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Abstract

This study integrates potential gravity and magnetic field data with
remotely sensed images and geological data in an effort to understand the
subsurface major geological structures in Afghanistan. Integrated analy-
sis of Landsat SRTM data was applied for extraction of geological line-
aments. The potential field data were analyzed using gradient interpreta-
tion techniques, such as analytic signal (AS), tilt derivative (TDR), hori-
zontal gradient of the tilt derivative (HG-TDR), Euler Deconvolution
(ED) and power spectrum methods, and results were correlated with
known geological structures.

The analysis of remote sensing data and potential field data reveals
the regional geological structural characteristics of Afghanistan. The
power spectrum analysis of magnetic and gravity data suggests shallow
basement rocks at around 1 to 1.5 km depth. The results of TDR of po-
tential field data are in agreement with the location of the major regional
fault structures and also the location of the basins and swells, except in
the Helmand region (SW Afghanistan) where many high potential field
anomalies are observed and attributed to batholiths and near-surface vol-
canic rocks intrusions.
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A high-resolution airborne geophysical survey in the data sparse
region of eastern Afghanistan is recommended in order to have a com-
plete image of the potential field anomalies.

Key words: gravity, magnetic, remote sensing; structure, Afghanistan.

1. INTRODUCTION

Regional interpretation and analysis of potential field data (gravity and
aeromagnetic data) has been shown to be extremely effective tool to map
geology in remote and inaccessible regions and areas buried by shallow
cover (Betts et al. 2003, McLean et al. 2009, Aitken and Betts 2009). The
technique is particularly effective for studies of the architecture character of
the Earth’s crust because the data is effective for interpreting 3D geometry of
structure and geological bodies (Aitken and Betts 2009, Blaikie et al. 2014,
Spampinato et al. 2015), overprinting relationships (Betts et al. 2003), and
fault kinematics (Betts ef al. 2007). The data is also sensitive to alteration as-
sociated with fluid-rock interactions, and igneous intrusions.

Afghanistan preserves some of the most complex and diverse geology in
the world associated with the closure of Tethys and the peripherial responses
to collision between India and Eurasia. The country is divided into many tec-
tonic blocks bordered by deep-faults that formed or reactivated in response
to this collision. These rocks are abundantly rich in natural resources (miner-
al, petroleum, and natural gas) but much of the Afghanistan’s potential re-
mains unknown. The nation is underexplored because it has suffered through
decades of war, which affected the education and research progress in the
country. Consequently, Afghanistan may represent one of the last bastions of
untapped mineral and energy resources on the planet.

In 1966, a German geophysical firm carried out airborne magnetometer
measurements in the southern part of Afghanistan in order to explore the
depth of the sedimentary basins for oil exploration and possible location of
ore bodies for mineral exploration (Bosum et al. 1968). The data covered the
East Afghan Trough, Helmand, Rosgan, and Ghor basins, and southwestern
Afghanistan.

Recently, the USGS started airborne geophysical surveys in cooperation
with the Afghanistan Geological Survey (AGS) (USGS 2006, 2008), which
covers almost the entire country except of eastern Afghanistan due to securi-
ty reasons. Here, we present an interpretation of the recent potential field da-
ta provided by AGS.

The objective of this study is to delineate the subsurface structure of Af-
ghanistan from the potential field and remote-sensing data. The interpreta-
tion techniques applied for the potential field data are tilt derivative (TDR),
analytic signal (AS), horizontal derivative of the tilt derivative (HG-TDR),
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and Euler Deconvolution (ED). The combination of these methods enhanced
the structural definition of Afghanistan. A power spectrum analysis is also
performed for gravity and magnetic data in order to detect the depth to the
gravity and magnetic sources in Afghanistan. The geophysical data were
combined with geological and remote sensing data for better understanding
of the subsurface structure to provide context for a wide variety of investiga-
tions, such as mineral and energy resources assessments, environmental
characterizations, and groundwater studies.

Our approach has been effectively used to constrain the crustal architec-
ture and geology of numerous areas including: Rabie and Ammar (1990),
Kamel and Elsirafe (1994) in Egypt, Lunden et al. (2001) in Sweden,
Lamontagne et al. (2003) in Canada, Chen and Zhou (2005) in China,
Yassaghi (2006) in Iran, Saadi et al. (2008a, b) in Libya, Khamies and El-
Tarras (2010) in Egypt, Azizi and Saibi (2015) and Azizi et al. (2015) in
Aynak-Logar valley, eastern Afghanistan.

The combination of the three types of data (geology, remote sensing, and
potential field) is processed in Geographic Information System (GIS) using
ArcGIS Ver. 10, ER Mapper Ver. 7.0, and ENVI Ver. 4.7. The geophysical
data is processed using Geosoft Ver. 8.

2. GEOLOGY, SEISMICITY, AND TECTONIC SETTINGS

The color shaded relief map of Afghanistan and the surrounding area (Fig. 1)
shows the large area of mountainous terrain in the country compared with
the relative lowlands to the southwest. The relief map emphasizes that the
mountain belt is not linear. This tectonic morphology is a direct result of the
India—Asia collision to the east of Afghanistan.

The oldest rocks in Afghanistan are of Archean age and succeeded by
rocks from the Precambrian up to the Quaternary (Fig. 2). The country has a
complicated tectonic history due to its position at the western end of the
Himalaya. Information on geology and tectonics of Afghanistan are dis-
cussed in detail by Schindler (2002), AGS (2005), and Wheeler et al. (2005).

The Arabian plate is moving northward with respect of Eurasian plate at
3.3 cm/year (Wheeler et al. 2005) and the Indian plate is subducting beneath
the Eurasian plate with a rate of 3.9 cm/year (Jung ef al. 2013) or faster
(Wheeler et al. 2005). Consequently, Afghanistan remains extremely seismi-
cally active (Fig. 3) with earthquake activity mainly in and around northeast-
ern Afghanistan (Hindu Kush and Pamirs).

Afghanistan can be split into four major tectonic regions: the accreted
terranes in the south, the transpressional plate boundary in the east, the north
Afghan platform in the north, and the Hindu Kush/Pamirs in the north-east.
The high density of faults (Fig. 4) is mainly located along the Hari Rod Fault
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Fig. 1. Color shaded relief map of Afghanistan topography including tectonic block
names and abbreviations of major faults: CH — Chaman, CB — Central Badakhsan,
DS — Darafshan, DM — Dosi Mirzavalan, GA — Gardez, HR — Hari Rod, HM — Hel-
mand, HV — Henjvan, KR — Kaj Rod, KO — Konar, MO — Mokur, PM — Paghman,
PJ — Panjshir, QA — Qarghanaw, SP — Spinghar, F — Farah.
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Fig. 2. Geological map showing rock units in Afghanistan and the locations of major
faults (modified from Mihalasky et al. 2007), overlaid on the shaded relief (SRTM)
map.
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Fig. 3. Seismicity in Afghanistan.
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system. These faults are dominated by two orientations, NE-SW and ENE-
WSW (Fig. 4).

3. REMOTE SENSING DATA

Shuttle Radar Topography Mission (SRTM) images were prepared and in-
terpreted to analyze geological structures in the study area. The SRTM ob-
tained elevation data on a near-global scale to generate the most complete
high-resolution digital topographic database of the Earth (Durga Rao ef al.
2009). In this study, the 90 m resolution SRTM data were used to derive the
topographic features of the study area. A series of landform interpretation
experiments was conducted on the ETM+ images using contrast stretching
methods and Hue-Intensity-Saturation transformation (Mather 2004). The
SRTM map was used as the background in all geophysical maps in order to
help interpretation.

A kernel density algorithm developed by Silverman (1986) was used in
the computation of the lineament density map (Fig. 5). This map shows the
number of lineaments per unit area and indicates areas of increased bedrock
fracturing. It allows identification of regions with high fault density and areas
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Fig. 5. Automated satellite lineaments density map in Afghanistan, overlaid on the
shaded relief (SRTM) map.
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lacking faults/joints. To obtain a density map, a grid structure is defined and
each linear structure (lineament) that is at least partially within a grid cell is
counted toward the total number of lineaments in that grid cell. The density
map for Afghanistan was compiled from the digital lineaments extracted
from the Landsat imagery and from the shaded relief SRTM. The density
map was computed from all lineaments as well as by selecting lineaments
within the specific orientation groups determined in each section. Interpreted
lineaments occur mainly in the three directions NNE-SSW, NE-SW, and
ENE-WSE (Fig. 5), which are the directions of the major faults, CH, HM,
and HR, respectively.

4. POTENTIAL FIELD DATA

The study of regional gravity and magnetic anomalies has a long and distin-
guished history of geological and structural investigations of the Earth’s
lithosphere (Hinze 1985, Aitken and Betts 2009, Jessell et al. 2012, Stewart
and Betts 2010). The magnetic dataset is derived from 2006 aeromagnetic
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Fig. 6. Reduced-to-pole magnetic map of Afghanistan, overlaid on the shaded relief
(SRTM) map. The yellow text shows the major geological and morphological divi-
sions in connection with the magnetic anomalies.
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Fig. 7. Complete Bouguer gravity map of Afghanistan, overlaid on the shaded relief
(SRTM) map.

surveys provided by U.S. Geological Survey and the grid elevation is
5000 m above terrain (USGS 2006). Five base station magnetometers were
used during the survey. In order to correct the airborne magnetic data for
time-varying anomalies, a weighted average of data from the five base sta-
tions was used to predict the time-varying field at the aircraft (USGS 2011).
To overcome bi-polarity related problems, the total magnetic intensity data
are gridded by minimum curvature method (with a grid size of 1000 m) and
then reduced to the pole (RTP) using a magnetic inclination of 48.74 and a
declination of 2.01 degrees. Magnetic data ranges from —168 to 650 nT
(Fig. 6).

The gravity dataset comprises ground gravity data collected during 1966
and 1967 by the Afghanistan Water and Soil Survey Authority (McGinnis
1971) and airborne gravity data collected by the USGS in 2006 and 2008
(USGS 2006, 2008). The observed gravity data were corrected by the USGS
prior to our utilization. Both data were combined to form the complete
Bouguer gravity map of Afghanistan (Fig. 7).

The airborne potential field data do not cover eastern Afghanistan (high
topography region).
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5. POTENTIAL FIELD INTERPRETATION METHODS
5.1 Power spectrum analysis

A power spectral analysis yielded information on the depth of a significant
density contrast in the crust and on the crustal structure (Gotze and Krause
2002). Saibi et al. (2012) applied successfully this method for estimating
gravity source depths. Spector and Bhattacharyya (1966) studied the energy
spectrum, which was calculated from different 3D model configurations.
Spector and Grant (1970) studied the statistical ensemble of 3D maps and
concluded a general form of the spectrum

E(r,9) =(H(h,r)){S(a,b,r,9))(C(t,®,r)) , (1)

where E is the energy spectral density (energy per Hz),  the radial wave
number (cycles per distance unit), ¢ the azimuth of radial wave number
(degree), () expresses the ensemble average, / the depth (in meters); H the
depth factor, S the horizontal size (width) factor, C the vertical size (thick-
ness or depth extent) factor, @ and b the parameters related to the horizontal
dimensions of the sources, ¢ and ®@ the parameters related to the vertical
depth extent of the source.

Only three factors (H, S, and C) are functions of the radial frequency 7;
thus, in the azimuthally averaged profile form, Eq. 1 can be written as:

* * *
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Fig. 8: Left: (A) Azimuthally averaged power spectrum of the RTP magnetic data of
Afghanistan, (B) magnetic source depth estimation based on linear segments of the
energy decay curve; Right: (A) Azimuthally averaged power spectrum of the com-
plete Bouguer gravity data of Afghanistan, (B) gravity source depth estimation
based on linear segments of the energy decay curve.
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where i, a’, { are the average depth, half width and thickness of the source
ensemble, respectively.

This equation demonstrates that contributions from the depths to the top
of layers, widths and thicknesses of the source ensemble can affect the shape
of the energy spectral decay curve. Figure 8 (right) shows the averaged pow-
er density spectrum of the gravity data of Afghanistan and the instantaneous
depths of the gravity sources. Two different gravity contributions can be
seen: a deep-seated source at a depth of around 2 to 2.5 km, and a shallow
source at a depth of 1 to 1.5 km. Figure 8 (left) shows the averaged power
density spectrum of the magnetic data of Afghanistan and the instantaneous
depths of the magnetic sources. Two different magnetic contributions can be
seen: a deep-seated source at a depth of around 3.8 km, and a shallow source
at a depth of 1 to 1.5 km.

5.2 Analytic signal method (AS)

The AS method (Nabighian 1972), also called the total gradient method, has
been the subject of continuing investigation and improvements since it was
first applied (e.g., Nabighian 1974, 1984; Roest et al. 1992, MacLeod et al.
1993, Hsu et al. 1996, 1998; Debeglia and Corpel 1997, Keating and Pilk-
ington 2004). Roest et al. (1992) showed that the amplitude (absolute value)
of the 3D analytic signal at location (x,y) can be easily derived from the
three orthogonal gradients of the total magnetic field. In the analytic signal
method, it is assumed that the causative sources are magnetic contacts.

Their counterparts, in the case of gravity data, have been introduced by
Klingele ef al. (1991). The general equation for a 3D source is:

AS(x, ) = SQRT/{(oF /ax)" + (oF /ay)" +(oF/z)'} 3)

where AS (x, y) is the amplitude of the analytic signal at (x, y), F is the po-
tential field observed at (x, y), and (0F/0x), (OF/0y), (OF/0z) are the two hori-
zontal and vertical derivatives of the potential field, respectively.

The maxima of AS is very useful for delineating edges of magnetic
sources because of the amplitude of the AS peaks over magnetic sources.
The maxima of AS of the magnetic data produce clear resolution of the shal-
lower bodies, but do not delineate the deeper body very well (Arisoy and
Dikmen 2013). The analytic signal signature of Afghanistan was calculated
(Figs. 9 and 10) in the frequency domain using the fast Fourier transform
technique (Blakely 1995). Higher values of the analytic signal of magnetic
data are observed mainly in the accreted terranes area and along the HR and
CH faults (Fig. 9), indicating that these regions have significant magnetic
susceptibility contrasts that produce identifiable signatures on the map.
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Fig. 10. Analytic signal map of gravity data of Afghanistan, overlaid on the shaded
relief (SRTM) map.
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High analytic signal of gravity data is observed on the north Afghan plat-
form (Fig. 10) and also along HR and HM fault structures and in the Tirin-
Arghandab zone.

5.3 Tilt derivative method (TDR)

The tilt derivative method, also called tilt angle method, is a refinement of
the analytic signal method suggested by Miller and Singh (1994) and by
Verduzco ef al. (2004). The TDR determines the location and depth of verti-
cal magnetic contacts without prior information on the source configuration
by using the horizontal gradient amplitude (first horizontal derivative) of the
tilt angle. The method has been further developed by Salem ef al. (2007,
2008) and Fairhead et al. (2008). The TDR method was used to enhance and
sharpen the potential field anomalies. The advantage of TDR is that it can
show the zero contour line located on or close to a contact. The TDR is de-
fined as:

TDR = tan”’ {(aF/az) /SQRT](6F /ax)’ +(oF /oy)’ ]} : )

where F is the potential field observed at (x, y), and (OF/0x), (OF/0y), (OF/0z)
are the two horizontal and vertical derivatives of the potential field, respec-
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Fig. 11. Tilt derivative map of magnetic data of Afghanistan, overlaid on the shaded
relief (SRTM) map.
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Fig. 12. Tilt derivative map of gravity data of Afghanistan, overlaid on the shaded
relief (SRTM) map.

tively. The TDR method has the advantage of responding well to both shal-
low and deep sources, and the map of TDR recognizes the horizontal loca-
tion and extent of sources. The TDR of magnetic and gravity data are
presented in Figs. 11 and 12, respectively. The TDR has enhanced the poten-
tial field anomalies considerably compared to the original maps of magnetic
and gravity.

5.4 Horizontal gradient of the tilt derivative method (HG-TDR)

Verduzco et al. (2004) presented an edge detector, which is the horizontal
derivative of the tilt derivative:

HG-TDR = SQRT{(a(TDR)/ax)2 +(6(TDR)/6y)2} . (5)

HG-TDR is independent of the geomagnetic field and generates maxi-
mum values over the edges of the magnetized bodies. Figures 13 and 14
show the HG-TDR of the magnetic and gravity data, respectively. The HG-
TDR delineates model edges well, as the amplitude of the HG-TDR peaks
over magnetic sources, but the results for the deeper bodies are not so effec-
tive (Arisoy and Dikmen 2013).
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Fig. 13. Horizontal gradient of the tilt derivative map of magnetic data of Afghani-
stan, overlaid on the shaded relief (SRTM) map.

64°21'0"E

61°20°0"E

67°22'0"E 73°24'0"E

36°0'0"N

33°0'0"N
33°0'0"N

o
UTM zones: 41N, 42N, 43N 22

£
2 WGS 1984 Datum Man Suche B
2 Gourtey Cuting ]
=] | = a 100 200 400 L
i " Km
61°20'0"E 64°21°0"E 6T°22'0"E T0°23'0"E T3"24'0"E

Fig. 14. Horizontal gradient of the tilt derivative map of gravity data of Afghanistan,
overlaid on the shaded relief (SRTM) map.
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5.5 Euler deconvolution method (ED)

The ED is used to estimate the depth and location of magnetic source
anomalies. The computerized method was developed by Thompson (1982)
and is applied for real magnetic data along profiles. Reid ez al. (1990) fol-
lowed up a suggestion in Thompson’s paper and further developed the
method such that it operates for magnetic grid data. The original technique
was referred to as the EULDPH method, but with further development, it has
become known as the extended ED technique (Mashayandebvu et al. 2001).
The significant advantage of this method is that the results are independent
of the direction of magnetic polarization and geologic knowledge of the
source (Hinze et al. 2013).
The ED equation in 3D is given by Reid et al. (1990):

(x—x0)(OM / ox)+ (y — yo)(OM / Oy) +(z —zo)(OM / 6z) = n(B— M) . 6)
Equation 6 can be rewritten as

X(OM ] 0x) + y(OM | 8y) + z(OM | 8z) + nM =

7
= x0(0M / 0x)+ yo(OM / 0y)+ zo(OM / 0z)+ nB . M
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Fig. 15. Euler deconvolution map of the aeromagnetic data of Afghanistan with
SI = 0. The background represents the aeromagnetic map.
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where (xo, yo, zo) is the position of a source whose magnetic anomaly (M) is
detected at (x, y, z), B is the regional value of the magnetic, and » is the
structural index (SI), which can be defined as the rate of attenuation of the
anomaly with distance. The SI must be chosen using prior knowledge of the
source geometry. For example, SI=1 for a dike, SI=0 for a fault and
contact (FitzGerald et al. 2004). The horizontal (0M/0x, OM/dy) and vertical
(OMJ0z) derivatives are used to compute anomalous source locations. By
considering four or more neighboring observations concurrently (an operat-
ing window), the source location (xo, yo, zo) and B can be computed by solv-
ing a linear system of equations generated from Eq. 7. Then, by moving the
operating window from one location to another over the anomaly, multiple
solutions for the same source are obtained.

The results in Fig. 15 show the Euler solutions by applying Eq. 6 to the
aeromagnetic data using a structural index of O for faults and contacts. The
depth to the magnetic sources ranges from near-surface to 10 km. The Euler
solutions are clustered along the major faults and show many circular shapes
that may correspond to intrusion bodies underground.

6. INTERPRETATION AND DISCUSSIONS

High magnetic anomalies are correlated with major tectonic boundaries of
Afghanistan such as along HR, CH, MO, and HM faults. Other high mag-
netic anomalies are located in the accreted terranes (SW Afghanistan). The
qualitative analysis of the RTP magnetic map in connection with the geo-
logical and morphological divisions leads to interpretation of the following
subdivisions:

6.1 The central region

This area starts from Kandahar to the northwest up to central Afghan Swell
(see Fig. 6). It includes two sedimentary basins (Ghor Basin and Rosgan Ba-
sin) and two swell (horst) regions (Central Afghan Swell and Sharistan
Swell).

The RTP magnetic map shows clearly the two basins characterised by
regional low magnetic responses. The Sharistan Swell, located between the
two basins, is represented by medium amplitude anomalies (around 25 nT),
which strike NE-SW similar to that of Kandahar anomalies. This region is
intruded by mafic dikes (Fig. 16). High magnetic anomalies along the Hel-
mand Fault (HM) are interpreted to represent magnetized Archean rocks and
dikes associated with accretionary terranes in the western part of Afghani-
stan. The magnetic anomalies in the Sharistan Swell correlates with dikes
and Archean rocks (Fig. 16). To the NW, magnetic anomalies decrease in
amplitude as magnetic crystalline basement in that area is increasingly cov-
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ered by the Ghor Basin. The magnetic anomalies in the Ghor and Rosgan ba-
sins differ because of the depths of the depth to the magnetic crystalline
rocks. The magnetic response of crystalline basement beneath the Ghor Ba-
sin is characterised by longer wavelengths and smaller amplitudes compared
with the Rosgan Basin, suggesting that the magnetic basement lies beneath a
thicker sedimentary pile of the Ghor Basin. There are high magnetic anoma-
lies in the Central Afghan Swell, reaching 170 nT. The anomalies are paral-
lel to the HR Fault and shifted to the north.

6.2 The southeast regions

6.2.1 The zone of Kandahar

This zone is bordered in the east by the Chaman Fault, which forms the bor-
der to the southeast Afghan Trough and in the north by two successive
faults, the Mokur and Darafshan faults. This subdomain is characterised by
the frequent occurrence of magnetic rocks (Fig. 16), which lie beneath rela-
tively thin sedimentary successions. Magnetic anomalies strike NE-SW. The
peak amplitude is ~208 nT. These magnetic anomalies are largely caused by
the magnetic intrusive volcanic rocks that crop out at the surface or that are
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Fig. 16. Magnetic delineated units with dikes in Afghanistan, overlaid on the shaded
relief (SRTM) map. White dashed lines show the interpreted fault structure from tilt
derivative of acromagnetic data.
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situated underneath a minor cover. The NE-SW magnetic anomaly of this
region is parallel to the Chaman Fault.

6.2.2 The East Afghan Trough (EAT)

Located in the eastern part of the survey area to the east of the Chaman Fault
thick Tertiary and possibly Mesozoic sedimentary successions (3 to 6 km)
(Bosum et al. 1968). This area is characterised by very low negative anoma-
lies (-165 nT in NE and —143 nT in SW of EAT) to moderately low mag-
netic values (=50 to —80nT in N and SE of EAT, respectively). These
anomalies are interpreted to be related to intermediate depressions and up-
warpings.

6.2.3 Zone of Khost

This zone is located in the eastern boundary of the EAT. It is characterised
by high amplitude magnetic anomalies (196 nT in the north to 460 nT in the
south), which are interpreted to be sourced from near-surface volcanic rocks
(Fig. 16).

6.3 The western regions

The magnetic anomalies of the western regions show an entirely different
character than those of the eastern regions. This region is characterized by a
flat topography and existence of batholiths.

6.3.1 Hilmand depression

The Hilmand depression is located in the southwestern part of the survey
area and consists of large deserts. This area has not been geologically ex-
plored compared to other parts of south Afghanistan due to its inaccessibil-
ity. The Hilmand depression consists of Neogene and Quaternary sediments
with a thickness of around 500 m (Jung ef a/. 2013). This region has mag-
netic anomalies with amplitudes that range from 145 to 280 nT. These mag-
netic anomalies are consistent with the presence of an old block of
crystalline basement rocks beneath the thin sedimentary layers. Finn and
Drenth (2007) interpreted these magnetic anomalies to be related to the arc
volcanic rocks within shallow crystalline basement. These volcanic rocks
also exist in the northern Pakistan and eastern Iran. The low Bouguer gravity
anomaly in a small region inside Helmand Basin is due to the existence of
batholiths (Finn and Drenth 2007).

6.3.2 Anomaly of Chakansur

This region is characterised by high amplitude magnetic anomalies (see
Fig. 6) that vary from 190 nT in the south to 650 nT in the north. The source
of this high magnetic and gravity anomaly (Fig. 17) is interpreted to be a
high magnetic, high density mafic intrusive body.
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6.3.3 Farah region

In this region, a predominant magnetic anomaly (around 180 nT) striking
mainly E-W extends more than 200 km along the Farah Fault. This region
has Tertiary volcanic rocks including granites, which may cause these
anomalies and possible upwarping of the magnetic basement is contributing
to the magnetic response of the region.

7. DISCUSSION

Regional aeromagnetic data and gravity data have been effective tools for
mapping inaccessible regions or terranes that are largely buried beneath
younger sedimentary cover succession. We have employed analysis and in-
terpretation of these data to characterize first order structural architecture and
basement geology of a large part of the poorly understood basement geology
of Afghanistan. The data has been effective at imaging major and second or-
der faults and lineaments because they are expressed in the magnetic data as
a boundary between high and low magnetic responses. The magnetic data is
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also effective at mapping the distribution of volcanic successions and intru-
sive rocks, which are characterised by high amplitude magnetic responses.
The data also shows the extent of basement terranes beneath younger sedi-
mentary basins, although the significance of the magnetic responses are
more cryptic because anomalies are characterised by longer wavelengths and
lower amplitudes because the distance to the magnetic source is greater.

Interpretation of magnetic and gravity data reveal an excellent correla-
tion with structural architecture that has previously been related to the colli-
sion between the Indian and Eurasian plates, and thus provides a tool to
assess the extent of deformation associated with this continental collision
event.

8. CONCLUSIONS

This is the first study presenting potential field and remote sensing data of
Afghanistan with the purpose of structural investigation to interpret potential
field distributions in Afghanistan and the relationship with subsurface struc-
tures and geological data, supported by remote sensing information. These
new investigation techniques made it possible to discover structures not yet
precisely known.

The rose diagram of geological faults shows two directions: NE-SW and
ENE-WSW, while the interpreted faults from remote-sensing maps show
three directions: NNE-SSW, NE-SW, and ENE-WSE. The general tectonic
direction of NE-SW is related to the collision tectonics of the Indian plate
and the Eurasian plate. The NNE-SSW and ENE-WSW fault directions are
related to the tectonics of the Arabian plate and the Eurasian plate.

The results of the power spectrum analysis of both gravity and magnetic
data in Afghanistan suggest a basement depth in general at 1 to 1.5 km,
which is in agreement with the calculated sediment thickness in Afghanistan
of the same range (shallow to 1 km) by Jung et al. (2013).

The general trend of the Bouguer gravity anomalies is NE-SW along the
Indian-Afghan collision zone, which is similar to the trend also found in
western Pakistan (Jadoon and Khurshid 1996).

The high Bouguer gravity anomaly in the Helmand Basin suggests a pos-
sible existence of an intrusive volcanic body covered by late thin quaternary
sediments.

Many magnetic anomalies were observed in the accreted terranes, which
could be intrusions of magnetized bodies in the basement rocks. These intru-
sions are young volcanic rocks, which might be related to the subduction of
Arabian oceanic crust beneath Eurasia.

The used data has a low resolution but could provide useful information
on the subsurface structures and geological information in Afghanistan and
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also the geophysical signatures of volcanic and intrusive rocks in the coun-
try. We recommend future high resolutions geophysical surveys in Afghani-
stan and especially in the no-data regions (eastern parts) in order to enhance
the geological, structural, and mineralogical investigations.
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