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1-Introduction

The interaction of hot aqueous fluids with host rocks produce the hydrothermal mineral deposits (Pirajno, 1992).
One of the way for iron mineral formation is that hot aqueous solutions rich in iron with proper temperature, pH,
and suitable EH react with rock walls that lead to the generation of hydrothermal iron deposits. Hematite is
formed at high temperatures, and goethite is formed from the weathering of iron minerals.

One of the primary uses of remote sensing in geology is the detection of different minerals (i.e., iron minerals;
Sabins, 1999). Spectroscopy is capable of detecting the behavior of phenomena in different wavelengths (Hunt
and Salisbury, 1976). Infrared spectroscopy method has been used to recognize the altered minerals (e.g., Kerr
et al., 2011; Rangzan et al., 2012; Poorkaseb et al., 2013). Many researchers have used satellite imagery to
enhance the mineral exploration (Massironi et al., 2008; Abedi et al., 2013). The main objective of this study is
the discrimination of iron minerals by using the TM, ETM*, and Landsat8 images and confirming the
enhancement of iron-containing minerals using spectrometry tools in the Saveh region, Iran.

2-Methodology

In this study, we have applied the TM, ETM*, and Landsat8 images downloaded from the USGS Geological
Survey site (http://earthexplorer.usgs.gov/). The FieldSpec3 and TSG techniques were used for recognition of
the Fe minerals in the Saveh region, Iran. We applied the ETM* image for geometric correction of TM and
Landsat8 images. The total RMS error of less than 0.5m was intended. Internal Average Relative Reflectance
(IARR) method was used for atmospheric correction, masking the region based on the geological map,
eliminating unwanted parts, eliminating or reducing interference TM, ETM?, and Landsat8 images. To enhance
iron mineral, the TM3/TM1. TM4/TM1 band ratio method on TM image, 3/1 band ratio on ETM* image, and
4/2 band ratio on the Landsat8 image were employed. Then rock samples collected for enhancing areas with the
TM3/TM1. TM4/TM1 band ratio method and each rock sample was examined with the FieldSpec3 and TSG at
spectral laboratory of Shahid Chamran University of Ahvaz, Iran.

3- Results and discussion

The TM, ETM*, and Landsat8 images were analyzed to detect the iron-containing minerals in the Saveh region.
The iron minerals have spectrum features in the electromagnetic spectra of 0.4 to 1.1 nm (Hunt, 1976, 1979).
Plants have a high reflection in the infrared that can obstruct the explanation of iron minerals; therefore, this
feature may cause the main problem with the recognition of the iron minerals. For this purpose, we masked the
vegetation in the TM data using the TM3/TM1. TM4/TM1 method. This technique separates ferric oxide from
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vegetation (Fraser, 1991). The benefit of this technique is the mask of the vegetation area, as well as hematite
and goethite minerals could be separated.

Also, for identifying the iron-containing minerals, we used the calculation of band ratios on TM and ETM*
satellite images. The appearance of containing iron minerals indicates high absorption in the UV-blue district
and reflectance in the UV-VIS district. The ratio of blue/green bound in Landsat8 and ETM* is 4:2 and 3:1,
respectively. This is applied extensively for iron-containing minerals mapping. The ground survey showed that
the prepared map using TM3/TM1. TM4/TM1 method is the most compatible compared to that of other
methods.

Rock samples were collected from enhancing areas for the TM3/TM1. TM4/TM1 band ratio method and then
each rock sample is studied with FieldSpec3 technique. The FieldSpec3 technique revealed the goethite and
hematite as the major iron minerals in the samples. Goethite minerals show strong absorption of more than 900
nm and the hematite mineral show absorption less than 900 nanometers.

The Spectral Assistant TM (TSA) software in the TSG software having essential minerals among the 60 classes
in the current library provides an extraordinary ability to identify the minerals. The TSA software discriminates
the mineral types according to the shapes of these absorption features. For discrimination, the type of minerals
and spectra of the samples were entered into the software. Then the results were displayed. This software
determined the percentage of iron-containing minerals (i.e., goethite and hematite in the VNIR range) in each
rock sample.

Based on the FieldSpec3 and TSG techniques, hematite and goethite are the significant iron-containing minerals
in the study area. The FieldSpec3 and TSG techniques results approved that the goethite and hematite minerals
could be identified correctly using TM3/TM1. TM4/TM1 band ratio method. Accordingly, this method could be
considered as an appropriate method for enhancing the iron minerals. Detection of the types of iron minerals is
one of the essential features of using TSG software. The TSG technique results show that this method can
determine the presence and the type of iron minerals. The spectra obtained from remote sensing tools (e.g.,
FieldSpec3 and TSG) is consistent with the enhancement of iron-containing minerals using the
TM3/TM1.TM4/TML1 band ratio method.

4-Conclusions

In this study, we used the FieldSpec3 and TSG techniques with TM3/TM1. TM4/TM1 band ratio methods for
identifying the iron-containing minerals. The results of the FieldSpec3 and TSG techniques approved the
importance of these tools in identifying the goethite and hematite minerals. The TSG technique results revealed
the goethite and hematite spectral at the most rock samples and determines the percentage of iron-containing
minerals. Also, it is determined that TM3/TM1.TM4/TM1 band ratio method is the appropriate method for the
evaluation of the identification of iron areas. The FieldSpec3 and TSG results confirmed the accuracy of the
enhancing areas by TM3/TM1. TM4/TM1 band ratio method. In this way, advanced remote sensing devices
confirmed the results of the enhancing iron-containing minerals in the North Saveh, Iran.
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Fig. 2. Fracture density map in the study area.
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Table 1. Percentage of iron minerals identified using TSG software in the study area.

Rock type Percentage of hematite mineral Percentage of geotite mineral
Andesite 7% 93%
Andesite 4% 96%
Andesite 4% 96%
Andesitic-Basalt 20% 80%
Andesitic-Basalt 9% 91%
Andesitic-Basalt 6% 94%
Andesitic-Basalt 37% 63%
Andesitic-Basalt 37% 63%
Basalt 21% 79%
Basalt 50% 50%
Basalt 18% 82%
Basalt 25% 75%
Basalt 31% 69%
Basalt 5% 95%
Granite 37% 63%
Granite 11% 89%
Granite 29% 71%
Granite 4% 96%
Tuff 3% 63%
Tuff 6% 94%

TM );9@ )l ool Lv 6‘..\)[4 u;‘fjm u.us) M‘TSG 9
B2 oo plad Coslen g CudsS )lo&m] s S5 slubl o)

“iged ;o 1) Cuilon 5SS SIS 90 o y5a> TSG 5 65

& S 4
ssbas 3l lesal sla S5 slelis cqa asllhas ol o
b 8 9 saib cons slo g, Landsat8 ¢ ETM™ TM
FieldSpec3 z s .o solaww! (TSG 5 FieldSpec3)



N

Voyleds V) oye N el Wby o) (ld ey Tt
Sogal sla S5 g5l b bl oo TSG 4 FieldSpec3 Sl OB 581 a5 cpl ien Sged slulils Sw sle
S (oo 9bogle Jlo o 1, 2l ey ol 4l e 8 ) Slagel Gla Sl ws s
&lw

Abedi, M., Norouzi, G., Fathianpour, N., 2013. Fuzzy outranking approach: A knowledge-driven method for
mineral prospectivity mapping. International Journal of Applied Earth Observation and Geoinformation
21, 556-567.

Alavi, M., 1980. Tectono stratigraphic evolution of Zagrosides of Iran. Geology 8, 144-149.

Anderson, J.A., 1982. Characteristics of leached capping and techniques of appraisal. In: Titley, S.R,
Advances in Geology of the Porphyry Copper Deposits, Southwestern North America, Tucson,
University of Arizona Press, 275-295.

Bedini E., 2011. Mineral mapping in the Kap Simpson complex, central East Greenland, using HyMap and
ASTER remote sensing data. Advances in Space Research 47, 60—73.

Berberian, F., Muir, 1. D., Pankhurst, R.J., Berberian, M., 1982. Late Cretaceous and early Miocene Andean-
type plutonic activity in northern Makran and central Iran. Journal of the Geological Society 139, 605—
614.

Ciampalini, A., Garfagnoli., Antonielli, B., Moretti, S., Righini, G., 2013, Remote sensing techniques using
Landsat ETM+ applied to the detection of iron ore deposits in Western Africa. Arabian Journal of
Geosciences 6, 4529-4546.

Feizi, F., Mansouri, E., 2013. Introducing the Iron Potential Zones Using Remote Sensing Studies in South of
Qom Province, Iran. Open Journal of Geology 3, 278-286.

Fraser, S. J., 1991. Discrimination and identifcation of Ferric Oxides using satellite Thematic Mapper data: A
Newman case study. International Journal of Remote Sensing 12, 635-641.

Ghalamghash, J., 1998. 1:100,000 geological map of Saveh Geological Survey of Iran.

Guilbert, J.M., Park, J.R.C.F., 1997. The geology of ore deposits. Freeman, New York, p. 985.

Honarmand, M., Ranjbar, H., Shahabpour, J., 2011. Application of Spectral Analysis in Mapping
Hydrothermal Alteration of the Northwestern Part of the Kerman Cenozoic Magmatic Arc, Iran,
University of Tehran,. Journal of Sciences, Islamic Republic of Iran 22(3), 221-238.

Hunt, G.R., Salisbury, J.W., 1976. Visible and near-infrared spectra of minerals and rocks: XII. Metamorphic
rocks. Modern Geology 5, 219-228.

Hunt, G.R., Ashley, P., 1979. Spectra of altered rocks in the visible and near infrared. Economic Geology 74,
1613-1629.

llbeyli, N., Pearce, J.A., Thirlwall, M.F., Mitchell, J.G., 2004. Petrogenesis of collision-related plutonics in
Central Anatolia, Turkey. Lithos 72, 163-182.

Kaufman H., 1988. Mineral exploration along the Auaba-Levant structure by use of TM-data, Concepts,
processing and results. International Journal of Remote Sensing 9, 1639-165.

Kerr, A., Rafuse, H., Sparkes, G., Hinchey, J., Sandeman, H., 2011. Visible/infrared spectroscopy (VIRS) as a
research tool in economic geology; background and pilot studies from New Foundland and Labrador.
Geological Survey 11(1), 145-166.

Kruse, F.A., Raines, G.I., Waston, K., 1985. Analytical techniques for extracting geology information from
multichannel airborne spectroradiometer and airborne imaging spectrometer data. In Proceeding of the
4" Thematic Conference on Remote Sensing of the Environment, Remote Sensing for exploration
geology, Sanfransisco, California 1-4 April, 309-324.

Laakso, K., Rivard, B., Rogge, D., 2016. Enhanced detection of gossans using hyperspectral data: Example
from the Cape Smith Belt of northern Quebec, Canada. ISPRS Journal of Photogrammetry and Remote
Sensing 114, 137-150.

Liu, L., Zhuang, D. F., Zhou, J., et al., 2011. Alteration Mineral Mapping Using Masking and Crosta
Technique for Mineral Exploration in Mid-vegetated Areas: A Case Study in Areletuobie, Xinjiang
(China). International Journal of Remote Sensing 32(7), 1931-1944.

Massironi, M., Bertoldi, L., Calafa, P., Visona, D., Bistacchi, A., Giardina, C., Schiavo, A., 2008.
Interpretation and processing of ASTER data for geological mapping and granitoids detection in the
Saghro massif (eastern Anti-Atlas, Morocco) Geosphere 4 (4), 736-759.

Moskowitz, B.M., Reynolds, R.L., Goldstein, H.L., Berquo, T., Kokaly, R. F., Bristow, C.S., 2016. Iron oxide
minerals in dust-source sediments from the Bodélé Depression, Chad: Implications for radiative
properties and Fe bioavailability of dust plumes from the Sahara. Aeolian Research 22, 93-106.

A


http://link.springer.com/journal/12517
http://link.springer.com/journal/12517
http://www.sciencedirect.com/science/journal/00244937

N

Vooleds VY oy N Fe e o Wi @35 (olid ey T e
[Crmd

Pirajno, F., 1992. Hydrothermal Mineral deposits-principles and fundamental concepts for the exploration
geologist. Springer, Berlin, p. 409.

Rajendran S., Thirunavukkarasu A., Balamurugan G., Shankar K., 2011. Discrimination of iron ore deposits
of granulite terrain of Southern Peninsular India using ASTER data. Journal of Asian Earth Sciences 41,
99-106.

Rangzan, K., Saki, A., Hassan Shahi, H., Mojaradi, B., 2012. Analysis and spectral classification of igneous
and metamorphic rocks in the Hamedan region for remote sensing studies using reflectance
spectroscopy (350 to 2500 nm). Journal of Crystallography and Mineralogy 20, 81- 96 (in Persian).

Rezaei Kahkhaei, M., Galindo, C., Pankhurst, R.J., Esmaeily, D. 2011. Magmatic differentiation in the calc-
alkaline Khalkhab—Neshveh pluton, Central Iran. Journal of Asian Earth Sciences 42, 499-514.

Sabins, F.F., 1999. Remote sensing for mineral exploration. Ore Geology Reviews 14, 157-183.

Salem, SM., Arafa, SA., Ramadan., 2011. Exploration of copper deposits in Wadi El Regeita area, Southern
Sinai, Egypt, with contribution of remote sensing and geophysical data. Arabian Journal of Geosciences
6, 321, 335.

Salisbury, J.W., Walter, L.S., Vergo, N., D'Aria, D.M., 1991. Infrared (2.1-25 micrometers) Spectra of
Minerals. Johns Hopkins University Press, Baltimore, Maryland, USA. p. 267.

Sengor, A.M.C., 1990. Plate tectonics and orogenic research after 25 years; a Tethyan perspective. Earth-
Science Reviews 27, 1-201.

Shalaby, M.H., Bishta, A.Z., Roz, M.E., Zalaky, M.A., 2010. Integration of geologic and remote sensing
studies for the discovery of uranium mineralization in some granite plutons, Eastern Desert, Egypt.
Journal of King Abdulaziz University Earth Science 21, 1-25.

Takin, M., 1972. Iranian geology and continental drift in the Middle East. Journal of Nature 23, 147-150.

Yamaguchi, Y., Fujisada, H., Tsu, H., Sato, I., Watanabe, H., Kato, M., Kudoh, M., Ahlc, A.B., and Pnicl, M.,
2001. Aster early image evaluation, Advance Space Research 28(1) 69-76.

"

© 2021 Shahid Chamran University of Ahvaz, Ahvaz, Iran. This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).


http://www.sciencedirect.com/science/journal/01691368/14/3

