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Abdasht chromite mine is located in the ultramafic complex of
southern Iran, which has abundant chromite reserves such as
Soghan, Esfandagheh, Faryab, etc. The main purpose of this study was

to investigate the capability of Hyperion in the alteration mapping

Alteration
Serpentine
Magnesium

related to chromite mineralization in the Abdasht area, south of
Kerman Provine, Iran. Since serpentine and magnesite have been
observed associated with chromite in this area, mapping of these

minerals can be used for the exploration of chromite. For this

purpose, atmospheric correction/calibration was performed on the
Hyperion images. The representative samples collected from the outcrops in the area were tested in the
laboratory of the Iranian Space Agency and the spectra of serpentine and magnesite were extracted.
Serpentine and magnesite were mapped, using Spectral Angle Mapper (SAM) and Matched Filtering (MF)
methods. In order to verify and control the results, a field visit has been made to the area. The obtained
classification accuracy for serpentine obtained from MF and SAM methods were 87% and 81%,
respectively. Magnesite map showed an overall accuracy of 65% and 60% for MF and SAM methods,
respectively. The lower accuracy of magnesite can be attributed to its small extent in the field. It is
suggested that due to the power of Hyperion images in the detection of chromite-bearing serpentine rocks,
these images can be used for the exploration of chromite.

1. INTRODUCTION

The study area is located in the south of
Kerman Province in Iran and 50 km east of
Orzueeyeh City with latitudes of 56°43'00" to
56°48'00" north and longitudes 28°20'00" to
28°24'00" east (Figure 1). This area is part of the
mafic-ultramafic rock belt of central Iran. In this
area, there are many units of mafic and ultramafic
rocks, the most important of which include the
Sikhoran, Soghan, and Abdasht complexes. These
complexes are part of the Esfahadeh ophiolite
complex, which are located in the Sanandaj-Sirjan
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zone and are considered areas rich for Iranian
chromite mineralization. Chromite exploration
methods are diverse and include geochemistry,
geophysics, remote sensing, and geology.
Researches have been done in the field of chromite
exploration using satellite images, in recent years
[1, 2, 3, 4, 5]. Researchers have worked on
hyperspectral images and different types of
alteration were identified [6, 7, 8, 9, 10, 11]. They
have studied ophiolites and associated alterations
with the use of satellite imageries for the
exploration of chromite deposits. According to
NASA's New Millennium Plan, the Earth Observer
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Satellite (EO1) was launched on November 21, bands 71-224 are located in the short infrared
2000. Hyperion is a hyperspectral sensor installed range [12, 13]. The focus of this study is to
on this satellite and is able to cover 0.5-2.5 investigate the ability of Hyperion images to map
micrometers spectral range with a spectral minerals due to the secondary alteration of
resolution of 10 nm and a spatial resolution of 30 ultramafic massifs in the southern part of the
meters. This sensor has an imaging width of 7.65 Abdasht chromite mine. Spectral Angles Mapper
km and a length of 185 km. The altitude of this (SAM) and Matched Filter (MF) are used in
sensor is 705 km above the ground and it captures conjunction with field studies and laboratory
images in 242 spectral bands, of which bands 1-70 analyses.

are in the visible and near-infrared range and
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Fig.1. Geographical location and access routes of the study area.

2. GEOLOGY AND MINERALIZATION surface decomposition are also seen in these
peridotite rocks (Figure 2). Crystalline magnesite
mineral is abundant in Abdasht massif, so that
rock fractures are filled with magnesite. These
magnesite veins have economic value and can be
considered in some areas due to their good purity
and also the large size of the veins. Magnesites are
the result of the alteration and dissolution of
dunite, serpentinite rocks and their deposition
along the fractures and the faults. The potential
reserve of the Abdasht mine is 8 million tons of
chromite (Cr203) with a grade of 41% [16].

The Abdasht ultramafic massif is part of the
Esfahadeh ophiolite assemblage, located in the
Sanandaj-Sirjan structural zone [14] and also in
the Paleozoic metamorphic complex [15].
Abdasht ophiolitic massif consists of relatively
high hills and mountains with a length of 8 km and
a width of about 5 km. This mass is composed of
ultramafic rocks with more or less regular
periodicity of peridotites, including dunite and
harzburgite, which are converted to dunite-
wehrlite and dunite-lherzolite. Peridotites in this
area are often serpentinized. Alteration and
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Fig.2. A: The location of the study area is within the ophiolite belts of Iran and the south of the Sanandaj Sirjan zone. B:
Simple geological map of Abdasht complex (Najafzadeh and Ahmadipour, 2016).

3. DATA AND METHODS

The Hyperion sensor data used in this study is
at Level_1R (L1R), which has the lowest level of
preprocessing. Level 1T images have not been
corrected for image geometry and
radiometric/atmospheric corrections. In this
study, Hyperion images were used with scene
number EO1H1600402015303110KF_1R and
with path and row of 60 and 40 respectively,
which were acquired on 30/10/2015 .

In order to obtain information about the
spectral properties of alteration minerals in the
area, a number of field samples were collected.
Spectral measurements on these samples were
done using the FieldSpec device in Iran Space
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Laboratory. Then, the extracted spectra were used
for mapping magnesite and serpentinite using
SAM and MF methods. Finally, in order to evaluate
the overall accuracy of the results, a field visit was
conducted to the study area and the classification
accuracy of both methods was determined.

3.1. Preprocessing Data

Hyperion images include many errors such as:
defective bands, embedded lines, banding effect,
and spectral smile, which must be corrected
before proceeding further for image processing
the images. In general, the following algorithm is
recommended for the pre-processing of Hyperion
images (Figure 3).
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Fig. 3. Hyperion image correction method.

The first step in pre-processing of Hyperion
images is to remove the defective bands that occur
due to the poor performance of its detectors, and
the pixel values are recorded as zero, which
results in dark pixels in Hyperion images.
Therefore, bands with zero values and high-noise
images were identified and deleted [12], and
finally, 155 spectral bands were selected for
processing (Table 1). In another study [17, 18]
selected 155 spectral bands. Also, the lines
embedded in each band were visually eliminated
by averaging the two adjacent pixels.

Table 1. Bands used to process Hyperion sensor data in
this research

Bands Wavelength range
(nm)
Wb el 8-57 426.81-925.4
near infrared

79 932.63
S 83-119 972.99 - 1336.15
wavelength 133-164 1477.43-1790.18
infrared 183-184  1981.86 - 1991.95
188-220 2032.35 - 2355.20

To Convert DN to a radiance unit, VNIR and
SWIR bands were divided by 40 and 80
respectively. The values of the output pixels are in
W / (m2 * sr * pym) and since for FLAASH
atmospheric correction input, the images must
have a yW / (cm? * sr * nm) unit, Therefore, these
numbers are divided by 400 for VNIR bands and
800 for SWIR bands, in order to convert the pixel
values to radiance [12, 19, 20]. The spectral
curvature error, known as Smile or Frown, is
caused by push-up imaging technology and is
present in all Hyperion data [19]. The presence of
a spectral smile in the hyperspectral images
appears in the first components of the MNF
conversion as a gradient, which was corrected by
adjusting the mean column in the radiance space
on the VNIR range. In this method, for each single
band of Hyperion data, the average value of each
column is set equal to the average value of the
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band. FLAASH correction is used to perform
atmospheric correction and the parameters in
Table 2 are used for this correction [21]. Vertical
stripping error is another error in Hyperion
images that was corrected using the Vertical Strip
Removal module (Figure 3). Residual noise after
atmospheric correction includes two specific
types. The first noise is related to the detectors
and the amount of low signal-to-noise, which
generally have spectral and spatial correlations or
local correlations to the detector geometry and
spatial correlations related to their shooting
scene. Another noise is related to systematic
effects that occur due to the difference between
the actual model and the atmospheric model
selected for the imaging range [20]. This type of
noise can be improved by using the Spectral
Polishing model [27, 28, 29]. In this method, the
curves are the spectral image of soft polynomial
functions or splines is fitted and the small
difference is interpreted as noise, which by
removing them increases the accuracy of the
reflectivity. To eliminate residual noise, the first
11 components of MNF for the VNIR images and
the first 12 components of MNF for the SWIR
images were used and the other components were
removed due to higher noise, then the
components used were inverted to the original
space in order to obtain reduced noise data. Figure
4 shows the spectra extracted from the images
before and after the correction.

Table 2. Selected parameters for flash correction based

on selected file metadata and models

Long: 56.74253889
Lat: 28.30366389

Image center coordinates

Sensor distance from the

ground 705km
e ™ tsoom
Shooting date 2015/10/30
Shooting time 04:58:38
Atmospheric model Tropical
Aerosol model Rural
Pixel size 30m
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Fig.4. FieldSpec3 serpentine field spectrum with satellite image spectrum before and after corrections.

3.2. Field Spectrum Data Collection

Operations ASD (Field Spec3®).

In the study area, 24 samples were taken from
8 regions. In each area, three samples with high,
medium and low alteration intensities were
collected from the Abdasht chromite mine and the
spectra were measured in the laboratory of the
Iranian Space Agency, using the Fieldspec3
spectroradiometer. Serpentine shows strong
adsorption properties at 1.4 and 2.3 um and a
weaker adsorption at 1.95 pm. The above
absorption curves are attributed to the presence
of water and harmonic vibrations and the
combined vibrations involved in the OH states
(Figure 5). Magnesite with the chemical formula
MgCOs is formed by the chemical reaction of CO2
which is present in atmospheric water on
serpentine and ultrabasic rocks, which is
generally associated with chromite deposits.
Magnesite has absorption bands in the 1.87, 1.98,
and 2.30 micrometers (Figure 6).

In the study area, 24 samples were taken from 8
regions. In each area, three samples with high,
medium, and low alteration intensities were
collected from the Abdasht chromite mine and the
spectra were measured in the laboratory of the
Iranian Space Agency, using the Fieldspec3
spectroradiometer. Serpentine shows strong
adsorption properties at 1.4 and 2.3 pum and a
weaker adsorption at 1.95 um. The above
absorption curves are attributed to the presence
of water and harmonic vibrations and the
combined vibrations involved in the OH states
(Figure 5). Magnesite with the chemical formula
MgCO3 is formed by the chemical reaction of CO2
which is present in atmospheric water on
serpentine and ultrabasic rocks, which is
generally associated with chromite deposits.
Magnesite has absorption bands in the 1.87, 1.98,
and 2.30 micrometers (Figure 6).
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Fig. 5. Results of spectral measurment of serpentine samples (S-SE1) from Abdasht mine. S: Surface of the sample with low
alteration. M: surface of the sample with moderate alteration and H: surface of the sample with high alteration.
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Fig. 6. Results of spectral measurement of magnesite sample (A-M1) from Abdasht mine. S: Spectral analysis on the surface
of the sample with low sample alteration. M: Spectral analysis on the surface of the sample with moderate sample
alteration. H: Spectral analysis on the surface of the sample with high sample alteration.

3.3.Mapping Alterations By Spectral Angle
(SAM) Method

The SAM method is applied by many
researchers in remote sensing studies for mineral
exploration [22, 23]. It uses an n-dimensional
angle to match pixels to reference spectra. The
spectra are converted into vectors. The algorithm
determines the spectral similarity between the
image and reference spectra by calculating and
comparing the cosine value of these two spectra
(vectors). The cosine value can be computed
using Equation. 1, where n, ti and ri are number of
bands, reflectance of band i for image spectrum,
and reflectance of band i for reference spectrum,
respectively as follows:

i-Ti

nb t2 nb rz (1)
i=1% "&i=1"i

cosa =

The result of SAM is presented by a rule and
classification images. The pixel values in the rule
image represent the angle.

3. 4. Mapping Alterations By Matched Filtering
(MF) Method

Matched filtering (MF) is used to find the
abundances of user-defined end members using a
partial unmixing. This technique maximizes the
response of the known end member and
suppresses the response of the composite
unknown background, thus “matching” the known

44

signature. The results of the MF appear as a series
of gray-scale images (fraction maps), one for each
selected end member. These fraction maps have
values that range from 0 to 1, where 0 represents
a non-match to the end member (training)
spectrum and 1 represents a perfect match [24,
25, 26].

4. RESULTS AND DISCUSSION

Based on the results, several types of
alterations have been distinguished using SAM
and MF which have been confirmed by field
studies. For example, based on the results, some
amounts of magnesite can be expected in the
northeastern and southeastern areas of the
Abdasht chromite mine associated with
serpentine alteration, based on field visits in these
areas, the presence of magnesite veins in the
serpentine bearing areas were confirmed. Also,
after detecting serpentine alteration in the region,
it was determined that serpentine alteration has
been detected in the sediments northwest of
Abdasht mine, according to the geological map of
the region, these sediments originates from the
upstream area of the mine due to the transport of
altered serpentinized rocks. Although Hyperion
satellite images have high spectral resolution, but
the low spatial resolution does not allow the
identification of chromite mineralization in the
form of lenses and small streaks. This can be
improved by image fusion of Hyperion images
with high resolution images.
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Fig. 7. A) Hyperion Satellite image RGB(29,20,11) of Abdasht massif. B) Geological map of Abdasht chromite mine with index
of active mines (Pzd: Dunite, Harzburgite, chromitite, olivine, . Gs: Glaucophane schist. , Sm: Alternation of calcschist, Marbel,
epidote-muscovite . Qt: High level,older piedmont alluvial fan). C) Detection of serpentine using spectral angle method. D)
Detection of magnesite using SAM method. E) Detection of serpentine alteration using MF method. F) Detection of magnesite
alteration using the MF method.

5. ACCURACY ASSESSMENT overall accuracy method was calculated (Figures 8
and 9). The overall accuracy is calculated by
summing the number of pixels classified correctly,
divided by the total number of pixels. The
classification accuracy of MF and SAM methods for

The results obtained through this study were
evaluated by sampling and field visits performed
on serpentine and magnesite outcrops and the
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serpentine alteration are 87% and 81%, 8 shows the outcrops of serpentine alteration and
respectively, and for magnesite 65% and 60% magnesite in the area. Many of the collected
(Table 3). Probably, the low accuracy of magnesite samples from the area are depicted in figure 9.

is due to its small spatial extent in the area. Figure

Fig. 8. A, B: The outcrop of serpentine alteration in harzburgite and dunite, north of the study area. C, D: The network of
magnesite veins formed in serpentinite units. E: Outcrop of magnesite in the harzburgite. F: The outcrop of serpentine
alteration in harzburgite and dunite.

Fig. 9. A: Serpentinized specimen with chromite with leopard skin texture. B and C: Serpentinized sample of Abdasht
chromite. D: A sample from magnesite veins in the northern part of the study area.

46



Khojastehfar et al.

Table 3. The overall accuracy of each of the SAM and MF
methods in detecting alterations

Alteration Metude A(ZZS:zlcly
Matched Filtering (MF) 87.65%
Serpentine
Spectral Angle Mapper o
(SAM) 81.39%
Matched Filtering (MF) 65.19%
Magnesite
Spectral Angle Mapper o
(SAM) 60.63%

ANM Journal, Vol. 13, No. 35, Summer 2023

5. 1. Microscopic Examination Of The Collected
Samples

The examination of the thin sections under
microscope shows that the main minerals are
olivine, serpentine and orthopyroxene. Serpentine
resulting from the alteration of olivine and
orthopyroxene is present in bright yellow to pale
yellow in polarized light. Olivine is severely
crushed due to high tectonic pressures and has
many fractures. Given the presence of serpentine
in association with chromite in the rock units of
the area, this alteration can be used as an
exploratory indicator (Figure 10).

Fig. 10. Microscopic photographs of thin sections of samples taken from Abdasht chromite mine.

6. CONCLUSIONS

The results from this study indicate that
hyperspectral remotely sensed images showed a
good potential for chromite exploration by
mapping serpentine and magnesite. The following
algorithm is recommended for the pre-processing
of Hyperion images: Removing the defective
bands, correcting for the missing line, converting
DN to radiance, smile correction, atmospheric
correction by FLAASH, correcting the destripping
effect, noise removal by using MNF and softening
of spectra. The results in the study area showed
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an association of serpentine and magnesite with
active chromite mines in the Abdasht area. The
results obtained were confirmed by field studies,
spectral examination, and thin section studies. The
overall classification accuracy for MF and SAM
methods was 87% and 81% for serpentine,
respectively. = Magnesite showed an overall
accuracy of 65% and 60% for MF and SAM,
respectively. Probably, the low accuracy for
magnesite mineral is due to its small spatial
extent. MF has more power than SAM for both
serpentine alteration and magnesite detection.
Due to the high resolution of Hyperion images in
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exposing chromite-bearing serpentine rocks in
the region, these images can be used for chromite
exploration.
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