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Abstract

GIS is considered an important technique as well as a prerequisite for cost effective mineral exploration and determination of
high potential areas. The purpose of this research is to determine high potential iron zones for detailed exploration using index
overlay GIS method. Index Overlay was used to combine the geology, topography (scale: 1:1,000), lineaments, remote sensing
(ASTER and ETM+) and geochemical data. Appropriate weights were allocated to each layer based on the significance of each data
layer. Concentration-area fractal method was applied to data acquired from trenches in order to isolate iron anomalies and add them
to the geochemical layer. Evaluation of the information layers along with fractal analysis, differentiated three geochemical iron
populations. By combining the information layers obtained from GIS, high potential zones were determined. Regions with codes 1, 2

and 3 are the most promising areas, respectively, and are proposed for more detailed exploration and drilling.
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1. Introduction

In weak anomalies, which are related to mineral
deposits, one information layer is not sufficient; several
accurate information layers are needed [1, 2, 3, 4]. One
of the applications of the Geographic Information
System (GIS) as a georeferencing system in mineral
exploration is the provision of an appropriate
environment for importing, analyzing and modeling a
large amount of data. Using this system, data can be
evaluated simultaneously and propose the best areas to
explore. The Zaghia iron deposit, anomaly 2C, is
located 120 km east of Yazd, approximately 15 km east
of Bafq in Yazd province and 12 km south-east of the
Choghart iron mine (Figl). It is situated in the Esfordi
1:100,000 scale mapping sheet.

Exploratory studies of Zaghia, anomaly 2C, began in
the Bafq-Zarand block using airborne magnetometry.
Systematic exploration was performed between 1969-
1977 using ground magnetometry, gravimetry and core
drilling. A 1:100,000 scale geological map of Zaghia
was created after which magnetometry operations
were done at the same scale [5]. Detailed explorations,
carried out by IMPASCO, consisted of 31 boreholes
and 4 trenches (Figl).
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2. Geological Setting of the Zaghia Iron Ore
Deposit

According to field geology observations and
mineralogical data obtained from four trenches,
particularly in the southeastern portion of the deposit
(Figl, 2), most of the studied area is covered by
alluvium and contains small mineralized outcrops on
the surface. The maximum and minimum heights of the
study are 1,249 m and 1,114 m respectively.
Morphologically, the deposit consists of two units,
alluvial sediments and semi mountainous areas. A
majority of the study area consists of flat, alluvial,
Quaternary period sediments. The alluvial sediments
are traversed by NW-SE and NE-SW flowing streams.
The deposit is bordered by the Narigan Mountains to
the east [5]. According to the lithological model of the
deposit, generated by RockWorks v.15, high grade
mineralization of Fe occurs at the surface as well as the
central portion of the deposit with a large portion of the
area consisting of schist and limestone [5, 6, 7, 8].

3. Concentration -Area Fractal Method

In recent years, fractal methods have been widely
accepted due to their ability to analyze raw data [9].
Concentration-area (C-A) fractal method, considering
the concentration factor, can provide efficient results in
the determination of populations and alteration zones.
Cheng et al. (1994) proposed a new methodology
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based on multi-fractal geochemical distribution to
demonstrate the experimental and practical connections
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Fig. 1: Metallogenic province of Bafq [6, 36]

For the studied area, the C-A method was based on
the area occupied by a specific concentration as well as
the correlation between the power law parameter
(M(9)) and under evaluation parameter (3). The model
is expressed by the following equation:

(1) M(3)xs(-0)

In this equation, & denotes element concentration
and o represents the fractal dimension of the
distribution of element concentrations [6, 17]. This
method is used to explain the relationship between
geological, geochemical and mineralogical results and
information. The most useful feature of this method is
its ability to separate geochemical anomalies from the
background using thresholds [10, 18]. This method can
be used to describe patterns and classify images based
on C-A diagrams [10, 12, 13, 19]. The general equation
which is proposed by Cheng et al. is [10, 15, 18, 20]:

(2) A(p=v) o p™™

In this equation, p denotes element concentration, a
denotes the fractal dimension of the distribution of
element concentrations and v represents the threshold
amounts.

; A(p=v)ex p~a2

between concentration and area [10, 11, 12, 13, 14, 15,
16].
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The basis of these two equations is the distribution
function proposed by Evertz and Mandelbrot (1992).
This function shows the correlation between the
measurements of 2D cells and 3D voxels with their
amounts and measured parameters [18]. The
distribution function is expressed by the following
equation:

N(s)

@z, e)=2u

In this equation, Y4 denotes the distribution

function, € denotes the measurements of 2D cells, 3D

voxels or generally measured elements and p denotes
the measured parameter of each element [17].

4. Methodology

The index overlay method is a knowledge-based
modeling method. Knowledge-based methods are
appropriate in the beginning stage of exploratory
operations, especially in areas with a lack of
information. These methods are used in areas where
there are no known resources or where resources are
scarce (Green Fields) [1, 2]. Index overlay consists of
two methods [3]. In each method expert observations
and the importance of the effective factors are
considered in order to recommend information layer
weights. These weights are positive integers or real
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numbers within a specified range. In the first method,
the input maps are binary and have single weighting
factors. To combine this information with other maps
the weight factor and the importance of different
classes in the factor map are the same and should be
multiplied. The second method is more flexible. In

addition to assigning weights to each layer, each class
and location unit of each factor map is given a weight.
In this approach processors classify the information
layers according to their knowledge and assign an
appropriate weight to each layer.
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Fig. 2: Geological map of Zaghia iron ore deposit [6]

The average value of each part of the final layer, a
combination of all the layers, is obtained using the
following formula [1, 2, 6]:

W;

In this formula S~ denotes the weight value of each
layer, W_i denotes the layer weight, and Sij denotes
the weight of the class i in the layer j. This method has
been used by other researchers as well (e.g. [4, 21, 22,
23]). One of the advantages of this method is that it
allows for uncertainty.

4 S=

5. Generation of Information Layers for
Study Area

5.1. Geological and Topographical Maps

After reviewing 1:5,000 scale topographic and
geologic maps, the most suitable mineralization areas

were selected. Topographic and geologic maps at
1:1,000 scale were then generated. A 50 hectare area
was selected and a topographic map was initiated using
Thales single frequency GPS. After selecting a
rectangular area located in zone 40, the XYZ points
were measured using the UTM-WGS84 system. All
natural and non-natural features such as topography,
roads, trenches lithological units, faults, slopes and
tension of the beds were recorded.

The Zaghia iron deposit, anomaly 2C, is located in
the Bafq block of central Iran. This block is a horst
extending from Kerman to Bafq, Saghand and Robate
Poshtebadam. This block follows a north-west trend
similar to that of the Kuh Banan fault to the east and
Kuh Daviran fault to the west. The classification of the
geological units of the Bafq block is based on a
1:250,000 scale geological map prepared by German
geologists from 1960 to 1961 as well as 1:100,000
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scale geological maps of Esfordi and Bafq provided by
Geological Survey of Iran. Information pertaining to
the exploration operations was obtained by the
geologists of National Steel Co. [5] (Figl, 2).

Due to a broad alluvial cover in the area only a few
outcrops in the southeastern portion of the deposit were
observed through an on sight visit and the use of a
1:5,000 scale map of the area. Based on this
information four trenches were excavated (Fig2)
revealing magnetite with volcanic Kiruna host rock.
These units were separated and used in the GIS
combination. Due to its importance this layer was
given a weight of 50 [24].

5.2. Lineaments Layer

Because mineralization along lineaments is more
probable, lineaments are considered one of the most
significant factors involved in mineralization,
especially in iron deposits [5, 25]. The map of the
lineaments in the area was generated using a geological
map of the area and remote sensing data. The
mineralization and faults, including minor faults to the
northeast, mainly follow a NW-SE trend. The plotted
rose diagram displays the trends of the faults in the
area (Figd). A 90 meter buffer along with a weight of
10 was assigned to this layer (Fig2, 3).
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Fig. 3: Schematic map of all primitive information layers

5.3. Geochemical Layer of Trenches

After creating a 1:5,000 scale geological map and
selecting suitable locations for generating additional
maps at 1:1,000 scale, four trenches (approximately
110 meters long) were chosen. The iron outcrops of the
trenches were excavated in order to determine the
lower and upper limits and obtain samples from the
non-weathered units of the area. Due to the fact that
only a small number of samples were able to be
obtained and geochemical results revealed that the iron
in the trenches was exposed, this layer was given a
weight of 5.

270~

Fig. 4: Rose diagram of lineaments of the area

5.4. Alteration Layer Acquired From Remote
Sensing Data

In recent years remote sensing has provided
valuable information in the area of mineral exploration.
Satellite data has been broadly used in geology and
mineral exploration to record the results of
photography in the electromagnetic spectrum. The
geological structures of the study area, lithology types
and alterations are important extractable layers
obtained using satellite images [6, 7, 26, 27, 28, 29,
30]. Lithological evaluations have two vital goals; the
discovery and identification of lithological units on a
regional scale as well as concentration levels of
specific minerals in the area. Based on photo
interpretation, multi-spectral data is more useful when
used in the appropriate scale. Satellite image
processing and the absorption characteristics of the
bands were used to identify mineral concentrations
[26]. Different algorithms were used to excavate the
most common alterations in the area such as iron-
oxide, actinolite and diopside [31]. A comparison of
remote sensing algorithms showed that Linear Band
Prediction (LS-Fit) and Band Ratio (3/1 and 2/1)
methods yield the best results for the delineation of
iron-oxides while Matched Filtering (MF) method
yielded the best results when evaluating actinolite and
diopside alterations [30]. The weights of 20, 10 and 5
were given to the iron-oxide, actinolite and diopside
alterations, respectively.

5.5. Concentration-Area (C-A) Fractal Method

The surface data taken from the trenches was
analyzed using C-A fractal method in order to
distinguish the superficial geochemical anomalies of
the deposit. The local distribution of the concentrations
was estimated using Inverse Distance Weighted (IDW)
method. According to the logarithmic diagram, two
breakpoints displaying concentration borders among
mineralization zones and wall rock were recognized.
These breakpoints are thresholds measuring 1.24 and
1.65. Thus, three populations were separated. The
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concentrated Fe anomalies showed values higher than
44.7%. Low grade Fe anomalies were between 17.4 %
- 44.7%, while Fe values lower than 17.4% illustrate
the background. This log-log plot shows a multi-fractal
model (Fig5). Based on these results, an Fe distribution
map was generated using RockWorks v15 and was

juxtaposed with other geological observations (Fig6).
This layer is a subset of the geochemical layer. The
final histogram displays the three populations resulting
from the C-A method (Fig7) [14, 19, 32, 33, 34, 35].
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Fig. 5: Multi-fractal diagram of trench data
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= 2 :-W :
oo =i
: T
o : 5 2w |
[ stz
[ e r00000
E o Study Avea Poskion i Tran Lides Map
om Bonday
Legend [ N
Faults
Anomaly
R
|2
K
RGB
Bl Reo: Band 5
I Green: Band_3
Bl cve Band_1
o 015 03 06 0.9
) . ) 01600
PROMISING AREA MAP for Fe TYPE DEPOSITE
in ZAGHLA STUDY AREA

Fig. 8: Final map of the description model of the deposit with the extracted structures from ETM+ satellite
images (e.g. RGB: 531); grade one, two and three anomalies are shown.

6. Combination of All Information Layers
Possible iron mineralization types were selected
considering geological conditions, probable ore deposit

types and mineralization patterns in the region. Using
USGS models, geological units of each type of
mineralization were separated from a geological map
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of the area based on descriptions of each type of
mineralization. Then, combination and modeling were
carried out based on alterations using satellite image
processing and the effective processes of
mineralization consisting of geochemical guides, trends
of local and regional structures and lineaments. Each of
these factors was included in the combination and
given a specific importance factor according to
mineralization type [31]. All data processing steps,

combination and modeling were done using GIS. The
layers of the geology, lincaments, geochemistry (of
trenches and C-A fractal model) and alterations (iron
oxides, diopside and actinolite), obtained using remote
sensing, were utilized in the combination and given the
weights of 50, 10, 5, 5, 20 and 10 respectively (Fig8,
9).
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Fig. 9: General map of the description model of the deposit showing the possible percentage of iron
mineralization. Black and pink areas represent potential iron mineralization.

7. Conclusions

Combination and modeling based on the integration
of information from all layers (geology, geochemistry,
fractal model and remote sensing data), were
performed in a GIS environment using Arc map v.10.2
software. On the basis of the final combined model
three high potential areas were identified and should
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