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Abstract

In this study, we test the Landsat 8 QLI data potential for lithological mapping in the Southeastern Pamir.
Discrimination of lithological units in the study area has been carried out by utilizing Landsat 8 OLI Satellite
data and image enhancement techniques. The approaches consist of spectral enhancement such as independent
component analysis (ICA), band ratioing, and false-color composition (FCC). The spectral enhancement
techniques were applied in order to extract the initial lithological information, which shows a clear
discrimination of granitic rocks from terrigenous and carbonate sedimentary successions. FCC image (OLI
bands 6, 7 and 5), color-ratio composite image (OLI 6/5, OLI (7x53)/7, and OLI 6/7), and color composite of
independent components (IC6, IC3, IC4) in red, green and blue respectively were _found as combinations with
more contrast on lithologic information and were used as the input data in supervised classification. Maximum
likelihood classification was used to classify resultant images. The results, verified with field observations,
demonstrate that different kind of granitoids, terrigenous and carbonaceous rocks can be distinguished and

delineated, leading to constriction of geological maps with a better accuracy.

1. Introduction
The satellite remotely sensed data are extremely
useful for geological investigation, In the past, the
geological maps were prepared from conventional
ground surveys based on field observations. They are
made along traverse lines at regular intervals. While
plotting such poeint information collected along the
traverse lines on the topographic base and ultimately
preparing final maps by extrapolating the details,
certain errors are unavoidable and lead to
inaccuracies in maps. Especially in mountainous
regions, where many areas are difficult to access the
traditional mapping accuracy is very low.
Fortunately, remote sensing techniques have
opened a new era in lithological mapping. Remote
Sensing and GIS techniques can be integrated to
distinguish rock types and lineaments (Ali and Ali,
2013). Furthermore, such techniques as digital image

processing (DIP), image enhancements, including
transformed data feature space (PCA, ICA), band
ratioing, color composites (true or false),
decorrelation stretch, spectral index have facilitated
the differentiation, mineralization and soil
application studies (Ali et al,, 2012, Hung et al.,
2005, Bertoldi et al., 2011, Asadzadeh and de Souza
Filho, 2016, Ali, 2013 and Ninomiya and Fu, 2010),

One of the mountainous areas, which is difficult
to access for ground based surveys, is Pamir. This
area is a western continuation of Tibetan-Himalayan
region and remains geologically least studied in this
region. This is partly because of the region’s
topography and the climate, which make it difficult
to access during ground based surveys. The
geological maps plotted during ground based surveys
in the 20-th century are the topic of disputes and need
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to be reconstructed. Despite the Pamir is a semiarid
highland without much vegetation and with good
surface exposure of rocks, being an ideal place for
agsessing the potential of remote sensing techniques
for geological mapping, it also still remains unstudied
in terms of geological remote sensing.

The main objective of this study is to show the
potential of application of remote sensing techniques
in lithological mapping of the Alichur area,
Southeastern Pamir, Tajikistan. For reaching this
objective we use Landsat 8 OLI data and implement
available up-to-date spatial and spectral analysis
software, and finally verify our results with field
observations. Our focus in this study is made on
mapping the igneous rocks of the Pamir by
distinguishing them from other type of rocks with use
of remotely sensed data, as well as delineating
different type of igneous rocks from each other.

2. Geological Setting

The Southem Pamir, a tectonic zone of the Pamir
Plateau, which consists of three such zones
(Northern, Central and Southern) (e.g. Aminov et al.,
2017) extends from Sarez lake in the North to the
Afghan-Tajik boundary in the south, and from
Shahdara Range in the west to the Sarykol Range in
the East (Figure 1a). It is often divided into
Southwestern Pamir and Southeastern Pamir
(Angiolini et al., 2013, Burtman and Molnar, 1993
and Robinsen, 2015). The SW Pamir characterized
by Precambrian metamorphic rocks and the SE Parmnir
shows a thick Permian to Cenozoic sedimentary
succession, stacked into a polyphase Mesozoic-
Cenozoic fold and thrust belt, which escaped the
important metamorphism affecting most of the
surrounding units (Angiolini et al, 2013 and
Angiolini et al., 2014).
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Figure 1: Location map of the study area and the Landsat 8 OLI data scene
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Crystalline rocks and sedimentary deposits of the
Southern Pamir are intruded by a series of Mesozoic
— Cenozoic igneous plutons, which cover about 30-
40% of the surface geological outcrops, and are of
intermediate to felsic composition, though some
mafic plutons are also present in a smaller extent.
These igneous rocks are important in understanding
the tectonic history of the Pamir, because they have
recorded a suit of tectonic events related to suturing
of the Gondwanan terrains to the southern margin of
Eurasia in the Mesozoic and the collision of Indian
plate with Eurasian in the Cenozoic. The Mesozoic
suturing events and Cenozoic collision, followed by
convergence between Indian and Asian plates have
caused shortening and deformation of geological
structure of the Pamir, making it difficult to study
(e.g. Aminov et al., 2017, Robinson, 2015 and
Stubner et al., 2013).Therefore, comprehensive study
of the distribution and genesis of igneous rocks of the
Pamir is crucial for understanding the tectonic history
of the region. Moreover, study of distribution of

different type of igneous rocks would lead to better
understanding of ore-bearing potential of the region,
hence providing better opportunities for discovering
new mineral deposits.

For this study we have chosen an area where main
types of sedimentary and igneous rocks of the region
are present and are in a good interrelation with each
other, making the area best for testing the potential of
RS and GIS in lithological mapping. This area is
located approximately 60 km southeast of Lake Sarez
(Figure la), near the Alichur village. It is situated
between the following coordinates: Latitudes
38°3'41" N and 37°47'25"N, Longitudes 73°14'18"
E and 73°36'16"E. According to the values extracted
from digital elevation model, the research area rises
from 3733 m up to 5793 m above sea level (Figure
1b). Geologically, the study area comprises
sedimentary rocks of terrigenous and carbonaceous
composition of Permian to Jurassic age intruded by a
polyphase pluton of dioritic to granitic composition
(Figure 2).
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Figure 2: Simplified geologic map of Alichur area. After Denikaev (1966) and Voskonyanc (1966).
Black square shows the study area
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Permian rocks are represented by lower Permian
slates and sandstones interlayered with some effusive
rocks (P1), and lower—upper Permian limestone,
claystone and siltstone with some interlayers of tuff
{P1t+2). Triassic section begins with alternation of
limestone and sandstone, however, most of the
section (about 90%) is composed of black
sandstone+siltstone+conglomerate. Jurassic rocks
are represented by lower Jurassic sandstone and
conglomerates with some limestone and marl (J;),
lower to middle Jurassic limestone and marl with
some sandstone and conglomerate, and upper
Jurassic sandstone and slate with thin layers of
limestone (Vlasov et al, 1991). Plutonic body
intruding these sedimentary sequences comprises
biotite bearing diorites (granodiorite + quartz diorite
of Alichur igneous complex (age: Js — K1) and biotite
+ muscovite bearing granites and leucogranites of
Bashgumbaz complex (age: Kz; Vladimirov et al.,
1990).

3. Data and Methodology

3.1 Dataset

Landsat 8 OLI (Operational Land Imager-Thermal
Infrared Sensor) imageries provide a number of
bands in the visible, two SWIR and thermal infrared
regions. They are available free of charge via the
USGS Earth Explorer. The selection of the imagery
was based on the acquisition date, availability and
spatial resolution as well as the user need. Terrain
corrected Landsat 8 scene (path/raw = 151/034),
comprising 11 bands (coastal aerosol, blue, green,
red, near infrared, two shortwave infrared,
panchromatic, cirrus and two thermal infrared), free
of cloud, covering the study area was downloaded
from USGS Earth Explorer website. Bands 1-7 with

spatial resolution of 30m were utilized in the study.
The acquisition date of the provided data is 22-July-
2014.

3.2 Data Pre-Processing
The Landsat OLI data cover the study area were
digitally pre-processed through ENVI (5.1) software
to improve the quality of the raw data. In order to get
the data prepared for further digital image processing,
the Landsat 8 OLI calibrated digital numbers {DNs)
were converted to physical units, such as sensor
radiance and surface reflectance (SR), and
atmospheric correction was performed to remove or
at least minimize the atmospheric effects in the raw
data. Geometric correction was not necessary as the
acquired satellite image was already geo-referenced
in the Universal Transverse Mercator (UTM)
projected coordinate system (Zone 43) based on the
WGS84 datum. Further, radiometric calibration and
FLAASH (Fast Line-of-Sight Atmospheric Analysis
of Spectral Hypercubus) atmospheric correction
model (Kaufman et al.,, 1997) was implemented in
ENVI software with the Mid-Latitude Summer
atmospheric model and the Rural aerosol model.
Since the FLAASH model produces negative
minimums and multiplies reflectance by ten
thousand, the gained results were converted to
reflection values in the range of 0 to 1 that minimizes
processing time of the imagery. The values from
computed statistics before and after conversion are
shown in Table 1. Hereinafter, the imagery was
imported in to ERDAS Imagine 2013 software for
sub-setting and band selection. Image sub-setting
was performed in order to extract the targeted area
and the channels needed for this study.

Table 1: Computed basic statistics of OLI image before conversion and after conversion to values (0-1)

Min Max Mean St.dev
Band # | Before | After | Before | After Before After Before After
Band 1 -1447 0 12467 1 1030.644 0.103 1383.833 0.138
Band 2 -838 0 15191 1 1048.954 0.104 1387.316 0.138
Band 3 =779 0 12536 1 1319.931 0.131 1558.775 0.155
Band 4 -610 0 11888 1 1471.572 0.147 1622.372 0.162
Band 5 -350 0 11394 1 1661.211 0.166 1538.490 0.153
Band 6 -75 0 12598 1 1439.169 0.143 1410.002 0.141
Band 7 -40 0 12464 1 1233.908 0.123 1216.822 0.121
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3.3 Data Processing

The image processing implemented in this study
includes building False Color Composite (FCC)
image, Independent Component Analysis (ICA) and
band ratioing analysis. For FCC image bands 5, 6
and 7 are found to be more informative for
lithological delineation than bands 1, 2, 3 and 4. ICA
is a feature extraction technique which aims to find a
set of uncorrelated components being as independent
as possible from each other (Jutten and Herault, 1991,
Cruces-alvarez et al., 2004, Yang and Cheng, 2014a
and Mi, 2014). Each component contains spectral
information corresponding to a specific feature in the
original image. In comparison to PCA, the ICA has
been proved to be more applicable for
characterization as well as for classification of
lithological units (Yang and Cheng, 2014b). Band
ratioing was applied to extract and emphasize
differences in spectral reflectance of materials and
subdues the topographic and shadow effects. Ratio
images are prepared by dividing the DN value in one
band by the corresponding DN value in another band
for each pixel where the resulting DN values
represent the ratio image. Ratio images can be
displayed as grey scale or color composite image. In
addition to the use of ratio images separately, they
can also be used to generate false color composite
(FCC) image by combining three monochromatic
ratio data sets {Sultan et al., 1987). Such composite
has a two-fold advantage of combining data from
more than two bands and presenting the data in color,
which further facilitates the interpretation of subtle
spectral reflectance differences (Qari, 2011).

Several color composite images have been
performed using combinations of different ratios of
OLI bands to select the optimum combination most
helpful in the lithological discrimination of the study
area.

3.4 Image Classification

The supervised classification involves a considerable
amount of input from the image analysis and
knowledge of the types of surface that are found in
the study area. This information can be obtained from
existing maps or from the actual field works where
different surface classes are identified and their
geographical positions can be noted (Amri et al.,
2011 and Chen and Zhou, 2015). Therefore, field
observation was conducted in 14 days for ground
verification and 58 Ground Control Points (GCPs)
were collected using a Global Positioning System
(GPS) which is used to confirm the spatial accuracy
of the satellite imagery. The locations of collected
GCPs are shown in Figure lc. The maximum
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likelihood classification (MLC) widely used in
geclogical studies was applied to the resultant color
composite images from ICA and band ratios.
Separability analysis was performed in signature files
using ArcGIS 10.3 to select the best training
signatures for the supervised classification. A
confusion matrix was carried out to assess the
accuracy of classification results (Duulatov et al,,
2016), using ground verification information
collected based on the field truthing,

4, Results and Discussion

According to spectral characteristics extracted from
the utilized image (Figure 3), the best lithological
contrast appears to be displayed by the color
composition of bands 6, 7 and 5 in RGB respectively.
As it is demonstrated on Figure 4, this band
combination allows delineation of granitic and
dioritic bodies by their bright colors; sedimentary
carbonate rocks also have bright color, which well
distinguishes them from terrigenous rocks. The
results of loadings on ICs obtained by ICA (Table 2)
and the interpreted geological objects from these ICs
(Figure 5a) demonstrate that the individual
components # 3, 4 and 6 can be interpreted to be
associated with certain lithological units within the
study arca. For example, granites are distinguished
on IC3 by their positive values whereas dioritic rocks
and Jurassic carbonaceous rocks (J1+2; indicated as
Jec in the table and the figures) are distinguished by
negative values (Figure 5b).

Similarly, the IC4 distinguishes the Jurassic
terrigenous rocks (Jt) by their positive values and
dioritic rocks by their negative values (Figure 5c).
Jurassic carbonacecus and Permian to Jurassic
terrigenous rocks (P-Jt) can be best discriminated
from the igneous rocks on IC6 by their respectively
positive and negative values (Figure 5d). An FCC
image from these independent components was made
by assigning IC6 to red, IC3 to green and IC4 to blue
components of RGB (Figure 6). This FCC image well
differentiates between different rock units as it
comprises most of the data reflecting lithological
variations. This image proved to be significant for
rock discrimination where each rock type has its
specific color.

After making several color composite images
from band ratios, we found band ratios combination
of 6/5, (7x5)7 and 6/7, displayed in RGB
respectively (Figure 7), most suitable to discriminate
igneous rocks of the study arca from the sedimentary
deposits. Igneous pluton, comprising diorites and
granites indicate these rocks in pink and orange
colors respectively on this composite image.

1-10

Evaluation of Remote Sensing Techniques for Lithological Mapping in the Southeastern Pamir using Landsat$ OLI Data




—f —d — x P+TL
u
o
c
§
=
)
o
04 09 14 19 24

Wavelength (pum)

Figure 3: Spectral characteristics of differentrock  Figure 4: False color composite image. Bands 6, 7

units in the study area extracted from OLI8 data. and 5 in the RGB respectinely. Granite (Gr),

Rock indexes are described in Figure 4 Granodiorite (Gd), Jurassic carbonaceous rocks (Ic),
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of elements on ICs; (b—d) maps showing values on ICs 3, 4, 6 respectively. Line patterns represent various rock
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Figure 8: Lithological classification map of the Alichur area. Glacier (Gl), Quoternary (Q), Jurassic
carbonaceous rocks (Jc), Jurassic terrigenious rocks (Jt), Permian to Triassic terrigenious rocks (P+Tt), Granite
(Gr), Granodiorite (Gd)
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Table 2: Unmixing matrix of the ICs from Independent Component Analysis. Jurassic carbonaceous rocks (Jc),
Jurassic terrigenious rocks (Jt), Permian to Triassic terrigenious rocks (P+Tt)

ICs Li"ml“gic’:,ly"l':';? indicated | g 41 | Band2 | Band 3 | Band4 | Band5 | Band 6 | Band7
1 None 16.38 -3.62 6.98 -38.21 -80.38 -5.13 136.54
2 | Nome 632 | 009 | 678 | 3244 | 14120 | 569 | 11642
3 Granite, Granodiorite, Jc -3.10 8.15 -5.45 12.55 -83.94 5.21 -136.44
PRl [P ————— 994 | 2714 | 2401 | s704 | 3689 | -1016 | 10547
s | Mome 202 | 2979 | 2301 | 189 205 970 | 1350
6 | Granodiorite, P+Tt and Jc 448 749 | 6611 | 986 | 204 | 2419 | 452
7 | Nome 163 | 1972 | 783 | 1222 | 618 | 3576 | 4576

Table 3: Confusion matrix of User’s, producer’s accuracies and Kappa coefficient of the supervised
classification image of the reference data. Jurassic carbonaceous rocks (Jc), Jurassic terrigenious rocks (Jt),

Permian to Triassic terrigenious rocks (P+Tt)

Wl | e|ew|6e| 6| o x| e | Comin
Granite (1) 28 1 0 1 0 0 (1] 30 933 6.7
Granodiorite (2} 0 26 3 0 0 1 1 31 83.9 16.1
Je (3) 0 0 23 0 0 0 2 27 85.2 14.8
4 0 0 28 7 0 0 35 80 20
P+Tt (5) 1 0 0 23 0 1 25 92 8
Glaciers (6) 0 0 0 0 29 0 29 100 0
Quoternary (7) 0 2 4 1 0 0 26 33 78.8 21.2
Column total 29 31 30 30 30 30 30 210 Correct points: 183
Producer’s Acc. % 96.6 83.9 76.7 93.3 76.7 96.7 86.7 Overall Accuracy: 87.2 %
Omission Error % 34 16.1 233 6.7 233 33 13.3 Kappa Statistic: 85 %

The data processing results used for implementation
of supervised maximum likelihood classification
resulted in utilization of seven lithological classes
representing  Granite, Granodiorite, Jurassic
carbonates, Jurassic sedimentary rocks, Quoternary
deposits and Glaciers. The results of this
classification are shown on Figure 8. The
classification demonstrates a good discrimination of
igneous plutonic rocks from sedimentary deposits.
Moreover, this classification also allows us to clearly
distinguish between intrusive rocks of dioritic and
granitic composition. Furthermore, as it is seen on the
final lithological map (Figure 8) smaller granitic
bodies which were not mapped during ground-based
mapping surveys, are identified on processed satellite
image and classified on the lithological map. This
technique allows us to map lithological units with a
better accuracy and resolution.

An overall accuracy of 87.2 % and a kappa
statistic of 85 % were resulted. In terms of producer’s
accuracy, all classes were over 80 % correct with the
exception of Jurassic carbonaceous rocks, which

were 76.7 % respectively (Table 3).

5. Conclusions

This study allowed us to test a satellite data
processing technique for lithological mapping of an
area in the Southern Pamir, a western continuation of
Tibetan-Himalayan orogen. The results of data
processing and image classification have been
verified by a fieldwork and geological map of the
studied area with a scale of 1:200,000 (Denikaev,
1966 and Voskonyanc, 1966). False Color composite
image (6, 7 and 5), band ratio images (OLI 6/5, OLI
(7x5)/7 and OLI 6/7) and the color composite image
of independent components (IC6, IC3 and IC4)
provide excellent distinction between the igneous and
sedimentary rocks, and even between different type
of igneous rocks in the study area. Implemented on
the resulted processed images, supervised maximum
likelihood classification allowed us to identify seven
lithological classes of sedimentary and igneous
rocks, as well as glaciers. This classification
demonstrates that the technique used in this study
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allows differentiation of granitic rocks not only from
sedimentary deposits, but also from diorites. Our
results also allowed us to map smaller granitic bodies
which were not mapped during ground-based
mapping surveys, and identification of these small
granitic bodies on the satellite image was verified to
be reliable by our field observations in the study area.
This work allows us to improve the accuracy of
existing geological maps which were created during
traditional ground-based mapping surveys in the
middle of 20t century.
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