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The study area lies within the mélange ophiolite belt known as the
Esfandagheh-Faryab metallogenic belt, situated in the south and southwest of
Kerman, hosting Iran’s largest chromite deposits, Esfandagheh and Faryab.
This research focuses on a section of the Esfandagheh-Faryab belt to identify
chromite deposits using ASTER and Landsat satellite imagery. After
performing the required corrections, a false color composite was generated
from multiple band ratios, providing an initial characterization of the region's
peridotites. A novel band ratio was developed and applied to emphasize
dunite and related rock types, effectively highlighting areas corresponding to
mélange ophiolite units, amphibolites linked to ultramafic rocks, and
metagabbro. The dunite band ratio was examined through two phases:
gualitative and quantitative. In the qualitative phase, spectra from rock and
mineral libraries helped verify that the highlighted areas corresponded to
dunite and associated rocks. The quantitative phase involved using a
confusion matrix on classification outcomes from neural network and support
vector machine models, achieving over 85% total accuracy. Both qualitative
and quantitative analyses validated the effectiveness of the proposed band
ratio, and its alignment with known geological units suggests that this area
holds strong potential for chromite exploration.
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Extended abstract

1. Introduction:

Iran, rich in natural and mineral resources, must harness the capabilities of remote sensing in earth sciences,
particularly for exploring mineral resources and managing land. The country’s chromite deposits, often irregular
in shape, primarily occur within ophiolite complexes. One notable ophiolite region is the melange ophiolite belt
in south and southwest Kerman—known as the Esfandaghe-Faryab belt—which includes two key chromite-
bearing zones: Esfandaghe and Faryab. Because Iran’s ophiolite formations lie in rugged, hard-to-access
mountainous areas, exploring chromite deposits has been challenging. Remote sensing offers an effective
approach for detecting chromite in these regions. Accordingly, this study focuses on a section of the
Esfandaghe-Faryab metallogenic belt in Kerman province, aiming to identify chromite deposits through the
analysis of multispectral ASTER and Landsat satellite imagery using image processing techniques.

2. Study Area

The study area, situated in Faryab County in the southwest of Kerman Province, lies within the
southwestern section of the 100,000-scale sheet of Pagdar. Ophiolite melange-related rocks are found
in the northeastern part of the region, while limited remnants of flysch deposits occur centrally.
Serpentinized dunites containing chromite are present in the western part of the study area. The
region's mines are primarily associated with the ophiolite melange, serpentinized dunites,
amphibolites, and ultramafic rocks.

3- Methodology

Satellite images offering both spectral and spatial resolution were selected to identify lithological and
mineralogical units associated with chromite mineralization. The ASTER image includes appropriate
bands for distinguishing minerals containing Al-OH, Mg-OH, and Fe-OH, as well as for identifying
lithological units, while the Landsat image is also effective for detecting minerals rich in iron,
magnesium, and similar elements. In this study, the Fast Line-of-sight Atmospheric Analysis of
Spectral Hypercubes (FLAASH) preprocessing method was applied to both ASTER and Landsat 8
images to eliminate atmospheric effects on image pixels. Geometric accuracy was verified using
Google Earth software, confirming that no geometric corrections were necessary. Subsequently,
various image processing techniques were employed to enhance the visibility of rocks and minerals
relevant to chromite exploration. A color composite of band ratios 4/7, 3/4, and 2/1 (in RGB) was
generated for the ASTER image to provide an overview of peridotite distributions in the area.
Following that, a new band ratio, based on the full spectral characteristics of dunite derived from the
processed ASTER and Landsat 8 spectra, was developed to highlight dunite and its related rocks. To
qualitatively assess this dunite band ratio, the subpixel matched filtering (MF) technique was applied
using spectral signatures of rocks and minerals from the ENVI software's spectral libraries.
Quantitative evaluation was then conducted by calculating confusion matrices from classifications
produced by neural networks (NN) and support vector machines (SVM), focusing on dunite-
highlighted regions. For this validation process, petrological units from the geological map served as
ground truth.

4- Results

A color composite image using three band ratios (4/7, 3/4, and 2/1 in RGB) was created to provide a
general overview of the peridotite conditions in the area. In this image, zones of amphibolite and
gabbro with potential mineralization appeared in shades from red to dark red, while parts of the
ophiolite mélange showed up as dark blue. These correspond well with the ophiolite mélange,
ultramafic, and metagabbro with amphibolites units in the geological map. The band ratio, derived
from the absorption and reflection properties of dunite rock in the visible to shortwave infrared
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spectrum of ASTER and Landsat 8 imagery, also clearly highlighted the ophiolite mélange along with
ultramafic and metagabbro amphibolite units on the map.

To qualitatively analyze and more accurately identify the lithology and mineralogy of these highlighted
regions—and specifically to pinpoint chromite-bearing units—the spectral signatures of rocks (dunite
and hornblende schist) and minerals (olivine, augite, hornblende, and serpentine) from the ENVI
spectral library were applied using the MF method. The MF results mainly matched the mélange
ophiolite rock unit, with some correspondence to the ultramafic and metagabbro amphibolite units
mapped in the area. The identified minerals aligned consistently with both the dunite band ratio results
and the spectral highlighting of dunite and hornblende schist (amphibolite), primarily located within
parts of the mélange ophiolite and amphibolite-metagabbro units.

A quantitative classification of the dunite-highlighted areas was then performed using NN and SVM
methods. The classification maps from both approaches showed strong agreement, with the ophiolite
mélange and amphibolite-metagabbro units closely matching most highlighted regions. The
amphibolite-ultramafic rock unit identified in the geological map also corresponded very well with the
classification results. The classified maps were evaluated quantitatively using confusion matrix
analysis based on the dunite band ratio. Accuracy metrics—including producer’s accuracy, user’s
accuracy, and overall accuracy—were assessed. Both NN and SVM classifications achieved total
accuracies exceeding 85%. Specifically, accuracy for the ophiolite mélange and amphibolite-ultramafic
units surpassed 90%, while the amphibolite-metagabbro unit scored just below 90%. Notably, known
chromite mines occur within the ophiolite mélange and amphibolite-ultramafic rock units delineated
on the geological map, underscoring the potential of these units for chromite exploration in this region.

5- Conclusion

This study found that the dunite band ratio derived from ASTER and Landsat images highlighted areas
corresponding to ophiolite mélange rock units, amphibolites, and associated ultramafic and
metagabbro rocks. In the qualitative analysis using the MF method, minerals such as olivine, pyroxene
(augite), amphibole, and serpentine—as well as dunite and hornblendeschist rocks—showed strong
correlation with these rock units. Quantitative analysis employing NN and SVM classification,
supported by confusion matrix calculations, achieved overall accuracies exceeding 85% for the
amphibolite-metagabbro unit and over 90% for both the ophiolite mélange and amphibolite-ultramafic
units.
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