration of elements and
their geometrical characteristics of geochemical dispersion. Nouri et al. (2013) found a
positive correlation between mineralization and structures in Tarom (Zanjan, Iran) using the
concentration—distance major fault (C—DMF) fractal models.

The spectral angle mapper (SAM) identifies alteration-related minerals with high
precision and eliminates most disadvantages of traditional old methods (Feizi and Mansouri,
2013). This study aims at identifying alterations and spectral behavior of alteration-related
minerals, faults, and lineaments through processing satellite images and integrating data

obtained in ArcGIS. Using these tools, regions with high iron mineralization potential are
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identified, and the approximate distance of iron oxide alterations from Dehshir—Baft Fault in

Sarvbala sheet is determined.

GEOLOGY OF THE STUDY AREA

Sarvbala geological sheet is located between the longitudes 53° and 53° 30’ and the
latitudes 32° and 32° 30’ in the west of Yazd Province in Iran. The lithological units in the
study area can be classified into three categories: (1) pre-Eocene sedimentary and igneous
rocks with severe folding and faulting in the northeast corner, (2) Tertiary volcanic
sedimentary rocks with mild folding in the western part and (3) a narrow strip of ophiolite
complexes extended from the northwest to the southeast (Amidi, Nabavi, 1980). The major
intrusive volcanic rocks mainly concentrated in the south of the sheet are aplitic granite,
granite, granodiorite, and diorite (Amidi, Nabavi, 1980). Volcanic rocks include rhyodacite in
the southeast and andesite basalts and trachyandesite in the center towards the west of this
sheet. There are several abandoned lead and zinc mines in the northwest of the sheet
towards Haftar (Amidi, Nabavi, 1980). Soork iron ore mine is the main deposit in Sarvbala
sheet that its genesis can be related to the main Dehshir—Baft Fault. Multiple alterations are

also observed around this fault (Zare, 1995) (Figures 1 and 2).
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Figure 1. Structural zones for the Dehshir Fault system and its surrounding zones.
Source: Modified after Hessami et al. (2003); Meyer et al. (2006); Meyer and Le Dortz (2007).
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Figure 2. The location of the sheet under study in the geological map of Iran and the 1:100000 map
of the study area.
Source: Shafaii et al. (2010); Amidi, Nabavi (1980).

MATERIALS AND METHODS

The C-A fractal model has been proposed by Cheng et al. (1994) and applied for

identification of geochemical and geophysical anomalies from background (Agterberg, 1996;
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Goncalves et al., 1998; Sim et al., 1999; Cheng, 1999; 2000; Afzal et al., 2010; Hassanpour
and Afzal, 2011; Zuo, 2011; Mohammadi et al., 2013, Yazdi et al., 2017, Nazarpour., 2018,
Nazemi et al., 2019, Zadmehr et al., 2019).

The concentration-area (C-A) model serves to demonstrate the relationship
correlated between the obtained results with the geological, geochemical, geophysical and
remote sensing information. Its most useful features are the simple implementation and the
ability to compute quantitative anomalous thresholds (Cheng et al., 1994; Goncalves et al.,
2001; Cheng and Li, 2002). Cheng et al. (1994) proposed the Concentration—Area (C-A)
method for separating geochemical alteration.

The Multispectral images method is a valuable technique of mapping lithology,
mineralogy and exploration of anomalous area (Sabins, 1999; Mars and Rowan, 2006; Zhang
et al., 2007; Gabr et al., 2010). Multispectral satellite images datasets that release data in
varied diversities of electromagnetic range help investigator to recognize minerals. Every
mineral has particular chemical composition and crystal structure with particular absorption
and reflection variety in electromagnetic spectrum. Image analysis and processing methods
be able to deduce the satellite images spectral such as Spectral Feature Fitting (SFF), Principal
Components Analysis (PCA), Band Ratio (BR), Spectral Angle Mapper (SAM), Minimum Noise
Fraction (MNF) and Least Squares Fitting method (LS-Fit) techniques. Many studies have
been conducted on the exploration of minerals using satellite imagery. Mahanta and Maiti
(2018), Ahmadirouhani et al., (2018) and Noori et al., (2019) used ASTER data to detect
altered minerals from non-altered minerals.

Satellite data should be preprocessed using radiometric and geometric techniques.
The Log Residuals method was used for radiometric correction. This method has been
designed to eliminate solar radiation, atmospheric scattering, and topographic and Albedo
effects based on the reflection of satellite images (Feizi and Mansouri, 2012). This transfer

produces false reflection images which can be useful for terrain analysis and mineral
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applications. The software Envi5.1 was employed for this purpose, and a total of nine bands

were used in the ASTER images.

FALSE COLOR COMPOSITE (FCC)

Various geological phenomena can be effectively identified by displaying image data
as color data (Feizi and Mansouri, 2013). According to the USGS curves resampled by ASTER
bands (Figure 3), minerals containing AI-OH bonds such as kaolinite, montmorillonite, illite,
and muscovite (characteristic minerals in the argillic and phyllic alterations) with the
maximum reflection in the band 4 of the SWIR region. The minerals containing Mg—OH bonds
such as chlorite and epidote (characteristic minerals in the propylitic alteration) show a high
absorption in the band 8 of the SWIR spectral region of ASTER. Therefore, in the RGB (4, 6,
8) false color composite (FCC) of the SWIR region, the phyllic and argillic alterations are
observed in red to pink and the propylitic alteration in green, and lime-containing zones are

observed in yellow (Figure 4).
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Figure 3. The spectral behavior of the characteristic minerals in the studied alterations from the
USGS spectral library in Envi5.
Source: Feizi and Mansouri (2013).
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Figure 4. The sattelite image of the study area with the RGB (4, 6, 8) band, the argillic and phyllic
alterations in pink, the propylitic alteration in green and the lime-containing zones in yellow.

Source: Based on ASTER data (2020).

MAIN COMPONENT ANALYSIS ON ASTER IMAGES

The analysis of selected main components (Crosta) is perfromed to reduce data

volume and repeating information or interfering phenomena such as topographic effects,

solar radiation angel, and shadow. This involves decomposition of eigenvalues of the

covariance matrix or the matrix of correlation coefficients (Toosi, 2015). The analysis of main

components is in fact a orthogonal linear transoformation that transfers data to the new

coordinate system and can be used to reduce data dimensions. Only cetrain bands containing
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useful information are used in the Crosta method, and other bands are neglected to prevent
errors []. Given the characteristic minerals in the studied alterations, PC(1,2,3,4), PC(1,5,7,9),
PC(1,6,7,9), and PC(1,5,7,8) were respectively used for the enhancement of iron oxide,
argillic, phyllic, and propylitic alterations. The eigenvalues are presented in Tables 1 to 4.
According to the eigenvalues and the spectral behavior of characteristic bands of alterations,
the absolute difference of absorption and reflection values are obtained respectively
showing the maximum positive and negative values (shown in red in tables below).
Accordingly, the fourth component in tables (1 to 4) was used for the enhancement of iron

oxide and argillic, phyllic, and propylitic alterations (Figure 5).

Eigenvector Band 1 Band 2 Band 3 Band 4
PC1 0.498911 0.505986 0.496898 0.498156
pPC2 0.429713 0.2798.5 0.133802 -0.848029
PC3 -0.678828 0.166601 0.692179 -0179794
Pc4 0.325005 -0.798706 0.506042 -0.019001

Table 1. The eigenvalues of correlation for the PC (1,2,3,4) bands.
Source: Based on ASTER data (2020).

Eigenvector Band 1 Band 5 Band 7 Band 9
PC1 0.484094 0.511759 0.503418 0.500326
pc2 0.867668 -0.382657 -0.202439 -0.244428
PC3 -0.089016 -0.704609 0.110963 0.695190
PC4 0.069868 0.308549 -0.832632 0.454576

Table 2. The eigenvalues of correlation for the PC (1,5,7,9) bands.
Source: Based on ASTER data (2020).

Eigenvector Band 1 Band 9 Band 7 Band 9
PC1 0.482707 0.515190 0.502232 0.499336
PC2 0.867866 -0.386556 -0.196845 -0.242149
PC3 -0.094425 -0.711858 0.144024 0.680881
PC4 0.069907 0.280021 -0.829622 0.477942

Table 3. The eigenvalues of correlation for the PC (1,6,7,9) bands.
Source: Based on ASTER data (2020).
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Table 4: The eigenvalues of
Eigenvector Band 1 Band 5 Band 7 correlation for the PC(1,5,7,8)
bandsBand 8
PC1 -0.485429 -0.509923 -0.502517 -0.501810 Table
PC2 -0.858343 0.424701 0.241089 0.157327 The
PC3 0.165567 0.680654 -0.154980 0.296620
PC4 0.0139.2 0.310352 -0.815680 -0.488011

eigenvalues of correlation for the PC(1,5,7,8) bands.

Source: Based on ASTER data (2020).
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Figure 5: Enhancement of alteration distribution by the Crosta method (a: iron oxide, b: argillic, c:
phyllic, and d: propylitic). Distribution of iron oxide is more evident in the south to the southeast,
the phyllic and argillic alterations in the northeast to the southwest, and the propylitic alteration in
the south to the northeast of the sheet.

Source: Based on ASTER data, YAZD STEEL COMPANY (2013).

LS-FIT

LS-Fit is a linear regression between high (absorption) and low (reflection)
frequencies, and produces an image of the absorption spectral behavior. The outputs of the
algorithm are the residual and prediction images. The prediction image is obtained through
predicting other bands, and has the highest similarity with other bands (Yetkin et al., 2004).
The residual image shows the prediction error representing the difference of this band with
other bands. The residual band can be used to enhnace and extract cetain terrains. In the
studied area, the positive, negative, and negative LS-Fit values respectively enhance the band
2 of iron oxide zones, the band 6 of the phyllic and argillic alterations, and the band 8 of the

propylitic alteration (Figure 6).
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Figure 6. LS-Fit enhancement of distribution of alterations, (a) iron oxide; (b) argillic and phyllic;
and (c) propylitic alterations. Distribution of iron oxide is more evident in the south to the
southeast, the phyllic and argillic alterations in the northeast to the southwest, and the propylitic
alteration in the south to the northeast of the sheet.

Source: Based on ASTER data, YAZD STEEL COMPANY, 2013.

SPECTRAL ANGLE MAPPER (SAM)

The spectral similarity of the reflectance spectrum of each pixel with that of the
reference pixel is used for classification in SAM. This technique is not affected by solar
factors, and the angle between two vectors is independent of their lengths (Yektin et al.,
2004). This techique provides a qualititative estimation of the simialrity of the spectrum
under study with the reference spectrum. In SAM, a brighter pixel corresponds to a larger
angle representing the larger difference of the studied spectrum with the reference
spectrum. In contrast, a darker pixel is equivalent to a smaller angle representing the higher
similarity of both spectra. The spectral behavior of the characteristic minerals in different
alterations was used for the enhacement of alterations. The spectral behavior of minerals
was compared with that in the USGS spectral library. It was found that all characteristic

minerals overlap in the studied alterations (Figure 7).

*

Revista Geoaraguaia — ISSN: 2236-9716 — V.10 n. Especial Geologia e Pedologia. Dez-2020

142



|

ﬁ - Revista Geoaraguaia
GEQRRAGUAIR  “swamscane
Barra do Gargas — M T mmm

v.10, n. esp. Geologia e
Pedologia p.130-154. Dez-2020

Iron Oxid Alleration Pholo Map
a SAM Method
g _s90p00 700000 710000 720000 730000
g |
> .,

3

|
3 ;
gl |
s
3 .

| “
g .
3

X

g | v
E .
§A ' == — — y— — —
§ do'noo 700000 710000 720000 720000

hermall samg9s

Gothit somieg 024 8 12 146
- jwosite sam989
| | Studied Ares

Argillic Alteration Photo Map

SAM Method
§ 690000 700000 710000 720000 730000
| |
i .
|
il
|
g |
|
|
|
§1
| |
i '
|
§ 690000 700000 710000 720000 730000
Kaokrwin
1 Dichte a3a & ¢ "
oo
| Swaea Aven

Phyllic Alteration Photo Map
,t c SAM Methed

g 690000 700000 710000 720000 730000
g
2

I Pyrite sam 999
lite sam 999 %
Muscovite sam 996
Studind Ares

= _— s =5 — =
§ 690000 700000 710000 720000 730000

1 12 1

d Propylitic Alteration Pholo Map
SAM Method

700200

710000 720000 733000

mialeg

|

¢ e

S o

3550000 3560000 3570000 3580000 3590000 3600030

354000

690200 700200

Il Chicrite samse9
B coocte samon
| | Studied Aren

710000 720000 730000

024 L 2 "%
L — — T

Figure 7. SAM enhancement of distribution of alterations; (a) iron oxide; (b) argillic and phyllic; and

(c) propylitic. Distribution of iron oxide is more evident in the south to the southeast, the phyllic

to the northeast of the sheet.
Source: Based on ASTER data, YAZD STEEL COMPANY, 2013.

and argillic alterations in the northeast to the southwest, and the propylitic alteration in the south

SATELLITE IMAGE PROCESSING AND DIGITAL ELEVATION MODEL (DEM)
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The faults and lineaments were determined on the DEM of the study area by relief
shading processing (Figure 8). Dehshir—Baft Fault has a north-northwest-south-southeast
(NNW-SSE) trend. Sub-faults originated from Dehshir Fault are seen in the west of the fault
and the southeast of the sheet on the trachyandesite pyroclastic rocks near Ali Shafi
Mountain. Multiple crossed sub-faults parallel to the main fault are observed in the east of
the main fault near the Soork iron ore mine. This indicates the undeniable role of Dehshir—
Baft Fault mineralization in the Soork iron ore mine. The severe faulting in the southeast of
the sheet near Haftar Mountain around the abandoned lead and zinc mines indicates the

relationship of mineralization with faulting in this region.

lb lL.incament
690000 699000 708000 717000 726000 735000

699000 708000 717000 726000 735000

T —— el
0153 6 9 12

690000

Lineament
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Figure 8. Lineaments of Sarvbala geological sheet. More sub-faults in the south to the southeast of
the sheet are affected by the NNW-SSE Dehshir—Baft Fault. Multiple metal mineralizations have
occurred along this fault
Source: Shafaii et al. (2010)
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—

Revista Geoaraguaia — ISSN: 2236-9716 — V.10 n. Especial Geologia e Pedologia. Dez-2020

144



Revista Geoaraguaia
;'6@@ R H G U ﬂ | H ISSN:2236-9716
Barra do Gargas — MT =

v.10, n. esp. Geologia e
Pedologia p.130-154. Dez-2020

INTEGRATION OF INFORMATION LAYERS OF ALTERATIONS AND FAULTS

All alteration layers extracted by different methods were called and integrated in
ArcGIS. In the integration process, alterations matched with the geological units were
selected as the information layer of alterations. A highest score was given to the
mineralization-related units and then integrated with the fault map. The Soork iron deposit
in the southeast of the region was used as a useful information layer for integration (Figure
9). A total of 5 rankers were considered in the promising areas for classification of data
integration. The promising areas were separated by different colors. As shown in figure 9,
there is a good consistency between the information layers in the southeast and southeast

of Sarvbala sheet.
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Figure 9. The final map of alterations and faults in Sarvbala geological sheet.
Source: Based on ASTER data, YAZD STEEL COMPANY, 2013
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FIELD OPERATIONS FOR VALIDATION OF ALTERATIONS

After processing of data and preparation of the alteration map, the maps were
revised by field operations, and the final map of alterations was prepared (Fig. 10). The
enhanced alteration map shows the consistency of the argillic and phyllic alterations

confirming field observations (Figure 11).

£ RGR(46.%)
— — "

Figure 10. (a) The field observation of regions with mineralization and magnetite ore; (b) Dehshir—
Baft Fault mirror in the mineralization site.
Source: YAZD STEEL COMPANY (2013).
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Figure 11. The field observation of regions with (a) phyllic alteration; (b) argillic alteration; and (c)
observation of copper and iron ores in Soork.
Source: YAZD STEEL COMPANY (2013).

Field observations confirm the validity of results obtained from remote sensing
studies (Figure 7) so that copper and iron indices are seen in some regions. The outcrop of
the iron oxide alteration in the vicinity of Dehshir—Baft Fault in Soork (Figure 9) is
interestingly consistent with Soork iron deposit in the study area. Figure 10 shows the
magnetite ore with hematite. Malachite and azurite are seen with pyrite near the argillicand
phyllic alterations in figure 11. The relationship of iron mineralization and related alterations
along Dehshir Fault zone was determined respectively after integration of information in

ArcGlIS (Figure 12).

53°40°0"E  63°45'0"E  63°50'0"E  53°55'0"E 64°0'0"E

31°300"

S

| 31°300°N
v

31°250°N
R4
4
!
31°250"N

31°20'0"N
sy !
oA
\a}
i «
&y
L
31°200°N

31°150°N
31°150°N

31°100°N

£
o
Legend =3 -
3 s )
4 e .
= =z A 5
5
- 8 g TR 2
— ) P-4
8
L i
53°35'0"E 53'40'0"5 53‘45’0"E 53'56‘0“E 53'55'0"5 54'6'0"E
0 4 8 16 24 32
N —— <M

Figure 12. The priority of mineralization exploration in Dehshir sheet.
Source: Based on ASTER data, YAZD STEEL COMPANY (2013).
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THE RELATIONSHIP OF FAULTS AND IRON OXIDE ALTERATIONS IN GIS

The fractal method (Adib et al., 2017) was used to evaluate the relationship of the
surface area of iron oxide alteration obtained from the LS-Fit method with their distance
from the main Dehshir—Baft Fault. The iron alterations obtained from this method and the
main fault in the region were called in ArcGIS and close alterations were converted into a set
of close alterations by the command Merge. Accordingly, 50 alteration sets and the
approximate distance of each iron alteration set with the main Dehshir—Baft Fault were
obtained. Table 5 shows the iron alteration layer and the distance and the surface areas of
alteration sets. Using data in Table 5, the surface area of iron alterations was calculated, and
the fractal diagram (Figure 13) of the logarithm of surface area was plotted against the
logarithm of the cumulative frequency of the approximate distance of iron oxide alterations
to the main fault (Adib, Mirzaei, 2017). In figure 14, the anti-power of the values obtained
from the axis of iron alteration surface areas was classified into 7 categories and then
processed in ArcGlIS. The final fractal map showing the relationship of the surface areas of
iron alterations and their approximate distance from the main Dehshir—Baft Fault was

plotted (Afzal, Khakzad, 2010).

Parts Area(m”2) Distance(m) Parts Area(m”2) Distance(m)
1 16650 33621 26 145350 500
2 8325 26078 27 8325 400
3 10800 21850 28 22050 2900
4 1800 31145 29 25200 450
5 3150 28575 30 72450 8600
6 43875 25880 31 9000 3200
7 1125 20590 32 225 300
8 35550 13168 33 675 1570
9 44325 3608 34 201375 11600

10 119475 12175 35 31950 6000
11 56475 18090 36 6075 3500
12 99225 15312 37 13950 4600
13 7425 29400 38 1125 2300
14 41850 13900 39 2475 100
15 3600 1798 40 121725 500
16 40050 4976 41 2250 960
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17 107100 1950 42 124200 400
18 13950 750 43 23400 3100
19 82350 2200 44 189450 5300
20 14400 1435 45 225 16000
21 196650 28650 46 548325 11000
22 120375 7900 47 558900 6500
23 14400 800 48 92025 4300
24 66600 150 49 223875 5700
25 4725 90 50 239850 13000

Table 5. The surface area and distance of iron alterations from Dehshir Fault.
Source: Based on ASTER data interpretation (2020).

A.D.M Fractal model
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Figure 13. The fractal diagram of the logarithm of surface area versus the logarithm of the
cumulative frequency of the approximate distance of iron oxide alterations from the main fault.
Source: Based on ASTER data interpretation (2020).
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Figure 14. The final fractal map representing the relationship of surface areas of iron alterations
and their approximate distance from the main Dehshir—Baft Fault; (a) faulting along with
separation of the intensity of iron alterations relative to the main fault; (b) separation of the
intensity of iron alterations relative to the main fault. The relationship of iron alterations with the
main faulting is more significant in the southeast of the region. This relationship is more evident in
the east of Soork rhyodacite dome and the west of Dehshir—Baft Fault (Soork Fault) indicating a
very good consistency with Soork deposit. The red to violet colors show the highest and lowest
probable iron anomalies relative to the main fault.

Source: Based on ASTER data, YAZD STEEL COMPANY (2013).

CONCLUSION

Processing of ASTER satellite images using the false color composite (FCC), Crosta,
LS-Fit and SAM methods in Envi indicated the maximum concentration of iron oxide, phyllic,
argillic, and propylitic alterations in the south to the southeast and in the northeast of the
sheet. The information layers of these alterations were integrated with the fault layers,
mineralization-related geological units, and existing iron ore deposits, and the results were
validated through field observations and operations. The main Dehshir—Baft Fault with

north-northwest-south-southeast (NNW-SSE) trend and related sub-faults are seen in the
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east of the main fault near Soork mine. This indicates the undeniable role of Dehshir—Baft
Fault mineralization in Soork iron ore mine. The presence of intrusive masses and big Soork
and Asmalon iron ore mines respectively in the north and south of Dehshir Fault in Sarvbala
and Dehshir sheets is indicative of high mineralization potential of these regions. Given the
relationship of iron mineralization in Sarvbala and Khezrabad sheets, this relationship was
also explored in Dehshir sheet. After integrating information in ArcGIS, the priority of best
regions in Dehshir sheet was determined for detailed study. The fractal method was used to
evaluate the relationship of the surface of iron oxide alteration obtained from the LS-Fit
method with their distance from Dehshir—Baft Fault. The step fractal curves indicate the
multi-phase magnetic field derived from iron mineralization. In other words, a sudden
change in the step’s slope in the fractal curve may be indicative of a change in the geology,
lithology, and mineralization of the region, and also the probable presence of faults,
hydrothermal processes, and delayed magma. The structural evaluations and iron oxide
alterations indicated the key role of Dehshir—Baft Fault in iron mineralization and the
probable presence of porphyritic copper in the depth of south and southeast regions. The
presence of abundant faults, alterations existing near Soork Fault (a branch of main Dehshir—
Baft Fault), the presence of Soork ore deposit along this fault, and observation of magnetite
ores and minerals such as malachite, azurite and alterations related to copper mineralization
near Soork and intrusive masses in Tertiary volcanic rocks indicate the likelihood of a large

shallow batholith in the study area.
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