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Abstract: The use and recognition of remote sensing technique for geological application has been increased manifold
in the last two decades. Although greater achievements were made in public availability of data, sensor resolution such
as revisiting time, spatial resolution and temporal resolution, mineral exploration in unexplored vegetated region is still
remain challenging. The vegetation present in the terrain hiders the signature of the underlying geological material
partially. Therefore, locating the potential zone for hydrothermal deposits becomes more difficult in such domain. The
current work documented mineral mapping on a sparsely vegetated terrain, i.e., eastern part of South Purulia Shear Zone,
India using ASTER imagery. It provides a comparative study of Band ratio and Directed Principal Component Analysis
for alteration mineral mapping. The remotely derived results have been correlated and validated with field evidences and
geomorphic features identified from the high resolution Geoeye imagery. Alteration zones are observed to developed
parallel to the shear zone as small-scale discrete pockets. The DPC result has been interpreted in two different ways
shows accuracy of 79.31% for ¥ standard deviation classification scheme, and 77.01% for band combination with
thresholding and linear stretching techniques. Hydrothermal alteration zones identified from the study seeks further
details study on alteration and mineralization.
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I. INTRODUCTION

Regional scale mapping is important in the reconnaissance stage of mineral exploration for narrowing down the target
area of ore prospecting. With advancement, remote sensing methods are now capable to identify key pathfinder minerals,
quantify alteration intensity and mapping chemical variations that are invisible to even the most experienced exploration
geologists (1, 5, 7, 8, 15, 16, 25, 26, 43). Remote sensing is the quick accessible, easy interpretable and cheapest tool to
narrow down the target area in the very initial stage of exploration, specifically for the hydrothermal deposits (22, 24, 31,
32, 38). Alteration products are key pathfinders for hydrothermal mineral deposits. Thus, their identification plays crucial
role in regional scale mineral mapping. Although the scale of actual ore occurrences is in small scale for many
hydrothermal ore deposits, the geological proxies like alteration, vegetation stress, and fractures occur in larger scale.
Demarcation of large-scale hydrothermal alteration halos using remote sensing techniques is quite straight forward in
absence of vegetation as documented from many parts of the world (22, 24, 31, 32, 38). Multi-spectral/ hyperspectral
satellite imageries are the first choice of many researchers for alteration mineral mapping with different digital image
processing (DIP) techniques viz. band ratio, Principal Component Analysis (PCA), Minimum Noise Fraction (MNF),
Spectral Angle Mapper (SAM), Spectral Information Divergence (SID), Constrained Energy Minimization (CEM),
Linear Spectral Unmixing (LSU), and Mixture-Tuned Matched-Filtering (MTMF). Each technique has its own
advantages and limitations. However, their integration can reveal improved information for exploration. Band ratio is
useful for reducing the effect of topography for enhancing subtle differences in the spectral reflectance and provides
useful information regarding mineral identification, however it is affected by vegetation resulting false positive anomaly
(35, 40). Likewise, PCA effectively reduces the data dimensionality and transforms the highly correlated reflectance
bands to uncorrelated Principal Components (PCs); but the PCs do not necessarily carry important geological
information. Whereas their combined use referred as Directed Principal Component Analysis can help reduce the effect
of vegetation while providing partial information on underlying material (34, 23). All these commonly used mineral
mapping techniques have successfully applied in the desert or arid region with extensive outcrop in absence of vegetation.
However, dense vegetation cover, persistence cloud cover and unavailability of the data, inadequate bedrock exposure,
are the challenges for regional scale mineral mapping using the remote sensing data in tropical regions in comparison to
arid and semiarid regions (33, 34, 45). Only a few attempts have been made for mineral mapping in highly vegetated

©IARJISET This work is licensed under a Creative Commons Attribution 4.0 International License 597


https://iarjset.com/

IA RJ SET ISSN (0) 2393-8021, ISSN (P) 2394-1588

International Advanced Research Journal in Science, Engineering and Technology
Vol. 8, Issue 8, August 2021
DOI: 10.17148/IARJSET.2021.8899

areas like tropical and subtropical region and, DPCA was employed by separating vegetation signature from rocks and
soil (8, 17, 33, 34, 42). Close spatial association of gossanized zone and hydrothermal alteration with mineralization
present in the study area. Considering the prominent alteration types of the study area which includes argillisation and
ferruginisation as two most dominant alteration types among all, we have considered major two types of mineral
assemblages, such as, low-temperature hydrothermal type (alunite, kaolinite, illite, smectite, chlorite, white mica,
pyrophyllite, carbonates and quartz) and gossan type (hematite, goethite, jarosite, limonite). The aim of the study is to a)
remotely map the regional distribution of alteration minerals using band ratio and DPCA techniques with ASTER data
for eastern part of South Purulia Shear Zone (SPSZ), b) validating the results with field observation and ¢) mark the
plausible hydrothermal mineralized zone for detail exploration.

Il. STUDY AREA

The eastern end of SPSZ is considered in the current study for hydrothermal alteration mapping using band ratio and
DPCA techniques. The SPSZ is marked by a 120 km long and 4-5 km wide corridor of highly deformed and altered rock
assemblages, bounded in-between Chhottanagpur Granite Gneissic Complex (CGGC) and North Singhbhum Mobile
Belt (NSMB) (2). The major rock types are granitoids, gneisses, quartzite, quartz breccia, migmatites, schist, tuffaceous
phyllite, pyroxenite, quartz-magnetite-apatite, tourmalinite, hornblende schist, epidiorite and amphibolites (3, 6, 10, 27)
(Fig. 1). The rock of SPSZ belongs to either NSMB or CGGC. Main constituents of NSMB are deformed metapelites,
meta-igneous and meta- sedimentary rocks of Proterozoic age (1.0-2.4 Ga) (4, 39). Previous researchers (3, 9) have
reported the minor occurrences of apatite magnetite carbonatite and alkali pyroxenite rock association along the SPSZ.
The occurrence of carbonatite has been reported from Mednitanr and Kutni areas based on drill-core samples (3).
Lensoidal occurrence of apatite-magnetite of various dimensions have also reported along the SPSZ. Clayey alterations
commonly found around the apatite-magnetite lenses are (12). Northern part of the study area constitutes of CGGC rocks
whereas southern portion of the area constitutes of NSMB rocks. They are high grade rocks of gneiss with enclaves of
granulite & meta-sedimentary rocks and intrusive granite of Proterozoic age (18, 41). Younger intrusives of various
composition ranging from mafic-ultramafic, sodic-ultra potassic alkaline rocks, anorthite and dolerite are present
pervasively within CGGC. Mafic-ultramafic suites present are amphibolite, basic granulite and hornblendite. Other parts
of the CGGC are covered by mica schist, phyllite and recent alluvial covers (Fig. 1).
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Fig. 1 Geological map of the study area.
I11. DATA AND METHODOLOGY

ASTER (Advance Spaceborne Thermal Emission and Reflection Radiometer) dataset has been used for the current study.
It provides information in 14 bands covering from visible to SWIR and TIR ranges; hence combinedly provide important
information for alteration mineral (24). Details of resolution and wavelength have been listed in Table 1. Geological
fieldwork, Google earth observations, band ratio and DPCA techniques have been employed for identifying the potential
alteration zone in eastern end of SPSZ. For alteration mapping Band ratio and PCA are the most common techniques
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used in geoscience. In this study we have used band ratio and DPCA combinedly for alteration demarcation. Eigenvector
loadings have been utilized for identifying alteration indicative DPC bands (or PCA of band ratios). Subsequently, using
False Color Composition, thresholding and selective linear stretching, we have determined significant zones of alteration
regionally. Instead of giving information about spectral properties like radiance and reflectance, DPCA provides
information about the presence and enrichment of different minerals.

3.1. Pre-processing of ASTER imagery

Atmospheric correction was applied on ASTER dataset to convert the radiance data to Reflectance while eliminate the
spectral effect of water vapours and aerosols. The resultant reflectance spectra can be directly compared with the
laboratory or field reflectance spectra (40). After cross track illumination correction, ASTER dataset was converted to
reflectance using FLAASH (Fast Line-of-sight Atmospheric Analysis of Spectral Hypercubes) algorithm. Considering
maximum geological exposure, less vegetation coverage and fixed geology of an area over a small geological time period,
the dataset chosen is from the year 2007. FLAASH parameters used are latitude and longitude of centre of scene (23° 05’
13.56" N & 86° 35" 13.56" E), date (12 January 2007), and time (04:54:36 GMT) of image acquisition, sensor altitude
(705 km), initial visibility of the dataset (60, as the scene does not have a noticeable cloud cover), and average elevation
of the area (0.25 km). The TIR data have been converted to emissivity using the Thermal atmospheric correction (19).
The derived reflectance and emissivity data have been further used for band ratio and Relative Band Depths (RBDs).

3.2. Band ratio and RBD

Band ratio is the simple ratio between two bands which helps identifying the geological material of interest by reducing
topographically induced brightness variations. Thus, ASTER band ratios have been applied with reflectance bands (B1-
B9) and emissivity data (B10 to B14) for demarcating different alterations. The mineral groups have been divided into
three major groups viz. low temperature hydrothermal mineral assemblages (alunite, kaolinite, muscovite, biotite, illite,
sericite, chlorite, pyrophyllite, calcite, epidote etc.); gossan or iron rich alteration (hematite, goethite, jarosite, limonite
etc.); and others (mafic, silicates, and carbonate minerals) (20, 21, 23, 25) respectively. RBD is a similar approach like
band ratio which forms three-point ratio formulation. RBD can better display absorption intensities such as, Al-O-H, Mg-
O-H, and CO3. For each absorption feature, the sum of the bands representing the shoulders is the numerator (band 1&2),
and the band representing the absorption feature minimum is the denominator (band 3), as shown in equation (1) (13). A
high RBD value represents high absorption depth.

bandl1l+band?2
band3 (1)

RBD =

Table 2: Band Ratio and RBDs for ASTER
data used in the current study

Table 1: Wavelength and spatial resolution of
spectral bands of ASTER dataset.

Band Label Wavelength  Resolution Index Band ratio/ RBD
Bl VNIR*Bandl 0.520-0.600 15 Vegetation index (B3*/ B2)
B2 VNIR Band2 0.630-0.690 15 Gossan (B4/ B2)
B3 VNIRBand3N  0.760-0.860 15 Ferric iron oxide (B2/ B1)
B4 SWIR**Band4  1.600-1.700 30 Ferrous iron oxide (B1/ B22)
B5 SWIR Band5 2.145-2.185 30 Kaolinite (B7/ B5)
B6 SWIR Band6 2.185-2.225 30 Alunite/ kaolinite/ pyrophyllite ((B4+B6)/ B5)
B8 SWIR Band8 2.295-2.365 30 Illite/ smectite/ muscovite ((B5+B7)/ B6)
B9 SWIR Band9 2.360-2.430 30 Phengite (B5/ B6)
B10 TIR***Bandl0 8.125-8.475 90 Carbonate/ chlorite/ epidote ((B7+B9)/ B8)
B11 TIR Bandl1l 8.475-8.825 90 Skarn carbonate (B13/ B14)
B12 TIR Band12 8.925-9.275 90 Dolomite ((B6+B8)/ B7)
B13 TIR Band13 10.250- 90 Silica (B13/ B10)
B14 TIR Band14 10.950- 90 Amphibolites ((B6+B9)/ B8)
Epidote/ chlorite/ ((B6+B9)/
:Q’/‘isible Near InfraRed; **Short-Wave InfraRed; &, net/ pyroxene (B12/ B13)
Thermal InfraRed
Carbonate (B13/ B12)
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Amphiboles (B6/ B8)
*Abbreviation described in Table 1

ASTER sensor has 14 bands allowing many permutation combinations of band ratios and RBDs for identification and
mapping of different minerals and lithology (28, 29, 30, 36, 37, 44). In the present study, we have used band ratios and
RBDs for three major alteration mineral assemblages, i.e., low temperature hydrothermal (kaolinite, illite-smectite-
muscovite, alunite-kaolinite-pyrophyllite, silica, ferrous, ferric, carbonate, carbonate-chlorite-epidote) and gossanized
zone (ferrous, ferric, gossan); and for unaltered host rocks (silica, garnet-pyroxene, amphibolite, dolomite) as given in
the Table 2. The standard deviation-based classification demarcates anomalous zone with extremely high values from
the average background statistically and significantly (using formula “average + [2.625 X standard deviation]”).
Therefore, all band ratios have been classified using 2" standard deviation classification scheme in order to highlight the
relative abundance of different indexes in a single map, while minimizing overlapping area for individual band ratio
results (14, 23).

3.3. Directed Principal Component Analysis (DPCA)

Directed Principal Component Analysis (DPCA) is the principal component analysis (PCA) of different band ratios. In
the current study vegetation index is used as an important index for its implication in separation of the vegetation effect
from the alteration representative index. DPC analysis was performed on the 17 spectral indexes including vegetation
represented in Table 2. These 17 indexes have been used to map different minerals present in the study area and to find
the best possible DPC combination for alteration zone demarcation. The DPC having loadings of similar signs on two
band ratio images explains the variance due to the similarities in the spectral response, whereas the DPC, whose loadings
are different signs on either band ratio images highlights the contribution unique to each of the component. The loading
varies ideally from -1 to 1; areas of strong positive association represented by pixels with brighter shade show positive
loadings, while pixels with darker shade show negative loading indicates an inverse relation of DPC with the input band
(17). Eigenvector matrix was computed from the covariance matrix of the original image. Both the eigenvector matrix
and eigenvector image represent the DPC results calculated using the covariance matrix of band ratios. Each DPC
represents the weighted linear combination of original band ratios and the eigenvector represents the weight in the
transformations collectively (11, 23).

DPC1=W11 (Bandl) +W12 (Band2) +W13 (Band3) +... +W1n (Bandn)
DPC2=W21 (Bandl) +W22 (Band2) +W23 (Band3) +... +W2n (Bandn)

DPCn=Wn1l (Bandl) +Wn2 (Band2) +Wn3 (Band3) +... +Wnn (Bandn)

Where, Band 1, 2...n: Band ratios; DPC 1, 2...n: Directed principal components; W11, W12... W1n: Band weighting
coefficients for DPC1; W21, W22...W2n: Band weighting coefficients for DPC2.... DPCn; Wnl, Wn2..... Wnn: Band
weighting coefficients for DPCn.

3.4. Identification of geomorphic features

The simple band combination technique can highlight the larger exposed hydrothermal alterations with different SWIR
images. However, for the tropical regions, interpretations are not straight forward. Therefore, here we have demarcated
different geomorphic and anthropogenic features present in the study area from the GeoEye satellite view (Fig. 2) for
making interpretation simpler. Features identification from GeoEye view have been carried out before field work to
draw some preliminary knowledge on important alteration zones. Some of the zones are further validated with the
field observations. The aerial view of different geomorphic and anthropogenic features has been given in Fig. 2. Figure
3 provides spatial distribution of these geomorphic features superimposed on the lithology map.
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F|g 2 Typesof geomorphlc and anthropogenlc features marked from GeoEye satellite view such as,
Partially excavated lateritic exposure (A, H), Gossan (B, 1), river bank (C), Excavated zone (D, K),
Recent alluvium (E, G), Alluvial fan (F), Clay bricks plant (J), Highly vegetated hills (L), Open caste

mines (M).
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Fig. 3 Geomorphic and anthropogenic features marked in the study area. Circles with numbers represent
different observations, as shown in legend.

1V. RESULT AND DISCUSSION
4.1. Band ratio result

Fig. 4 shows distribution of different minerals derived from the band ratio result. High concentration of silica and iron
oxide index were observed compared to clay and mica index. Northern region (Fig. 4) shows high concentration of iron
rich minerals. River channel areas show high concentration for silica and iron rich minerals. The northwest corner of the
scene shows high concentration of iron and silica minerals is correspond to the recent alluvium covered region. Silica
rich zones identified are correspond to the high silica rich zone of granite and gneiss, quartzite, quartz or mica schist, and
vein quartz. Alteration zone present near the shear zone boundary show enrichment of alteration mineral group clay, iron,
mica, and chlorite groups (Fig. 4) along with subordinate amount of quartz. Other areas showing similar assemblages of
alteration mineral index have been marked includes 2, 4, 5, 7, 8, 10, 11. High concentration of clay and mica representing
region near Belgeria (7) correspond to the altered mafic bands and mica schist bands. The region 2, 4 and 5 corresponds
to the ferruginous and altered mica schist and clay band regions. High concentration of quartz and iron rich minerals have
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been observed from 1, 3, and 6 corresponds to the ferruginous mica and quartz schist regions mostly. Some unaltered
mafic areas show hlgh concentration of garnet and pyroxene index (8, 9, near Kutni and Banduan).
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Fig. 4 Remotely derived hydrothermal alteration map showing distribution of chlorite, clay and mica groups
of minerals with green shade; iron rich zone including gossan with shades of red; and silica dominated pixels
with blue colour.

Alteration zone is more extensive and exposed in Mukutmanipur area (Fig. 4D), which might be the reason the
area gets highlighted better than other alteration zones present near SPSZ boundary. Quartzite hill overprinted by the
ferruginisation and alteration show high concentration of clay, chlorite, epidote and mica rich, and iron rich patches
trending NNW-ESE. However, the quartzite band is not showing high concentration for silica index. Zoom box-B (Fig.
4) also shows similar assemblage of chlorite, mica and clay minerals with less amount of iron and silica minerals. In
Tamakhun-Thakurdungri region (Fig. 4C), alteration zones are showing high concentration of iron and clay, with
moderate concentration of mica and quartz. Some area also shows enrichment of garnet and pyroxene. Iron is the most
dominant index here, as ferruginisation is the most dominant type of alteration of the region followed by argillisation,
silicification, sericitization, and chloritization.

4.2. DPCA results

Eigenvector loadings are used for understanding the contribution of original band for the DPC band. Based on this we
have mapped different alteration mineral distribution. The green and red shade represents the high positive loading factor
and high negative loading factors respectively (Table 3).

Table-3 Statistical summary of DPCA with details of eigen vector loading for different indexes. Green color
represents positive loading and red color shade indicates negative loading.

*Index; 1: vegetation, 2: gossan, 3: ferric iron oxide, 4: ferrous iron oxide, 5: illite/smectite, 6: kaolinite, 7: amphibole,
8: skarn carbonate/epidote, 9: alunite/kaolinite, 10: amphibole, 11: biotite/amphibole/chlorite index, Index-12:
carbonate/chlorite/epidote index, Index-13: dolomite index, Index-14: garnet/pyroxene index, Index15:
muscovite/smectite index, Index-16: phengite index, Index-17: silica index.

Table-3 Statistical summary of DPCA with details of eigen vector loading for different indexes. Green color
represents positive loading and red color shade indicates negative loading.
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*Index; 1: vegetation, 2: gossan, 3: ferric iron oxide, 4: ferrous iron oxide, 5: illite/smectite, 6: kaolinite, 7: amphibole,
8: skarn carbonate/epidote, 9: alunite/kaolinite, 10: amphibole, 11: biotite/amphibole/chlorite index, Index-12:
carbonate/chlorite/epidote  index, Index-13: dolomite index, Index-14: garnet/pyroxene index, Index15:
muscovite/smectite index, Index-16: phengite index, Index-17: silica index.

DPC1 DPC1I DPECEI DPC1 DPCEI DPCI DPCI DPCI
{0 1 z 5] 4 5 & T

lnde=x § 02m DO0BY G0N 0155 0261 0231 G081 0178 002 0003 00M O00H  000r 0001
Tndex-? D124 mqsm—u.ussr 0072 0318 0120 | 028 0021 0001 0 0004 D003 000
Tedx3 |WOLTE 0061 0028 0134 0018 0.174 BB T 0066 -0044 001 0005 0018 0.003  0.00L o
Tudec4 - 0108 033 0247 B Es BAIE G5le) 0026 00T 0014 0004 0006 0002
ladexs 0061 0178 0083 ROSE 0005 0153 005 0 4041 0007 0263

DEC1 DRI DPC3 DPC4 DPCS DPCE DPCY DPRCE DPCI

o) o |-

Tndex-6 0039 0041 D015 0.025 006 m 0.3 | 0297 0

Ipdex-T nrEY G012 0169 B6R D9 027 DODBES | ; D {161 il

lndeE  DOGE DOG 0016 ' b012 ¢ o ooss [IRIS] 00vs S00s 000l 8 0

0z : 93¢ a7 DS 005+ 0w 0008 0006 0004 0002 O

WS04 031 0005 01D 00 GEM 0017 000 G013 0001 0057 D178 0018 B o

ka1l 01 DUE 0153 015 0001 081 009 | B3 G380 61 o0 oo [SONEIDSA 018 o

G L0974 opM Dnr o JEITFL 072 aDie o0t 01 iR i}

lodes 13 G085 014 0064 0309 0004 |NGAD n.mm@g 0068 Ben 003 0o 0

lndex b CL0OS 0007 0027 0014 0016 O DS o0ss 0057 DUETE 0019 [L00E G008 000 i
ledex-15 0009 D06 005 | 034 0006 023 000 -0.00¢ 0186 -0088 0019 0002 024 0.31 D083
a6 0052 D115 0033 D285 D01 013 003 JBAM 0161 0303 006 00 0023 0139 0.06

Index-17 0003 0000 0004 4:.0;9“ DF 00X 005 0043 -um“ 0001 0000 0003 006l 0

The thresholded DPC result (Fig. 5) extracted with 1/4™ standard deviation classification scheme highlights the trend of
alteration zone observed in East-West to ESE-WNW following the shear zone trend. The ferruginous clay alteration
zones mostly composed of clay and iron minerals are occur as patches mostly trending E-W to ESE-WNW. River channel
areas are showing enrichment of silica and clay with occasionally iron bearing minerals. Silica rich zone correspond to
the exposed region of granite, gneiss, quartzite and vein quartz region (Fig. 5). The zoom box ‘A’ (Fig. 5A), Fuljhor
region shows high concentration of iron and clay minerals in the central zone represents the highly brecciated quartzite
overlain by clay bands to the south. However, the quartzite band is not highlighted in this region. To NW corner of the
area enrichment of clay and mica groups minerals represented by green and yellow shades represent the mica schist
exposure. Zoom box B (Fig. 5B), Jiling region show the enrichment of clay and iron minerals correspond to the clay,
iron and mica rich bands. Here also the quartz rich zones are not highlighted. In Tamakhun-Thakurdungri region (Zoom
box C) intense alteration zones present as barren mounts are highlighted with yellow colours, mostly composed of highly
altered product of clay, iron and mica group of minerals. The green colour patches also represent alteration products.

Variation of alterationgroducts is very complex in this region. Some of the silica bands have been highlighted here.
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Fig. 5 Spatial distribution of alteration minerals resulted from DPC after thresholding. DPCs are interpreted
as per indicative mineral assemblages observed from Eigenvector loading.
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Best demarcation of alteration assemblages is observed in the Mukutmanipur region (Zoom box D). Here all the
alteration assemblages including clay, iron, mica, chlorite, and silica group of minerals have been highlighted
prominently. Major alteration composition of the area is clay, mica and iron as observed from the field and DPCA result
both (Fig. 6D). Silica rich zone present towards the south are the exposed zone of granite and gneiss. Some of the zones
showing enrichment of different minerals have been demarcated. Demarcated area 7, 8, and 10 represents the altered
mafic bands of Singhbhum group and Dalma volcanics show high concentration of mica, clay, chlorite and iron group of
minerals. Some part of mica schist and calc-granulite also shows this type of enrichment as observed in 7. The north
western corner of the scene showing enrichment of iron and clay minerals are mostly the lowland area covered by recent
alluvium. Enrichment of silica and iron with small amount of clay and mica have been observed from region of highly
ferruginised and weathered quartz and mica schist (1, 3, 6). Other mica rich altered schist bands showing high
concentration of clay, mica and iron group of minerals (2, 4, 5, 11). Garnet and pyroxene rich zone as marked by 9
represents the hornblende schist band present in that region. Low concentration of carbonate and amphibole minerals
distribution have been observed from few small regions.
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Fig. 6 RGB band combination with thresholding and linear stretching of DPC 7-10-11. Clay and iron-rich
zones are highlighted here with light green and yellow colour, whereas silica and iron-rich zones as blue and

red colour respectively.

Az Fuljbor, B: Jiling. C: Tamakhue- Thakurdungn, DX Mukutmanipur

RGB combination of DPC-7, DPC-10 and negative image of DPC-11 as R_G_B highlights the silica, and iron rich zone
with blue, and red colours (Fig. 6). These DPC bands have been selected for highlighting alteration zone, considering the
high contribution of iron oxide bearing index, clay representative index and silica index with very small or negligible
contribution of vegetation index for the DPC bands. Yellow and green colour represents both clay and/or iron rich zone
(Fig. 6). Figure 6 also clearly highlights and demarcate all alteration zone identified from thresholded DPC result. All the
four zoom boxes marked as A, B, C, and D have been interpreted as important alteration zone near SPSZ.

4.3. Field evidences of alteration

Hydrothermal alteration zones occur all along the shear zone as discrete lensoid patches, strikes parallel to the shear zone.
Common mineral assemblages include white mica, sericite, clay (montmorillonite, kaolinite, notronite and illite),
ferruginous clay, quartz, and iron bearing minerals (limonite, hematite, goethite). Important alteration zones have been
identified from field visit along the shear zone from the places Fuljhor (Fig. 7A), Tamakhun (Fig. 7B), Thakurdungri
(Fig. 7C), and Mukutmanipur (Fig. 7D). Similar assemblages of altered rocks have been found from all four places.
Mukutmanipur marks the eastern extremity of alteration zone of SPSZ. Geoeye and field observations suggest that
Mukutmanipur alteration zone as the possible extension of Tamakhun-Thakurdungi alteration zone. Near
Mukutmanipur, alteration zone forms wide exposure covering a minimum of 2 km long and 1 km wide in this
region. Altered rock assemblages present in the area includes brecciated and ferruginised quartzite, laterite, ferruginised
schist, mica schist/ phyllite, pure- ferruginous clay, and quartz muscovite sericite schist (Fig 7). Alteration zone is well

©IARJISET This work is licensed under a Creative Commons Attribution 4.0 International License 604


https://iarjset.com/

|A RJ SET ISSN (0) 2393-8021, ISSN (P) 2394-1588

International Advanced Research Journal in Science, Engineering and Technology
Vol. 8, Issue 8, August 2021
DOI: 10.17148/IARJSET.2021.8899

preserved in Tamakhun-Thakurdungri area. All alteration lithounits are vertical and E-W to WNW-ESE trending
parallel to the shear zone.

Fig. 7 Field photographs showing alteration zone observed from Fuljhor (A, B), Thakurdungri hill (C), and
Mukutmanipur (D). The dominant alteration found are brecciated/ ferruginised quartzite, gossanized zone,
kaolinitised zone and ferruginised to pure mica schist.

4.4, Accuracy assessment of DPC result

Accuracy of the DPC results was computed considering the match between the field evidences and the DPC results. The
field evidences collected from a random stratified sampling pattern is used in the current study. Light green, light cyan
and yellow colour pixels (Fig. 5, Fig. 6) of DPC results represents presence of clay and iron-bearing were considered as
hydrothermal alteration zone and other areas as an unaltered zone. The blue and red colour represents silica rich and iron
rich zone respectively. Both DPC results, ¥4 standard deviation classification scheme, and RGB combination with
selective thresholding and linear stretching techniques have similar accuracy 79.31% (69/87) and 77.01% (67/87)
respectively. The alteration zones present are of small scale and mostly covered by vegetation. Both DPCA results have
more user’s accuracy than producer’s accuracy. All the main domains of alteration are well demarcated with both
techniques. False positive error is comparatively less in RGB based interpretation of DPC result than the thresholded
DPCA result.
V. CONCLUSION

This chapter provides clear support for remote detection of alterations, despite many sources of heterogeneity due to
dense vegetation, anomalous soil moisture along river channels and other anthropogenic activities like agriculture, dams,
reservoirs, excavations. It gives necessary information about the extension and distribution of alteration zones with
minerals like clay, gossan, mica, silicate, carbonate etc. in eastern part of SPSZ. Therefore, further exploration and
adoption of appropriate management strategies for vegetated tropical zones would be easier to adopt by exploration
companies. Alteration zones occur as irregular patches limited to the shear zone, with a trend varies from E-W to ESE-
WNW as clearly evidence from results. Common varieties of alteration mineral assemblages present are clay, mica and
iron group. Distribution of chlorite group and carbonate group of minerals are less compared to other groups. The exposed
and excavated mining areas exhibit good correlation for both band ratio and DPCA results. Such areas got homogeneous
pixels in comparison to the sparsely vegetated and unexposed area. The DPCA method is able to extract partial
information on mineral assemblages present for the highly vegetated zones by suppressing the vegetation effect partially.
However, it fails to remove the total effect of vegetation from an area. Based on both band ratio and DPCA results, few
zones have been identified as important which seeks further studies for detailed alteration mapping, and mineral
potentiality mapping using more confirmative methods. Places such as, Fuljhor (Fig. 6A), Jiling (Fig. 6B), Tamakhun-
Thakudungri (Fig. 6C), and Mukutmanipur (Fig. 6D) have been identified as important alteration zones.
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