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ABSTRACT:

Gravity and magnetic studies were carricd out on the western
limb of Hazara Syntaxis for investigation ol structural fea-
tures, The basement trend revealed by regional gravity elfects
is in contradiction to the surficial geological structures which
strike generally NE SWoand is similar to the model deve-
loped on the basis of carthquake seismology. It is envisaged
that there exists a detachment zone beneith the investigited
arca. The bascment seems to be dipping towards northeast
at an angle of 2 degrees. The residual gravity effects associa-
ted with the overlying formations indicate that the Muin
Boundary Thrust extends from Margalla Pass to Ghoragali
and Kuldana (Murrce). A buried offshoot of the Main Boun-
dary Thrust (MBT) is inferred to be passing near Mohra and
Khanpur, and is exposed near Langrial and Nathiagali Neor
Haripur. the maximum thickness ol Holocene deposits over

Hazara Slates is 400 metres.
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.4 INTRODUCTION:

The area investigated gravitationally and magne-
tically, discussed in this thesis, lies in the districts of
Rawalpindi, Islamabad and Hazara. It is bounded by latitudes
33° 37' to 34° 10.1' N and longitudes 72° 37' to 73° 24' E,
and spreads over toposheet numbers 43C/9, 43C/13, 43C/14,
43F/4, 43F¥/8, 43G/1l, 43G/2, 43G/5 of Survey of Pakistan
(Scale 1:50,000).

The gravity and magnetic observations were made
in roughly 2500 square kilometres along the available metal-
led and unmetalled roads, at station interval of 1 to 2 km
depending upon the topography. The profile density of one
station per kilometre provides a fair control to fulfil

the objectives of the survey.

Geologically the area comprises of predominantly
sedimentary and less metamorphic rocks. In the south, ter-
tiary sedimentary rocks of Murree formation are underthrus-
ting the limestones of different ages from Eocene to late
Jurassic (Iqbal & Shah, 1980). Whereas in the northern side,
Precambrian Hazara slates are exposed on surface and are
involved in thrusting with limestones (Coward & Buttler,
1985) mainly in the south and occasionally in the extreme
north. Hazara formation is underlain by Lei Conglomerate at
places particularly in the north-west frontier of the sur-

veyed area.

The area is highly folded and faulted, and genera-
lly shows a structural complex controlled by the Hazara arc
which is associated with the Main Boundary thrust (MBT) that
developed due to a collision between the Indian and the
Eurasian plates (Powell, 1979) about 60 Mya. The arcuate



trend of structures in the area is characterized by singly
as well as doubly plunging folds with wavelength ranging
from tens of metres to a few kilometres. Overall dip of the

bedding planes is in the NW or SE direction.

Physiographically the area can be divided into
low, medium and high relief units. The major proportion of
the area lying along G.T. Road and Hareepur routes is gener-
ally plain with relief 450 m to 600 m, whereas the remaining
hilly tract is of medium (Elevation = 600 m) to high relief
(Elevation 2> 2500 m).

In the northern part vegetation is relatively thick
and thins out towards south. Countless tributaries emanating
from the elevated region of the area contribute to the evo-
lution of hospitable environments and to the local terrain.
Two major seasonal rivers flow through this area, the Haroo
river in the Hazara district, and the Soan river in the

Rawalpindi district.
1, 2 PREVIOUS WORK:

Previously, the area has been explored geologically
by different workers with more emphasis on geological inves-
tigations rather than geophysical work. To explain the
tectonic setup of the area, geological models have been
constructed, based on information of surface lithologies
(Latif, 1970; Coward & Buttler, 1985) and structural trends.

Geophysical work has not been done particularly
in this area, however, references have been made in mega-
scopic study of northern Pakistan based on regional gravity
profiles and the earthquake data (Seeber & Armbruster, 1979).
The results indicate that a seismically active zone is occur-

ing at a depth of 12 to 20 km beneath Terbela, and may be a
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downward projection of the Hazara fault (Seeber & Jacob,1977).
L::3 FORMULATION OF THE PROJECT:

Since the area under investigation is a part of
Himalayan arc, it defines an important example of the con-
tinental collision zone. The Main Boundary Thrust Zone
(MBTZ) being a major tectonic feature has been attempted
geologically (Coward & Buttler, 1985) and different views
exist in literature. However, geological work has not been
constrained properly by geophysics as such data are not
availatle. Thus, the present project was formulated to
provide sufficient geophysical control to previously exist-
ing geological ideas particularly about the Hazara Thrust

System,
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. | TECTONIC HISTORY :

The project area, covering approximately 2500
square kms, lies in the foothills of PAKISTAN Himalaya,
where most of the geological features are thought to be
the result of the collision of Indian plate with the
Eurasian plate. Himalaya developed as a result of this
event at the consumption of tethyan sediments in creta-

ceons times [Powell, 19797].

The main collision, of Indian plate with the
Eurasian plate, occured during late eocene which is pre-
dated, in cretaceons times, on Western Himalayan side
because of trapped Kohistan Island Arc Complex ([(Windley,
1983]1. At present Indian plate is subducting under the
obducting Eurasian plate [Powell, 1979] due to northward
drifting of Indian plate. This is observed through studyv-
ing the results of deep seismic sounding surveys [Narain,
1979] and estimation of crustal thickness which is doubled
in tibetan plateau region [Kono, 1974]1. The resulting
features, of described collision process of plates, in-
clude an extensive thrust system in the region which is
marked by different geological strucutres as briefed below.

a) Indus Suture Zone:

The Indus Tsangpo Suture zone or Indus Tsangpo
Ophiolites mark the plate boundary between Indian and
Eurasian plates which extends as a linear belt along
Indus Tsangpo valley between Karakoram range in the north
to Himalaya range in the south. It is best exposed for
about 100 km in Ladakh region [Gansser, 1980). In western
Ladakh region, this single Suture zone is subdivided into
two zones known as Main Mantle Thrust [MMT] in the south
[(Tahirkheli, 1978) and Main Karakoram thrust [MKY] in the



north [Bard, 19791. The region between these two zones 1is
called Kohistan - Island Arc sequence [Tahirkheli, 1978].
Regional Metamorphism is a characteristic feature of
Ophiolite belt and associated sediments which is exhibited
by greenschist facies [Frank et al, 1977] and flysch
section with greenschist to amphibolite facies [Chang

et al, 19771. Typical rock, types associated with MKT on
northern side are slates, quartzites, and metasediments
while on the south serpentinite, basalt, andesite and
rhyolite are present. Typical rock unit, associated with
MMT, is glaucophane blue schist which separates basic
complex of Kohistan from schistose rocks of Buner (lower
Swat) I[Tahirkheli, 19791. The so called Kohistan-Island
arc complex is composed of intermediate rocks like gabb-
ros, diorites, metasediments (phyllites or shales) and
volcanic rocks of Calc-alkaline nature (andesites, dacites,
rhiyalites, tuffs and agglomerates). The age of the Kohistan
sequence ranges from cretaceons to paleocene [Tahirkheli,

1982].

b) Main Boundary Thrust Zone:

A significant fault called Main Boundary Thrust
(MBT) lies in the south of Indus Suture zone as shown in
figure 2.1 [Coward & Buttler, 1985]1. This thrust extends
to a distance of 2500 Km along Himalayan range. A notable
feature orn. western side of Himalayan mountain belt. that
is, PAKISTAN HIMALAYA, is a syntaxial belt associated with
MBT. This is referred as Punjab Orocline I[Casey, 19587,
"Abbottabad syntaxis' [Jones, 19601, "Western Himalayan
Syntaxis [Gansser, 1964], the '"Punjab Re-enterant"
(Johnson & Vondra, 1972), the "Hazara Kashmir Syntaxis"
[Calkins et al, 19751, "Hazara Syntaxis'" [Desio, 19761,
the '"Jhelum Re-enterant' [Visser & Johnson, 1978]. The
term '""Hazara Syntaxis' is used by the author in this

report.



To the western flank of Hazara Syntaxis, a system
of local thrusts is associated called Hazara Arc [Seeber &
Jacob, 19771 with a general trend being in the NE-SW
direction as shown in figure 2.2. The rocks associated
with MBT, of tertiary age, are sedimentary in origin

consisting of loess, sandstones, limestones and shales.

c) Salt Range:

The Salt Range lies to the south of Main Boundary
thrust separated by Potwar Plateau. It is divided into
Salt Range and the Trans-Indus Salt Range, the latter
including Marwat, Bhitani Surghar and Khisor Ranges. The
Salt Range itself comprises of two bends, the smaller one
being on the east and a larger one on the west, while the
Trans-Indus Salt Range forms a Syntaxis on the western
end of the Range as shown in figure 2.1. Tertiary Sediments

constitute the geological composition of the region.
22 REGIONAL GEOLOGY:

The area under investigation lies in the northern
part of Indus basin consisting of sedimentary rock forma
tions corresponding to non-uniform environments of deposi-
tion within trough (tethy sea) - the upper Indus basin.

In the adjacent north of the project area, the
dominant rock types are igneous and metamarphic, of cambrian
age, alongwith quartzite schists,quartzitic and schistose conglomer-
ates. Rock units within the area are spatially distributed in the NE-SW
direction and are of pre-cambrian age [Iqbal & Shah, 1980].
These rocks are composed of slates, phyllites and shales
of Hazara formation [Iqbal & Shah, 1980] everlaid by
conglomerate of Havelian group, of pleistocene age, which

is widely exposed in the area. Other overlying sedimentary



formations include Abbottabad, Datta, Samana Suk, Chichali,
Lumshiwal, Kawagarh, Hangu, Patala, Kuldana, Margalla Hill
Limestone and Chorgali. These formations range in age from
early jurassic to late eocene I[Igbal & Shah, 19801 and are
composed of limestones sandstones, siltstones, mudstones,
conglomerates, quartzites and marls. The most important
components are thinly bedded nodular dolomitic limestones
with laterite bands and gypsiferous shales, both bearing
a wide exposure. In the south sedimentary formations are
prominently exposed between Nathiagali and Murrce with an
almost linear structural trend in the NE-SW direction.
Typical rock units at and around Nathiagali are grey
arenaceous and dolomitic limestones of Samana Suk formation,
thinly bedded limestone along with intercalations of
cleaved and calcareous shale of Kawagarh formation, grey
nodular limestone with laterite bands of Hangu formatiom,
patala shales, red and purple gypsiferous shales of Kuldana
formation with subordinate sandstone and limestone bands
and widely exposed Margalla Hill Limestone. These rocks
extend to the south-west of the project area through
Nathiagali and Kheragali along the structural trend as

shown in figure 2.2.

From Kheragali towards Murree, the following
succession of sedimentary rock formations is observed: -

i) Chorgali formation, of late eocene age,

having limestone and shale.
ii) Margalla Hill Limestone of eocene age.
iii) Kuldana formation, of early eocene age,

with red, purple gypsiferous shales,

sandstones and limestones.,



This composition also bears the same spatial distribution
in the south-west quadrant of the project area, that is,

along the structural trend of the rock formations.

On the south-eastern flanks of the area, Murree
formation is prominant and composed of greenish grey sand-
stones and purple shales which is overlaid by the Havelian
group, comprising gravels, loess, clay etc, being a distinct
geological feature in the southern part. A sharp tectonic
contact, between Murree formation and Margalla Hill Lime-
stone is demarcated in the SE of the area, which diffuses
to the south by the overlying conglomerates of Havelian

group figure 2.2.
2.3 STRUCTURE:

Structurally the area under investigation is
complex, showing multiphase deformational patterns resull(-
ing from the collision of Indian and Eurasian plates,
Structures trending in the NE direction exhibit single
as well as doubly plunging arcuate fold patterns. Major
tectonic features in the area, as demarcated by surface
lithologies, consists in generally of thrust faults of
Hazara Thrust System with an overall dip of the thrust
sheets in the NW direction. Wavelength of the folds in
the area varies from tens of metres to several kilometres
Subsequent deformation in the area has resulted into the
development of faults different from thrust system, e.g.
dextral faults [Fig. 2.2).
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3.1 GRAVITY PROSPECTING:

3.1.1 Introduction:

Gravity prospecting involves measurement of earth's
gravitational force which varies from equator to poles and
can be predicted for any point fixed on the surface of the
earth by the international gravity formula given below [Dobrin;
1976, p. 364)

gé = g, [140.0052884 Sing - 0.000059 Sin”2¢ )

(3.1)

where ¢ = Latitude, gé==gravity at the equator. Since the
international gravity formula is based on the assumption that
the earth is an ellipsoid of revolution having uniform density,
the predicted value of gravity for a point would differ from
the actual value due to deviations in tepography &and density
from ideal conditions. The Newton's law of gravitation which
provides the basis for the change in gravity, due to density
and topography, is produced below for explaining its use in
gravity prospecting

my m,
i.e. F =2 e T £3.2)
r
Gy
- or a= F/m2 = -;7 (3.3)

If 'a' is replaced by 'g' (the gravitational acce-
leration), my by Me (the man of the earth) and 'r ' by Re
(the radius of the earth) then

Me
8=GEQ‘ ce.e o (3.4)
e
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In C.G.S. system, the unit of 'g' is Cm/sec2 and in geophysics
it is called gal after Galileo. The average value of 'g' at
the earth's surface is 980 gals, (1 gal =1 cm/secz), but
actually it increases gradually from the equator (978 gals)

to the poles (983 gals).

In gravity prospecting 'gal' is a very big unict,
therefore, in exploration commonly used units are

milligal (mgal) = 107> gal

Gravity Unit (CU) = 107 gal

From equation (3.4) it is evident that the gravity
is directly proportional to mass and inversely proportional to
the square of distance between the centres of the earth and
the point mass on the surface of the earth. This means that
if there is a change in Me or R, 'g' will vary accordingly.
The dependence of 'g' onmass may be associated with density
because mass of a body is the product of its volume and

L} 1

density. Thus 'g' is a function of density.

The density variations in the earth's crust are
quite apparent because the upper crust is composed of a
variety of rocks, ore deposits and mineralized zones of
different densities. These density differences, therefore,
are subjected to a change in gravity which is picked by sen-
sitive instruments such as Eotvos Balance or the gravimeters.

Gravity prospecting is actually an indirect method
where changes in gravity are interpreted in terms of subsur-
face density variations, to be modelled for solving peological
problems or demarcating zones of economic minerals or hydro-

carbons.



3.2 GRAVITY SURVEYS:
3.2.1 General :

The gravity surveys are commonly conducted to solve
geological problems of regional or local level or to demarcate,
from large areas, anomalous zones of economic value. In all
these cases, the observed field gravity data is processed to
compensate the gravity effects caused by the elevation differ-
ences of the gravity stations, surface irregularities and
latitudinal changes from the fixed reference point taken in
the surveyed area. The corrected gravity values of the stations
when compared with the gravity value of reference point, some
differences are found which technically are known as the Bou-
guer anomaly values. In gravity prospecting the investigated
areas are represented by the Bouguer anomaly maps on which the
nature of variation in Bouguer anomaly defines subsurface
density changes or lithologic changes bvought out by geologi-
cal structures or localization of minerals. The magnitude of
Bouguer anomalies expected in regional cases may be tens of
milligals, where as in local surveys it may be a couple of

milligals or less.

The Bouguer anomalies are obviously the function of
independent variables like elevation, north-south distances
and the surface density. Thus the accuracy of Bouguer anomal-
ies is based on the accurate measurement of these independent
variables.However, it is precautionary, particularly in local
surveys that the error in Bouguer anomaly calculation should
not exceed 25% of the expected magnitude due to causative

sources of regional or local extent.

Generally there are three types of gravity surveys,

reconnaissance, regional and local.
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3.2.2 Regional Surveys:

Regional surveys are conducted over large territories
in order to study large structures such as tectonic regioms,
continental margins or the basins. Since the expected anomaly
in such cases is tens of milligals, the acceptable error may
be a few milligals depending upon the magnitude of the anomaly.
However, the situation can be improved by adjusting station
network, taking appropriate density, reducing interstation

distance and using small scale maps.

3.2.3 Reconnaissance Surveys:

Reconnaissance surveys are aimed at revealing
structural trends, faults, large ore deposits etc. These
depict more details than the regional surveys because of more
dense network, less station interval and smaller scale maps,
and are subjected to reduced error magnitude ftor giving enhanced

reliability in the results.

3.2.4 Detailed Gravity Surveys:

These are precision gravity surveys which enable the
demarcation of mineralized zones, oil and gas bearing structures
and other local subsurface changes. Since the total anomaly
expected in these surveys is a few milligals, the error magni-

tude should be the fraction of a milligal.

The table describing different parameters of each
type of survey is given below [ After Sazhina, 1971 ]

The survey can be carried out following the procedure
of areal or profile surveys depending upon the objectives. The
areal survey is best suited for interpreting three dimensional

subsurface lithologic changes, whereas profile surveys are
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Contour Scale of ;];Zizf?niy ;; 2;?2;‘:;5’ :’;g Network Density
Interval Map Bouguer Observation| Area per Inter-5tn.
Anomalies Stiiion Int}t:lll'l\-n.l
10 1: 2,500,000 | upto f?.'j uptOiU-B 150 - 400 5 - 10
1:1,000,000
5 1:1,000,000 " +2.0 " +0.3 25 = 100 2.5~5
1:500,000
2 1:200,000 " i0.8 & t0.3 4 - 10 1 -2
1: 100,000
1 1:100,000 " +0.4 " +0.3 1 -4 0.5=1
1:50,000
0.5 1:50,000 . +0.2 U +0.15 0.2 -1 -2:=0.5
1:25,000
0.2-0.25[1:10,000 " i»ﬂ.1 " +0.08 0.02-0.1 05-0.15
1:5,000
0.3 1:5,000 £ tD.Od . +0.03 0.002-.01 L02-.05
1:2,000
1:1,000
Table: Characteristics of Gravity Surveys.

conducted

along separate routes with wider profile intervals
to study a unidirectional variation of gravity. Nevertheless,
profile surveys are valuable tool to explore rugged terrains
to find out tectonic patterns, local and regional structural

trends etc.



g ﬂ&‘»’/‘*“”‘"‘-’-‘-‘“\\ S
Q\ﬁ? GRAVITY SURVEY %
§ IN THE (4
;g PROJECT ~ AREA -

N charTER-U
. ( CHAPTER-
f

!\‘-\




18

4.1 GRAVITY SURVEY IN THE PROJECT AREA:
4.L.1 General:

As mentioned earlier the project area, which lies
between Islamabad, Murree and Abbottabad, comprises of low
and high relief segments. In the later part except for the
metalled roads, the jeepable tracks are very short and rare.
Therefore, gravity investigations in the whole area were
made along the main routes. In that sense, the survey can be
described as the profile survey. However, an attempt was
made to establish a network of gravity stations in the area.
In plain area the station interval was selected 1 Km, whereas
in rugged terrain it was increased from 1.5 to 2.0 Km to
maintain consistency in the station interval. Contrarily,
consistency in profile interval could not be established
due to inaecessibility of difficult terrain and shortage of
time. It is quite obvious that in this approach many local
geological features may not be scanned but no risk is invol-
ved as far as the larger features are concerned. The major
rrofiles are oriented along and across the strike to cover

neogene to combrian sequence of the areal geology.
4.2 FUNCTION OF WORDEN GRAVIMETER:

The Worden Gravimeter which was used for measuring
gravity variations in the area is an unstable type portable
gravimeter (Dobrin, 1976, P-386). This is able to measure
relative gravity changes in the area with respect to a
fixed point, generally Main Base of known gravity, rather

than the absolute gravity values of observed stations.

The readings obtained are in terms of scale
divisions which on multiplication with scale constant of

the gravimeter (1 S.D. = .0902 mgals) are converted into
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milligals. The maximum range of the gravimeter is 2300 scale
divisions or 207.46 mgals. which could be used in an area of
maximum elevation change less than 800 meters (discussed in
Section 4.6.4). If elevation changes are more than 800 meters
or multiple of 800 m then the gravimeter needs to be recali-
brated on some stations, known as auxiliary bases, for

covering other ranges.

The gravimeter is provided with recalibration
facility and is thermally compensated for external tempera-
ture variations from -0 to495°F .As the internal system of
the gravimeter is mechanical, it shows a minor hysteresis
with time the effect of which included in gravity observa-
tions is compensated later while data processing.

4.3 ESTABLISHMENT OF BASE STATION:

4.53.1 General :

The gravimeters of Wor-
don type are incapable of measuring absolute gravity at =2
point taken on the earth's surface but measure differences
with respect to a point of known absolute gravity value
by setting the range appropriately to account for the
elevation effect. Hence, it is necessary to establish a
base station in the field before starting a survey. If the
area under investigation is too large and lies in a rugged
terrain then the limitation of time and the range of gravi-
meter restricts the survey to a particular elevation range
or to a certain distance from the base station. To overcome
these difficulties, auxiliary base stations are established
in the area which in turn are tied to the main base station
so that the observed data of the whole area may be reduced

eventually with respect to the main base station.
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4.3.2 Establishment of Zero-Point (Islamabad)

as Main Base:

The main base of the project area was selected at
half a kilometer in the east of overhead bridge of Zero Point
(Islamabad), located at the junction of Kashmir Road and the
offshoot linking the Islamabad Highway. The latitude and
longitude of the Base Station are 33.0313375 degrees North,
and 73.0722761 degrees East respectively. This was tied to
an International Gravity Station, by Looping Method, located
in the Christ Church (Rawalpindi) with latitude and longitude
being 33.58889 North and 73.05 East meridian respectively.

4.3.3 Computation of Absolute Gravity at the Base:

For determining absolute gravity value of the Main
Base Station several gravimeter readings were taken on the
selected base and at Christ Church (Rawalpindi).The average
gravimeter readings on both the stations are:

Zero-Point 2131.5 Scale Divisions
Christ-Church 2202.0 h i
The difference between these values is 67.4 scale

divisions which becomes 6 mgals on multiplication with the
scale constant of the gravimeter (i.e. 0.0902). If the
gravimeter reading at the Church, i.e. 2202 scale divisions,
corresponds to the known absolute gravity value at the Church
(979350.3 mgals), then the absolute gravity value at Zero-
Point appears to be equal to

979350.3 - 6.0 = 979344.3 mgals,



4.3.4

Auxiliary Base Stations:

As mentioned earlier it was not possible to

investigate the whole area by single gravity calibration.

The area was divided into four segments and the following four

auxiliary bases were established as described below:

STATION

Mohra

Ghoragali

Khairagali

Baragali

ABS. GRAVITY
(mgal)

979381.2

279152 .3

978984.0

979100.6

ELEVATION
(ft.)

1474

4956

7601

5833

LOCATION
Latitude Longitude
33°50" 28"  72l44r2e
33952 55" 73°20" 29"
33959 38" ke R
34951 35" 78991 274
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4.4 ACQUISITION OF GRAVITY DATA:

4.4, 1 Procedure:

As mentioned earlier the gravity value of a point
on the earth's surface is a function of elevation, latitude
and the density, in gravity prospecting therefore, all these
values are needed alongwith the gravity observations of the
staticus established in the field. Generally surface density
of the area is assumed to be constant, whereas the latitudinal
variations are found from the toposheets of the area. Thus,
in the field, gravity observations of the stations are

accompanied by elevation observations.

The elevation in the studied area varies widely
from roughly 600 m to 3000 m and in this range the expeccted
gravity variation is larger than the range of the gravimeter.
This situation raised the necessity of dividing the area into
zones of different elevation ranges (600 - 1400 m, 140C - 2200m,
2200 - 3000 m.) and in each zone one auxiliary base was estab-
lished. These auxiliary bases, later on, were linked with the
main base.

In the surveyed area a network of observation
stations was established along the metalled roads with a
station interval of 1 Km in plain region and 1.5 to 2 Km in
rugged terrain. As there are not too many roads or jeepable
tracks in the area, the profile interval is much larger also.
The measurements of gravity and elevation were followed pro-
file by profile. Each profile of a zone was started from the
base and ended with its repetition. The base repetition was
done for the compensation of gravimeter drift which appears
with time.
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4.4.2 Acquisition of Altimeter Data:

General:

The elevation of gravity stations play very import-
ant role in reducing the gravity data to a datum plane passed
through the area, and in deciding the quality of interpreta-
tion. Thus, the precise information of elevation of the obser-
vation stations is highly needed to improve the reliability
of results. Theoretically, the accuracy in measuring the
elevations should be better than one meter. This error in
elevation is equivalent to an error of 0.2 mgal (with density
2.67 g/cc) in the observed gravity of a point, which may not
be acceptable sometimes in areas of low gravity anomalies or
in mineral exploration (< 1 mgal). Greater accuracy can be
achieved with theodolites in altimetery but this is a slow
procedure and reduces the surveying efficiency enormously
particularly in rough terrains. However, a reasonable ~omp-
romise between accuracy and efficiency can be had, in areas
of large anomaly, with barometric type altimeters which have
an accuracy of + 5 ft, producing an error of 0.3 mgal in
gravity (with density = 2.67 g/cc.). Normally a pair of
altimeters is used, one placed at the base station for
regular monitoring of the barometric changes (as a function
of time) in the area, whereas the other is taken to the
field to measure elevations of the gravity stations. These
altimeters are capable of measuring elevations from -900 to

+9700 ft, and are commonly used in gravity surveys.

4,.4.3 Data Collection:

For collecting elevation data, two American Paulin
System (model PAB-5) altimeters, having a measuring range
from -900 to +9700 ft with a precision of + 5 ft, were used.



24

One of them was set in the middle of the traverse, to record
regularly the barometric changes at an interval of 15 minutes,
while the other was taken to the field, alongwith the gravi-
meter, for measuring the heights of gravity stations above
sea-level. Before start of the survey both the altimeters

were calibrated to the known elevation of the base station and
were operated as instructed in the manual supplied by the
manufacturer. On each station the altimeter was exposed for

a while before taking reading so that it may reach equilibrium
state in present environment and was also protected from the

impact of direct sun rays to avoid temperature fluctuations.
4.5 REDUCTION OF ALTIMETER DATA:
4.5.1 General:

Basically an altimeter is a barometric instrument
which measures elevation as a direct interpretation of weight
of air column above it. So its performance is affected by
temperature and pressure changes in the surrounding atmosphere.
In order to remove noise factors from observed data, caused
by temperature and pressure changes, generally two types of
corrections are applied: temperature correction and barometric

correction.

4.5.2  Temperature Correction:

The dial of the altimeter is calibrated for a temp-
erature of SOOF, i.e. it will measure true differences in
attitude at this mean air temperature (assuming no change in
barometric pressure other than in altitude). When the average
temperature of two consecutive stations falls below 50°F, the
weight of the air column measured is then greater than the
weight of the "standard" column (at 50°F) and the altimeter
will indicate a difference in attitude greater than the true



difference. When the average temperature is above 50°F the air
column will be less dense than the "Standard" column and the
measured difference in altitude will be less than the true
difference. The temperature correction takes the same sign as
the difference in altitude when the average temperature is
above 50°F. But when the average temperature falls below 50°F
the sign of temperature correction will be opposite to that of
difference in altitude. This is calculated by computing percen-
tage correction for a temperature above or below 50°F using the

following formula:
Percentage = (T1 -+ T2 — 100) x 0.1G62

In above formula, the average of two successive
temperature readings T, and T, is used to obtain a close
approximation of the temperature of air column being measured.
By multiplying the percentage factor with the uncorrected
difference in altitude, the temperature correction (in feet)

is obtained.

%:5.3 Barometric Correction:

The temperature corrected altimeter data retain the
effects of atmospheric pressure changes of regional or local
level which are to be compensated by applying the barometric

correction.

The barometric correction could be supposed linear
when the survey is conducted with one altimeter and traverses
are of short duration (2 or 3 hours). But, when two altimeters
are operated the base-altimeter provides accurate estimates
of the barometric correction for the whole day, and this
method allows long working hours. Through the study of base-
altimeter record, it was observed that the major curvilinear
changes in atmospheric pressure are overriden by minor sinu-

soidal changes and can not be predicted precisely by mathema-
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tical models. Therefore, it is advis able to use two alti-

meters to achieve better accuracy in altitudes.

In the present survey, two altimeters were used
to measure elevation of gravity stations. The behaviour of
the base-altimeter is shown in the Figure 4.1. It can be
observed that almost linear rise in altitude takes place
between 10.00 A.M. to 5.00 P.M. but outside this time
period the changes are different.

For recovering the nature of barographic correc-
tion at different times of the day, the temperature corre-
cted base altimeter data was plotted against times of
observations (Fig. 4.1). This curve was used to correct the
temperature corrected field altimeter data of the same day,
i.e. the correction factor, estimated from the curve for
different times of observations in the field, was subtracted
from the temperature compensated field altimeter data. This
procedure was adopted for all traverses of long durations.
The traverses for which base altimeter data was not available,
a generalized altimeter behaviour curve (Fig. 4.2) was cons-

tructed for the field session and used carefully.
4.6 REDUCTION OF GRAVITY DATA:
4.6.1  General:

The observed gravity data involves the effects
generated by instrumental drift, Latitudinal change in gravity,
variation in elevation, subsurface density and surrounding
terrain. To make the data interpretable it is necessary that
the mentioned effects be removed carefully. For that purpose
a datum plane is passed through the area, preferably sea-
level in regional survey, and the observed data is reduced
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to that plain giving gravity anomaly known as Bouguer

anomaly. Mathematically Bouguer anomaly is given by

sg = g, + D.C. +E.C+ T.C. - T.G

where ag = gravity anomaly
S5 = observed gravity
D.C = drift correction
E.C = elevation correction
T.C = terrain correction
T.G = Theoretical gravity

Except observed gravity 'gob', all the values in above

equation are corrections detailed as follows.

4.6.2 Drift Correction:

This correction removes the effect of instrumental
drift, which appears with time in the instrument due to
hysterisis phenomenon. If it is assumed that the drift is
linear then it can be calculated simply by considering the
initial and final gravity values of the base and respective

time of those observations.

For removing the drift effect from the observed
gravity of a point, the drift rate is multiplied with the
time difference ( =time of observation-time of observation

at the base).



46,3 Latitude Correction:

This correction is meant for latitudinal variation
in gravity caused by earth's rotation, as discussed by Dobrin,
1976 p-420, and after application of correction, data is red-

uced on latitude of base station.

The usual way of applying latitude correction can
be overlooked by computing theoretical gravity at each
observation station which is subtracted from absolute
gravity of the observed point to render gravity anomaly.
International gravity formula to compute theoretical gravity
is

g5 = B, + Bésin’g - Cgsin® 24 - 951

where ¢ is latitude of observation station and Bé, C¢d are
constants. While a constant term of 979000 mgals is subtrac-
ted from theoretical gravity as well as absolute value of

gravity to avoid big figures in calculations.

4.6.4 Elevation Correction:

The purpose of elevation correction is to adjust
the computed value of gravity at the datum level. It compri-
ses of two types.

i) Free-air Correction.

ii) Bouguer Correction.

i) Free-air Correction:

It takes care of the elevation effect upon the

observed readings, discussed by Dobrin, 1976, p-417, so
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that the data is brought on the datum level.

The correction is calculated by multiplying the
correction factor ( =.09406 mgal/ft) with the elevation
difference between station and datum. This correction
is added if observed point is above the datum and sub-

tracted when below it.

1) Bouguer Correction:

It is applied tec compute the effect of idealized
mass layer between station and datum plane. It is also
calculated by (multiplying a constant factor (=.012776x[
mgal/ft) with the elevation difference hetween observed
point and the datum level. Where 'pP ' is density of ideal-
ized mass layer.

The theoretical derivation of Bouguer correct ion
is described by Dobrin, 1976, p-417. The sign of Bouguer

correction is opposite to that of Free-air correction.

4.6.5 Terrain Correction:

This correction compensates the effect of irre-
gular terrain in the vicinity of observation station, thac
is, hiils rising above the station and valley:s below it.
Both of these topographic undulations cause an eifect
in the same sense, reducing the observed gravity value due
to upward pull (hills) or lack of downward attraction
(valleys). Therefore, terrain correction is always added
to the observed reading.

For removing terrain effect a digital computing
method is adopted which developed by Bott (G.P., 1958, p-45].
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The computer method for evaluation of terrain correction is

simply automation of graphical method of Hammer (Dobrin, 1976

P-419)

The maximum area covered, in the vicinity of
observation station, to compute terrain effect is 16 Km
which is equivalent to computing terrain correctiorn upto

zone L in case of graphical technique.
4.7 CALCULATION OF CRUSTAL THICKNESS:

The thickness of the crust can be calculated from
Bouguer anomaly data using empirical relations as given

below:

N
Il

33 - 0.055 ag (Worzel & Shurbet, 1955)
30 - 0.1 ag (Andreev, 1958)

N
[l

N
Il

32 - 0.08 =4 (Woollard, 1959)

where Z is the crustal thickness in kilometres and 2 g the

gravity anomaly in milligals.

These relations have been picked out of a number of
formulae because of the reason that they give almost similar
answers. For calculating the thickness of the crust at a
particular point, the averaged value is considered to be the
best answer. Estimates of crustal thickness provide a useful
information to think about the configuration of Moho dis-

continuity.

The application of these relations to our data
give crustal thickness 46 to 49 kms, increasing towards

northeast.



32

4.8 ESTIMATION OF ERRORS:

For estimating error involved in this gravity

survey, the following considerations were made:

4.8.1 Error Due to Inaccurate Heights:

Heights of the field stations with respect to
mean sea level were recorded with the altimeter within an
error of + 5 ft. Since the field altimeter data involve
temperature and barometric effects, the temperature and
barometric corrections were applied carefully using the
data of other altimeter placed at a point in the middle
of a profile. It was observed that the corrected heights
have an error of + 5 ft. For a density of 2.67 gm/cc used
for Bouguer Correction, the gravity error due to + 5 fect
error in heights is equal to (+ 0.09406 x 5 + 0.012776 x
2.67) = 0.3 mgal.

4.8.2 Error Due to Inaccurate Horizontal Control:

The maximum error involved in making statione is
roughly 100 ft, which produces latitude gravity error

1.307 SinZ x yeigsy = 0.02 mgal.

4.8.3 Error Due to Inaccurate Density:

This error is introduced in the calculation of
Bouguer Correction due to inaccurate determination of sur-
face density of the area. Since the average density for
sandstone, limestones and slates is 2.64, 2.69 and .53
respectively in the area, and the average crustal density

2.67 gm/cc used for Bouguer Correction is subjected to an
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error of 0.05 gm/cc. The Bouguer reduction error thus

obtained,
0.012776 x 0.05 x 1 = 0.0006385 mgal/ft.

The mean height of the area above sea level is 4870 ft,

therefore, the mean error of gravity anomaly is

+ 0.0006385 x 4870 = + 3.11 mgal.

4.8 .4 Observational Error:

This is introduced while taking a reading and
equals roughly 1/10th of a scale division of the dial,
i.e., 0.01 mgal.

4.8.5 Error Due to Inaccurate Base Connection:

As mentioned earlier, the measuring range
of the Vlerden Gravimeter is limited, i.e. 207 mgals. Thus,
the area with relief 500 m to 2500 m could not be surveyed
with a single calibration. Therefore, it became necessary
to establish four auxiliary base stations (Section 4.3).
Three check points were selected in the area which were
investigated through two auxiliary bases, i.e. Station
No. 78 (Haripur) was approached from Main Gravity Base
Zeropoint (ISD) and Auxiliary Base Mohra and the difference
of the two readings was noted 0.06 mgal. Similarly Stn. &9
(Shah Maqsud) was approached from auxiliary bases Mohra and
Ghoragali and the error was found to be 0.25 mgal, Station
No. 113 (Abbottabad) was approached through auxiliary bases
Mohra and Baragali and the error was calculated roughly
0.87 mgal. The last check point is showing relatively
large error probably due to two interconnections between
Baragali and the Main Gravity Base at Zeropoint (ISD), and
three times setting of the gravimeter. The average error

emerged due to base connections is, therefore, + 0.4 mgal.
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4.8.6 Overall Accuracy Of The Gravity Survey:

The overall inaccuracy in the determination of

Bouguer anomaly is root-mean-square of the errors involved.

R.M.S. = Ji/(o.3)2+(0.2)2+(3.1)2+(.01)2+(o.4)2

3 mgals.

The error of 2 to 3 mgals is quite large, but if compared
with the magnitude of the Bougher anomaly in the area (17C
to 210 mgals), it appears to be tolerable (4+7.0%) and the

accuracy of this Gravity survey is well over 90 percent.
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i SEPARATION OF REGLONAL AND RESIDUAL ANOMALIES:

5.1.1 Introduction:

The Bouguer Cravity values represent the combined
effect of both the deep and shallow structures lying beneath
the point of observation. Thus the interpretation of anoma-
lies need to be resolved into regional and residual effects.
Regional effects, caused by large scale structures such as
a basin or a geosyncline, often obscure the effects of
overriding shallower small scale structures such as salt
domes or buried ridges etc. That is why, regional effects
are separated from the observed gravity anomaly in order to
project smaller features of interest. For separation of
these effects commonly used procedures may be categorised

as follows:

a) Graphical Methods:

Graphical approach requires a considerable skill
of judgement in estimating regional effect from platted
profiles or contoured gravity anomaly maps. Regional con-
tours are interpolated more or less arbitrarily from the
original gravity field in the light of available geoclogical

information.
Though graphical technique is an easier way of
separation of anomalies but it involves greater risk of

misjudgement and misinterpretation.

b) Analytical Methods:

With analytical techniques residual and regional

gravity effectsare separated more precisely through numerical
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operations and this could be done by four ways mentioned

below;

i) Centre-point and ring method
ii) Second derivatives
iii) Polynomial fitting or trend Surface Analysis

iv) Downward Continuation.

For reliable separation the basic requirement of all these
techniques is gridded data, whereas, the field data is
oftenly collected over widely spaced profiles. In that
situation an (linear) interpolated gridded data may be
prepared, and polynomial fitting technique is considered
suitable for separation of regional and residual anomalies.
In the present case, polynomial fitting or trend surface
analysis technique was selected because of the reason that
the data was collected from irregularly widely spaced pro-

files.

5.1.2 Trend Surface Analysis:

Trend analysis is a term used, generally, to
define the concept of recovering regional trends from two-
dimensional data. Application of this method depends parti-
cularly upon the size of the region being investigated and
the size/mature of collected data. For example, it is useless
to search meaningful local features whose expected size is
less than the distance between sample points. The application
of trend surface analysis On Bouguer anomaly data is based
on the consideration that the Bouguer anomaly values are
linear function of the geographic co-ordinates of the points
of observation. This actually is a method to pass, mathema-

tically, a best fitted plane of regression through the
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observed data; this plane is regarded as regional trend or
effect, whereas the deviations of observed data from this

plane of regression are called the local or residual effects.

A first-degree polynomial passed through one-
dimensional data, like that of a profile, produces a
straight line which could be defined by the following

relation.
%Y =b. + by X (where i=1,n) ... (5.1)

where b0 and bl are unknown coefficients to be calculated,

X and Y are independent and dependent variables respectively.
This equation expanded over two independent variables, like
co-ordinates of observed points, defines linear trend surface
through the data.

+ b

Y = bo + le X2 oo K 29

1 2

where Y is the regressed Bouguer anomaly depending upon the
co-ordinates (Xl, X2) of observed points, as a linear func-
tion of some constant value (bo) related to mean of the
observations plus an east-west (bl) co-ordinate component

and the north-south (bz) component. Since there are three
unknowns involved in the equation (5.2), we need three normal

equations to estimate their values.

As a matter of fact the calculated Bouguer anomaly
values, for the observed points in the area, produce a set

of simultaneous equations given below

LY = bt 4+ By Xy + ba X

0 ji By = By By

s < il

XY = by IX; + by 2XT + b, IX X, e {5:8)
. 2

) = L L

X,Y = by IX, + by EX;X, + by IX5
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In matrix form above relations could be defined as follows,

h [ 9
[ n 2 XX, b0 LY
W 2 — z -
le le ZXlX2 bl = le cew Koa4)
IX IX.X 2x2 b LX,Y
2 i 2 2 2
J L J

This matrix of the form AX = Y can be solved for A(b,, by, b.)
using the principle of linear simultaneous equations. With
the knowledge of these constants and independent variables
(Xl, X2), the regressed Bouguer anomaly wvalues (Y) could be
estimated for the observed points. The plot of these values
would give a linear trend surface or produce a linear
Regional gravity effect, whereas the deviations in the
observed values (Y) from those of the estimated values (V)
reveal the Residual gravity effect (associated to local or

shallower features).

If the first-degree solution does not provide
best fit to the observed data, then analysis is required
in which each geographic co-ordinate is simply raised to a
higher power to include new variables. For example, a
second-degree trend surface is defined by expansion of
equation (5.2)

Y = batb, X, + boX, + b.X2 + b, X2 + b.X.X

0tP1Xy + DoXy + baXy + b, Xy + bgX X, (5.5)

Similarly, third-degree trend surface equation is

2 4 b, X% 4+ b.X.X. + b.X3 4

Y = bytb 1+ bgXy + bgX Xy + bXy

1Xl + b2X2 + b3X

3 2 2
buX5 + b X1X2 + nglxz C (5.6)

772 8
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Fudigd Application of trend surface analysis to Present Case:

Trend Surface methcd was tested On observed field
data sequentially from first degree to higher degrees. But
the results obtained from second degree trend surface are

more promizing due to the following reasons;
i) Goodness of fit is more than 807%.

i) Regional and residual pictures compare
reasonably with those obtained graphically.

1id) The estimated regional trends are same as

expected.
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6 INTERPRETATION:

6.1.1 Ceneral:

From world-wide gravity measurements, it has been
found that the average Bouguer anomaly on land, at the sea
level, is approximately zero, in oceanic areas it is gene-
rally positive, while in the continental regions it is
mainly negative. These variations in gravity are caused
by subsurface density changes, and indicate that the mate-
rial beneath the oceans is denser than the normal, while in

elevated land-masses it is lighter.

The Bouguer anomaly calculated in the surveyed
area ranges from -213 mgal to -172 mgals. These values
agree with those mentioned by Seeber and Armbruster (1979),
and suggest that the rocks of low density form a thick sedi-

mentary column in the area.
6.2 QUALITATIVE INTERPRETATION:

Gravity interpretation is based on an integrated
study of gravity and magnetic maps prepared from the coll-

ected data and the available geological maps of the area.

Since the surveyed roads form the curved or wavy
sections in the area, the collected data along these roads,
thus, have been projected. after processing, on straight
lines for the purpose of interpretation. These sections,
therefore, exaggerate the actual geographical trends of
the road profiles. The details of the exaggerated profiles

are given on the next page.
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Profile Route Direction

A-A' Hasanabdal to Abbottabad SW-NE

B-B' Rawalpindi to Murree SW-NE

Cc-C' Rawalpindi to Hasanabdal SE-NW

D-D' Taxila to Haripur SWW-NEE & SSW-NNE
E-E' Ghoragali to Shah Magsood SEE-NWW & SE-NW
F-F' Murree to Abbottabad SSE NNW

The processed gravity data used for this integrated
study include the following maps.

1) Elevation Profile Map.
2) Free-air Anomaly Profile Map.

3) Bouguer Anomaly Profile Map (with and without

terrain correction)

4) Regional Gravity Anomaly Map.

62,1 Integrated Study of Elevation and Free-air Anomaly

Profiles.

To evaluate the effect of topography on gravity,
the free-air anomaly profiles were prepared.

A close examination of Figs. 6.3(a), 6.4(a), 6.5,
6.6, 6.7(a), 6.8(a) suggests that, in general, the elevation
trends are correlated with the free-air anomaly picture.
Because the free-air reduction is directly related to eleva-
tion of the station and is added in the observed gravity
(if station lies over mean sea level and vice versa). A
dissimilarity between Free-air anomaly and the elevation

may be caused by the effect of surrounding terrain or the
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subsurface density variations that are not reflected duly,
(Figs. 6.3(b), 6.5, 6.6, 6.7(b), 6.8(b)).

It is to be observed along the profile C-C' (Fig.
6.5) that the Free-air anomaly increases with the decrease
in elevation at a distance of 4 km from Hasarabdal, and may

be indicative of the presence of denser subsurface rocks.

Observation of the profile A-A' (Fig. 6.3(b))
shows that the [FFree-air anomaly decreases with lincar troend
of elevation, within a distance of 3 km after Mohra, and
suggests the possibility of a contact zone of low and high
density rocks. Further on, the trend of Free-air anomaly
follows the topography, in general, with the exception of
minor deviations on certain points which may be related to

some local anomalous masses.

Similarly, along the profile D-D' (Fig. 6.6). the
free-air anomaly shows a positive deviation, with respect
to regional trend, from the topography at a few points upto
10 kms distance from Haripur, and could be developed by the
existence of relatively high density rocks underneath. A
negative deviation in Free-air anomaly about 5 km before
Haripur, suggests the effect of low density material or

the surrounding terrain.

In case of profiles B-B', E-E', F-F' (Figs.6.4(b),
6.7(b), 6.8(b)) the Free-air anomaly generally conforms
with the topography.
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6.2.2 Integrated Study of Free-air Anomaly And Bouguer

Anomaly (Without Terrain Correction) Profiles:-

This comparative study is performed to reveal the
effects of the anomalous mass distributions above and
below the datum plane. The Bouguer and Free-air anomalies
near Margalla Pass, along Grand Trunk Road, between Rawal-
pindi and Hasanabdal (Profile C-C', Fig. 6.5), are unrelated
to Free-air anomaly, and may be due to a thick overburdon.
Whereas near Hasanabdal, the Bouguer anomaly shows much
higher values than the free-air anomaly, describing the

presence of denser limestones (Eocene to late Jurassic).

It is to be noted that along Hazara Trunk Road,
between Hasanabdal to Shah Magsood Profile A-A' (Figs.
6.3(a), 6.3(b)) both the anomalies follow the same trend
and further towards Abbottabad, their behaviour becomes
opposite, and may be due to mass deficit beneath the eleva-

ted region due to a sudden rise in elevation.

Similarly, the study of Profile B-B' (Figs. 6.4(a),
6.4(b)) which is parallel to the strike, like that of
Profile A-A' (Figs. 6.3(a), 6.3(b)), shows that between
Rawalpindi and Chattar, both the profiles have similar
trend, but from Chattar onwards, the Bouguer anomaly with
some exception is continuously decreasing possibly due to
higher density used for Bouguer correction to bring data
on the sea level. In Profile E-E' which represents the
route Ghoragali to Shah Maqsocod (Fig. 6.7(a), 6.7(b)),
the trends of the free-air and the Bouguer anomalies
change from Phalla to an extent of 3 km because of the
smoothing effect of Bouguer correction calculated with the
selected density of the rock types occuring in the area.
About 3 km after Langrial towards Shah Maqsood, the free-air

anomaly shows up and down against the static behaviour of
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Bouguer anomaly. The free-air anomaly again decreases 5 km
before Shah Maqsood, and may be rcpresenting the presence

of thick alluvium cover.

From Taxila to Haripur (Profile D-D': Fig. 6.6),
both the curves follow the same trend, with the exception
of an elevated segment of 10 km between Taxila and Khanpur
where they behave oppositely. A rapid decrease in free-air
and Bouguer anomalies observed at about 9 kms from Haripur
strongly suggests a fault contact. Onwards upto Haripur,

a thick column of alluvium can be envisaged.

6.2.3 Integrated Study Of Bouguer Anomaly Profiles With

And Without Terrain Correction: -

The comparative study cf all thkese profiles
(Figs. 6.3(a), 6.4(a), 6.5, 6.6, 6.7(a), 6.8(a)), reveals
that the terrain correction has made the anomalics more
sharper and prominent. But around Langrial the Bouguer
Anomaly uncorrected for Terrain (Fig. 6.7(a)) have been

washed out.

The effects of Terrain Correction are more pro-
minent between Murree and Abbottabad (Fig. 6.8(a)). Some
new anomalies of small magnitude have appeared. Terrain
Correction has suppressed two major gravity lows; one

near Khairagali and the other near Nawashahr.

6.2.4 Interpretation Of Bouguer Anomaly Profiles in

Context of Geological And Tectonic Maps: -

The Grand Trunk Road, between Rawalpindi and
Hasanabdal, obliquely crosses the geological structures

related to the Main Boundary Thrust Zone. As the density
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contrast between the post-collisional and pre-collisional
formations is very low, the Bouguer Anomaly profile shows
slight variations along this route. On the left end

(Coca Cola Factory) of the traverse C-C' (Fig. 6.5), the
gravity behaviour over the exposed sandstone (dipping
towards north west) is a positive peak and slowly decreases
onwards where it is covered by an alluvium layer. Near
Margalla Pass where the Eocene limestone suddenly outcrops,
the Bouguer anomaly fluctuates accordingly. About 2 km
before Margalla Pass, a rapid decrease in Bouguer anomaly
confirms underthrusting of Murrees beneath the limestones
(Eocene and Older). This could be a boundary of MBTZ.

After 3 km from Margalla Pass, the limestone is burried

and gravity value starts falling again upto a point 7 km

to reach Hasanabdal. This corresponds to the thickening

of alluvium cover and/or the north western dip of the Main
Boundary Thrust. Near Wah Cantt and onwards, the much
higher gravity values over the exposed limestone may be

the indication of shallow presence of Cretaceous limestones

under the Eocene limestone.

The Profile E-E', from Ghoragali to Shah Maqgsood
(Fig. 6.7(a)), crosses major geological structures and the
rock units, Eocene limestones to Precambrian Hazara slates.
About 4 km after Ghoragali and upto Phalla, the Bouguer
gravity generally shows a smooth character over Eocene
limestone, however, two smallgr. lows in that segment mark
the contacts of overlying Lei Conglomerates. Near Kohala,
sharp changes in gravity anomaly are generated at the
contact of Eocene to Paleocene formations, and similarly
the effect of Cretaceous to Paleocene rock units is also
described by gravity upto Langrial. From Langrial to Shah
Maqsood, high gradient in Bouguer anomaly infers the
presence of a fault between Precambrian Hazara Slates and

limestones (Eocene and Older) as shown in Fig. 2.2.
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filled with low density material comprising of bands of
clay and conglomerates of Havelian group (Latif, 1970).
After Choragali, . the Bouguer anomaly shows positive

tendency over the outcropping Eocene limestones.

6.2.5 Qualitative Interpretation Of Regional Gravity

Anomaly Map: -

Regional gravity anomaly map reveals that the sub-
surface structures presented by second degree Trend Surface
are opposite to those of surficial geology, i.e., the
regional structures dip towards northeast as compared to
northwestern dips observed in the field. Since the Pre-
cambrian slates in the northeast of the area are involved
in thrusting process, the regional trend can be attributed
to crystalline rocks lying beneath the Frecambrian Hazara

slates.

According to Seeber and Armbruster (1979), the
occurrence of a decollement zone, beneath Hazara, at a
depth of 12-20 kms based on earthquake data and unpro-
nounced seismicity above this depth strongly suggests that
there is a layer of plastic material below the sedimentary
and metamorphic stratum which damps out the effect of
stresses expected to reach the surface. If we assume
that there exists a layer of salts between crystalline
basement and overlying material, then it could be stated
that during collision process of Indo-Pakistan shield with
the Eurasian blocks of Afghanistan, Turan and Tarin,
stresses were compensated by uplifting and deformation
of sediments including metamorphic layer, and crystalline
unit did not participate actively in complex deformational

pattern due to the presence of intervening salt layer.
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The profile F-F', along Murree to Abbottabad road
(Fig. 6.8(a)), also runs across the geological structures.
It is to be observed that within a distance of 2 km from
Murree, there is a sudden rise in Bouguer anomaly corres-
ponding to the change in lithology from Miocene Murrees to
limestones (Eocene to Older). From Khairagali to Kuzagali,
the Bouguer anomaly shows similar character as that is
observed in profile E-E'. From Kuzagali to Nathiagali, a
sudden decrease of 15 mgals in Bouguer anomaly reflects
that a fault developed within the limestones of Eocene to
late Jurassic. Between Nathiagali to Baragali, a positive
change in the Bouguer anomaly shows that Eocene limestones
is underthrusting the Precambrian Hazara Slates as shown

in Fig. 2.2.

The Profile A-A',(Fig. 6.3(a)) which runs along
the regional structures of the area,covers a section
between Hasanabdal to Abbottabad. The Bouguer gravity
anomaly in this profile gently decreases from Mohra and
reaches minimum just 4 km before Haripur, and then starts
rising upto Shah Magsood. This broad gravity low is an
indication of a basin like structure in which recent sedi-
ments of low density seem to be deposited directly on the
Hazara slates as shown in Fig. 2.2. After Shah Magsood to
Abbottabad, the Bouguer anomaly does not reflect any
important feature except for minor negative deviations
which may be associated with variations in the thickness

of overlying young Lei Conglomerates.

The Profile B-B' (Fig. 6.4(a)), between Rawalpindi
to Murree, is almost parallel to Profile A-A' i.e. along
regional strike, and shows similarity in gravity picture
over the Murree formation. A gravity low developed between

Zero point and Ghoragali, corresponds to a narrow trough
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This suggests that the basement which was originally
dipping towards northeast (Seeber and Armbruster, 1981)
retained its originality during tectonic deformation happened
in Eocene and later, and which is responsible for generating
opposite structural trends in the overlying formations as

are observed.
6.3 QUANTITATIVE INTERPRETATION:

6.3.1 Two-dimensional Modelling: -

The quantitative interpretation neceds reasonable
density contrast, whereas in our case the density contrast
between the basement and the overlying sediments is very
low except for a small area where Holocene deposits are
directly lying on the Precambrian basement (liazara Slates).
The profile A-A' (Fig. 6.3(a), 6.3(b)) which represents
the later situation qualifies the basic condition of mode-
lling and is selected for interpretation. Two-dimensional
computer modelling based on Talwani's method (1959) is shown

in Fig. 6.9.

It is to be examined that with the use of densities
2.0 gm/cc and 2.5 gm/cc for Holocene deposits and the slates
respectively, the calculated gravity curve for the segment
Hasanabdal to Shah Maqsood gives an excellent fit with the
observed Residual Gravity curve. It should also be noted
that the same density contrast (0.53 gm/cc) is assumed
between Holocene sediments and limestones (Ecocene to late
Jurassic) on the left flank., The limestone outcropping at
Hasanabdal is inferred to be underlying the basement
(Hazara slates) near Mohra. The model alsc shows that the
maximum thickness of the sediments is roughly 400 metres

at 5 km before Haripur (station 8).:The gradient of the



50

anomaly suggests a low angle thrust fault in the southwestern

part of the area between limestone and Hazara slates.

6.3.2 Crustal Thickness:-

Crustal thickness calculated from Bouguer anomaly
data using different relationships, as discussed in Section
4.7 shows that thickness of the crust is 46 km in the
southwest (near Rawalpindi) and increases towards northeast
upto 49.0 km near Khairagali. From these thicknesses it
appears that Moho is dipping at 1° towards north and 2° in
the northeast direction. These results indicate that the

area is isostatically in equilibrium.
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T &k DISCUSSION:

The investigated area lies in the western Himalaya
region which developed due to continental collision of India
and Eurasia about 60 Ma ago. This collision generated many
significant features among which are the Hazara Syntaxial

belt, the Main Boundary Thrust.

The gravity and magnetic studies on the western
limb of the Hazara Syntaxis provide the basis for discuss-
ing the surficial and subsurface regional structural
patterns. Regional gravity effects attributed to crystalline
basement suggest that the basement is dipping in the NE
direction as compared to the northwestern dipping exposed
lithologies. This is a major contradiction and can be
explained if decollement theory of Seeber and Armbruster
(1981) is taken into consideration. According to their
model when India interacted with Eurasia, a regional
system of thrust faults developed all along the orogenic
belt. The model for the formation of syntaxis begins with
two contrasting portions of the continental shelf of India,
one with a thick section of sediments underlain by salt
(Hazara region), the second with less sediment and no major
effect of salt in the tectonics. The thrusting in the
basement as well as in the overlying column remain together
where there is no intervening salt layer exists. But where
salt layer is present, the coupling between the basement
and the overlying sediments is totally disturbed. In this
situation effect of stresses on the basement and the sur-
ficial materials can not expected evenly distributed. In
other words, the basement behaviour would be different.

It looks quite probable in this area that during the north-
ward drifting process of the Indian plate, the overlving
sediments did not move with the basement because of the
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presence of salt layer and were slipped back easily due to
anti-forces generated while pushing the Turan and Tarin
blocks. Thus the structures formed in the overlying sedi-
ments are different from those of the basement. The salt
layer, acting as a damping device, is responsible for reduc-
ing the transmission of tectonic forces from overlying
column towards basement and vice versa. So we can say that
the original basement configuration, that is, NW-SE trend,
was not very much disturbed during deformations as happened
in the overlying sediments. The regional gravity gradients
in the NE corresponds to the original character of the
crystalline basement, i.e., dipping towards NE. The over-
lying structures differing from those of the basement, are

then associated with the residual gravity anomalies.

The surficial geological structures dipping in
the NW-SE direction, bear a system of thrust faults asso-
ciated to the limb of Hazara Syntaxis. Residual gravity
picks MBT and defines ils northeast extension to be observed
near Margalla Pass (laxila), Ghoragali and Kuldana (Murree).
An offshoot of MBT being masked by low density sediments,
between Hasanabdal and Haripur, is inferred to be lying near
Mohra, Khanpur and evidently marked near Langrial and Nathia-
gali. This offshoot is resulted due to thrusting of Precambr-
ian Hazara Slates over the limestones (Eocene to late
Jurassic). The two-dimensional modelling attempted in this
area could be done successfully only in the basinal regions
because of the reason that sufficient density contrast as
required in modelling technique could be attained in these
zones. In other areas as appreciable density contrast does
not exist between sandstone and limestone, the modelling

was abandoned.
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CONCLUSIONS:

The conclusions of gravity and magnetic studies

around Margalla and Hazara ranges are summarized as follows:

(I

(I1)

(I11)

(IV)

V)

The north easterly decrease in the Bouguer anomaly
(from -172 mgals in Rawalpindi to -213 near
Nathiagali) suggests a thickening of low density

sediments to that direction.

The traverses along the regional strike reveal

the presence of two narrow troughs on the north-
western and southeastern boundary of the area

along Hazara Trunk Road and Kashmir Road, Islamabad
respectively. The inter-relationship of these basins
is not understood clearly because of insufficient
data, however, it seems that the trough on the
southern boundary is older than that on the northern

boundary.

The Hasanabdal Haripur basin modelled with a density
contrast 0.53 g/cc gives 400 m as the maximum thick-
ness of recent sediments.

The lack of appreciable density contrast between
post-collisional and pre-collisional sediments did
not allow modelling of the traverses across the

strike of the area.

The gravity profiles across the geological struc-
tures describe the north-eastern cortinuation of
the MBTZ boundary from Margalla Pass to Ghoragali
and Murree.
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(VI) Similarly, an offshoot of MBTZ picked near Mohra
seems to be continued to Khanpur (Profile D-D',
Fig. 6.6), Langrial (Profile E-E', Fig. 6.7(a),
6.7(b)) and Nathiagali (Profile F-F', Fig. 6.8(a),
6.8(b)).

(VII) The gravity behaviour along G.T. Road, between
Margalla Pass and Wah Cement Factory, shows a
localized small basin, with maximum thickness of

sediments to be 100 m lying over Eocene limestone.

(VIII) The northwest-southeast trend of regional gravity
contradicts the generalized surface geological
structures and seems to be associated to the crys-
talline basement deepening in the NE direction.

(IX) The calculated crustal thickness in the area al«o
increases towards north-east from 46 km (near
Rawalpindi) to 49 km near Khairagali.

(X) The crystalline basement shows a dip of 1 degree
in the north and increases to 2 degrees towards

north-east direction.



REFERENCES



67

REFERENCES :

1, Bott, M.H.P. 1958, The Use of Electronic Digital
Computers For The Evaluation Of Gravimetric
Terrain Corrections, Exploration Geophysics.
1958, P. 45.

2, Choudhury & Datta 1975, Crustal Thickness In North
India And Himalayan Region And Its Geological
Significance, Geophysical Research Bulletin,
Vol. 13, Nos. 1 & 2. >

3. De Sitter, L.U. "STRUCTURAL GEOLOGY'", McGraw Hill,
Inc. 1964.

4., Dobrin, Milton . B. "Introduction To Geophysical
Prospecting' McGraw Hill Inc., 1981 .

5 Gupta, H.K. & F.M.Delany . 1981, "Zagros. Hindukush.
Himalaya Geodynamic Evolution' Geodynamics
Series, Vol. 3.

6. Gansser, A., The Significance Of The Himalayan
Suture Zone, Tectonophysics, 62 (1980) 37-52.

7 i Igbal, M.W.A. & S, M.I. Shah. "A Guide To The Strati-
graphy Of Pakistan', Geological Survey Of
Pakistan, 1980.

8. Jain, A.K.,Goel, R.K. & N.J.K. Nair. Implication of
Pre-mesozoic Orogeny in the Geological Evolution
of the Himalaya and Indo-Gangetic Plains.
Tectonophysics 62: 67-86.

g. Narain, H. 1980, Overview of Some Recent Geophysical

Investigations in Himalaya, Tectonophysics, 62:



10.

11..

12.

1.3

14,

15.

68

Nettleton, L.L. "Geophysical Prospecting For 0il"',
McGraw Hill, Inc., 1940.

Parasnis, D.S. "Principles of Applied Geophysics"
Chapman & Hall, London, 1972.

Powell, C. McA., A Speculative Tectonic History Of
Pakistan and Surroundings: Some Constraints
From the Indian Ocean, In: Geodynamics Of
Pakistan, (eds.) A. Farah and K. A. Dedong,
Geol. Surv. Pakistan, Quetta, 5-24, 1979.

Qureshi, I.R. & H.G. Mula 1971, Two-dimensional
Mass Distributions From Gravity Anomalies:

A Computer Method, Geophysical Prospecting.
19, 180-191.

Tahir Kheli, R.A.K., Mattauer, M., Proust, F., and?P.
Tapponier . The India Eurasia Suture Zone
In Northern Pakistan: Synthesis and Interpre-
tation Of Recent Data at Plate Scale, In:
Geodynamics of Pakistan, (eds.) A. Farah,
and K.A. DeJong, Geol. Surv. Pakistan, Quetta,
125-130, 1979.

Telford, W.M. & Others; '"Applied Geophysics',
Cambridge University, London, 1976.



APPENDICES



10

A0
=0

B
i

B0

HO

2

APPENDIX-A

GUTOMATIC DETERMINATION OF SURFACE DENSITY BY NETTELETON METHOD.
DIMENSIDON TiS0,50),6(30),E(50),DC30) ,HIS0),DEN(10),SLOFPE(S0) ,GD (50) ,FA (S0

), BACS0, 50) , GMISG) , BF (S50) , X (50)
DATA SLOFE, BRC, N, M, FF, BF /S50%0, 0. 0902, 14,8, 0, X086, 0. 04185/
GRC=CALIERATION CONSTANT,MH=NG OF DENSITIES USED FOR ROUG.CORR,N=N3 OF FRLH

NG STATION IN A PROFILE.
READ (k, 10) (DENCL), [=1,M)

FORMAT (8FS5.2)

READ (%,20) (T BT ,E(I, XD, I=1,0)

DF= (B AR =G CL) & /7 CT N =T (13 ) KGRL

DO 30 J=1,M

DG 40 I=1,H

BF (J) =EF4DEN(J )

GM(L) =G (1) XGRE

H1y=E (L) =E (1)

DECI) = (T CL) =T (1) a0F

FALT)=FFEH (1) =D )

BA (D) =FA (T =1 (3) ¥4 1)

WRITE (4, 50) GMI) ,HII) ,DECIY) (FACT)  BalT, d)

WRITE (k, 600 DEMLIY , BF (1) '
FORMAT (/ /72X, "FOR DENSITY=',FIl0.3,4%,  H.C.FACTOR=" ,F10.5)
FORMAT (7 /2%, BF 10, b) 2

BTIN=X ) =X (1)

DD 70 J=1,M

SLOFE(J) = (BA (2, J)~BA1,J)) /8TIN

INDEX=1

DO B0 J=1,M

IF (SLOFE CINDEX) .GT.S5(J))  INDEX=J

CONT INUE

SMIN=GLOFE { INDEX)

DENF=DEN ( INDEY)

Wf TE CK, 9C) 5111, DERF

FORMAT €/ 72X, * MINIHUM BLOFE=", 18, 6, "FINAL DENSITY=",F10.%)
STOP

EwD
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WEM: BEANITTY DATA PROCESSING IN GUHORBOSITO: SYSTERS: =I8M-PC.XT & TANDY ( 1QG0O- 17200

Ll 451 (pins) JECIQO) (LY (30 (TE100Y (LT 00) (F1LOLG0 Bl CL00) ,G20100), 8(100)
Dot 200 1000
Erpls il = ERVED GRAVTTY, B2-0O0RR.GRAVITY DIFFEREINCE, E=ELEVATION OF ORS. STHNE
TEMeTO FINMNE FUNCTION T0 CONVERT TIME 1THTO MINUTES.
izl T WEAL COMSTANT PARAMETERS ANL DESTHE NEW CONSTANTS.
COOREAD CH,CL,EB,B0,D,N
HO=G0%H 1 50=0KE @ CR=.0l3776%0D
v HEMI G L= LIBRATICN O TOOF BRGY LR
SO REMsGRAVITY AT THE Rdiniae, b=DERE) Ty D Fok TaRIGUEFR SO,
CEMCA=nES.GRAYIT Yy VAL aF THE vl Pl Nesbit) O OGS
el TO READ THAPUT DV edds FERPOIEA L0 STATLONS.
PR Wd=1 TN N
(PSSP0 B TR R B B 1 S S
e 0N bl TR M
1) [REAL BOLY TOIYECR) gl (Thgl i 61} {
v DT = INTATLIY) 250+ Ty =TNTAT (1)) $100
I S
piR=(61 (M =51 (1) A0 dm) --COT 1))
TOOFRINT BFC O "LOOF NMO=";Jd; "FROM"SFPC (L) MAMELS
GSEINT SRCIEV"EREANTTY AT THE BASE=" 043 "Mgal "
ST SRPCADY"DRIFT KATE=Y; DRy "S.Ditin”
FENR A4S TR M
2 2T =01 G D) =61 (M DI LCOT M) =0T 4y 0y 04
A LZ2{Tr=00+a0 (ST (Ll ol 2 -D0R (BTN (T 2y )y 2
FLCF®ECL)

130 ARE LATITUDE CORE FAETORS.

L = T2
el T

B FLEL =GR L2 T Y AFAD
S BLAI)=FIAT)-RC
caa IE (I=10 THEN GOSUB 380 ELBE 210
POOPRIMT USING "HHER" ;501
VI FRINT USING " s B 3201 oGy J L2010 , =S, FLEiT) ,BL D)

R R e e e S i S s e e e e e
i e i pea i s I

LAO NEXT 1

4% NEXT J

SAh SOTO %0

50 }; F\- T NT TE PP P 0 05 P P P T P e TR G L N P P N P P P P P i i T O O P P P P L P P g P P e P T P P e P P T P P PN

R A P TN s P T

SR L P Y ]
Gal FPRINT "STN"SPC(I) "ELEVATION"SFC () "CR-ORAVITY "SPC(2) "Th-BRAVITY "s20 (35 !:'l,.i':"»’“*
CORRVYSFC{2) "FA=-ANOMALY "SRC (D) "RBE-ANDMAL V"

V70 FF\’II‘ “!r‘ B P P P A P P P B e P I P P R T B S P P R B L g S P e P B L P P P P P P P Ry P

e e T e e e T TR P T

ol e I
SA0 RETURN

Ge 0 REM:DATA FOR CONSTANMTS AND INFUT.

GO0 DATAH 0.0902, 0. 0000059, 0., 0S2384, 976047, 2,87, 1
410 DATA 9779244, 5,4, "ROPINDI 10 MURREE"

420 DATA 1, 16,25, 1800, L350, 25, %

R0 BATA 2, 10,4, 1805, 11549, 35, 4

CATA 3, 10.5, 1820, 1545, 35, 6

DATA 1,1i, 1800, 1347.5,35.5

Ak amind
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APPENDIX-G

) REM: FROGRANM FOR TWO=-DIFMENSTONGL GIEAVI T MODELLTHNG BY TALWANT © & FETHOD 1 ‘:.'-""r"v'! -
5 REM: THIS FROGRAM IS5 IN GW.BASIC & CAMN RE RUM ON IEBM-FC, IBM=XT, TANDY (10001200

D0 REM: THIS FROGRAM NEEDS INFUT OF CO-0RDINATES ARND OBSERVED GRAMITY.
=0 REM: OUTFUT IS GIVEN AT THE END OF EACH CYCLE FOR SELECTED ADJUSTMENT .
40 FREM: FROGRAM DEVELUOFED EY MGHﬁHHﬁD.ﬁRSHﬁU,EmRTH SCIENCES DEFTT.E.A.UNiv, 15D,
S0 DIM G1(90) ,G2(50) (X (50,50) , X1 (30) , 2 (50 ,TT(S0) ,5TN(E0)

A0 DIM ZZ2(50) , T(S0) ,T2(50) ,R2(350)  X2(50,50) ,R1L{50) , 721 (5

70 INFUT "PROFILE=":F%$

50 READ N,G,D,Z0,D1,ADJUSTMENTL,S

w0 REM:N=MO OF FOINTS, G=GRAVITATIONAL CONSTANT,D=DEMSITY CONTRAST.

10O REM: ZO=DEFTH TO SURFACE 0OF ANOMAL.OUS EODY.

110 REM:D1=MIN.DIFF. 0OF OBSERVED AND COMFUTED GRAVITY TO EE AFFROACHED.
130 REM: 5=GCALE CONSTANT.

1350 ILPRINT

40 LPRINT

LSO LFRINT

160 M=N-1 : CI=2%GE4%D

170 CO=3.14x2C3 ¢ NI=N-Z

{50 INFUT "ADJUSTHMENT ="y ADJUSTHENT

190 IF ARDJUSTHMENT1=4DJUSTMENT THEN GOTO 200 ELSE 250

200 LET L=10 : CS5=C0

S10 GOTO 2460

200 REM: =N OF CYCLES T0O BE PERFORMED.

p FEM: STN=STATION MNUMEBER, X1=CO-0RDINATES OF FOINTS .

RENM: G1=0RSERVED GRAVITY.

LET =& : CS=.5%C0 -
FOR J=1 T0O N

READ STM(JY X1 403) ,G1(3)

NEXT J

FOOR =1 TO N

X1¢1)=8%X1{(I)

ZOIY=Z04G1 (1) /C0

I20(1)y=Z2{1)y~2

MEXT T

R Z1=Z0"2

50 LFRINT SFC(4) "FROFILE=";F%

J60 LFRINT "NO OF STR=";N;"G=";G; "DENSITY CONTRAST="3;D;"MIN DIFF="3DI
370 FOR I=1 TO N

80 FOR J=1 TO N

S0 AT, d)y=X1(d)=X1(1)

400 X2(1,J)=X(1,J)"2

410 NMEXT J

420 NEXT I

420 REP:=—- TO FIND THE LINE INTEGRAL OVER THE TOP & VERTICAL SIDES.

440 FOR I=1 TO N

A4S0 T =ZOX ATNCIX (L, 1) /201 0 =ATH X CT oMY ZZ(NY DY) .
60 TT(I) =Sk (X (I, 1k (LOGC(X2(T, Ly +2 L) AOX2CT 10221000 )+ X (T WD) RO OB 2T, M) +22
(Y)Y ZUXZ2CT LMD +Z1) )0 )

470 NEXT 1

430 LLET E=1 = Ni=i

490 LET S1=0

D00 FOR I=N1 TO N .

S10 FOR Jd=1 TO N .

D20 TR =ATNIX(T,J) /2 00))

370 R2OIY=X2(I,J)+Z22(I1)

540 NEXET I
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