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GEODETIC A N D  GEOPHYSICAL 
ASPECTS OF THE EARTHQUAKES 

I .  Changes of position.-The following are some of the recoqized 
major causes of earthquakes :- 

( a ) Volcanic explosion. 
I 

! ( b ) Explosive outbursts of gas in a petroliferous region accom- 
I panied by eruptions of gas, petroleum and mud. 

( c ) Tectonic shocks arising out of faulting and folding movements. 
The majority of earthquakes fall under category ( c ), the stresses- 

responsible for movement a t  source being structural in origin. Assam 
is well known as a very unstable region of the world and has had several 
major earthquakes. The great Assam earthquake of 1897 was initially 
considered by Oldham to be due to  a general movement along a thrust 
plane but later on he modified his views and thought i t  was a fracture 
produced by a deep seated impulse below the crust arising from expan- 
sion of the magma. 

Some press reports have attributed the very great Assam eartliquake 
of 1950 to volcanic activity but i t  is also really due to  the same causes 
as the 1897 earthquake namely the yielding of the rocks to  great strains.\ 

I n  the areas where known faults exist, there may be a gradual drift 
of the region on one side of the fault with respect to  the other and this 
may persist continuously over a long period of time until the stresses 
produced exceed the elastic limit of the crust resulting in a sudden jerk. 
A shattering earthquake can produce considerable relative displacements 
along the fault. 

Revision of geodetic triangulation in the area can reveal the direction 
and magnitude of the displacements produced by a n  earthquake. 
And if any slow secular upwarping is taking place in a region, i t  can be 
delineated by a line of levels frequently repeated across the fault. 
Normally an earthquake is supposed to relieve local strain by causing 
an upwarp of the region in which i t  occurs, but this is not necessarily 
the case always. 

It is not often realized, that to get a quantitative idea of the earth- 
quake effects ( amount and direction of movement ) by geodetic observa- 
tions entails work which can not be put into operation a t  comparatively 
short notice. It involves a, great deal of detailed planning and much 
labour and expense. There is a real danger if incomplete exploratory 
work is done as i t  may lead even a distinguished men of science to- 
subjugate the fragmentary results to conform to  any of his pet ideas. 
Another complication is, that the geodetic and geological requirementy 
differ and the difficulties of reconciling their needs become greater as 
more is discovered during the course of the work. 

The truth of these remarks can best, be illustrated by considering the 
work done after the great Assam Earthquake of 1897. The Geological 
Department was most anxious to  get displacements in the interior of the 



; Garo-Khasi Hills ( near the epicentre ) and wanted rapid results of a 
!. not too precise nature on which to  base their theories of crustal movements 

involved. 

, This did not tally a t  all with the geodetic point of view. There was 
no Ixincipal triangulation in the Garo-Khasi Hills a t  the time, nor is 
there even now. Only a secondary series ( Khasi Hills ) has been carried 
out there in 1009-13. The geodesists argued that the revisionary work 
should be confined to rigorous observations of principal series only. 
Revision of older topographical triangulations is not worthwhile as these 
were not carried out with sufficient accuracy ; and any changes found 
in the positions of stations would probably largely be attributable to 
errors of older work. 

I n  the final programme prepared in collaboration with the Geological 
Survey of India, a compromise was arrived a t ,  preference being given to 
geological requirements. Shortages of staff and geodetic theodolites 
precluded immediate implementation of a systematic geodetic investiga- 
tion. Mr. Bond was deputed to start work with a 7-inch micrometer 
tlleodolite starting from stations Rangsanoba-Taramun Tila of Shillong 
Meridiond Series ( No. 44 ) and to  work northwards observing a t  the 
principal stations of this series. It was very desirable to  measure a new 
geodetic base outside the disturbed area on which to base the revisionary 
triangulation, but this could not be done. Along with the revision of 
t,his primary series which happens to lie a t  the extreme eastern edge 
of the epi~ent~ral  tract, Mr. Bond was instructed to  refix all the secondary 
points that lay between the Brahmaputra Series ( 56 ) and the Shillong 
Jleridional Series ( 44 ). This area was supposed to be the core of the 
earthquake. ( See Chart I ). 

At the principal stations, discrepancies between Bond's and older 
values ranged from - 14" to + 18" in angles, - 22" to +!I" in azimuths 
and to  a maximum of 1/6,000 in sides. Heights of stations observed a t  
ranged from 35 feet to 6,000 feet and they seemed to have risen by 
amounts varying from 6 feet to 24 feet. Only in one case, Mopen H.S. 
( height 2,581 feet ) was there a subsidence of.4 - feet. 

The geodesists were chary of drawing any firm conclusions from 
Bond's work as i t  was of too rough a character and could not be described 
as a real revision of the earlier primary triangulation. The only firm 
conclusion that  could be derived from i t  was, that all his work lay in 
the disturbed area. Making the questionable assumption that the base 
Rangsanoha-Taramun Tila of Shilling Mericlional Series was undisturbed 

I Burrard* concluded that  the average horizontal clisplacement was 7 feet 
in north-westerly direction and that  there was on the whole an upheaval. 
Hc, however, pointed out that  these discrepancies were relative and were 
of the same order of magnitude a3 the errors of Bond's triangulation. 

There is a tendency on the part of the geologists to relate movements 
associated with any earthquake in India with the process responsible 
for the formation of the Himdayas. It is well known that the Himdayas 
have been folded by compressional forces from the north which started 
at the end of Cretaceous period and are believed to be still continuing 
and yo the geologists expected the Shillong plateau to have moved 
southwards as a result of the earthquake. Oldhamt tried to bring 
Bond's result8 in line with this hypothesis and postulated that the real 
shift produced by the 1897 earthquake was a compression of the Khasi 

- -- . -- -. -. - -. - - ---- 

&port on the Trigonometricel results of the earthquake in Asvarn by Major 8. a. 
Burrerd 14-10-1808. 

t Memoire of the aeoloqical Survey of India, Vol~~rne XXIX, pago 365-366. 







Hills in a north and south direction. He explainetl away the apparent 
changes of position in north-wester1,y direction as disclord by Bond's 
triangulation as being due to  the fact that  the initial base lay in the 
affected area and was disturbed and that  an excej~ive value had been 
taken for it in the computation of the triangolation. This is really not 
justifiable, as by suitably changing the length of the opening bare side, 
results can untloubtedly be derived to harmonize with any preconceived 
theory. The only way to prove it is to determine the length of this 
opening side independently and i t  has not been possible to tlo it so far. 
Oldham's conclusions can thus only be regartled ar  mere speculations. 

The b11lB of the principal t,riangulation of Intlia was oxecuted in 
the last century and its principal deficiency was that India was neither 
connected to Assam nor to Burma by primary triangulation. Chart I1 
shows the state of affairs a t  the time of the 1897 Assam earthquake. 

The single lines denote secondary series ant1 the double lined primer$ 
series. On account of difficult terrain, the connecting series 16, 48 
( from Calcutta to Cllittagong ) and 55 could only be observed tjo second- 
ary precision. I t  was for this reason that when the Tndiar. triangulation 
was acljnsterl rigorously in 1880, Burma triangulation was not adjusted 
along with it, as not only were its connections with India weak but alqo 
the entire network contemplated for Burma had not been completed bv 
then. During this century, the main efforts have been directed towards 
fulfilling these deficiencies. Several primary series have been measured 
in Burma itself and in 1034-36, the Assam Valley serie.3 No. 55 of 1867-78, 
which was of secondary quality was revised according to geodetic 
standards, observations being takop with the large Wild theodolite. 

The observations were started from a side of the main Assam Longi- 
tudinal Series ( No. 34 ), but this was considered suspect a9 check observa- 
tions to other older stations revealed that angles had changed from 
+3" to -5". Accordingly in 1938, the Assam Longitudinal series was 
also revised for about 60 miles westwards from this opening side. This 
series was in the epicentral area of 1897 earthquake and its further 
revision was desirable, but i t  was impracticable to do more work on it. 

I11 so far as the revisionary work went, i t  was of very gootl quality 
and enabled a reliable comparison to be made with the old precise series 
of 1854-60. The results are discussed on page 5 of the Survey of India, 
Geodetic Report 1938. 

To make the most of the irlcolnplete data available and to get some 
idea of the displacernents involverl, it wilq assumed that t,lle terminal 
stations of the revised portion of Assam Longitndinal Series in longitudes 
90" 30' and 92" 16' were nndisturbed. Compt~risons t,llen reveeled 
southerly movement,s relnt,ive to t,l~ese stations, nssumed fixed, of as 
much as 10 feet. The inagnitude of theso relative errors is beyond 
doubt as the tlriangulation was of superior quality and it,s errors in this 
short rlist,ance would be negligible. , Resting as i t  does on t'he above 
qusstionnble assnmption, however, i t  offers only a weak confirmnt'ion of 
t'he theory that the earthquake wns producod by tt~ngential stresses 
from the north. 

The present situntion is, that despite the lnrge amonnt of revisionnry 
triangl~lnt~ion (lone, the results admit of ltlternative explttnat~ions and the 
evidence in not free from ambiguity. So great is the cost of geodetio 
work and so slow its progress that the Survey of Intlie has not yet 
ln~naged to choose the base for their work outside the isoseistnel ere& 
with the result that tho question of absolute shift duo to the 1897 earth- 
quake is ~lnanswerable even to-day.. 



This shows how difficult i t  is to  delineate nlovments due to an 
eartllquake by determining changes of position as revealed by means of 
revisionary triangulation. \ It is necessary to  go quite a long way to 
start from an  undisturbed base and then the triangulation scheme may 
become so long that the accumulated errors of triangulation may well be 
equal to  the actual shift due to  the earthquake./ 

It is of interest to record the effects of the 1950 Assam earthquake 
on the existing triangulation series and also lay down suggestions for 
future triangulation control data 'in the areas affected by it. The 
epicentre of this earthquake as determined provisionally ( 29", 97" ) is 
beyond Indian frontiers and is in an out of the way barren region. The 
only existing triangulation inside Isoseismal X is a part of the secondary 
Assam valley triangulation spanning the Brahmaputra river and terminat- 
ing a t  Sadiya. It was executed in 1874-76 under very difficult condi- 
tions due to which accuracy had to be sacrificed. This series which was 
made up  of triangles of very small sides has now been deleted from our 
list, because most of its stations were on masonry pillars and on marshy 
land and have now completely disappeared.. 

As mentioned above, to  strengthen the Assam-Burma triangulation 
link, the western half of the Assam Valley series which comprised triangles 
of reasonable size was revised in 1934-36. This portion lies in Isoseismal 
IX of the recent earthquake ( see Chart I ), and some of its stations if 
not all must have been rendered unreliable by the recent shaking. An- 
other series which comes within the zone of the 1950 earthquake is the 
northern portion of the primary Mandalay series which had been executed 
in 1936-37 to make the junction with Indian triangulation complete. 
We thus see, how the earthquake of 1950 has been instrumental in 
weakening the precise link that had been established between the primary 
frameworks of Assam and Burma. 

A precise astronomical azimuth had been observed a t  Namtiali base 
in 1934-36. I t s  revision this year may throw important light on the 
relative shift of stations in this locality. 

- 
A new triangulation series ( see Chart I ) starting from near Dibrugarh 

to  Sadiya and thence to the primary Irrawaddy series in Burma would 
cover a very important area. I t s  execution would depend upon condi- 
tions extraneous to the earthquake as i t  passes along the Chinese frontier. 
It would entail heavy expense as apart from clifficult terrain, much of 
the country is uninhabited and some parts fall in unadministerecl tribal 
areas where special military escorts and the help of Political Officers is 
necessary. I ts  immediate implementation is out of the question, as the 
Burma Survey Department is not yet in a position to undertake any 
geodetic work. But when i t  does materialize, i t  will provide good 
control points in the present earthquake zone for future reference 
purposes. a 

2. Changes of levels associated with earthquakes.-Every severe 
earthquake is associated with visible changes of level at some places and 
quite often very exaggerated accounts are given about them in the press. 
I t  is often arglietl that land tentlx to rise as a rosult of the earthquake 
t o  relieve the accumuli~tetl stresses which have given rise to it. 

In the, Survey of Tndia (ieocletic Report, Volume VI ( 1929-30 ), it 
W:LH inferref1 from levelling data that parts of the alluvial plains of north 
Y,(:ng~l had heen rising a t  the rato of about 4 inch per yoar for the last 
70 yiyurn relst.ive to tho neighhourhood of Cnlc~ltta, Calcutta itself having 
remsinc?tl ~ t ah le .  When the, BihLr earthqualto ocourretl in 1934, this 
llypot ht.nin ansrlmetl spacial importa~lco as it fitted in with the usual 



theory that  the earthquake had produced a sudden rise of the land in 
contin~xation of this secular rise. A plausible corollary followctl natnrslly i' 
from this, that  i t  represented a tendency of the crust to  reach isontatic; 
equilibrium. 

Later investigations* based on more material covering witler areas 
revealed that the postnlate of secular rise was based on insecure clata 
and was quite untenable. 

Considerable levelling was carried out in the earthqualce area to see 
what kind of general changes had occurred. %The  final indications were 
that the Bihiir earthquake had actually caused a general subsidence over 
north BihZr up to a maximum of about 14 feet. Many individual 
bench-marks suffered much greater subsidence up to  4 or 5 feet but this 
was purely local. 

Many theories can bo advancecl about this unexpected sinking 
connected with the earthquake instead of upheaval, bringing in isostatic 
agency. This sinking may be taken to connote that  the earthquake 
has tended to  increase the lack of isostatic equilibrium in this area which 
may be a region of mountain formation. Quite a good commonsense 
explanation, however, would be that there might be a certain amount 
of consolidation as a result of the heavy shaking to which the alluviunl 
has been subjected by the earthquake and the amount of silt and mud 
that has come out through the fissures. 

Normally, the rise or fall of land due to  a severe earthquake neecl 
not always be great. I t  is the-largeness .of the mass that plays a n  
important part. Thus, in t h e  great Kangra earthquake of 1905, Dehra 
Diin was raised by 5 inches only while Saharanpur ancl Mussoorie were in 
tact. To get this result, very elaborate levelling had to be clone. This 
sudden rise of the Siwalik axis due to the earthquake is in accordance 
with geological conception. The geologists have always suspected this 
region to be subject to secular upwarping and repitition levelling seems 
to bear out this hypothesis$. 

The changes in height produced by the 1897 earthquake are not 
definitely known. Bond's work indicated upheavals of over 20 feet a t  
some stations but then a lot of it may be due to  errors in his work. The  
later precise revisionary triangulatioil ( 1934-36, 38 ) of Assam Longi- 
tudinal Series was equally inconclusive. At the majority of stations 
there was no change. Some of the stations exhibited rises of 4 feet or 
so but these may well be due to refraction anomalies. 

There is a precision levelling line ( No. 7 7  G ) running from Ganhati 
to  Dibrugarh along the soutll bank of the Brallmaputra, which was 
executed in 1010-11. At Uibrugarll itself, there is a. stantlard bench- 
mark and en route there are some good rock-cat ant1 enlbetltlocl bench- 
marks. It is contemplatecl to relevel this line next ficld season and to  
extend it to  Si$clip ancl it shoultl provide n \.elSy accurate (1uantit;ttive 
picture of the ainorlnt of changes wl*onght by the 1!150 earthquake. 

At the same tiino it is intended to take the opportunity to  run a 
level line and establish permanent bench-marks a t  intervtlls of 10 miles 
along the north banli of tho river as well ant1 to con~lcct this line to t,he 
lino along the south baillc of the river by crossing the rivar a t  Tezyur 
and at a nulnber of othor pl~~ces.  Tho proposed levelling is shon.11 on 
Chart 111. I t  will take two det,achments ovor sis ~nontlls to do it. . 

* (:rodct~c Rcsport. Survcy of Indiil, 1933, p. !)7 ; 1!)3(i, p. 93. 
t SIII.VOY of Indi:~, Tochnicul ltcport l!l48-40, Part I l t ,  C1111pbr 1 I ,  p.rrt\ 13. 



A tertiary levelling line was run in 1949 from Dibrugarh t o  Rengging 
via Bar Hapjan, Kobo and Pasighat along the Dihang river. A number 
of bench-marks were cut on rock but not suitably protected. It has 
recently been reported in the press that  the Dihang river has suddenly 
risen by about four feet. It would be interesting to relevel this line 
precisely and to establish some permanent bench-marks along the route. 

3. Geophysical Considerations.-It is a common belief that seismic 
areas are associated with significantly large negative gravity anomalies. 
This belief originated from the strilring results obtained by Vening 
Meinesz in his submarine cruise in the Netherlands East Indies some1 

I 
twenty years ago. He obtained a narrow strip of pronounced negativg 
anomalies bordered by positive anomalies throughout a whole length of 
5,000 miles or so. These anomalies had no semblance with the surface 
topography ancl were interpreted as mailifestations of a great phenomenon 
going on in the main crust, which is beyond the reach of geologist's 
observations. To give a physical explanation for these striking anomalies, 
BIeinesz brought forth his buckling hypothesis that  in this region there 
are enormous compressive forces which are producing folding. This in 
its turn brings about accumulation of light surface matter in the'denser 
magma of such consiclerable proportions as to produce these large negative 
anomalies in question. 

In  India, Bihlr and Upper Assam are regions of underload .and 
earthquakes have occurred in them. Some investigators have regarded 
this as confirming the same general principle of correlation between 
seismic zones and negative gravity anomalies. There are, however, 
marked contradictions. 

For example, Vening Meinesz did not find any strip of negative, 
anomalies in seismically active parts of the Atlantic Ocean. --- / 

Then again South India, which is a very stable region oxhibits 
negative anomalies while the Shillong Plateau which is the seat of the 
great 1897 and other earthquakes is markedly positive. 

Several attempts have been made in the last few years to evolve 
sotne sort of gravity anomalies which wonlcl be directly correlated with 
subsurface structure and seismic zones. The aim is, that such anomalies 
sholiltl provide certain simple basic characteristics for regions in which 
devastating earthquakes can occur. I f  this were possible, i t  would mark 
a great step towards the prediction of future earthquakes. Experience 
shows, however, that nature does not permit of such simple generaliza- 
tions. Indeed so complex and varied are the physical causes of earth- 
quakes tha t  any unduly simplifietl correlations are bound to be utter 
failures in the long run ancl whatever success is claimed for some indivi- 
dual cases is entirely fortuitous. 

The gravity anomalies in each region have to be considered on 
,their own merits for explanation ant1 this depends considerably on the 
history of the region. The line of pronounced negative gravity anomalies 
extending from the seas to the south-west of Sumatra and Java to 
Malacca Pas~age  is a tectonic line of structural instability and charac- 
teriaes a region which is in the first phase of mountain formation. It is 
reaaonable to consider it as an extension of the Himalayan line of negative 
anomalies ( Ganges valley and outer Himalayas ) to  which i t  is joined 
up by the north-south line of pronounced negative anomalies in the centre 
of Burma. But this does not entitle one to infer that every region of 
underload as evidenced by gravity or geoidal results is ripe for an earth- 
quake. 
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At this stage i t  will also be well to  be clear about the types ofgrevity 
anomalies that  may be used. There are a considerable variety of them 
these days and they are often indiscriminately mixed up with eeoh 
other. Every type of anomaly is based on certain assumptions and has 
certain limitations and unless these are clearly understood their use can 
lead to  erroneous interpretations. 

In  the main, the anomalies may be denoted as A, B, C. D, E, F, 
G and H. Of these the first two are the usual Free Air and Rouguer 
anomalies and are well known. 'Che C anomaly is the Isostatic anomaly. 
I t  can be computed now-a-days in Inore than a dozen ways depending on 
the particular type of compensation arsumod. A rigorous computation 
of these involves estimation of heights all round the globe for each station 
and is laborious and time consuming. For quite a number of invertiga- 
tions, a reasonable working compromise is sought by introducing some 
sinlplification in the reduction. 

Of the remaining types of anomalies, two deserve special mention 
as their implications are not so clearly understood. These are the F 
anomalies brought forth by Glennie* and the G-anomalies by Evans 
and Compton*. 

The F anomalies have been used as the basis for deriving the crustal 
structure lines for India. The lines of crustal downwarping are claimed 
to be indicative of regions where shattering earthqilakes can occur. 
Such anomalies come under the category of what are called mixed 
anomalies and suffer from several sorious objections. They are based 
on ad hoc aswmptiona ancl are only useful when applied to  a stritly of 
limited regions. Amongst other thing;.;, their derivation involve3 H:byforcl 
con~pensation being taken as usual in outer zones and beins neglected 
in inner zones up to 120,000 feet. T t  also involves an assumption about 
the magnitude of the "Hidden Range" and its excess clensity which is 
liable to a considerable error. From their very nature such anomalies 
cannot be applied to India as a whole, as they would lead to the following 
inconsistency. Consider two stations Shillong and Dibrugarh ( say ). 
For deriving the anomaly a t  Shillong, the area of about 24 miles rorlncl 
it is considered uncompensated but for deriving i t  round l)ibrugarh, the 
same area is reckoned as compensated. The anomalies a t  the two 
stations are thus not comparable. 

Such mixed arlomalies are only ~isefril when small areas are involved 
and when i t  is desired to obtain correlation by trial and error between 
the anomalies and the geo1og.y and are not a t  all suitable for the st,udp 
of sub-crustal features of Inclia as a whole. 

Evans and Colnpton have in their papert atlvocated the use of G- 
anomalies. These are I-igorous Rouguer anomalies correctetl for loc,zl 
geology. The Bouguer anomalies are usually computed on the assump- 
tion that the criistal rocks have a density of 2 -67 and can only be 
regarded as preliminary due to the fact that  vast areas in India are covered 
by light alluvium and by tionse traps where the above density value 
does not hold. The deairnbility of allowing for local geology had boen 
recognized by previous workers but there were difficulties in computing 
it. Just  beforo World War 11, the Burma Oil Company established 
6,000 gravity stations with gravimeters in Eastern Rongal, the Shan 
Plateau and Burma and considerable attention was given to the method 

+ ~ u r v e J  of Indie, ~ e o d e t i c x o ~ o r t v  1937. 1931). 
t " Geologicel factors in gravity interpretation illustrated by evidence from India end 

Burma "--Quarterly Journal of the oeologic~l Sooiety of London, Djoember 1916. 



for their reduction. It was considered desirable to make adequate 
allowance for the geological structure round each station and to avoid 
laborious computations ; special templates wore devised by the Survey 
of India, under whose direction the reductions were carried out for some 
stations. The density data was provided by B.O.C. geologists up to  
a depth of 30,000 feet for a radius of 20 miles round the station. 

This is the most comprehensive work done so far with such a type 
f reduction, but it  has to be realized that the uncertainty of geological 

correction can be extremely large. It is really a method of successive 
pproximations. The objective of the gravity survey was to derive 

I nderground geological formations from gravity data. As a first approxi- 
ation, a rough guess is made of the densities and allowance made for 

hem in the computation of the gravity anomaly. But such conjectural \ ata may be very wide of the mark. He'nce, although the G-anomaly 
is of the rigorous variety, i t  includes a correction which is subject to a 
large uncertainty. This uncertainty is inevitable under the present 
circumstances and the only proper course is to increase our knowledge 
of geological data in this respect. The computation of such anomalies 
has, however, served a very useful purpose in that i t  has given an idea 
of the geological effects, which are very significant indeed in such areas 
as Assam and Burma tertiaries. 

t 
In  view of the shortcomings explained above, no dogmatic con- 

clusions should be based on such anomalies. Any theory advanced on 
the basis of such anomalies must be conqidered provisional and subject 
to modification in the light of more reliable data. 

A further important point is, that in the Assam area, even the 
ordinary Isostatic anomaly is burdened with considerable errors of 
reduction due to the fact that no reliable topographical maps exist for 
this area for getting the heights of the various zones for evaluating the 
effects of topographv and its compensation. Normally one-inch maps 
are used for estimating the heights for the inner zones, but in this area 
for some cases even the $-inch or 1/M maps were not available and the 
Average Height Map of India on the scale 115 M had to be used, 
which is very generalized and as a consequence of which the estimated 
heights can be in error by 200 to 300 feet. Fortunately, the anomalies 
are of such large magnitudes in this area, that an error of a few milligals 
in the reduction does not alter the pattern materially. - 

While no universal relationship between gravity anomalies of a 
particular pattern and seismic zones can be laid down, it  is of interest 
to put forth the indications as given by the gravity results in Assam. 
The amount of gravity material is, however, insufficient, and much more 
detailed observations are needed. 

A study of the iso-centres of the numerous earthquakes in Assam 
reveals that they are distributed a t  random irrespective of the sign of 
the gravity anomaly. Quite a few of them are situated even on the 
zero anomaly line. 

From Chart IV which shows the isostatic gravity anomalies in Assam, 
we see that the epicentral tract of 1897 earthquake lies in a region of 
elevated geoid and positive gravity anomalies, while the indications are, 
that the 1950 one is in a markedly negative region. The plumb line 
deflection data in this area is practically non-existant. 

The range of the I~ostatic anomalies in Assam is considerable. I t  
var ie~ from - 120 mgal~. to +lo8 mgals. Allowance for geology does 
not materially alter this range. This may be taken as indicative of the 
inntahility of the region. 







The picture of G-anomalies is naturally very different from thet of 
Isostatic C-anomalies. The former are necessarily much more negative 
as they do not include the effect of compensation. Even8 ant1 Compton 
claim that they show a close correlation to main tectonic lines. Thus, 
Upper ilssam valley is a region of strongly marked negati;e anomalies 
and so also is the line of maximum riplift in hills separating Assarn nnd 
Bengal from Burma. The volcanic line of Burma and the Bengal and 
Irrawaddy deltas are regions of excess gravity. Prom what has been 
said above, i t  is apparent that  these  conclusion^ should only be regarded 
as broad tentative generalizations until more definite data is available, 
or the computation of geological effects. 

A point of considerable interest is, that the greatest positive and ,  
negative anomalies in the whole of India are to be found in Assam. 
Thus, North Lakhimpur ( Lat. 27" -2,  T,ong. 94" a1 ), where considerable 
damage has been done by the 1950 earthquake has the largest negativo 
Isostatic anomaly :-Agn = -2x4-mgals. Ago = - 12kmgals. Heflong 
( Lat. 25" .2, Long. 93" -0 ) has the largest positive anomaly in the whole 
of India AyB = $0.039, Ago = +I08 - mgals. At Dibrugarh also, the 
anomaly is very large. - 

The region in which the epicentre of the 1950 earthquake lies iu 
very difficult of access. I t  would be of great interest to take gravi- 
metric observations thcro and delineate the litnit of the pronounced belt 
of negative anomalies to the south-west of it. 

To add to our knowledge of lack of isostatic balance in Assam area, 
i t  is also proposed to run gravimetric traverses during the next field 
season along the north and south banks of the river Brahmaputra from 
Gallhati to Sadiya. 

No observations for deviation of the vertical have been made so far 
in this area and information about the height of the geoid there is entirely 
lacking. I t  is contemplated to do some observations in this respect also 
during the coming field season. 
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