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1-Introduction

A large number of Earth observation satellites acquire daily massive amounts of remotely sensed data, for
which, information extraction is an important task that has led to development of different methods of image
processing. Remotely sensed images display a combination of pure and mixed pixels. Pure pixels represent
areas covered by a single component while mixed pixels are occupied by more than one class. Therefore,
different methods of image processing can be divided into pixel-based and subpixel-based groups. Pixel-based
methods assign the mixed pixels to dominant classes (Foody, 2004). The spectral information divergence (SID)
algorithm is classified in whole-pixel based group (Keshava, 2003). Sub-pixel methods such as Adaptive
Coherence Estimator (ACE) describe the proportions of classes for a pixel in fraction images (Campbell, 1996;
Keshava, 2003). A sub-pixel method has the advantage of containing more information when compared to a
pixel-based method. Many ore deposits are hosted in specific rock units and are associated with a series of index
minerals that can indirectly be used as a key to exploration in remote sensing studies. In this study, the pixel-
based SID algorithm was used for mapping marble and greenschist, and the ACE method was applied for
mapping ankrite and chlorite as indicator minerals for iron and copper exploration in Tutak area (northeastern
Shiraz), located in the Sanandaj-Sirjan metamorphic Zone (SSZ).

2-Methodology

Advanced Spaceborne Thermal Emission and Reflectance Radiometer (ASTER) imagery were used in this
study. Firstly, the 30-m SWIR data were re-sampled to 15-m pixel size of VNIR data and the log residual
method was used for atmospheric correction.

The spectral information divergence and adaptive coherence estimator were used to detect and distinguish rock
units and indicator minerals. The reflectance spectra of field samples were measured using analytical spectral
device (ASD) and were identified by the use of USGS spectral library. Moreover, the Spectral Geologist
(TSG™) mineral analysis software was used to rapid and accurate recognition of main minerals in a sample.
Then the accuracy of output results was assessed using the parameters of general accuracy and Kappa
coefficient calculated in a confusion matrix as well as investigations through field observations.

3- Results and discussion

Green schist has strong absorption features at 2.33, 1.41, and 2.25 pm due to the Mg-OH, hydroxyl group, and
Fe-OH vibrational modes, respectively. Additionally, Fe*? —bearing minerals in green schist have absorption
features at 0.41 and 0.72 um, and marble shows a strong absorption feature at 2.35 um due to COs vibration.

Using spectra of field samples, the spectral information divergence method enhanced greenschist and marble
units because of their significant spectral differences in VNIR region. Overall accuracy and kappa coefficients
resulted by using this algorithm for detection of rock units were 83% and 0.72, respectively (Tablel). Using
data of USGS spectral library, the outputs of the sub-pixel algorithm of adaptive coherence estimator
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successfully identified pixels with high abundances of chlorite and ankerite. Results showed that chlorite rich
areas with abundances more than 50% overlapped greenschist units, and the areas with chlorite abundances
>75% had acceptable conformity with the copper deposits; most prominent of which are occurring in Mazaijan
copper deposit. The areas with more than 50% ankerite overlapped the marble units, and districts with
abundances >75% indicated increase of abundances of this mineral compared to calcite and dolomite when
approaching iron mineralization (Fig 1).

Tablel. Confusion matrix of the results obtained by SID algorithm.

Rocks Reference data User’s accuracy
Marble Greenschist Total
Unclassified 1 3 4
Marble 26 2 28 (26/28) 0.92
Greenschist 1 24 25 (24/25) 0.96
Total 28 29 57
Producer’s accuracy (26/28) (24/29)
0.93 0.93
Overall accuracy= 0.837 Kappa coefficients= 0.72
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Fig 1. Results of ACE algorithm for chlorite and ankerite mapping and the locations of copper and iron deposits.

4- Conclusion

This study was an attempt to use ASTER VNIR and SWIR data for discriminating metamorphic units and
finding the index minerals for iron and copper exploration in Tutak area, southern Iran. Using SID method with
the spectra of filed samples as reference enhanced the main metamorphic units including green schist and
marble. Furthermore, applying ACE algorithm and reflectance spectra of chlorite and ankerite of the USGS
spectral library could determine the relative abundances of these minerals.
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Fig. 1. Simplified geological map of the study area (modified from 1:100,000 geological map of Surian, Geological Survey of Iran,
2001).
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Sﬁ;”rﬁée S'\T"S'TS S'\T"Si“AZS sI\TAsirEs w2200 | d2200 | w2250 | d2250 | w2350 | d2350 | d1900
001B.asd Chlorite-Mg Epidote 22559 | 028 | 23426 | 0388 | 0.121
002B.asd Muscovite Chlorite-Mg 2200 | 0.179 | 2255.7 | 0.0987 | 23486 | 0.143 | 0.0123
007B.asd | Chlorite-FeMg | Actinolite 22554 | 017 | 23258 | 0.257 | 0.223
009B.asd Calcite 22576 | 0.148 | 23395 | 0.149 | 0.0502
0011B.sad Chlorite-Mg Actinolite Epidote 2254.7 0.19 2334.8 | 0.272 0.215
018B.asd Calcite 2228.6 22664 | 0051 | 2323.4 | 0.0855 | 0.0345
019B.asd | Chlorite-FeMg Epidote 22562 | 0362 | 23449 | 0518 | 0.0754
027B.asd Calcite CEL?\;:;E' 0.023 | 22503 | 0117 | 2327.8 | 0.161 | 0.0977
034B.asd Dolomite 22576 | 0051 | 23392 | 0.384 | 0.223
038B.asd Muscovite Chlorite-Fe 2208.1 | 0.106 | 2256.1 | 0.0987 | 23432 | 0.0683 | 0.0318
043B.asd | Chlorite-FeMg 22533 | 0226 | 2335 | 0222 | 0.048
045B.asd | Chlorite-FeMg 2258.6 | 0.0993 | 23333 | 0.161 | 0.0475
046B.asd Chlorite-Fe Ankerite 2226.1 2256.1 | 0.0987 | 23383 | 0.162 | 0.0607
050B.asd Chlorite-Fe Epidote 2251.6 0.12 2318.6 | 0.174 0.0484
078B.asd Ankerite Actinolite Epidote 2258.6 | 0.0987 | 23449 | 0.161 0.048
080B.asd Chlorite-Fe Actinolite 22556 | 0.243 | 2339.1 | 0.379 | 0.0645
083B.asd Ankerite 22554 | 0.0987 | 23258 | 0.272 | 0.0475
084B.asd Chlorite-Fe Epidote 22574 | 0275 | 23479 | 0381 | 0.205
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Table 2. Confusion matrix ofthe results obtained by SID algorithm.

Reference data
Rocks - User’s accuracy
Marble Greenschist Total
Unclassified 1 3 4
Marble 26 2 28 (26/28) 0.918571
Greenschist 1 24 25 (24/25) 0.96
Total 28 29 57
(26/28) (24/29)
Producer’s accuracy
0.928571 | 0.82758621
Overall accuracy=0.837 Kappa coefficients=0.72
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Fig. 3. (a) Reflectance spectra of greenschist, marble units and chlorite and ankerite, and (b) spectra resampled to 9 ASTER bands.
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Fig. 4. Results of SID algorithm for greenschist and marble mapping.
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Fig. 5. Results of ACE algorithm for chlorite and ankerite mapping and the locations of copper and iron deposits.
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