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1- Introduction

Remote sensing techniques have an important role in mineral exploration and other geological studies.
For exploratory purposes, detection of alteration zones and preparing lithological maps are performed
based on the spectral signature of minerals (Sabins, 1999). To detect the altered minerals in Angouran
zinc and lead mine, ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer)
images have been used. The purpose of this study is to identify the minerals and alteration zones in
the deposit using remote sensing methods, along with field observations, microscopic studies, and X-
ray diffraction (XRD) analysis.

Angouran Zn-Pb deposit is located at 36°, 37’ north latitude, and 47 °, 24 ' east longitude. This
deposit is located in the west of Zanjan province, in the western part of the Sanandaj-Sirjan zone, and
the 1: 100000 map of Takht-e Soleiman (Babakhani and Ghalamghash, 1990). The Angouran deposit
is formed between footwall schist and hanging-wall marble. Angouran marble is the main host of zinc
and lead ores (Sharafi et al., 2018).

2- Material and methods

In this study, the ASTER image prepared on 14/08/2002 has been used. The preprocessing stages used
include vegetation removal, spatial resolution enhancement using the Gram-Schmidt Spectral
Sharpening algorithm, and Internal Average Relative Reflection (IARR) atmospheric correction.

Processing methods performed on the ASTER image to detect the alteration minerals in Angouran
Zn-Pb mine include Band Ratio (BR), False Color Composite (FCC), Feature Oriented Principal
Components Selection (FPCS), and Spectral Angle Mapper (SAM). The accuracy of the SAM method
was evaluated using ground truth points, confusion matrix, and Kapa coefficient. Field observation,
microscopic studies, and XRD analysis were applied to check the validity of the results.

3- Results and discussions

In the prepared false-color composite (RGB: 321) the white areas represent the marble unit, the blue
areas represent the amphibolite, mica, gneiss, serpentinite, and brown and red areas indicate volcanic
rocks and travertine, respectively.

Muscovite (sericite) has a high reflection in ASTER bands 5 and 7 and has the most absorption in
band 6. Chlorite has a high reflection in bands 7 and 9 and has the highest absorption in band 8.

* Corresponding author: bonyadi@sci.ikiu.ac.ir
DOI:10.22055/AAG. 2022.37214.2219

Received 2021-04-23
Accepted 2022-01-06

ISSN: 2717-0764

~


https://doi.org/10.22055/aag.2021.37039.2216
https://doi.org/10.22055/aag.2021.37039.2216

wVa

shahid Chamran Adv. Appl. Geol. Winter 2023, Vol. 12 (4): 709-731

University of Ahvaz

Dolomite has a high reflection in bands 5, 6, and 9 and has the highest adsorption in bands 7 and 8.
Therefore, a band ratio of 5+7/6 was utilized to detect the muscovite (sericite) mineral, which is an
indicator of phyllic alteration. The band ratio of 7+9/8 was also used to detect the chlorite mineral.
Also, to detect the dolomite, the band ratio ((5 + 9)/7) / ((6+9)/8) was used.

For better visual recognition of muscovite (sericite), chlorite, and dolomite, an RGB false color
combination from band ratio images was prepared (Figure 9). In this image, muscovite is seen in red,
chlorite in green, and dolomite in blue.

To increase the accuracy for selecting the appropriate PCs for detecting the minerals, the Feature
Oriented PCA (FPCS) method was used. Based on the FPCS obtained for the muscovite, chlorite, and
dolomite, the best PCs for the detection of these minerals in the deposit are PC3, PC6, and PC4,
respectively.

The reference spectrum of muscovite (sericite), chlorite, and dolomite in the spectral library of
ENVI software has been used to identify these minerals by the SAM method. In these images, the
spectral angle used is 0.18 for chlorite, 0.37 for dolomite, and 0.38 for muscovite. By comparing the
images obtained from the band ratio and FPCS methods and the geological map of the area, it seems
that the SAM method has not been able to determine the area affected by dolomitic and sericite
alteration, but in the case of chlorite alteration, the result is acceptable.

In the spectral angle mapping method, the areas with chlorite, sericite, and dolomite were classified
with 96.67%, 93.75%, and 88.89% accuracy, respectively. The overall accuracy of the classification
was 93.75% with a kappa coefficient of 0.9016 which seems to be satisfactory.

4- Conclusion

Among the processing methods used in this study, the best results were obtained from the band ratio
(BR) method and thematic oriented principal component analysis (FPCS), which detect the alteration
minerals of the Angouran areas covered by these alterations, accurately. False Color Composition
(FCC) prepared from the band ratio images can display alteration assemblages in an image. The
spectral angle mapping (SAM) method, although suitable for the detection of chlorite, dolomite, and
muscovite minerals and has an acceptable overall accuracy, had the best accuracy for chlorite and the
lowest accuracy for dolomite. The overall accuracy of this method was 93.75% and the kappa
coefficient was calculated to be 0.9016, which indicates the acceptability of this classification. In the

SAM method, chlorite mineral was detected better than dolomite and sericite minerals.

The results of this study show that chlorite alteration is present in the form of narrow veinlets in
the footwall schist. It is limited to footwall schists. Muscovite (sericite) was mostly found in Neogene
volcanic units, while dolomite is found in Angouran marble and to some extent in Qom Formation
limestone of Neogene age. The accuracy of the results of this study was confirmed by field
observations, petrographic studies, and XRD analysis on samples taken from Angouran zinc and lead
deposit.
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Fig. 1. Geological Map of Angouran Deposit. The yellow rectangle indicates the mine area (Gilg et al., 2006, as cited in
Boni et al., 2007).
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Fig. 2. Hanging wall marble and footwall schist in the Angouran mine.
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Fig. 3. Detection of geological units using false color combination (a) RGB: 321, the white areas represent the marble
unit of the hanging-wall, the blue areas represent the metamorphic unit and the brown and red areas represent volcanic
rocks and vegetation. Small white stains outside the mine are travertine and (b) RGB: 428, marble, metamorphic rocks,
and volcanic rocks are represented light blue, green, and violet repectively. The mine area is marked with a yellow box.
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Fig. 4. Spectral reflectance curves of muscovite (green), chlorite (yellow) and dolomite (red) in ENVI spectral library.
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Fig. 5. The detection of muscovite (sericite; white pixels) by a band ratio of 5+7 /6. The area of the mine is marked by
the yellow box.
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Fig. 6. The detection of chlorite (white pixels) using a band ratio of 7+ 9/8. The area of the mine is marked by the yellow
box.
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Fig. 7. The detection of dolomite (white pixels) using a band ratio of ((5+9)/7)/((6+ 9)/8). The area of the mine is marked
by the yellow box.
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minerals. The area of the mine is marked by the black box.
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Fig. 9. The yellow, green, and purple curves indicate the spectral behavior of the muscovite (sericite), dolomite, and
chlorite, respectively, in the ASTER image of the Angouran area.
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Table 1. Eigenvector values calculated using FPCS for ASTER bands 7, 8, and 9 for chlorite. PC6 has the largest
difference between the absorption and reflection coefficients of chlorite.

Eigenvector B7 B8 BY
PC4 -0.187791 -0.437124 -0.138791
PC5 -0.68095 0.388001 0.056835
PC6 -0.406019 0.465176 -0.210205
Variance% 98.889399 0.9380343 0.1725667
Cumulative 98.8894 99.827434 100
Variance%
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Fig. 10. Detection of chlorite by the method of FPCS, bright pixels represent chlorite. PC6 is the best PC detecting the
chlorite. The area of the mine is marked by the yellow box.
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Table 2. Eigenvector values calculated using FPCS for ASTER bands 5, 6, and 7 for muscovite (sericite). PC3 has the
largest difference between the absorption and reflection coefficients of sericite.

Eigenvector BS B6 B7
PC2 -0.578389 -0.572333 -0.581293
PC3 -0.260482 -0.545698 0.796469
PC4 -0.773056 0.612085 0.166543
Variance% 99.556112 0.2887577 0.1551304
Cumulative 99.556112 99.84487 100

Variance%
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Fig. 11. Detection of muscovite (sericite) by the method of FPCS, bright pixels represent chlorite. PC3 is the best PC
detecting the sericite. The area of the mine is marked by the yellow box.
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Table 3. Eigenvector values calculated using FPCS for ASTER bands 6, 7, 8, and 9 for dolomite. PC4 has the largest
difference between the absorption and reflection coefficients of dolomite.

Eigenvector B6 B7 B8 B9
PC3 -0.174776 -0.225634 -0.083166 0.89484
PC4 0.549355 -0.324856 -0.667386 0.101121
PC5 -0.681692 0.14116 -0.242465 0.126892
PC6 0.038676 0.784347 -0.525303 0.035283

Variance% 57.7506 26.62177 7.919124 7.708506

Cumulative 57.7506 84.37237 92.29149 100

Variance%
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Fig. 12. Detection of dolomite by the method of FPCS, bright pixels represent chlorite. PC4 is the best PC detecting the
dolomite. The area of the mine is marked by the yellow box.
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Fig. 13. Detecting muscovite (sericite), chlorite, and dolomite minerals using color combination RGB: PC364. The area

of the mine is marked by the yellow box.
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Fig. 14. Detecting muscovite (sericite) by SAM method using the ENVI mineral spectral library. Red pixels indicate
muscovite (sericite) mineral. The area of the mine is marked by the yellow box.
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Fig. 15. Detecting chlorite by SAM method using the ENVI mineral spectral library. Red pixels indicate chlorite mineral.
The area of the mine is marked by the yellow box.
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Fig. 16. Detecting dolomite by SAM method using the ENVI mineral spectral library. Red pixels indicate dolomite
mineral. The area of the mine is marked by the yellow box.
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Table 4 - Confusion matrix formed using SAM classification method in Angoran region.

Sericite Chlorite Dolomite Total (user)
Sericite 15 0 1 16
Chlorite 0 29 1 30
Dolomite 0 2 16 18
Total (producer) 15 31 18 64
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Fig. 17. (@) A schist hand specimen showing calcite (Cal) veinlets cutting the schist host rock along with a
quartz vein (Qz), (b) A hand specimen of the Angouran footwall schist containing quartz vein.
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Fig. 18. (a) Photomicrograph of the Angouran hanging-wall sample showing fine-grained, dense and
amorphous dolomites (Dol), galena (Gn) with sphalerite (Sp), XPL, (b) Footwall schist sample containing
Ankite with pyrite (Py-1) and chlorite (Chl), XPL, (c) Microscopic image of quartz-muscovite-schist showing
quartz (Qz) crystals as the main mineral and muscovite (Ms) crystals, along with sericite as a green band and
pyrite (Py) as disseminated grains and veinlets in footwall schist, XPL, and (d) Sericite (Ser) in the form of
veinlets with quartz (Qz) as scattered grains and calcite crystals (Cal) with the blade twinning, XPL. Minerals
abbreviations after Whitney and Evans (2010).
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Fig. 19. Results of X-ray diffraction (XRD) analysis in a footwall schist sample.
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Fig. 20. Results of X-ray diffraction (XRD) analysis in a footwall schist sample, containing chlorite.
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