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ABSTRACT: 

Gravity and ll1agnetic studies were ca rried out on til t> wes te rn 

limb of Hazara Syntaxis for inves tigat io n of structll l a l ft>;t

tures. T he bascment trend revealed by regio nal gra vit y efk cts 

is in co ntrad ict ion to th e surfi cial geo logica l st rll c tures whi ch 

st ri ke ge nna ll y NE - SW and is simila r to th e 111 0lk l lkvl'

loped o n the ba:,is or ea rthqu ake se isill o logy. It i ~ env isage d 

tllat tilcrL' c" ists :1 ddac illl1L'l1 t 1.0 Ill' \WI1L';ltil till' il1\"l 's li t!; IiL'd 

a rea. T he ba se ment seems to be dippin g towards no rth '~;ls l 

at an angle or 2 degrees. T he residual gr ~l v ity e ffc c ls aSSO L' j: I' 

ted wi th the ove rly ing format io ns indi cate t hat till;' 1v1 :lin 

Boundary T hrust ex te nds from M:n galla Pa ss to Ghnra gali 

a nd Kuldana (MulTee). A buried ort'shoo t of the :v'lain Bou ll 

da ry Thrust (MBT) is inferrcd to bc passing nca r Mohnl a l ~d 

Khanp ur , and is ex posed nea r Langrial a nd Nat hi aga li N,'<I r 

Haripur. the maximum thickness of Holoccne depos its over 

Hazara Slatcs is 400 mctres. 
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1.1 INTRODUCTION : 

The area investigated gravitationally and ma gne 

tically, discussed in this t h esis, lies in the districts of 

Rawalpindi, Islamabad and Ha zara. It is bounded b y latitudes 

33 0 37' to 340 10.1' N and longitudes 7Lo 37' to 73 0 24 ' E, 

and s prea ds over top os heet--ill1IIlbers 43C/9, 43C/13, 43C/ 14. 

43F/4, 43F/8 , 43G/l, 43G/ 2 , 43 G/5 of Survey of Pak istan 

(Scale 1:50,000). 

The gravity and magnetic observations were made 

in roughly 2500 square kilometres a long the available meta l 

led and unmetalled roads, at s tation interval of 1 t o 2 km 

depending upon the topograph y. The profile density of one 

station per kilometre provides a fair control to fulfil 

the objectives of the survey. 

Geologically the area comprises of p redominantl y 

sedimentary and le ss metamorph ic rocks. In the south, !-Pt' 

tiary sedimentary r ocks of Murree f ormation are underthrus 

ting the limestones of different ages from Eocene to lat e 

Jurassic (Iqbal & Shah, 1980). ~bereas in the northern side, 

Precambrian Haza~a slates are exposed on surface and are 

involved in thrusting "lith limestones (Coward 6: Buttler. 

1985) mainly in the south and occasionally in the extreme 

north. Ha zara formation is under lain by Lei Conglomerate at 

places particularly in the north-west frontier of the s ur 

veye d area. 

The area is highl y fo Ided and faulted , and genera -

11y shows a structural. complex controlled b y the Hazara aY 

which is associate d with the ivlain Boundary t h rust (HB,T) t hat 

develop ~d due to a collision between the Indian and the 

Eurasian plates (Powel], 1979) about 60 Mya. The arcuate 
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trend of structures in the area is c haracterized by singly 

as wel l as doubly plunging folds with wavelength ranging 

from tens of metre s to a few ki l ometres. 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 ma jor 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 

(Eleva tion .:> 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 thi s area, the Harao 

river in the Hazara district, and the Soan river in the 

Rawalpindi district. 

1 .2 PREVIOUS WORK: 

Previously, t he area has b een explored geo l ogically 

by di.ffcrent workers with mor e emphas is on geolog ical inv8s

tigations rather than geophysical work. To ex plain the 

tectonic setup of the area, geological models have been 

constructed, based on information of surface lithologie s 

(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 z one 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 Ha~ara fault ( Seeber & Jacob,197 7). 

1.3 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 ~1ain 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 be e n 

constrained properly by geophysics as such data are not 

available. Thus, the present project was formulated to 

provide sufficient geophysical control to previously exist

ing geological ideas particularly about the Hazara TIlru~ t 

System. 



TECTONIC HISTORY 
AND 

REGI ONAL GEULOGY 

CHAPTER-2 
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2.1 TECTONIC HISTORY : 

The projec t area, covering approximately 25 00 

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, 1979]. 

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] . At present Indian plate is subducting under the 

obducting Eurasian plate [Powell, 1979] due to northward 

drifting of Indian plate . This is observed through study

ing the results of deep seismic sounding surveys [Narain, 

1979J and estimation of crustal thickness which is doubled 

in tibetan plateau region [Kono , 1974J. 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, 19801 . I n western 

Ladakh region, this single Suture zone is subdivide d i n to 

two zones known as Main Mantle Th r ust [MMT] in the south 

[Tahirkheli, 1978J and Main Karakoram thrust [t~T] in the 
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north [Bard , 1979] . The region between these two zones is 

called Kohistan - Island Arc sequence [Tahirkheli, 1978] . 

Regional Metamorphism is a characteristic feature of 

Oph i olite belt and associated sediments which is exhibited 

by greenschist facies [Fr ank et al, 1977] and flysch 

section with greenschist to amphibolite facies [Chang 

et al, 1977]. Typical rock, t ypes associated with MKT on 

northern side are slates, quartzites, and metasediment s 

while on the south serpentinite, basalt, andesite and 

rhyolite are present. Typical rock unit, assoc iate d wi.th 

MMT, is glaucophane blue schist \vhich separates basic 

complex of Kohistan from schistose rocks of Buner (lower 

Swat) lTahirkheli, 1979] . 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 -a lka l ine nature (andesites , dacites, 

r Lyolites , tuffs and agglomerates). The age of the Koh istan 

sequence ranges from cretaceons to paleocene rTahirkhell . 

1982) . 

b) Main Boundary Thrust Zone: 

A significant fault ca lIe d Main Boundary Thrus t 

(MBT) lies in the south of !ndus Suture zone as shown i n 

figure 2.1 [Coward & Buttler, 1985] . This thrust e x tends 

to a distance of 2500 Km along Himalayan range. A notable 

fea ture or. wes tern s ide of Hima layan mountain be 1 t , tha t 

is, PAKISTAN HIMALAYA, is a syntaxial belt associated \vith 

MBT. This is referred as Punj ab Oroc lin 'e [Casey, 1958], 

"Abbottabad syntaxis" [Jones, 1960], "Western Himalaya n 

Syntaxis [Gansser, 1964] , the "Punjab Re - ent Arant" 

[Johnson & Vondra, 1972], the "Hazara Kas hrnir Synta x i s " 

[Calkins et aI, 1975), "Ha zara Syntaxis" [De sio, 197 61, 

the "Jhelum Re-enterant" rVisser & Johnson, 1978J. The 

term " Hazara Syntaxis " is used by the author in this 

report. 
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To the western flank of Hazara Syntaxis, a system 

of local thrusts is associated called Hazara Arc [Seeber & 
Jacob, 1977 ] 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 Sal t Range lies to the sou th of ~1a in /)OUl1dil ry 

thrust separated by Pot~ar Plateau. It is divided into 

Salt Range and the Trans -Indus Salt Range, the latter 

including Marwat, Bhitani Surghar and Khisor Ranges . The 

Sal t Rang e 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 wes t ern 

end of the Range as shown in figure 2.1. Tertiary sediments 

constitute the geological composition of the region . 

2.2 REGIONAL GEOLOGY: 

The area under investigat ion lies i n t he north~ rn 

part o f I ndus bas in cons is ting of sedimentary r ock forma ·

tions corresponding to non-uniform environments of deposi 

tion within trough (tethy sea) - the upper Indus ba sin. 

In the adjacent north of the project area, the 

dominant rock types are igneous and metamarphic, of camrian 

age, almgwith quartzite schists,quartzitic and schistose conglaner

ates. Rock units witl-,in the area are spatially distributed in the NE-SW 

direction and are of pre-cambrian age [Iqbal & Shah, 1980]. 

These r ocks are composed o f slates, phy llites and shales 

of Hazara formation [Iqbal & Shah, 1980] everla id by 

conglomerate of Havelian group , of pleistocene age, which 

is widely exposed in the area. Other overlying sedimenta r y 
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formations inc lude Abbottabad, Datta, Samana Suk, Chichali, 

Lumshiwal, Kawagarh , Hangu, Patala, Kuldana, Margalla Hill 

Limestone and Chorgali. These formations range in age from 

early jurassic t o late eocene [Iqbal & Shah, 19801 and are 

composed of limestones sandstones, siltstones, mudstones, 

conglomerates, qua rtzites and marls. The most important 

components are thinly bedded nodular dolomitic limestones 

with laterite bands and gypsiferou$ shales, both bearing 

a wide exposure. In the south sedimentary formations are 

prominently exposed between Nathiagali a nd Hurrcc with iJ n 

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, 

t hinly bedded limestone along with intercalations of 

cleaved and calcareous shale" of Kawagarh formation, grey 

nodular limestone with laterite bands of Hangu formation, 

patala shales , red and purple gypsiferous shales of Kuldana 

formati on with subordinate sandstone and limestone bands 

and widely exposed Margal:la Hill Limestone. These rock s 

extend to the south-west of the project area through 

Nathiagali and Kheragali along the structural tr8nd as 

shown in figure 2.2. 

From Kheragali towards Murree. the f ollowing 

succession of sedimentary rock f orma tions is observed~ -

i) Chorgali formation, of late e ocene age, 

having limestone and shale. 

ii) 

iii) 

Margalla Hill Limestone of eocene age. 

Kuldana formation, of early eocene age, 

with red, purple gypsiferuus s hale s, 

sandstones and limestones. 



9 

This composition also bears the same spatial dist r ibu t ion 

in th e sout h -west quadr ant of the p r oject area, that i s , 

along the str uctural trend of the r ock f ormations . 

On the south-ea$tern 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 i s 

c omp l ex , shmvi n g multiph a se defor ma tional patterns ,ul t: 

i n g from t h e c o l l ision of Indian and Eurasian plates . 

Structures trending in the NE direction exhibi.t sing l e 

as well as doubly plunging arcuate fold patterns . Maj or 

tectonic features in the area, as demarcated by surface 

lithologies , consist$ 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 kilometre s 

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] 

g¢ = ge [ i+{). 0052884 Sin2¢ - 0.000059 Sin2 2 ¢ 1 

(3 . 1) 

where ¢ = Latitude, g . = gravity at the equator. Since the 
e 

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 devia tions in tDpography ~nd density 

from ideal conditions. The Newton's law of gr avitation which 

provides the basis for t he change i n gravi t y , due to density 
and topography, is produced below for explaining its use in 
gravity prospecting 

. or 

i. e. 

Gml a = F/m = 
2 r2 

If 'a ' is replaced by 

leration), ml by Me (the man of 
(the r adius of the earth) then 

Me 
g = G 

~ e 

(3.2) 

(3.3) 

'g' (the gravitational acce 

the earth) and 'r' by R 
e 

(3. 4~ 
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h . f'" C/ 2 d' h ' In C.G. S. system, t e unlt 0 g lS m sec an ln geop YSlCS 

it is cal l ed gal after Galileo. The average value of 'g' at 
2 

the earth's surface is 980 gals, (1 ga l = 1 cm/ sec ), but 

actually it increases gradually from the equator ( 978 ga ls ) 

to the poles (983 gals). 

In gravity prospecting 'gal' is a very big unit, 

therefore, in exploration commonly used units are 

milligal (mgal) 
-3 = 10 ga 1 

Gravity Unit (GD) - 4 
10 gal 

From equation (3.4) it is evident that the gravity 

is directly proportional to mass and inversely proporti onal to 

the square of distance between the centres of t h e earth a nd 

the point mass on the surface of the earth . TIlis means tha 

if there is a change in Me or Re 'g' will vary accor di.n g l y . 

The dependence of 'g' onrnass may be associated with density 

because mass of a body is the p r oduct of its volume and 

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 differenc es , t.her efore, 

are subjected to a change in gravity which is picke d by sen 

sitive instruments such as Eotvos Balance or the gravime t er~~. 

Gravity prospecting is actually an i ndirec t method 

where changes in gravity al:e interpreted in terms of s ub s ur 

face density variations, to be modelled for s olving geo J.ogical 

p r oblems o r demarcating zones of economic minerals or h y dro

carbons. 
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3 . 2 GRAVITY SURVEYS : 

3.2.1 Genera l : 

The gravity surveys are commonly conducted to s olve 

geological problems of regional or local level or to demarcate, 

f r om lar ge a r eas, anomalous z ones of economic value . In a ll 

these cases, the observed field gravity data is proces s ed t o 

compensate the gravity effects caused by the elevation diffe r 

ence s of the gravity stations, surface irre gulAriti es And 

latitudinal changes from the fi x ed reference point tak e n in 

the surveyed area. The corrected gravity values of th e stations 

when compared with the gravity value of reference poi.n t , some 

differences are found which technically are known a s t he Bou

guer anomaly values. In gravity prospecting the investiga t p. d 

areas are represented by the Bouguer anomal y maps on which t h e 

nature of variation in Bouguer anomaly defines subsur fa c e 

density c hanges o r lithologic changes b~ought out by geologi

cal structures or localizati on of minerals. The magnitude of 

Bouguer anomalies ex pected in r egional case s may b e ten s of 

milligals, where as in local surveys it may be a couple of 

milligals o r less. 

The Bouguer anomalie s a re obv i ous l y t h e function of 

independent var i able s like elevat i on , north - south d is tances 

and the surface density. Thus the accuracy of Bouguer anomal 

ies is based on the accurate measurement of these indep e ndent 

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 causat i ve 

s ources of r e gional or local ex t ent . 

Generally there a r e three t y p es of g r a v i t y s u rveys , 

r e connaissance, reg ional and local. 
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3.2 .2 Regional Surve~ 

Regional surveys are conducted over large territories 

in order to study large structures such as tectonic regions, 

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 mor e 

den se network , less statj.on interval and smaller scale map s, 

and are subjected to reduced error magnitude for giv i ng enhancpd 

reliability in the results. 

3.2.4 Detailed Gravity Surveys: 

These are precision gravity surveys which ena bl o th l:.:' 

demarcation of mineralized zones, oil and gas bearing structur es 

and other local subsurface changes. Since the total anomaly 

expected in these surveys is a few milligals, the error ma gni

tude should be the fraction of a milligal . 

The table describing different parameter s of each 

type of survey is given be low [After Sazhina, 1971 J • 

The survey can be carried out following the procedure 

of areal or profile surveys depending upon the objectives. Th e 

areal survey is best suited for interpreting three dimensional 

subsurface lithologic changes, whereas profile surveys are 
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Contour Sca l e of 
Accuracy uf Acc u racy of Network Density 
Determn. of Deternm. of 

Interval Hap Bougu er Observat i o n Ar ea per Inter- Stn . 

Anomal i es S tation Illt crv.:ll 
2 km 

10 1: 2 , 500 , 000 upto +2.5 upto :!: 0.3 150 - 400 5 - 10 
-

1 : 1 ,000,0 0 0 

5 1 : 1 ,000,000 " +2 .0 " +0. 3 25 - 100 2 . 5 - 5 
- -

1 :500,00 0 

2 1: 2 00,000 " +0 .8 " +0.3 4 - 1O 1 - 2 
- -

1 : 100,000 

1 1 : 100,000 " +0. 4 " +0. 3 1 - 4 0. 5 - 1 
- -

1: 5 0,000 

0.5 1 : 50 , 000 " +0. 2 " +0 . 1 5 0 . 2 - 1 0.2 - 0 . 5 
- -

1: 25, 000 
I 

0 .2 - 0. 2 5 1 : 10 , 000 " +0.1 " -
+0 . 08 0 . 02-0.1 . 05- 0. 15 

I -
1 :5,000 I 

O. 1 1: 5 , 000 " +0 . 04 " +0 . 0 3 0 . 00 2 - . 01 . 0 2- . 05 I - -
1: 2 ,0 0 0 

__ J 1 : 1,000 

Table: Cha~acteri sti cs of Gr avity Surveys . 

conducted along separ ate route s with wider p r ofile i nterval s 

t o study a unwirec t i ona l varia t ion of grav ity . Nev ertheless, 

prof i I e surveys are va l uable. too l to e x plore r u gged errains 

to f ind out tectonic patterns, local and r e gional s truc t ura l 

trends etc. 
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4 . 1 GRAV ITY SURVEY IN THE PROJEC T AREA: 

4.1.1 Genera l : 

As mentioned earlier the project area, which lies 

between Islamabad, Murree and Abbottabad, comprises of low 

and high relief segments. In the la ter part except for the 

metalled roads, the jeepable tracks are very short and rar0. 

Therefore, gravity investigations in the whole area were 

made along the main routes. In that sense, the s urvey C Cl n be 

described as the profile survey. However, an attemp t wa s 

tnade to establ i sh a network of gravity stations in t h e a r e a . 

In plain area the station interval was selected 1. KITl, wherea s 

in rugged terrain it was increased f rom 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 i s qui t e obviou s that i n this approach many l o c a l 

geologic al features may not be scanned but no risk i s invo l 

ved as far as the larger fea tures are concerned. 'Ill e ma j or 

pr8files are oriented along and across the strike to c ov e r 

neogene to combrian sequence of the areal geology. 

4. 2 FUNCTION OF WORDEN GRAVIMETER: 

The Worden Gravimete r which wa s u s ed f o r meas i n g 

gravity variations in the area is an unstable type p O'rtab le 

gravimeter (Dobrin, 1976, P-386). This is able to measure 

relative gravity changes in the area with respect to a 

fixed point, generally Hain Base of known gravity, rather 

than the absolute gravity values of observed stations. 

The r eadings obtained are in terms of sca le 

divisions which on multiplication with scale constant o f 

the gravimeter (1 S.D . = . 0902 mgals) are conver te d into 
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milligals. The ma x imum range of the gravimeter is 2300 scale 

divi sions or 207 . 46 mgals . which coul d b e 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 temp e ra

ture varia tions from -20 to +9.':>0 F . As the interna I sys tern 0 f 

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 . 3 . 1 General: 

The gravimeters of Wor 

don type a re incap~ble of measuring absolute gravity at 8 

point taken on the earth's surface but measure differenc es 

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 a.nd lies in a rugge d 

terrain then the limitation of time and the range o f gravi

meter restricts the survey to a particular elevation ran ge 

or to a certain distance from the base station . To ov rc ome 

these difficulties, auxiliary base stations are establish d 

in the area which in turn are tied to the main base s tation 

so that the observed data of the whole area may be reduced 

eventually ~-Jith respect to the main base station. 
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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. TI1is was tied to 

an International Gravity Station, by Loopin g Method, 10caLcd 

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 Hair1 

B~se Station several gravimeter readings were taken on th e 

selected base and at Christ Church (Rawalpindi). The rtVeragf~ 

gravimeter readings on both the stations are: 

Zero - Point 2131.5 Scale Divisions 

Christ - Church 2202.0 II II 

The differenc e between these values is 67 . L, .' ' a lr-~ 

divisions which becomes 6 mgals on multiplication w'th th e 

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 Zcro

Point appears to be equal to 

979350 . 3 - 6.0 979344.3 mgals. 
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4.3.4 Auxiliary Base Stations; 

As mentioned ear lier it was not possible to 

investigate the who l e area by sin gle gravity calibration . 

The area was divided into four segments and the following four 

auxiliary bases were established as described below: 

STATION ABS. GRAVITY ELEVATION LOCATION 

(mga 1) (ft . ) Latitud e LO'!"lQ!~ ude_ 

Mohra 979381.2 1474 33°50'28" 72°44'2" 

Ghoragali 979152 .3 4956 33°52'55" 73°20'29 " 

Khairagali 978984.0 7601 33°59'38" 73°23'43" 

Baragali 979 100. 6 5833 34°5'35 " 73° 21' 27 " 
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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 

stati~i:1s 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 exp~ct~d 

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, 1400 - 2200m, 

2200 - 3000 m.) and in each zone one auxiliary ba s e ,va s es ta b

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 Krn 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 ~ith its repetition. The base repetition was 

done for the compensation of gravimeter drift which appears 

with time . 
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4 . 4 . 2 Ac qu i sition of Altimeter Data: 

General: 

The elevation of gravity stations play very import 

ant role in reducing the gravity data to a dattllll 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 relia bility 

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 ma y not 

be acceptable sometimes in areas of low gravity anomalie s or 

in mineral exploration « 1 mgal). Greater accuracy can be 

achieved with theodoli tes in al timetery but this is a slow 

procedure and reduces the surveying efficiency enormou s 1y 

particu lar ly i n r ough terrain s . However, area s onab 1e r: omp ·· 

r omise between accuracy and efficiency can be had, in area~ 

of l arge anomaly, with barome t r ic type altime ter s 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 

o f time) in the area , whereas the other is taken to the 

field to measure elevations of the gravity station s . TIl es e 

altimeters are capable of measuring elevations from -9 0 0 t o 

t9700 ft, and are commonly used in gravity surveys. 

4 . 4 . 3 Data Collection: 

For collecting elevation data, two American Pauli n 

System (model PAB - 5) altimeters, having a measuring range 

from - 900 to +9700 ft with a precision of + 5 ft, were used. 
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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 h eights of gravity stations above 

sea-level. Before start of the survey both the altimeters 

were calibrated to the known elevation of the base s tation 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 prrutecte rl frc)nl th e 

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 instrume nt 

Hhich measures elevation as a direct interpre tation of weight 

of air column above it. So its performance is affected by 

temperature and pressure changes in the surrounding atmo~)phe r e. 

In order to remove noise factors from observed data , caused 

by tempera t ure and pre s sure c hanges, genera lly t:wo types uf 

corrections are applied: tempe.rature correction and baromet ric 

correction. 

4.5.2 Temperature Correction: 

The dial of the alt.imeter is calibrate.d for a temp 

erature of 50
0

F, i.e. it will measure true differences in 

a ~ti tude a t this mean air tempera ture (as suming 110 change in 

barometric pressure other than in altitude). \,fuen the average 

temperature of two consecutive stations falls below 50 0 F, t h e 

weight of the air column measured is then greater than the 

weight of the "standard" column (at SO°F) and the altimeter 

will indicate a difference in a titude greater than t he true 
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difference. Hhen the a v errtge temperature is a bove SOor t h e air 

column will be less dense than the "Standard " co lumn and the 

measured difference in altitude will be less than the true 

difference. The temperature correction takes the same s i gn as 

the difference in altitude when the average temperature i s 

above 50o F. But when the average temperature falls below 50 0 F 

the sign of temperature correction will be opposite to that of 

difference in altitude . This is calculated by computing perc en 

tage correction for a temperature above or below SOoF us ing the 

following formula: 

Percentage = (Tl + T2 - 100) x 0 . 102 

In above formula, the average of two successive 

temperature readings Tl and T2 is used to obtain a cl.ose 

approx imation of the temperature of air column being meAsured. 

By mUltiplying the percentage factor with the unco rrected 

difference in altitude , the temperature correction (in feet) 

is obtained. 

4.5.3 Barometric Correction: 

The temperature corrected altimeter data reta i n th e 

effects of atmospheric pressure changes of regional or l ocal 

level which are to be compensated by applying th e ba rometric 

correction. 

The barometric correc tion could be supposed linea r 

when the survey is conducted with one altimeter and traverses 

are of short duration (2 or 3 hours). But, when two altime ters 

are operated the base - altimeter provides accurate es timate~ 

of the barometric correction for the whole drtY, and this 

method allmvs long working hours. Through the study of bas e

altimeter record, it \Vas observed that the major curvilinea r 

changes in atmospheric pressure are overriden by minor sinu

soidal changes and can not be predicted precisely b y math e ma-



150 r-------------------------------------------------------------------------. 

Ternol Base stat ion 

Tax il a 

100 ..... _._ .. _._.-.-.- Chatter 

::: 
c · 
0 

" 
50 

> ., 
w 

' .. ... 
0·0 

AM .0-----------_( TIME ,hr)-----------.. PM 
·50~~--~------~_T--~--~--~~--__ --~--~~------~--~~--__ --__ --~~--~ 

7 8 9 10 11 12 2 3 5 Ei 

Fig. 4.1: Altimetre behaviour curves throughout the day obtained at different l oc<J l i ll ! ' 

150r---------------------------------------------------------------------~ 

100 

c 50 
0 

'0 
> 
~ w 

0·0 

.50~----~------------~~--~~----------------~~--~----~~~ 
7 8 9 10 11 12 1 

AM 0 (TIME,hr) 
2 3 5 

---------------------------~.PM 
6 

Fig. 4.2: Generalized altimeter behaviour curve. 



27 

tical models. Therefore, it is advis ahle to use two alti 

meters to achieve better accuracy in altitudes . 

In the present survey, two altimeter s were us e d 

to measure elevation of gravity stations. TI1e 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 t he 

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 

fr om t he t emper atur e c ompensate d fi e ld altime t er data . Th i s 

procedure was adopted fo r all t r a v e r ses 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 gravit y , 

variation in elevation, subsurface density and surrounding 

terrain . To make the data interpretable it is necessary that 

th~ mentioned effects be removed carefully. For that purpos e 

a datum plane is passed through the area, preferahly sea-

level in regional survey, and the observed data is reduced 
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to that plain giving gravity anomaly known as Boug uer 

anomaly. Math ematically Bouguer anomaly is given by 

L'> g gob + D.C. + E.C + T.C. - T.G 

where 6g = gravity anoma l y 

gob observed gravity 

D.C drift correction 

E . C elevation correction 

T.C terrain correction 

T. G Theoretical gravi ty 

Except observed gravity ' gob ' , a ll the values in abov 

equation are corrections detailed as follows. 

4.6.2 Drift Correction: 

This correction removes the effect of ins tr ume n tal 

drift, which appears with time in the instrwnent 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, th e drift r ate is multipli e d with t h e 

time difference ( = time of observation-time of observation 

at the base) . 
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4.6.3 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 app lica tion of correc tion, da ta 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 
q (' 

I.. g = 19/ + B¢sin2¢ - C¢sin 2 2 ¢ - 951 ¢ e 

where ¢ is latitude of observation station and B¢, C¢ are 

constants. wbile a constant term o f 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 p-levation correction i to adjllst 

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 t he data is brought on the datum level. 

The correction is calculated by multiplyin g the 

correction factor ( = .09406 mgal / ft) with the elevatio n 

difference between station and datum. This correction 

is added if observed point is above the datum and sub

tracted when below it. 

ii) Bouguer Correction: 

It is applied to compute the effect of ideali ze d 

mass layer between station and datum plane. It is also 

calculated by (multiplying a constant factor (=.01 2 77 6x P 

mgal/ft) with the elevation difference between observed 

point and the datum level . ~There 'r ' is density of ideal

ized mass layer . 

The theoretical deriva t .ion o f Bou g u e r cor rec r • (. II 

is described by Dobrin, 1976, p - 417. The s i gn o f Bo u g 1]( !r 

correction is opposite to that of Free - air correction . 

4 .6. 5 Terrain Correction: 

This correction co~pensate s th e effect of Irre

gular terrain in the vicinity of obs ervation stati'.JII, :.:.11a (. 

is, hi l ls r is i ng a bove the station and valley s be low i t . 

Both of thes e to~)ographic undu la tions caus e em e i fec ::-

in the same sense, reducing the observed gravity value due 

to upward pull (hills) or lack of downwar d attracti on 

(va lleys ) . Therefore, terrain correction is always added 

to the observed reading. 

For removing terrain effect a digita 1. c on:rut ir:g 

method is adopted which developed b y Bott [G.P., 1958, p-L1Sl 
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The computer method for evaluation of terrain correction is 

simply automation of graphical method of Hammer [Dobrin , 19 76 

P-419l 

The maximum area covered, in the vicinity of 

observation station, to compute terrain effect is 16 Km 

which is equivalent to computing terrain correction 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: 

z = 33 0.055 ;:" g (Worze 1 & Shurbet, 195 5) 

Z 30 0 . 1 ;:" g (Andreev, 1958) 

Z 32 0.0 8 t;. g (Woollard, 1959) 

where Z is the crustal thickness in kilometres and c. g the 

gravity anomaly in mi11igals. 

These relations have been picked out of a number of 

formulae because of the reason that they give almost similar 

answers . For cal.culating the thickness of the crust at a 

particular point, the averaged va Iue is cons idered to b t he 

best answer. Estimates of crustal thickness provide a u seful 

informa tion to think about the configuration of Moho dis

continui ty. 

The application of these relations to our data 

give crustal thickness 46 to 49 kms, increasing towards 

northeas t. 
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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 hei ghts 

have an error of + 5 ft. For a density of 2.67 gm/cc used 

for Bouguer Correction, the gravity error due to + 5 f eel 

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 makir.g station '" i s 

roughly 100 ft, which produces latitude gravity error 

1. 307 Sin 2 ¢ x 3 ~ ~ ~ 6 0 = 0 . 02 mg a 1. 

4.8.3 Er~9!_. p~e 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 densit y for 

sandstone, limestones and slates is 2.64, 2. 69 and %. ~ 3 

respectively in the area, and the average crustal de n sity 

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 thu s 

obtained, 

0 . 01 2 776 x 0.05 x 1 = 0 . 0006385 mga l/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 l / lOth of a scale division of the dial, 

i.e., 0 .0 1 mgal. 

4.8.5 Error Du e to Inaccurate Base Connection: 

As mentioned earlier. the measurin~ range 

of the Horden Gravimeter is limited, i.e. 207 mgal s. Thus, 

the area with relief 500 m to 25 00 m could not be surveyed 

with a single calibration. Therefore, it became neces sary 

to establish four auxiliary base stations (Section 4.3) . 

Three check points were selected in the area whicb 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 differ~nce 

of the two readings was noted 0.06 mgal. Similarly Stn. 89 

(Shah Maqsud) was approached from auxiliary bas es Mohra a nd 

Ghoragali and the error wa s found to be 0.25 mgal, Station 

No. 113 (Abbottabad) was approached throug h a uxi li.a r y ba s e s 

Mohra and Baragali and the error was calculated roug hly 

0.87 mgal. The last check point is showing relatively 

large error probably due to two interconnections between 

Baragali and the Main Gravit y Base at Zeropoint (I SD), and 

three times setting of the gravimeter. The average error 

emerged due to base connec tions is, therefore, ± 0 . 4 mga J .. 
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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. = =-/(0.3)2+(0.2)2+(3.1)2+(.01)2+(0.4)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 (17 0 

to 210 mgals), it appears to be tolerable (±7.0%) and Lhe 

accuracy of this Gravity survey is well over 90 percent. 
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5.1 SEPARATION OF REGIONAL AND RESIDUAL ANOHALIES : 

5.1.1 Introduct i on : 

The Bouguer Gravity values represent th e c ombin e d 

effect of both the deep and shallow structures l y ing benea t h 

the point of observation . Thus the interpretation of an oma 

lies need to be resolved into regional and residual e f f ect s. 

Regional effects, caused by large scale structures s uch a s 

a basin or a geosyncline, often obscure the e ffect ~ 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 t o 

project smaller features of interest. For separation of 

these effects commonly used procedures may be categorised 

as fo llows: 

a ) Gr aphical Me t hods: 

Gra~hical approach requires a considerabl e skill 

of judgement in estimating regional effect from plot ted 

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 g eolog ical 

information. 

Though graphical technique is an easi e r WCl y of 

separation of anomalies but it involves greater ri sk of 

misjudgement and misinterpretation. 

b) Analytical Methods: 

With analytical techniques residual and r eg i onal 

gravity 'effec ts are separated more precise ly through numer ica 1. 
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op erati ons and this c ould be don e b y f our ways ment ioned 

b elow; 

i ) Ce n tre-poin t a n d rin g metho d 

ii ) Second derivatives 

iii) Polynomial fitting or trend Surface An a l.ys i s 

iv) Downward Continuation. 

For reliable separation the basic requirement of a l l thes e 

techniqu es is gridded data, whereas, the field data is 

ofeenly collected over widely spaced profiles . In that 

situatio n an (linear) interp o l a t e d gridded dat a ma y be 

prepared, and polynomial fitting technique is con s ide r e d 

suitable for separation of reg ional and r es idua l anomalies. 

In the present case, polynomia l fittin g o r tre n d surface 

analy s is techn ique was se lee te d becaus e of the reaS (ln t"h a. t 

the data was collected from irregu larly widely spaced pro

f iles. 

5 . l. 2 Trend Surface Ana lYs i ~-=-. 

Trend analysis is a term used, g ene rally , to 

d e fine the conc e pt of r ecover ing r egional trend s from t\-JO

dimensional data. Application of this method depends partj. 

cularly upon the size of the region being inve s tiga ted a nd 

the size / nature of collected data. For e xample, it is u seless 

to search meaningful local features whose e x pect e d s i ze is 

less than the distanc e b etwe e n sample point s . Th e appl ication 

of tr e nd surface a naly si s On Bouguer anomaly dat a i s based 

on the consideration tha t l.h e Bouguer an omaly v a lues ar~ 

linear function of the ge og raphic co - ordinates o f th e po i nt8 

of observation. This a ctually i s a me t hod t o pass, mathema

tica lly , a best f i tted p l ane of regress i on t h ro u gh t h e 
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observe d data; this plane is regarded as regiona l trend or 

effect, whereas the dev iati ons of observed data from this 

plane of regress ion are called the local or residual effects. 

A first-degree polynomial passed through o ne

dimensional data, like that of a profile, produces a 

straight line which could be defined by the following 

relation. 

L Y 
i 

b + b 1: X o 1 i 
(where i=l, n) 0.1) 

where b
O 

and b
l 

are unknown coefficients to be calculate d, 

X and Yare independent and dependent variables respec tively. 

This equation expanded over two independent variables, lik e 

co-ordinates of observed points, defines linear trend surface 

through the data. 

(5 . 2) 

where Y is the r egressed Bouguer anomaly dep ending upon ch IC' 

co - ordinates (Xl' X2 ) of observed points, as a linear f un c

tion of some constant value (b
O

) related to mean of the 

observations plus an east-west (b
l

) co-ordinate component 

and the north-south (b 2 ) component . Since ther e are three 

unknowns involved in the equation (5.2), we ne ed three n orma l 

equations to estimate their values. 

As a matter of fact the calculated Boug ue r anomal y 

values, for the observed poin ts in the area, produc e a set 

of simultaneous equations gi ven below 

L Y = bOn + b l L Xl + b 2 >: X2 

L Xl Y = b O L Xl + b
l Lxi + b 2 L Xl X2 (5.3) 

L X
2 

Y = b
O 

LX
2 

+ b
l 

LX
1

X
2 

+ b
2 

L X2 
2 
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In matrix form above re lati ons could be defineu as fo llows, 

r n LX
l 

LX
2 

b
O 

LY 
1 

L Xl L X2 
1 L Xl X2 

b
l 

L X Y 
1 

(5 .4) 

L X 
2 

L X
l

X
2 

L x2 
2 b 2 

L X Y 
2 

This matrix of the form AX = Y can b e so lve d for A(h U' 1'1' h) 
using the principle of linear simultaneous equations . With 

the knowledge of these constants and independen t varia b les 

(Xl' X2), the regressed Bouguer anomaly values (Y) could be 

estimated for the obser ved 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 ('{) 

reveal the Residual gravity effect (associated to l ocal or 

shallower features). 

If the first-degree solution does not provide 

best fit to the observed data, then analysi s is required 

in which each geographic co-ordinate is simply raised to a 

higher power to include new variables . For example, [1 

second-degree trend surface is defined by expansion of 

equation (5. 2) 

(5 . 5) 

Similarly, third - degree tr end surface equation is 

(5. 6) 
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5.l. 3 Appl ication of trend surface ana l ysis to Presen t Case: 

Trend Surface method vlas tested On observed field 

date sequential l y from first degree to higher degrees. But 

the results obtained from second de gree t rend s u r fac e are 

mor e promizing due to the following reasons; 

i) 

ii) 

iii) 

Goodness of fit is more than 80 %. 

Regional and residual picture s compa r e 

reasonably with those obtained graphic a lly . 

The estimated regional trends are s ame as 

expected . 
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6 . 1 INTERPRETATION : 

6.1 . 1 Gener al : 

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 mat e 

rial beneath the oceans is denser than the normal, while in 

elevated land-masses it is lighter. 

The Bouguer anoma~y calculated in the survey ed 

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 se d i 

menta ry c o lumn in the ar ea. 

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 road s, 

thus, have been projected , after processing, on straigh 

lines for the purpose of interpretation. These section s . 

therefore, exaggerate the actual geographical trends o f 

the road profiles. The details of the exaggerated profile s 

are given on the next page. 



Profile Route Direction 

A- A' Hasanabdal to Abbo t tabad SW-NE 

B- B' Rawalpindi to Murree SW- NE 

C-C' Rawalpindi to Hasanabdal SE - NW 

D- D' Taxila to Haripur SWVI- NEE & SSW- NNE 

E- E' Ghoragali to ShA.h Maqsood SEE-mVW & SE-NW 

F - F' Murree to Abbottabad SSE NNW 

The processed gravity data used for this integrat ed 

study include the following maps. 

6 .2. 1 

1) Elevation Profile Map . 

2) Free-air Anomal y Pr~file Map. 

3) Bouguer Anomaly Profile Map (with and without 

terrain cor r ection) 

4) Regional Gravity Anomaly Map. 

Integrated Study of Elevation and Free-air Anomal y 

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 e l eva

tion of the station and i s adde d in the observed gravity 

(if station li es over mean sea leve l and vice versa) . A 

dissimilarity betwee n Free -a ir anomaly and the elevation 

may be caused by the effect of surrounding terrai n or th e 
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subsurface density variations that are not reflected dul y , 

(Figs. 6 .3(b) , 6.5, 6.6, 6. 7(b) , 6 . S(b» . 

It is to be observed along the prof ile C- C' (Fig. 

6.5) that the Free - air anomaly increases with the decrease 

in elevation at a distance of 4 km from Hasanabdal, and ma y 

be indicative of the presence of denser s ub surface rock s . 

Observation of the profile A-A' (Fig. 6.3(b» 

shows that the Fre e -air anomaly decrea::;es with linc~1t' r l ' l ' lld 

of elevation, within a distance of 3 km after Mohra, and 

suggests the possibility of a contact zone of low and hig h 

density rocks. Further on, the trend of Free - air anomal y 

follows the topography , in general, ,<lith the e xception of 

minor deviations on certain points ' which may be related t o 

some local anomalous masses. 

Similarly, alon g the profi le D-D' (Fig . n. 6) . ti1(;' 

free-air anomaly shows a positive deviation, with re s ~ erl 

to regional trend, from the topography at a fe w poin t Upt0 

10 krns distance from Haripur, and could b e de velop ed by t he 

existence of relatively high density rocks underneath. A 

negative deviation in Free-air anomaly about 5 km hefore 

Haripur, suggests the effect of low densit y material or 

the surrounding terrain . 

In case of profiles B- B', E- E', F-F ' (Figs.6 .4 (b ) , 

6.7(b), 6.S(b» the Free -a ir anomaly generally conform s 

with the topograph y . 
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Integrated Study of Free-a i r Anomaly And Bouguer 

Anoma l y (Without Terrain Correction) Profiles:-

This comparative study is performed to reveal the 

effects of the anomalous mass distribution s 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 unrelat ed 

to Free-air anomaly, and may be due to a thick overburdon. 

Whereas near Hasanabda l , 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 Maqsood Profile A-A' (Figs. 

6.3(a), 6.3 (b» both the anomalies follow the same trend 

and further towards Abbottabad, their behaviour bec ome s 

opposite, and may be due to mass deficit beneath the e leva 

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», s hows that between 

Rawalpindi and Chattar, both the profiles have similar 

trend, but from Chattar onwards, the Bouguer anomaly with 

some exception is continuousl y decrea si ng pos s ibl y due to 

higher density used for Bouguer correction to bring data 

on the sea level . In Profile E-E' which represent s the 

route Ghoragali to Shah Maqsood (Fig . 6 . 7ea), 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 densit y of the rock types occuring in the area. 

About 3 km after Langrial tmvards Shah Maqsood, the freE'-.:lir 

anomaly shows up and down .:lgainst th e static b e havio u r of 
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Bouguer anomaly. Th e free-air a noma l y a ga in de crea ses 5 km 

before Shah Maqsood, and may be representing t h e presence 

of thick alluvium cover . 

From Tax ila to Haripur (Profile D- D': Fig. 6.6) , 

both the curves follow the same trend, with the exc e ption 

of an elevated segment of 10 km between Tax ila a nd Kha npur 

where they behave oppositely . A rapid decr ease in free-air 

and Bouguer anomalies observed at about 9 kms from Haripur 

strongly sugges ts a faul t c ontac t. 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 &11 the s e p r ofiles 

(Figs. 6.3 (a), 6.4 (a ) , 6.5, 6.6, 6. 7 ( a ) , 6.8(a)), reveal s 

that the terrain correction has made th~ anomali~s more 

s ha r per and p r omine nt . But around Langrial t~e Boug u e r 

Anomaly uncorrected for Terrain (Fig. 6.7(a» have b e en 

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 a ppeared. Terr a i n 

Cor rection has suppres s ed t wo ma jor g ravity l ows ; on e 

near Khairagali and the other near Nawa s hahr. 

6.2.4 Interpretation Of Boug~er Anomaly~rofil~~~!~ 

Context of Geological And Tectonic Maps :-

The Grand Trunk Road. between Rawa lpindi. a nd 

Hasanabdal, obl i quely cross e s the geolo g ical structures 

rela t e d to the Main Boundary Th r ust Zone. As t he de n s ity 
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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 I (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 outcrop s, 

the Bouguer anomaly fluctuates accordingly. About 2 km 

before Margalla Pass, a rapid decrease in Bouguer C1JlCl Ill.'l1 y 

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 b e 

the indication of shallow presence of Cretaceous lime ston es 

under the Eocene limestone. 

The Profile E-E I
, from Ghoragali to Shah Maqsood 

(Fig. 6 . 7(a», crosses major geological structures and the 

rock units, Eocene limestones to Precambrian Hazara sl~tes. 

About 4 km after Ghoragali and upto Phalla, the Bouguer 

gravity generally shows a smooth character over Eocene 

limestone, however, two srnallgr. lows in that segment mark 

the contacts of overlying Lei CongLomerates. Near Ko.hala, 

sharp changes in gravity anomaly are gellerated at the 

contact of Eocene to Paleocene formations, and similarl. y 

the effect of Cretaceous to Paleocene rock units is also 

described by gravity upt o 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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f i lle d with low density mate rial compri s ing o f b a nd s of 

c l a y and conglomerates o f Havelian g r oup (Lat i f , 1970) . 

After Ghoragali, . the Bougu e r anomaly s how s positive 

tendency over the outcropping Eocene limestones . 

6.2.5 Qualitative Interpretation Of Regional Gravitv 

Anoma ly Map: -

Regional gravity anomaly map reve ,11s that (- 11(' 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 t o 

northwestern dips observed in the field. Since the Pr e 

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 Precambrian Ha za r ;I 

slate s . 

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 suggest s tha t 

there is a layer of p las tic rna teria 1 below th e sedim en ta r y 

and metamorphic st r atum 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 he state d 

that during collision process of Indo-Pakistan shield with 

the Eurasian blocks of Afghanistan, Turan and Tarin, 

stresses were compensated by uplifting and d~formation 

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 structure s. 

It is to be observed that within a distanc e 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 reflect s 

that a fault developed within the limestone s of Eoc e ne to 

late Jurassic. Between Nathiagali to Baragali, a positive 

change in the Bouguer anomaly shows that Eocene limestone s 

is underthrusting the Precambrian Hazara Slates as shown 

in Fig. 2.2. 

The Profile A- A I , (Fig. 6.3 (a)) which runs a long 

the regional structures of the area,covers a section 

between Hasanabdal to Abbottabad. The Bouguer grav i t y 

anomaly in this profile gently decreases from Mohra a nd 

reaches minimum just 4 km before Haripur, and then Gta "ct s 

rising upto Shah Maqsood. 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 Maqsood to 

Abbottabad, the Bouguer anomaly does not reflect any 

important feature except for minor negative deviation s 

which may be associated with variations in the thickness 

of overlying young L~i C~nglomerates. 

The Profile B- B' (Fig. 6.4 (a)), between Rawa Ip indi 

to Murree, is almost parallel to Profile A-A ' i.e. along 

regiona 1 strike, and shows similari ty in gravi t y pic ture 

over the Murree formation. A gravity low developed between 

Zero point and Ghoragali, corresponds to a narrow trough 
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TI1is suggests that the basement which was originally 

dipping towards northeast (Seeber and Armbruster, 1981) 

retained its orig inality during tectonic deformation happened 

in Eocene and later, and which is respons ible for generating 

opposite structural trends in the overlying formations as 

are obs erved. 

6.3 QUANTITATIVE INTERPRETATION: 

6.3.1 Two - dimensional Mode l ling:-

The quantitative interpretati.on needs 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 

dirE:!ctly lying on the Precambrian basement (liazara Slate s ). 

TI1e profile A-A' (Fig . 6.3(a) , 6.3(b» which represents 

the later situation qualifies the basic condition of mode

LU.n g and is s elec ted for i nt2rpre ta tion. Two - dimens iona 1 

computer modelling based on Tahvani' s method (1959) is shown 

in Fig. 6.9. 

It is to be examined that with the use of densitie s 

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 wi.th the 

observed Residual Gravity curve. It should also be noted 

that the same density contrast (0.53 gm/cc) is assumed 

be t ween Holocene sediments and limestones (Eoce n e to lat e 

J u rassi.c ) on t h e left fL:lnk . The limestone outcropp i nr a t 

Hasanabdal is inferred to be underlying the basemen t 

(Hazara slates) near Mohra. The model also shows that the 

maximum thickness of the sediments is roughly 400 metres 

at 5 km b efore Haripur (station 8). IThe gradient of the 
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anomaly suggests a low angle thrust fault in the s outhwestern 

part of the area between limestone and Hazara slates. 

6.3.2 Crustal Thickness :-

Crustal thickness calculated from Bouguer anomaly 

data using diff erent relationships, as discussed in Section 

4 . 7, shows that thickness of the crust is 46 km in the 

southwest (near Rawalpindi) and increases towards northea st 

upto 49 . 0 km near Khair aga li . From these thickne s se s 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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7. 1 DISCUSSION: 

TI1e investigated area lies in the western Himalay a 

region which developed due to continental co ll ision of India 

and Eurasia about 60 Ba ago. This collision generated many 

significant features among which are the Hazara Sy nta x ial 

belt, the Main Boundary Thrust. 

The gravity and magnetic studies on the western 

limb of the Hazara Syntaxis provide the b as i s for di sc lI ss 

ing the surficial and subsurface regional structural 

patterns. Regiona grav1 Ey e tfec 't:"S--att:yj-=-bTIte--&- tn- cTYs Lai-l-ilTE' 

basement suggest that the. basement is dipping i.n the NE 

direction as compared to the northwestern dipp i ng exposed 

lithologies. This is a major contradiction and can b e 

explained if decollement theory of Seeber and Arrnbrus ter 

(1981) is taken into consideration. According to their 

model whe~ India interacted with Eurasia, a regional 

system of thrust faults developed all along the orogen i( 

bel t. The mode 1 for the forma tion of syntaxis b egin s 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 n o ma jor 

effect of salt in th e tectonics. The thrusting i n th ~ 

basement as well as in t h e overlying column remai n tog t h J 

where there is no intervening salt layer exi.st s . 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 s ur 

ficial materials can not e xpected evenly distributed. In 

other words, the basement behaviour would be different . 

It looks quite probable in this area that during the north 

ward drifting p r ocess of the Indian plate, the overlying . 

sediments did not move witl l the basement because of the 
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presence of salt lay er and were slipped back e a s ily du e t o 

anti - forces gen erated while pushing the Turan and Tarin ! 

blocks. Thus the s tructures formed in the overly ing s edi 

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, b e ar a s y stem of thrus t fault s aSSC\'

ciated to the limb of Ha zara Sy nta x i s. Res idual g r avit y 

picks MBT and defines i ts northeast e xten s i on to b~ observed 

near Marga lla Pas s (Tax ila), Ghoraga Ii and Kul dan a (Hurree ) . 

An offshoot of MBT being masked by low density sediment s, 

between Hasanabdal and Haripur, is inferred to be lyin g n ea r 

Mohra , Khanpur and evidently marked near Langrial and Nathia 

gali. This offshoot is resulted due to thrusting of Pre cambr

ian Hazara Slates over the limestones (Eocene to late 

Jurassic) . The two-dimensional modelling attemp t ed in this 

area could be done successfully only in the basinal r eg i on s 

because of the reason that sufficient density contrast a s 

required in modelling technique could be attained in t h es e 

zones. In other areas as appreciable density contras t does 

not exist between sandstone and limestone, the modelling 

was abandoned. 
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7.2 CONCLUSIONS: 

The conclusions of gravity and magnetic studies 

around Hargalla and Eazara ranges are summarized as follows: 

(I) The north easterly decrease in the Bouguer anomaly 

(from -172 rnrals in Rawalpindi to -213 near 

Nathiagali) suggests a thickening of low density 

sediments to that direction. 

(II) The traverses along the regional strike reveal 

(Ill) 

the presence of tTNO 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 thes e 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 ~ d e n s ity 

contrast 0.53 gl cc gives 400 m as tbe maximum thick .. 

ness of recent sediments. 

(IV) 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. 

(V) The gravity profiles across the geological struc

tures describe the north-eastern co~tinuation of 

the MBTZ boundary from Hargalla Pass to Ghoragali 

and Murree. 
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(VI) Similar l y, an offshoot of MBTZ p i cked n ear Mohra 

seems to be continued to Khanpur (Prof i le D- D', 
Fig. 6.6) , Lan gria l (Profile E- E', Fig. 6 . 7(a), 

6.7(b)) and Nathiagali (Profile F-F ', Fig. 6 . 8 (a), 

6.8 (b) . 

(VII) 

(VI I 1) 

The gravity behaviour along G. T . Road, between 

Margalla Pass and v~ah Ceme nt Factory, s how s a 

localized small basin, with maxi.mum thickne ss of 

sediments to be 100 m lying over Eocene lime ston e. 

The northwest-southeast trend of regional g r avity 

contradicts the generalized surface geological 

structures and seems to be associated t 1 the crys 

talline basement deepening in the NE direction . 

(IX) The calculated crustal thickness in the area al s o 

increases towards north - east from 46 km (near 

Rawalpindi) to 49 km near Khairagali. 

(X) The cry s talline ba sement shows a dip of 1 de gree 

in the north and increases to 2 de gree s towards 

north -eas t directi on. 
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SCl;ARF.S IHTI-IE[I\ S tH AN D SC~ 4:,,, T'~ r: I\T f' I: .IS ,>1 .. (:( '< $ ' I'; I XT ' , " ' . I .t :!' · 1 '; . 
~ E H ( ENS r. 2 AN C S 113 AS [J Le e K ~ n r rom '.: CUt, <.: < • 
~EThEEN S01 A ~ C SD ~ AS S II\ GL E S~U~RE. 
SCl.AR ES PC:'ITICNL:O AT LESS Tr .~ti s r: l, A !~l: <F.Ci·;r,, ' l. " :. ·'· .F' f l ' , ,; l., .. 't , . 

P U1 IAc prH=2, TO GET pr(ftn OLT OF ElI)CK I~ ~T.:; . 
PU1 ICCRSC=2, hHEN Tf.1~.CCR. FCI~ 1( 'C JECTf:r. SLl : !\ ,U '; I ': 1" ,: :: I : : . 
P~' IPL~Ch=2, TO Pl~CH CL:T ~UT. 
S r A 1 I e t\ N ~ r~ 11 E R, X , Y , H , I: C " G • (lJ H 1< I; C T r: ,: i, : I ( /! t. L Y. ' . ;, ., ~ ; .. ! " . 1 ,! ' • , 
1 C 1 A L 1 F. q f{ A INC 0 R R . AN IJ F I N ,\l T F. i' .1. C I' n " 'J T ,: ,; '. ''. r' r. '. L. y 1 1\ • 

F CR~~T 1 ~,~FH.2,RX ,2F~ .2 ' 
PU1 I\XTSE1=2, 10 PKCC !: SS T\ EX l SE l t:F 1.:,1 h . 

CD=B 
CC = ~ , •• ••• FOR~~T (1 5 , 6r8 . 2 ) 
~CCEPT S CARD S PUNCHEC bY" l'UJGr;O fll\ " . 
" C S 1 •••••• 1 0 E ~; T1 r- I CA 1 I r. N t\ L: ~ P. [R 0 F T :./ ,: ~ T l; T I !~ : J • 
XS1 AND YST lI RE CCIJRfl!t\AH S or 1Hl: 5 HTJr : '~ . 
~ S T" •••••• HE!GHT o r- TH ~ STn1I~N . 

rElGr'S PRINHC IN 1r E GLT rLT M1;: rr~ H ' i: t..'" IT ~ , C;: "II. C!< i l ' :'.1,1" . • 
II e G P R V ... . PRE V I 0 ~ S fl C L G U c ,l At, C ~ A L Y • ( F .. : • ) .'" h.t, " . (. '. K , • I 
R~A'C ..... MATt'R IAL ceRn . ( HEr.LIKEIJ Ff;il r: U\~ I TY I·r r ,·. ' ·' I , '>I!' I ), 

C C R N 5 r, .... T F. R R . COR R [ C TIC 1\ r e RN I: td{ S ': Lt, Ii L :' . ( " .J ( r , i .', r: Ii '. ": . ). 
e P 1 ION A L P.LAt\KS ARE '\I:Cr:PTI\I~ I. r: . 
, Y PEe F P R I N 1 CUT C E P E " esc t'\ II I ': r: R S r. II v i;f, u ,- • 

CC=C 
CD=C, ••• •• NA~F.LIST er:1TC. 
" ~ L C K ••••• N IW U [R I) F lJ L l C K S • ( H f. P c " T E- C F . );i ~,.) 1 ~ , " L I I , T 1-, '. L ) • 

CC=r. 
Ct:=c, ••• • • rOR~ A T (I P. Il.) 
I X e L e K •••• A ~JO [Y 11 L C K • ... ;I i~', ( C r: ,<1'1 [ t·! 1\ r F S ( r T I I I ' i. i i r '" 
IH ........ AVE RAGE hEIGHT CF Sr:U!.j<ES. ( S !~II ' r,), 
S IXTEU, Sr.IJAHFS OF Tli t' L1 LC CK 1,\ IJ :U~P[i< S·:; I. ': · ;' : 
5 C LA i< !:' 5 p es I T I [N • 1 , ? , ') , I. / 'i, 6 , 7 , 'I / I, i " .. L , ,;> / :!, :!" i . , l I 

ccveLE FR E CISIO~ CONS T ' 

elf" E t'.. SIC. N I~C 5 r ( '5 ' J oJ ) , X S 1 ( 5 :, ~ ) ) , Y S 1 ( .) ' J I) ) J S H . ( 'J , , ) , I '. T ( " ' . I , ,~ . i< ( , ! , 
A t\ R E J 2 ( ~ .J:) I , 1\ R [ J '3 ( ');) ) ) ,T\ R t j', ( .~ 1 i: ) ,~ ( .; I , L ( <I ) , I t · I 1 " ) ,I" ( I I. ) , , ( Ii, , J • 
tl Y ( it , I, ) " x S U II ( I. ) ,Y S U 11 ( " ) , S U/A 11 ' ( " ) , S I .!!' S r; H ( " ) ,I I H I I , , I, I , r I· '. '1 " C i '~ : . ) , 
C ~H STSQ( 5 .hl)"~REJJ.( 5 1()), CCRr\ S C( 5; , ;) , ('G~ TCl( ';" ), ,; i.· H. ( " I, 
C t P ( f' f( V ( ~ IJ :') ) , ,, A G 1 P Q ( :; ~J) ) • II Il G J" I !\ ( c; 'I, t\ iJI-I t 0 ( to ' . ). ' ; ,; ~ ,J[ C ' ) , :' I., I l ' . 
• ,),ccr.sc: ( sno),FAII(5 l,'I 

EL~AS[:=rJ .l ; 

6 R E " [ ( 1 , 2) N U /J S T , N P. L lJ K , I " 0 p N 1 , I C l P 'i r; , I S /I 'J r: , 1\ X I :, .. I 
REA C ( 1 , ; ) G RIO, C ENS T Y , S CAL f 1 , S C " I. P , S r. t. L E , , S r: i , ; I . ' • S r " , '. 



~ FCR ~'A T ( t l ) ) 3 F [ AI' A 1 ( ; F 5 • ;:> , 2 F 1 ' j • :, , I, F '3 • .l ) 
\\RIT E ( 3, 1, ) GR IC , t: E~: S ly , )::i\ L L: l, 5[:,~ l , :: : : , 'j r ~ ,\ L I '. , ~ :r : J , :;1":;) , "1': , ' .1:', 

c 
C C,HCLLAT I CN CF CiJNS TIIU S. 

C 

c 

5Cl=5Cl'**2 
5C2 =5 [ 2 >1* 2 
5C3 = SC3 H 2 
5[4=5 L: 4 4*2 
I- G RIC = I) . 5 * G R I () 
1-G R I S C = I- G RI C * * 2 
( R IC5C =(RI l1 *>12 
FCRI SC= 4 . J*G R I CSC 
C 2 = .: J 12 17 6 * 0 F N S TY 
C ; =C. i;" : S* CEN STY 
C C /I; S T = ( (:. b 7 3 '* () E 1\ S T V* G II 1 C S Q * ( 5 CAL L? ** ,' ) ) / ( -, I I [ . t" S r, :_ L t-' J ) 

WR I TE ( 3 S ) N U~ 5 T,NBLC K , CCN5 T ' 
q F CR I' AT ( 1\j',T2t1,'I\Ur-HI ER C F S T .tT J C! I ';" '/ , ;(; , !I ,l .' I, 

A '/I;liMBER OF !3LD CKS=' I fl , / /, L~, ) ,' Cn ~:'-, T !\ r. T " ' , Fl !"S , 1l 
4 F C R I' A T ( ' 0 ' , T ~ D , ' G P. I I) = I , r L I • 'J , / / , T 2 I, , i) U . :; I 1 Y 0, , , r '; 1. :' , / / , T I , 

C 'S C " LEI = , , F 1 () . ) , / / , T 2 r1 , , se t, L C (' = , , r 1. I. ~; , / / , 1 ? " , s.( ,\ 1 , ;, I" , 1 ' I. '-. • 
C / / , T 2 I) , , SC I = , , Fl. ' ) • t I , / / , T .~: I , , S rJ :>. 0: , , r 1 'I, " / / , r ~~ " , <: r: ; " ' , I ) . ' , I I , 
C T20 ,' S[ 4= ', F l ,1.n , /l 

I F (I A[;P/I; T .NE: . 2 ) Gil TC 11 
" r. lTE (3,11 ) 

11 F C R I' f; T ( ' 1 ' , 'A L C K • f' l G. ' , 1 X , , x x X X ' , I . X , , Y Y Y Y ' , ,: X , , 1 1 i. 1 " , :'. ;. :-: 2 
A , ~ 3 3 3 '. I 4 't 't 4 ' , I -) ~ 5: 5 I , ' t t~ ( () I , ' "/ ., 1"/ I , ' ;.1 :, : ~1 I I I ; I~ . : '., t 

B'lO iO ' ,' 11 11 ',' :" 21 2 ', '1 3 1 3 ' ,' 1 ', } ' , ',' 1 ' , 1, ' ; ' ,' lc!(; ' , !I ) 

12 
13 

C 

F C R I' t. T ( 2 X , I 3 , 2 F 1 ,) • 2 , :~ x" 1 6 ( 2 X , I I , ) ) 

CCN Tlt\ Uf 

S TATI CN OATA PR ~ P A Rf; TI CN. 

tc 2 r l l = l, NUr-'ST 

C 
C 

c 

c 
c 
C 
r. 

C 

c 

C 

c 

c 

2 .) 
22 

KEf; [ ( 1 () , 2 2 ) N lJ S 1 ( I ) , X S T ( I ) , Y S T ( J ) , Ii '; T r, ( ! ) , 1 :, ; . ( I ) , C r: ;{ ':. r: ( ! 

f;S T (I ) =I-S HH I ) *SCA L E l 
F H S T 5 C ( I ) = 4 . II * ( H S T ( I ) ,,* ? ) 
S I-S l SC ( I ) =4. n * F ~ S l SC ( I) 
A ~ G P R I; ( I ) " F A /11 I ) - C 2 * ( H S T N ( I ) -- F LI ~ ..... s;:: ) -- I . I ' )1, Ii , ,) I L I', J\ ';! 
CCR1\ SC (I) =O*C OH sr. (I) 
CCR II) =O.i) 
1\REJ1 (I) =1J 
N ~EJ 2 ( I ) =) 
" REJ3(I) ='] 
hRE J 4 (1) =\.i 
1\C e LCK ( I) =(1 
CCt\ TI t\ l: E 
F C R I' f. T ( I 5 , 2 F E. 4 , r f! • 2 , 1 f; X , F Il • 2 , :. X , F II • I I ) 

eLCCK DATA P R E P"R A TIC ~. 

CC 50 l'=l , NR LUK 

RE H(1l ,2 4 ) TXtl LO f< , I Ye LCK,l l
XI: LC K=F LCAT ( I Xr, LOK ) 
Y P.LC K= FL CAT ( IVfl LOK ) 
IF I IHPNT.1I.E . 2 ) Gil Te 23 
~R ITl ( 3,1 2 ) M , Xe L O K,YflL r K,I~ 
IF ( I'CC ( I',':: ) . F. Q.() ) \~ r< I TE ( :\, 7 <; ) 
IF(I' OC ( I', 4 11) . t= Q. t l) h '-! IT F ( 3,1 1) 

2 3 CC/I; TI 1I.UE 
24 FCR I' '' 1( Ie I 4 ) 

[[ 26 1=1 ,1 6 
I- ( I ) =F LOT ( 11- ( I )) 

2 6 C [t, 1 I 11. L E 

1 C T I- = (I. 
TCTS(;I-=C. 

[C 3;r 1=1,4 
C~ LL (C ( RC ( I ,XH LOK,Y B L( K,G R I D ) 
x SLP. ( I ) =xx XX 
YSUE ( I ) =YYYY 
SLI' I- = () . 
S uI' SC I- ( I ) =0. 

CC 2 ') J =I , 4 

CAl L CCC RC (J , XSLll ( I ) ,Y S t; ,~ ( I ) ,1 :;,:;<] ' 1) ) 
X ( I , J ) = '. x x ' 
Y(T, J ) = ~ YYY 
1- f- f- = ). ( K ( I ) t L ( J ) ) 
S L n -= S L I' 1- t I- Ii /-
S l: I' sr. I- ( I ) = S U /1 S Q H ( I ) + /'!I- J-; " ;' ::' 
1 .. 1- ( I , J ) = /- f-H 

29 
C 

((1\ 1 It\l:f. 

30 
C 

S LI'TJ-; ( I ) =S UI'J-; *?, 
TCTI- =TCTH -tS UIITl-J ( I ) 
T (TS C f- = l G 1S C f- +SL V SQ ~ ( J ) 
CCN 1I 1\L E 

C 

c 

T [ 5 T I t'\ G 0 F [) 1 S T At,; r. t: tF r w t E 1\ ~ r t, T I ,--: ~. 1.[ .1 . ' ~ L , (.'t~ P r~ S J r I r ',' • • 
CC 4 , 1 l= l ,NU I' S T 
R S C = ( X [! lI] K - X S T ( I ) ) * * ;> + ( Y f'\ L C K - Y S r ( I ) ) ;"~? 
I F ( R 5 C • ( T • Sr.l ) GeT 0 4 i; , 
/l;CE LCK ( I ) = NC tl LOK ( 1 ) + 1 
IF ( RSC. GT .S [ 2 ) GC TO ]; 

CC 39 11 =1, 4 
R ~ C = (. X S L P. ( I I ) - X S T ( I ) ) ~ *;< i ( Y S l: ~ ( I I ) - Y ::; r ( ) ) ) ,) ;. :) 
IF ( RSC.( T .5C3 ) (C TO Jt ., 
[ C 3!! J J = 1, 4 
R ~ C = ( X ( I I , J J ) - X S T ( I ) ) .;. 72+ ( Y ( ! J , J .J ) .- V', T ( I ) ) ,) ".' 
IF ( R SC. ( E.SC ~ ) GC TO 3 7 



l
CC 

31 

32 

33 

c 
C 

3 7 

C 
36 

39 

C 
35 

ltd 
C 

50 
C 
C 

56 

57 

c 

G 

n [ G I 5 TR 1\ T I G N G r I{ r: J [C r f. D S C U {\ K F S • 
1'-R EJ =K(lII +L(JJI 
I F [t., 11 tJ 1 ( I I • E C • ,' j l et'] T c: J 1 
I F ( 1'- II E J 2 ( I I • i= cJ • 0 I G ti T C J ~: 
I F (1'- H [,J:~ ( r I • E (J. r; I I; (j T [ ::J 

1'- i~EJlI( ll =/,\R EJ 
GC TO 3!? 
1'-1'EJ1 ( 11 =I'\RE J 
GC Te JI: 
1'-REJ? (11 =:"\REJ 
GC TC 3P. 
1'-PEJ3 ( I 1 =I\ I~E J 
GC Te 3E 

('\ L C LL AT IC t~ AN I: )\i)rJ IT !C I': CF HRRfll f\ I~ I . "::" , C TI UJ . 
t- Sr.= ( t-ST( I I - t-H( I I ,JJII* ",~ 
~=5r.~T ( R SC I ' 
TERC=t-5C /( R* ( RSr.-t-G~ISr. 1 I 
CCR (I I =C(K (I I +TE kC 
CCf\TII\LF. 
GC Te 3<; 

H S C = F H 5 T S Q ( I I -I SUI" S Crt ( I I I - H S T ( I I * S IJ ~.q h ( 1 I I 
K=SCRT ( PSC ) 
TERC=hSC/(R*(R SC-Gql rJS C) I 
CCR(II=CCR(I)+TE RC 
CC/'\T !l\'ljE 
GC TU " C 
t-Sr.= Sh S1 Sr.( I ) +TCT 501l-T CH ' * HS T( I I 
R=SCR T(R SC ) 
TER(=t-SC/(R*(R SC-FGRr SC ) I 
CCR(I I = CCR (I )+H RC 
CCt\l !I\I; E 

CCf\lII\LE 
PRINT CUT. I' R r l\T Dtn. I' j; ;: r [l lf . 

I<iRlTE (;,561 
FCR/IAT ('l',T ln ,IT[K i~ . • cr: pr<E [T Ef) P !": UGU1: i< I -, . '.· , I , I' ~ LY f'C ,l '; T i, frc ':' , I '; 

A· · ···'r//I 
~RITE 3,57 ) , F C Ill" II T ( ST . NO. PRE V ,,~f\ Gt-' • H. C r: ;) • P fd':: . .. i '; r. rJ . T " . • r: C ,. l'lJ • M.r.. ~' • 

Af\~LI< ST.NO . r Ei<.CGR.. P L J L eT I I ~ ;, ) )I- .. :[ r r· '· ~. ·cr:, ': l : . 
p. t- E I G t- T ' , / , C ' ( ~C L . 1 PHOt:. 1' :~ C(; . (:: 'd_1 '· ( ~ .J. SI~' . {,· :, I i 
C TCT AL',II 

CC 7" I =l ,NUI"ST 
c ell ( I I =CCR ( I ) *CC" 5T 
t> E G T PC: ( I ) = II A G I' R V ( I 1 +C C n ( I 1 

IF (IC CRSC.NF. . 2 1 GU r c Sfl 
eCRTC l ( l l =CCIHjS~ ( I ) +CCR ( [ ) 
HGF 11'- (I 1 =A BGf'~V ( II +CCR TOT ('1) 

III ~RIT E ( ;,75 ) NO~T (l) ,ABGP R V( II,(. CR ( r l, .\ I' I , r i'I: (I), r. ( · "~ .. ~ I: I J I, 
A ,. e G FIN ( I 1 , t\ [ 13 L [t<. I 1 I ,N CST ( I ) , COl/ r ;J T ( ! I , : !:< F J 1 ( f ) , 'I I·: r, .J .' ( I ) , 1 .. " F. J -s ( I I • 
e f\REJ4( I) ,XST ( ! 1 ,YST ( I 1 ,Il ST( I) 

c c 

C 
58 

C 
59 

5flVI1'-G OLTPUT. 
IF (IS flVE.NE.2 1 GC TO 59 
W KITE (1 2 I fll 1 N G S T ( I 1 , x S T ( I 1 ,Y S T ( I 1 , h -:; T i'; ( I ) , :. ,\ r, P I ~ V I I I , C 1 . Ii r e T I ! ) , 

C ~ P.U I i\ ( I . 
G[ TC 5<; 

Ii R 11 E ( 3, 7 6 1 NOS T ( I ) , II A G I' H V ( [ 1 , ( C I ·~ ( I ) , t, I \ I , T ;:> ;) I i I, r: i J <; T ( ! I , 
A 1'-REJl( II, NREJ2 (1 ), NREJ3 (]) , i\R[ J ~ ( I ) ,X S T ( I I, Y~T (I) ,~ s r ( I) 

IF(I"CC( I, 5 1. EQ.0) WRI TE ( 3 ,7~1 
IF ("' CC (I,"OI .L:C.II I GC Te 6e 
GC TC 74 

til IF (I .GE.N UI--' STI Gr: Til 7" 
WRITE ( 3 , 5 6 ) 
~ R IH ( ; , 5 71 
Clf\ 1 H,LE 74 

C 
7 5 F C n ,.. to T (I 5 , 3 X , F 7 • I , I :( , F 8 • 5 , 4 X , F 7 • I , .I ,. • r (, • ! , :. I. , .. 7 • l , :: i , I 

A 2x ,Ft.l,2X,4if), 2 rl l .2 ,F 'l.2 1 
) , /' I , 1 ') , 

C 

C 

G 

76 F C R I" t, T ( I "i l 3 x , r 7 • 1 , 'X, F b. 0; , "X , F 7. 1 , .1 X , ' : • , ' j x , , ~ , , I [. x , j ~ , , . ; x , 
A Z)(, 4 I 6 , 2 r 1 '.1 • 2 , r', . ;> 1 

79 Fcnl"AT I' ') . 

elF C RI" A T ([ 5 , 2 F 1 .1." ,i, F ij .2 1 

IF ( NXT5 ET. EC .2 1 Gn Te {; 

99 STOP 
OC 
~UEFCUlHt C GOQO (l l [, p), )n, ((G,r 
CO~CN »)h"n 
»»=»)-I CGG~ ( ( -l. l h' II I) 
IF (I JI.(1. 2 1 GC TC 1 2 
"" : ')H((( 
(0 TO I ~ 

12 ))') : ))) -((( 
l~ H1L~~ 

UC 



APPENDIX- F 

c 
(. PRe G R A/" TO CAL C U U ', H T t- [ Tt! I C K tHO S su r r I I i. I, (, J: , r • 
r. 
G f\ U" S T = N C U F S T 1\ T I [J :" S • , fl " = flo e G U E ,< A I'J oj ~' A L Y I ' " ; " 1 ~ , T .T ! I , , I; t , I ' 

r:: r. I/oiE N S r eN 13 A I 4f)O ) , T 11 4 no ) , T? I 4 lJ II ) , T 'j ( ', i i , , 1 , 1 ", I" ' , I , ~d, V ( :, 1 ' I • r, v r; ( i, , ' 

CI,I';C :,T I4 110 1 
NC~ST = 360 
F=FL U I\T lf\U ~ST ) 
CC lJ !=l,NU/oIST 

1 ,1 R Ell ell 2 , 11 ) t ,) 0 S T I I 1 , I~ /I I 1 ) 
wl:ITE 13,131 
CO 15 1=1,NUfJS1 
TIl r I = 33 • --, ) • ' I ~i 5 * IJ A I 1 ) 
T 2 I r ) = 'I , • * I 1 • - Tilt i I ; I ). ~ I , 1:1 'f " ')" I r I I I 
T:? I r) =3 1) . - ' 1. l*flA 11 I 
T41!1= 3 2. '-(). l 8*P.A II) 
JHV( 1 I =CTZ( I I +B ( 1) 112. " ) 
IIVG ( I 1 = (T 1 ( I ) + T 3 ( 1) + T" I I ) 1/:'. ) 
'" R I T f. (3, 2 , ) I !, f\ ~J S T ( I I , T l I J I , T? ( I ) , T' \ I 1 I , 'J " ( J I . .. ; ,',I ( r ) I :, 'J '_ I ; I 

15 CCf\1INUE 
STCP 

11 FGRfJAT ( J5,44X,F~.? 1 
1 3 FeR"':' T (R X , , s - tJ C' , 5 X, ' S 1 -- iW I , il X , ' T H I U-:-!, ' :: X , , T I ' ( I I< ' " ) , ' r I ' I : : r 

C ' , ex, , T f- I C K - '. ' , R X , ' P.lJ S II v I; I , q x , ' T '" V (~ , / / ) 
~ ,) FeR /' A T (/ 5 X, !:i , 5 X , 15 , 6 I 5 X , F I ' 1.2 I ) 

E"G 

• 



APPENDIX- G 

1 0 f~: E r1 : PFdJG f;:A I'1 I= IJF: Tl'JU--IlIr-IEN :':, U JI\I" ,L C; i~' i:;'v'] TY I ' I U])[U._ T I ·~G flY T{~U~ (~~n' !,; t'I ET I ICJ!) l .1 '/:." '-,» -
15 REM:THI S P ROGRAM I S I N GW . 8AS I C ~ CAN BE RUN ON I 8M-PC.IBM-XT , TANDY(10 0 0 -1200 

· .. ~O m :: I' I: T H I S F' RCI(; R ~WI I' IFFD !:; rr\IF'I.IT Dr=- CO '--Clf'm [I' IAT C:; (1 1\1J) (JEi!:;FR 'v ED GR {1'v I T V . 
3 0 REM:OUTPUT IS GIVEN AT THE EN D OF EAC H CYCLE F OR SE LE CTED ADJU S TME NT_ 
4 0 REM:PROGR AM DEVELOP ED B Y MOH AMM AD_ ARSHAD, EARiH SC I ENCES DEP TT . D.A .Un i v ,l SD. 
50 DIM Gl (SO),G2(SOI,X( 50 ,SO I ,Xl (SO ), Z(50 1,TT(SO), S TN(SO ) 
60 DIM Z2 (50) , T(50),T2 (SO ) ,R2(SO) ,X2( SO, 5 0) , Rl( 50), Zl (5 0 ) 
7 0 II'lI-'UT "pmw I LE=" ; F'$ 
80 READ N,G,D,ZO,D1,ADJUSTMENT1,S 
q,) Rnl: I'J=f'IO [)F PO I ~n s , C;'=C:;RA '.,) I TAT I m~AL_ COI\I::,TA I',JT, D=DEI' IS I TV CClI .. nR~'ST. 
100 RI::r'l: lO'=DEPT I-1 TO GUF,FACE OF ,c'd'.J [WIAl. .. DUE; BODY. 
110 REM:D1=MIN.DIFF. OF OBSERVED AND COMPUTED GRAVITY TO BE APPROACHED. 
1 ',:: ') F-:EI1: ::;= SCALE C:ON!3TAr,IT. 
) ::» LF'~( I I-.n 
.l , ·~o LPF, I I\lT 
1 ~:; ':; U ::'I:i lin 
16 0 M=N-1 : C3= 2 *G*D 
[ 7 0 CO= 3 .14 *C3: N3= N-2 
j :30 II,Jf-c'U T "I:, I) ,J lJ STI"IEI-'jT ~"', (~DLTLJ ::i Tr': [I\IT 

1 9 0 IF ADJU S rMENT1 =ADJUSTMENT THEN GOTD 200 EL SE 2 50 
2 0 0 LET L = 10 : C5 = CO 
:': 1. (> (·.,eno ::60 
':'::::0 r:;: [] 'I: l.. = r,ICl 01'= C:YCLr: ~') TU DE FEFWDRr'I E D .. 
2 3 0 RE~I: STN=STA TION NUM BE R, Xl =C O-ORD I NATES OF POINTS. 
';: 4 (1 I'< EI'I: (3 1 = fJ DS [I', \j['.: U (?i F, ( , '.) T ry. 
2 5 0 LET L =6 : C5=. 5*CO 
'?6 0 FClF: J'~ 1 lD 1\1 
T I 0 f~: E: AD S T N (,n , >:1 (:J ) , "Ci 1 (J ) 
,?~3 0 NE XT ,.1 
:,: '':';0 r--(J F ~ [= 1 T O t'- I 

~" y) X 1 ( I ) ,= S * X 1 ( I ) 
3 10 Z(I )= ZO +Gl(I)/ CO 
2;:;:0 Z2 ( 1) = Z(I)':'2 
::::::· 0 I-'JE XT I 
3 40 Z 1 '=ZO"'::~ 
350 U~'R I NT ~:)F'C (<1) "F'f,C1F I LE= " ; F' 1i 
360 LF'R I1\IT "NO OF ~;n,I="; I\J; "G=" ; 13:: "DEr,l::i T TY CCJNTF,P,S T = "; D; "rl I N D I f---r.:- ~~ " :: D I 
370 FOR 1=1 TO N 
~80 FOR J=1 TO N 
3 ,,.0 X <I,J)= X 1( :I)- Xl, ( l) 

400 X2 (I , J) =X (J,J) A2 
itt,) r,JE XT ,J 
4:2,) NE XT I 
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-~4 0 FDFi 1=1 TO 1'1 
45(> T ( I ) ,= l 0 * (1.1 T 1\1 ( X ( I , j ) / Z ': 1 ) ) -.- iYT 1.1 ( X ( I , 1\1) / Z ( 1\1 ) ) ) 
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4'7 0 NEXT 1 
480 LET K=l : Nl=1 
4";-0 I __ ET S 1 "'0 
5 00 FOR I=Nl TO N 
,51 0 FCJf~ :1 = 1 TO N 
5 2 0 T2(J)=ATI\I(XCI,J) / Z(J» 
530 R2(J)=X2 CI,J)+Z 2 (J) 
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