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1-Introduction

Spectroscopy, which is an incisive non- destructive tool, is the study of light as a function of wavelength that
has been emitted, reflected or scattered from a solid, liquid, or gas. This tool provides valuable knowledge about
chemical forces between atoms, vibrational frequencies found in molecules and bulk solids and electronic
effects (Clark, 1999; King et al., 2004). Field spectrometry is the quantitative measurement of radiance,
irradiance, reflectance or transmission using field portable spectrometers and spectroradiometers that acquire a
continuous spectrum (Danner et al., 2015; ASD, 2010). Numerous spectrometer and spectroradiometer models
such as TerraSpec and FieldSpec have been designed to measure wavelengths over the Visible Near Infrared
(VNIR) and Short Wave Infrared (SWIR) regions (Curtiss and Goetz, 2001). In this research the spectral
measurements were conducted indoors and outdoors at the Institute of Science and High Technology and
Environmental Sciences of Gradate University of Advanced Technology, Kerman using FieldSpec3
spectroradiometer to identify alteration minerals. The attempt is to investigate the accuracy of the extracted
spectra, optimize the noise and offer suitable suggestion for improvement the results through implementation of
processing methods.

2-Methodology

A field reconnaissance was carried out at the Sarcheshmeh, Darrehzar and Sereidun areas and 28 samples were
collected through a systematic sampling from representative hydrothermally altered rocks located by global
position system (GPS). The samples were clustered, dried and prepared for different analysis including; spectral
measurements, XRD analysis and microscopic studies. VNIR-SWIR spectroscopic measurements were
conducted indoors and outdoors at the Institute of Science and High Technology and Environmental Sciences of
Gradate University of Advanced Technology using FieldSpec3 spectroradiometer and TerraSpec® spectrometer
from Basque University, Spain. Then spectral processing, calibration, noise removal and mineral identification
were carried out on the measured spectra. Finally, the FieldSpec3 spectral results were compared to the
extracted spectra of TerraSpec® spectrometer. To ensure the accuracy of spectral measurements the results were
verified by microscopic studies and X-ray diffraction (XRD) analysis. The flowchart of the study procedure is
shown in Fig. 1.

3- Results and discussion

This research investigate the accuracy of the extracted spectra from FieldSpec3 spectroradiometer exist at the
Gradate University of Advanced Technology, optimize the noise and offer a suitable suggestion for
improvement the results through implantation of processing methods. Spectral measurements in different
situations at open space and laboratory revealed that many factors including atmospheric and environmental
conditions (velocity and direction of wind, cloud cover, temperature and humidity), distance of electronic gun
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from samples, time of measurement, and field of viewing angle can effect on the spectral response. In addition,
other factors such as the spectralon panel, calibration of spectrometer and time of spectrometer warm up can
influence the spectral measurements. While these factor consider in spectral measurement and calibration were
done precisely noise will be reduce. Therefore measurement conditions and noise reduction play an important
role in providing the real and appropriate spectrum of the object. Spectra measurements were collected
following the recommendations of the spectroradiometer manufacture and calibration was done with white
spectralon panel (ASD, 2010). The remaining smaller noises eliminated by smoothing methods through Spectral
Analysis and Management System (SAMS) software (Rueda and Wrona, 2003).
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Fig. 1. Flowchart of the study procedure.

In order to mitigate the effects of mismatches between detectors, jump correction was applied at 2000 and 1830

nm. Finally, the spectra measurements by the FieldSpec3 spectroradiometer and TerraSpec® spectrometer were
compared. For accurate comparison the spectral curves were investigated in normal and continuum removal
state. Results showed that by applying spectral corrections, spectra noise was significantly reduced and the
spectra of the both devices were similar. Mineral identification was implemented based on wavelength,
intensity, and shape of the main absorption features in each spectrum by visual inspection and an automated
computer programs such as PIMA View through comparing with reference spectra (Hosseinjanizadeh et al.,
2014). The reference spectra of alteration minerals were extracted from existing spectral libraries such as USGS
in SPECMIN program and the extracted spectra were used for creating a reference library of alteration minerals.
Comparison of the results obtained from spectral analysis with petrological and mineralogical studies showed
that there is general agreement between them.

4-Conclusions

Spectral measurements in different situations revealed that many factors such as; the environmental conditions,
the distance of electronic gun from samples, time of measurement, and field of view angle can effect on the
spectral response. With implementation of this research an appropriate laboratory space were supplied for
spectral measurement by FieldSpec3 spectroradiometer. In addition, the spectral analysis identified muscovite,
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illite, halloysite, montmorillonite, dickite, kaolinite, chlorite, epidote, calcite, pyrophyllite, biotite, jarosite,
goethite, and hematite.
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Fig. 5. Measured spectra by FieldSpec® spectroradiometer from two sampels of Darrehzar and Sarcheshmeh mines
in outdoor and laboratory conditions and their comparison with TerraSpec. The black arrow and green rectangels
indicate location of jump in 1000 nm and absorption features of water respectively.
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Fig. 6. Measured Spectra by FieldSpec?® spectroradiometer in outdoor and laboratory with suitable and unsuitable

(with water vapor and effect of background material) conditions. The black rectangels indicate absorption features
of water.
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Fig. 7. Measured Spectra by FieldSpec® spectroradiometer from two sampels befor and after corrections in outdoor
and laboratory conditions and their comparison with TerraSpec; (a) Darrehzar sample and (b) Sarcheshmeh sample.
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Table 1. Resuts of XRD, spectroscopic and microscopic studies.

Alteration Microscopic studies XRD Spectroscopic studies
Zone () indicate low proportions >40% in bold; proportions >50% in bold;
amount 10-40% as plain text; 10-50% as plain text;
() indicates trace phaseb10%. () indicateshc < 10%.
Phyllic Quartz, chlorite, Muscovite, quartz, lllite, Muscovite, Illite, kaolinite,
muscovite, altered pyrite, chalcopyrite, (kaolinite), and (chlorite)
plagioclase, pyrite, and and (chlorite)
(chalcopyrite)
Propylitic Epidote, chlorite, Quartz, chlorite, epidote, Chlorite, (epidote), (biotite),
quartz, plagioclase, and plagioclase (illite), and muscovite

clay minerals, pyrite,
altered biotite, and

carboonate
Argillic Quartz and clay Quartz, kaolinite, muscovite, Kaolinite, (illite),
minerals and illite (muscovite), (halosite), and
(dickite)
Oxide Quartz, Oxide, clay Quartz, muscovite, pyite, Jarosite, hematite,
mnerals, and (pyrite) (kaolinite), (dickite), (jarosite), goethite, pyrite, illite, dickite,
and (goethite) and kaolinite
XRD Analysis Microscopic Analyis & Spectroscopic Analysis
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Fig. 9. Comparison of the resuts of XRD, spectroscopic and microscopic analysis; (a, d, g) XRD analysis, (b, e, and
h) Photomicrographs as of samples as observed in crossed polarized light, and (c, f, and i) spectral features of
samples.
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