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Abstract— Evaluating the conventional methods for
mapping hydrothermal altered deposits by using $atd

8 OLI images in the Baft one to one hundred thodsan
geological Sheet is the prime target of our stutfe. used
the color composite, band ratio, principal componen
analysis. The color composite and band ratio method
showed very clearly the hydrothermal altered defgosi
clay minerals, iron oxides and ferric oxides aroute
fumaroles. The principal component analysis also
enabled us to represent undoubtedly the altereaddxydl
and iron oxide mineral deposits of this region
concentrating around the fumaroles. Finally, theget
detection method for reference spectral analysisising
Envl 4.8 detected the representative hydrotherrtated
minerals around study area. Therefore, all the radth
showed high efficiency for mapping hydrothermagrait
mineral deposits.

Keywords— Baft, Hydrothermal Alteration; OLI, Band
Ratio, PCA.

l. INTRODUCTION
The definition of hydrothermal alteration is thdleetion
of response of preexisting, rock forming minerats t
physical and chemical conditionsfidient than those,

under which they originally formed, especially hyet
action of hydrothermal fluids[1]. The hydrothernikalid
processes alter the mineralogy and chemistry ohtist
rocks that can produce distinctive mineral asseg#ida
which vary according to the location, degree anihtion

of those alteration processes. When these altaratio
products are exposed at the surface, they can ppeda
as a zonal pattern. They appear concentrically ratca
core which has the highest grade alteration andtese
economic interest. The importance of the recogmitid
such spatial patterns of alteration makes the ‘temo
sensing technique’ one of the standard procedumes i
exploration geology, due to its highn@ency and low
cost [2].

There are many studies around the world related to
hydrothermal alteration mapping using multispectral
satellite images especially, Landsat and Aster.,(¢3}-

WWwWw.ijaems.com

[6]). Thematic mapping multispectral images from
Landsat satellites cover the visible and infrarpdctrum
of hydrothermal alterations [7], [8]. The major &g of
alteration found in volcanic areas are potassigjligh
argilic, propylitic, and silicification. Each typeof
alteration has diagnostic minerals in their respect
rocks. Satellite imaging plays anfi@ent role in

diffrerentiating the representative minerals for themint

types of alterations. Hydrothermal alteration caailsb be
used to locate faults in any volcanic area. Usualge
alteration zones are correlated with the dischaffimds
from the volcanic reservoir, and with the main stowes
that control the permeability of the reservoir ahd cap
rock. So, locating hydrothermally altered rocks tire
surface can help to determine the presence of aysfl
from the volcanic reservoir.

Previous studies explained the fact that certainenails
associated with hydrothermal processes, such as iro
bearing minerals (e.g., goethite, hematite, jagosihd
limonite) and hydroxyl bearing minerals (e.g., kaibé¢
and K-micas) show diagnostic spectral featuresahaiv
their remote identification [9]. Iron oxide is agita
common constituent of alteration zones associatigd w
hydrothermal sulphide deposits [10]. The major iron
oxide species — goethite, jarosite, and hematié¢ dne
formed from the weathering of sulfides absorb eperg
diffrerent frequencies in the VNIR/SWIR [11], providiag

means of discrimination using hyperspectral scanner
[12]. Hydroxyl bearing minerals form the most

widespread product of alteration.

The main target of our study is to detect and niap t

hydrothermal altered minerals in study area by gisin
satellite imaging information by the conventional
methods, i.e., color composites, band ratio, PCA.

Fig.1 shows the Location of our study area.

Il. LANDSAT-8 OLI/TIRS DATA
Landsat-8images of Baft area was obtained fromuse
Geological Survey Earth Resources Observation and
Science Centemftp://earthexplorer.usgs.ggyrhe image
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map projection is Universal Transverse Mercatorezon
40N (polar stereographic for Antarctica) from theS®/
84 datum. The OLI features two additional spectral
channels with advanced measurement capabilitidsep
blue band for coastal water and aerosol studiesd(da
0.433-0.453 m, 30 m pixel size), and a band fawusir
cloud detection (band 9, 1.36-1.39 m, 30 m pixet)si
The TIRS collects data in two long wavelength tharm
bands (band 10, 10.30-11.30 m,100 m pixel sized ban
11, 11.50-12.50 m, 100 m pixel size), which havenbe
co-registered with OLI data. Tablel shows Lands@t-8
properties.

PRE-PROCESSING OF LANDSAT-8 OLI/TIRS
DATA

The Landsat-8 image of the target site was prodessé
Environment for Visualizing Images version4.8 saite:.
Landsat-8 data were converted to surface refleetdnyc
the internal average relative reflection method,[fich
is recommended for calibration in mineralogical piap,
as it does not require prior knowledge of samples
collected in the field. During atmospheric correntiraw
radiance data from an imaging spectrometer is ledc¢a
reflectance data, and therefore all spectra aredhio
nearly the same albedo. The resulting spectra @n b
compared directly with laboratory or filed reflecta
spectra. Panchromatic and cirrus cloud bands wete n
used in this study.

V. COLOR COMPOSITES
Three additive colors (i.e., red, green and bluejenused
to display multispectral bands in the color composi
method where the spectral response of the minerals
indicates a maximum in their reflectance. This
enhancement is achieved by combining bands in the
visible and the infrared portion [14].

V. BAND RATIO
The band ratio is a technique that has been usedday
years in remote sensing to display spectral variati
effectively (e.g., [15]). It is based on highlighgi the
spectral differences that are unique to the masebieing
mapped. Identical surface materials can give differ
brightness values because of the topographic siowe
aspect, shadows, or seasonal changes in sunlight
illumination angle and intensity.
These variances affect the viewer's interpretatians
may lead to misguided results. Therefore, the batid
operation could be able to transform the data witho
reducing the effects of such environmental conditio
In addition, ratio operation may also provide umqu
information that is not available in any single damhich
is very useful for disintegrating the surface miater{16].
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The band ratio images are known for enhancement of
spectral contrasts among the bands consideree iratto
operation and have successfully been used in mgudin
alteration zones [17].

VI. PRINCIPAL COMPONENT ANALYSIS
(PCA)

The principal components analysis (PCA) uses the
principal components transformation technique for
reducing dimensionality of correlated multispectral
data. The analysis is based on multivariate siatist
technique  that selects uncorrelated linear
combinations (eigenvector loadings) of variables in
such a way that each successively extracted linear
combination, or principal component (PC), has a
smaller variance [18]. The statistical variance in
multispectral images is related to the spectral
response of various surficial materials such akspc
soils, and vegetation, and it is also influencedtlby
statistical dimensionality of the image data[19].
Eigenvector loadings (eigenvalues) give information
using magnitude and sign of about which spectral
properties of vegetation, rocks and soils are
responsible for the statistical variance mappe int
each PC, and this is the basis of the Crosta tegcieni

VII. DISCUSSION
In the case of Color composites Fig.2 shows
hydrothermal alteration zone as deep green and blue
(RGB as 5:7:3).
From the theoretical knowledge of mineral’'s spdctra
properties, it is well recognized that the Landsdtands

4 6 6
ratios of (—,—,— ) are analyzed for iron oxides,
275
hydroxyl bearing minerals, ferrous oxides, respetyi
4
The applied Abrams ratiogl,g,—g) illustrated the

hydrothermal altered iron oxide as green and clay
minerals as red color (Fig.3). Minerals containingn
ions, vegetated zones and hydroxyl minerals show
respectively red, green and blue color using Kanfma

756
ratio (—,—,— Fig.4). Using Chica-Olma ratio
(5 4 7) (Fig.4) g (

6 6 4

—,g,—z),altered clay minerals as will be obtain red, iron

7
ions as green and ferrous oxide as blue color gFig.
From these entire analysis maps, the region withh hi
concentrated iron minerals was found.

In the case of Principal component analysis (PGA),
could be predicted that iron oxides will be
distinguished by bright pixels in PC4 of Table2
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(Fig.6). Hydroxyl bearing minerals are mapped as
dark pixels in PC5 due to the fact that the
contribution is negative from Band 6 and positive
from Band 7 in this PC, so they could be shown by
bright pixels in —PC5 Form (Fig.7).

Note that in this project, band 6 has been used as
background for a better illustration of minerals,the
bright pixels will be shown by rainbow colors.

VIII. CONCLUSIONS
We evaluated the applicability of Landsat-8 data fo
obtaining geological information on hydrothermal
alteration, with selected image-processing methods.
In the study area, Landsat-8 bands vyielded
information that allowed identification of vegetarti,
iron oxide and hydroxide and clay and carbonate
minerals, silicate mineral and lithological uniterf
the exploration of Hydrothermal deposits.
After using the conventional alteration mapping
methods on the Landsat image in the study area, we
found that the color composite and band ratio
methods showed theirreiency to define the area of

hydrothermal alteration. Principal component aniglys
illustrated the iron oxides and hydroxyl altered
minerals area of this region very clearly. We have
mapped successfully the spatial distribution of
goethite, hematite and clay minerals of our stutBaa
using conventional methods. In conclusion, we found
all of the hydrothermally altered minerals in study
area. So, it is quite clear that all these methads
quite encient to delineate hydrothermal alteration

products using Landsat-8 OLI images in study area.
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Table.1: Landsat-8 OLI properties
(http://landsat.usgs.gov)

Landsat-8 OLI and 7/RS Bands (uum)

30 m Coastal/Aerosol 0.435-0451 | Band 1
30 m Blue 0452-0512 | Band2
30 m Green 0.533-0.590 | Band3
30 m Red 0.636 - 0.673 Band 4
30 m NIR 0.851-0.879 | Band5
30 m SWIR-1 1.566 - 1.651 | Band 6
100 m TIR-1 10.60—11.19 | Band 10
100 m TIR-2 11501251 | Band 11
30 m SWIR-2 2.107-2.294 Band 7
15 m Pan 0.503-0.676 | Band8
30 m Cirrus 1.363-1.384 | Band 9

Map Scale 1:250,000
Fig.2: Hydrothermal alteration zone as deep greed a
blue (RGB as 5:7:3)
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Fig.3: Abrams ratio 9,5 ,—6) illustrated the

hydrothermal altered iron oxide as green and clay
minerals as red color
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Fig.4: Minerals containing iron ions, vegetated eerand
hydroxyl minerals show respectively red, green blog
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Fig.5: Altered clay minerals as red, iron ions agen
and ferrous oxide as blue color Chica-Olma ratio (
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Table.2: PCA analyses results for study area

o1oaAlJJeﬁ|;|
¢ pued
€ puegd
¥ pueg
S puegd
9 pueg
. pued

TOd
Ly1292°0-
T9¢8¢€0-
998€TY'0-
¢€T905°0-
917.8¢5°0-

¢ Od
TrT1.2°0-
,0800¢°0-
G/ZS88°0 |80OVTEE0-
0T8560°0
60S0TC'0-

€0d
96S¥.E°0
678¢6€'0 |1¥SCT1CC 0
¥5295¢°0
¢9Sv.Lv'0-
0LTT.LY'0-

¥ Od
00VTeS 0 | vevser 0
LESSET 0

9T1€.LET 0~
186,220
669€.E°0-

Page | 1437




International Journal of Advanced Engineering, Management and Science (IJAEMS) [Vol-2, Issue-9, Sept- 2016]

Infogain Publication (Infogainpublication.com) ISSN : 2454-1311
o =) o o o o
U N (N @ = o) a1
o) ® w w B g a
N » w (o)) ~ (0]
6] ~ N w o o)) o]
[e) o o [oF] ol (8}
Yy w D w » »
o e o o o o
T a1 ~ [ o P Q
o) o)) © o = [N BN
o B o 0 N R
o = = [o5) W ~ N
o © o © W o
~ > (=3 al © al

Fig.7: Hydroxyl bearing minerals by rainbow colors
in —-PC5
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Fig.6: Iron oxides are distinguished by rainbow
colors in PC4
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