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Showing the Pre-Tertiary Table-land to the south, 

the Tertiary Mountains to the north, 

and the intervening Alluvial Belt. 
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On the Origin of the Himalaya Mountains. 

A CONSIDERATION O F  THE G E O D E T I C  E V I D E Y C E .  

(This pzper is an amplification of a lecture giveu a t  a meetiug of the Astronomical Society oE India in Calcutta on 
February 'Jtll, 191 2.) 

Throughout the Himalayas evidence exists of the crumpling of the Earth's crust;  a portion 
of the crust has clearly been compressed inOo a smaller area of the spheroidal sul-face than it 
originally cjccupied. The outer crust has behaved as  though it were a carpet; the Hilnalayan 
portion has been wrinkled and folded, and whilst undergoing changes of shape it has retained its 
original superficial area undiminished. 

The origin of mouutains is genelally explained i n  text boolcs as follows : ~ n o u n t a i ~ ~ s  are 
wrinkles of the Earth's crust; the wrinkling is caused by the cooling aud shrinkage of the core; 
the outer shell sinks down upon the contractiug nucleus, the lateral cornpressioil produced throw- 
ing the crust into undulatious. 

In  his P h y s i c s  of the Earth's Crwt, however, Osmund Fisher has shown that it is not possible 
to  assume a shrin1;age of the Earth's radius sufficient in magnitude to account for the \vrinl;ling of 
the surface. 

The folloming extracts illustrate an interesting geological interpretation of the 31ountains of 
Asia :- 

The great series of parallel plications in Asia are supposcd to have been caused by a, horuontal thrust from tlie north : 
the sediments of the Eurasian sea were forced against the northern coast of the once c o n t ~ ~ ~ u o u s  Indo-Afrrcnlt coutiueutnl 
mass, which stood like a buttress in the path of the advaucing earth-waves. (H. H. Hnya'err : Sketch of G e o g r ~ p l ~ y  a t ~ d  Godogy 
ofHtsrnlnynn illorirrtni~rs, pngc 48.) 

The whole southern border of Eurasia advances in a series of great folds towards Indo-Afrim: these folds for Ion: 
distances aTe overtliru~t to the south against the.Indo-African table-laud. (Edlmrd Sltess: Th Fncu o j  the E u ~ t l ~ ,  T-01. I ,  p ( y r  
59G, Sollnn's tirrrrslntior~ .) 

As one stands in front of the ovcrfolded chains of the Himalaya there seems to Imve been a ruovemellt oE the whole msse 
of Asia torvards the south. (Grrcsbnch : Gcolgy  oj'thc Cerrti~czl Hi~rralnyar). 

I n  Volume 11, page 195, The Face of the Earth, the great Austrian geologist calls the 
Peninsula of India "all obstructive fragment." This obstructive fragment is supposed to be oppos- 
ing the advance of the Himalayan folds which are moving southwards froin Siberia. 

I11 plates NO. I and No. I1 attached to this paper the fraglnent of the anciellt continent 
is shown as a dotted area; the folds 011 the north are shown in plate I as a lined area. 
The dotted area represents an undisturbed relic of the Eart,hJs pre-tertiary crust,. (The scale 
of plate I is 

Suess's interl~retation of the orography of Asia is based upon two indepellde~~t series of 
o b s e ~ ~ a t  j ~ O 1 l ~  ' :- 

( a )  The plan of the mountain trend-lines. 

( i i  ) The over-thrusting of the folds towards the south. 



The argument from the plan of the trend-lines is this : the trend-lines of the mountain-ranges 
are curved alignments, they are arcs which are convex towards the obstructive fragment, i.e, 
towards the south. They are a series of earth-waves advancing towards the south. 

Five rent arcs turned towards the south align themselves one after the other across the continent. ( Stass : Fnce of the 
Xarth, Vol. 5, page 505). 

It is true that the Himalaya Mountains and the mountains of ~ i luch i s t an  take the form of 
arcs convex towards the south. But in my opinion the following great ranges are convex towards 
the north :- 

the Hindu-kush, 
the Ninchin-tangla, 
the Altyn Tagh. 

I have &awn these ranges upon plate I1 of this paper. The evideuce of the trend-lines 
appears to me to be contradictory. 

Now with regard to the second argument based on the overthrusting of folds, geologists 
have found that the Himalayan folds are overthrust towards the south. But the direction of 
movement of the range cannot be ascertained from such data. When folds are overthrust 
towards the south, they have the appearance of being pushed southwards from the north: but 
another explanation is possible, and that is that the sub-crust upon which the folds are standing 
erect is being moved northwards, and that the folds overbalabce towards the south. 

The great objection to Professor Suess's interpretation of the mouutains of Asia is that it is 
opposed to the theory of "mountain compeusation." I n  appendices I and I1 of this paper, I have 
discussed the results of geodetic observations. The mountains of northern India are largely 
compensated, more so I believe than are the mountains of central India. The Himalaya 
Mountains are compensated to a greater extent than they mould be, if they had been crumpled 
up through "the whole southern border" of Asia advancing southwards towards India "in a 
series of great folds." (Suess: Polunte I, page 596.) 

I f  the whole surface of Asia is advancing towards India an immense excess of mass must 
be accumulating along the northern frontiers of Iudia. The geodetic observations show that no 
very large excess of mass exists. 

If folding of strata denotes the compression of a portion of the surface into a smaller area, 
the mountains so formed may not be isostatically compensated. It is true that the Himalayas may 
not be completely compensated, but still their excess of mass is considerably less than what it 
appears to be. They are largely compensated by deficiencies of matter beneath them. 

Professor Suess does not admit that there is any deficiency of mass. 

The eHisting state of observation does not justify us, in the face of so many contradictory facts, in regarding the existence 
of deficiencies of mass beneath the mountains as proved. Itwould be inconsistent with all geologicrrl observations. (Stass: 
The Face of the Earllr, Pol. 1 V, pnge 61.4.) 

Whilst the attraction of the Himalayas upon the plumb-line is partially compensated 
by deficiencies of mass underlying the mountains, its remaining effects are completely neutralised 
by the extraordinary deficiency of mass underlying the gluyial. belt that is situated immediately 
to the south of the Himalayas. What is this extraordinary deGiency under the alluvial belt 
due to ? 

ProEessor Suess explains it as follows :- 

All the figure~ determined by tho plummot may he explained on the assUmption that the foredee is filled with sediment 
ol a legs lennty l)encrth which the ancient rocks dip from the south. (Stlc88: The F,ae of the Enrtl. F o i  IV,  page 6 I A )  

I n  my opinion it is not possible to explain the dotlections of the plumb-line, recorded in 
table I, ( page 11 of this paper ), on any hypothesis of uncompensated mountains combined with a 
foredeep filled with light sediment. 



The Himalayan l ine  o f  low density. 

Recent geodetic observations have brought to  light the existence of a deficiency of matter a t  
the foot of the Himalaya Mountains. The  Himalayas rise suddenly out of flat alluvial plaine, 
and our plumb-lines show that all  round the base of the mountaius there is a deficiency of matter 
resembling a deep invisible channel or trench. The Himalayan side of the  trench appears to  be 
a steep mall; the southern side of the trench has a gentle slope. But  all is hidden from sight, 
buried under the alluvium. 

The results of the plumb-line observations (see appendix KO. 1 )  in  the Indo-Gangetic 
plains (plate I )  may be surnmarised as  follo\vs : the deflections of the plumb-line i n  the meridian 
show most extraordinary variations all along the foot of the Himalayas: between Kurseong 
and Jalpaiguri, for example, the deflection changes -L5" in  25 miles. As a rule, all over the earth, 
deflections of the plumb-line are smaller than the attraction of visible topographic features would 
lead us to expect. The attraction of the Himalayas is on the whole inconsiderable. B u t  across 
this one long line a t  the Himalayan foot the change i n  the deflectiou is actually much larger t h a n  
it  would be, if the Himalayan mountains were exercising their entire attraction uncompensated. 
Between Kurseong and Jalpaiguri the change in deflection, calculated from the uncompensated 
topographic features should be 25". On Hayford's huypothesis of isostasy this change should be  
15". The actual change observed is 45". 

Kurseong and Jalpaiguri aqe typical stations of the Eastern Himalaya. I n  the  Central 
Himalaya we find a t  the foot of the mountaius that the deflection of gravity changes 43" between 
Birond and Nimkar. The change here in the deflection, as deduced from the topographic features 
uncompensated, is 31". The change here in the deflection, as deduced from I-Iayford's hypothesis 
of isostasy, is 13". The change actually observed is 43''. 

I f  we go to the Western Himalayas, we find that  a t  the foot of the mountains between 
Dehra D611 and Kaliana, the change in deflection, deduced from topographic features, is 29") the 
change in deflection deduced from I-Iayford's hypothesis is 15", the actual change in deflection a s  
observed, is 30". There is no question about these figures; the same results are obtained through- 
out the whole length of the Himalayas.* 

Here me have a n  invisible channel. Across the channel there is a sudden change in the 
direction of gravity : in  the regions to the north and south of the channel the direction of gravity 
alters very slowly. 

0% t i e  origin o f  t i e  l i l ~ e  o f  low density. 

The main point, that I wish to  emphasise in this paper, is the existence of a line of lorn 
density, and my object mould perhaps be more surely gained, if I now refraiued from speculating 
upon the origin of the line. The existence of the line is a fact ;  i ts origin is conjectural. The 
existence of the line of low density is the significant fact of Himalayau geodesy. 

I n  discussing the meaning of the line of low density, I have to make some assumption 
concerning the compensatioll of the Himalaya Mountains ; without some assumption I cannot 
decide upon the exact numerical values of the plumb-line deflections which are to  be exclusively 
attributed to  the line of low density. I mill therefore assume that the Himalayas are isostatically 
compensated in accordance with Hayford's hyp0thesis.t 

* SlictcA of thc  Gcogrnj1111/ ntrd Ceologr/ of thc  H i t ~ ~ n l n r / n  iUoorrrrioitrs n ~ l d  Tinct. 1907, page 52. The totnl deflection- 
change South of Dehra Diln is ns gient ns soot& 'of Kurseoog : the observed change quoted above is derived from latitude ohser- 
vntio~ls and is consequently the meridiollnl compone~~t of thc totnl c h n ~ ~ g e .  I(urseo11~ is sooth of tho Himalnyns, Dehra 
Diln is south-wcst : almost the whole deflection at K u n e o ~ ~ g  is in the plnue of tho meridcu : at Dehrn DQn the p r i m e v e r t i d  
co~nponeut is co~~sidernble. 

t The siplificnnt fact is the dccrcnsc in the deflections, as we recede from theiHimnlnyas. This decrenso is indepandent 
of nny nseuniptio~~ of compe~lsntio~~ or wnnt of co~ll  e ~ ~ s a t i o ~ l :  110 such nssurnptio~~ mill nccou~lt for it. I havo to mnko aome 
nssuruptiou as a working basis, and I assnme comptto compensntion, but this does not nEect the subsequent conclusions. 



W e  have then the following data from the t,ypical stations of Kurseong and Jalpaiguri :- 
(a).-Jalpaiguri (height 280 feet)  is in the plains 25 miles south of K r l r s e o ~ l ~  

(height 41,428 feet ). 
( b),-The decrease in the topographic deflectiot~ ( ~ucomper~sated ) I,etweell Kurseorlg 

and Jalpeiguri is 25". 
( c).-The decrease in  deflection according to Hayford's hypothesis is 15". 
(a).-The observed decrease in deflection is 45". 
(e).-Of the 46" as observed, 15" are due to  the Himalaya Mountains and their 

compensation : thus the unexplained Hayfordien residual is YON. 
(f ).-Throughout 2,000 miles i n  length round the foot of the Himalaya inountains 

have an unexplained change in deflection of 30" in 25 miles. 

H y p o t h e s i s  o f  a syncl inul  troicgh. 

It has been suggested by high geological authority that this decrease of SO" it1125 miles, 
all round the foot of the mountains, is due to  a s ~ n c l i n a l  trough, a foredeep, lying in f ro l~ t  of the 
Himalayas. But  this explanatiori does not appear to  me t o  Le adequate. 

Obsei-ved Hayfordian Unexplnined 
deflection. correction, residual 

Kurseong ( i n  the outer hills) . . - .k~"' -23" - 2 J" 

Siliguri (near the foot of the hills 12 miles 
south of Kurseong ) . . . . -18" - 12" - 6" 

Jalpaiguri (13 miles south of Siliguri ) . . . - 1" - S" + 7" 
Chanduria (50 miles south of Jalpaiguri) . . . + 0" - 2" + 11" 

These are merely typical Himalayan deflections: to  explain them I)y a hidden synclinal, me 
must assume the latter to  be 70 to 80 miles wide and G miles deep under Siliguri, 2 miles deep 
under Jalpaiguri; rock composing the synclinal basin to have a density of 2.7, sediment filling 
the synclinal to  have a density of 1.9." It is doubtful whether the density of sedi~nent, when 
under a pressure of a vertical column 6 miles high, ~vould remain as small as 1.9; any increase 
i n  its value mill require the depth of the supposed syncline to  I)e increased. 

As far as me can ascertain, the visible Himalayan folds are mostly compensated : it is then 
incollsistent t o  assume the existence of a n  immense synclinal fold, elltirely uncompensated. I f  
the Himalayas were uncompensated, the deflection a t  Kurseong ~vould be 71" instead of 16" (see 
appendix I), and the deflection a t  Jalpaiguri ~vould be .1$5' instead of 1". The observed deflec- 
tions are smaller than they would be, if compensation did not exist; but  the oLserved clecreuse in  
deflection is larger: that is the curious fact. This sudden decrease in deflection is a reinarlixble 
geodetic abnormality, and we cannot: explain a geodetic abnormality by means of a normal 
geological fold. 

If the  large deflections of gravity, discovered i n  other pai2s of India, are analysed, they are 
seen to be due not to  topographic features of the upper crust but to heterogeneity of' the sub-crust. 
On the coasts we find plumb-lines deflected strongly towards the ocean and amay from mountain 
coast-lines; througl~out the Gangetic plains we find the plumb-lines deflected alvay fiom the 
Himalaya Mountaius; throughout the north of the Archzan peninsula w find the plumb-lines 
deflected tonrards a hidden line, of high density, that is a feature of the sull-crust, not of the 
t o  ography. Man of the most important deflections that we have discovered are thus in~le~ent lent  
bfPtopograp~p, an$ it  is even open to doullt now, whether the large deflections a t  the foot of the 
Himalayas are due to the Himalayas. I f  we may judge from geodetic ol~servations generally, the 
line of low density round the foot of the Himalayas is a feature of the sub-crust and not of the 
topography. 

* I aasume deneitie~ 2.7 and 1.9, because they are most fnvourahle to the idea of a synclino. The larger me mako the 
difference between them, the less deep need our syncllne be. In geological diagrnme the rocks dippmg under the alluv~al 
a n  .horn u Siralik (denaltg 2.2 ),lot u FKimalayau (deusity 2.67). If t h e e  diagrams are c o ~ ~ e c t ,  the syuc1111e must !tL;; 
milea deep. 



I f  we place a heavy weight upon a surface that  yields, we find that the weight calises the  
surface to sink, and produces a kintl of t rougl~ aror~ntl it. Ilnrnetliately under the wright the 
8111-face sinks, l111t it recovers its pos i t io~~ towartls the sicles. This intrrpretntion of the Hull- 
Hi~nalayan line of low tlensity, the esiste~ice of wliich has now lreeri brougl~t  to l ig l~ t  I,y geodetic 
olrservatio~~, cannot I~owever Le upheltl ; it asrril)es to the IIirnalayas a ~ v e i g l ~ t  tliat w c  k ~ ~ o w  they 
do not possess, and it offers no explanation of the visil~le IIimalayan folds. 

I have frequently I~eer~  lccl by our results to  consitler wl~ether thc compensntio~l of the 
Hilnalayas does not extent southwards 1)cyoutl the Ir:~se of the nlol~ntain range. The principal 
reason for this idea is that the negntive anomaly a t  pendulum stntious on the low-level plains 
south of tlle mountains is in close accorcl:~nce with the anomaly fouucl to  exist nt stations in the 
mountains 6,000 feet higl~." 

The following calculations will, however, show that the hypothesis does uot account for the  
01)served results :- 

(&).-The residual and unexplained changc in deflection, as observed in 25 miles, is 30". 

(6).-The change ill the dcflectioil protlilcecl in those 25 miles Ily tho entire sul~ter-  
ranean compensation of all the E I i ~ n a l y a s  is only 10". 

(c).-The extension of the compensation for a few miles beyond the base of the range 
could not account for the YO" ol~servecl and unexplained. 

(a).-At the base of tlie range the density of the crust underlying the outer Himalayas 
is accorcling to the theory of isostasy less than the normal density of the crust 
lrp 0.03 or 0.01,. A change of deusity such as this (from 2.75 to 2.72), even 
if i t  extends down to 70 miles, wonld not produce a change of deflection of 
YO" in a borizo~ltal distance of 25 miles at the Earth's surface. 

IlypotLesis of a r i f t .  

I n  my opinion the line of low density is entirely different from a synclinal fold. I believe i t  
t o  be a feature of the sub-crust, not of the upper crust. 

Now if the H i m a l q a  RIoi~ntains were being thrust southwards by a horizontal force 
(page l),  I do not think that a ~narlieil deficiency of density would be found existing i n  front of 
the advancing mountains. A long zone of low density is rather a sign of an opening; i t  is a sign 
rather of relief than of thrust, rather of expansion than of compression. 

The parallelism of the ~ lor ther~ l  and southern cdges of the alluvial belt is shown in Plate I; 
and it  gives rise to the idea that the alluvial belt is covering a crack in the Earth's crust. The  
extraordi~iary parallelism of the coasts of Arabia and of Baluchistan in the Gulf of Oman and i n  
the Persian Gulf opposite Bander AL11as (see Plate 11)  seems also to  be due to  a crack, and it  may 
be t l ~ a t  one long crack has estended from Sumatra round the Arralran coast across Northern India 
through the Persian Gulf to the Mediterranean. 

There are thus two reasons for believing in the existence of a crack; one is the zone of low 
density skirting the Himalayas, the other is the parallelism of the mountains on the two sides of 
the alluvial belt. 

* Petrdrrla~~a Operntto~ls in  Irrdio, by Lnro.r-Co~~ynyhar~~. P n g ~  105. . 

(&"-'Yo) at Kuraeong = -0.130, at Siliguri = -0.137. Similarly further west (g,"-7,) nt Dfusooree (7,129 feet) - - -0.115, st Hardwar (949 feet) = -0'114. 



There seems nothing extravagant in  the idea of a crack. I f  we ourselves mere to  construct a 
solid globe of heterogeneous materials, (differing in density, conductivity and of 
contl.action) and if me were t o  heat it, we should not be surprised at seeing i t  crack as it  became 
hotter. And if mhen it was very hot, me allowed it  slowly t o  cool, we should again not he 
surprised a t  seeing i t  crack, as it  cooled down. 

The Earth's crust and sub-crust are heterogeneous: the underground temperatures are 
varying hegula r ly ;  rocks undergo chemical changes, as conditions of temperature alld pressure 
vary. Strains must be set up, mhen the temperature varies irregularly in clifferent parts of olle 
sub-crustal shell: and further strains must be set up when the temperature varies irregularly with 
depth: cracks may be produced by  strains and deformations. 

Let  us  enumerate and consider the observed phenomena that  me now wish to explain:- 

(1).-A rock trough filled up with alluvium traverses Northern India (Plate I). 
(2).-The edges of the trough are parallel (Plate  I ) .  
(3).-A line of deficient density, presumably in  the sub-crust, is found to traverse the 

whole trough. 
(4).-The Earth's surface north of the trough is heavily wrinkled. 
(5).-The surface south of the trough is not wrinkled. 
(6).-The mountain-wrinkles north of the trough are compensated by  deficiencies of 

density beneath them; ( b u t  these deficiencies are not comparable in  degree 
with the deficiency underlying the line just south o f t h e  base of the moutltains). 

(7).-The trends of the main granite ranges of the I-Iimalayas, Karakoram and Hindu 
Kush and of the minor ranges are parallel to the line of low density and to the 
edges of the alluvial belt. (Plates I and 11) .  

(8).-The mountain folds north of the trough are overthrust towards the south. 
When  I come to consider these observed phenomena, I have to confess with regret that I am 

ignorant of the geological data: I am consequently limited to  regarding the problem from a 
geodetic point of view. I n  order to  explain the geodetic observations I have to assume, firstly, 
that  the sub-crust has cracked and opened, and secondly, that after this opening has occurred the  
northern edge of the crack has been forced northwards by strains and deformations. 

I t  is I think evident that the Himalayan sub-crust must have contracted in  area. The 
wrinkling of the Himalayas furnishes evidence that the upper crust has been compressed into a 
smaller area than it originally occupied, and this I think must have been brought about by the 
contractionlof the sub-crust upon which the upper crust was lying. 

The contraction of the sub-crust cannot have been due to loss of heat, because i t  is proved 
by  mountain compensation that as the sub-crust contracted in area, it  decreased in density. 
Decrease in  density means increase of volume. As the sub-crust contracted in area, it  increased in 
volume by vertical expansion and chemical change. 

The main Himalayan range itself is composed largely of granite, and the latter may owe its 
elevation to vertical expansion following upon the relief of pressure which occurred when the 
superincumbent sediments mere lifted off it  by fo ld ing  or the granite may have becn forced 
vertically upwards by the deformation of the sub-crust. These vertical movements of rock material 
may have been associated with horizontal shrinkage in the sub-crust. 

When  ancient rocks that have heen buried in the crust for long ages are disturbed, ant1 when 
t h e  preesure upon them is reIieve(1, their density is dimin~shed, and those chemical changes and 
v d i c a l  expansions take place * that lead to the appearance of mountain-compensation. 

. In  1905 nn earth, uake occurred nt Dhnmsnln, and it? cRects were fo! nt Dehrn Diln! nearly 200 miles distnnt. A lino 
of ptgim levelling ha11 !mn rarrierl from the plains across thc Siwnlik rrren ~ n t o  the mountn~ns nt Drhrn. Diln shol.tly hefore the 
arthqunkc. Alter the enrthrlunke ha11 orcunerl, the levelling an8 reviscrl from Snhnrr~npore ( h $ d ~ t  i O 0  fert) tp Nensoorco 
(,C,900 fcet). Tha rerilir~n of the l r : ~ c ] l i ~ ~ ~  Hholre(l thlLt the whole Siwnlik nrca,( hrc:rdth 25 m~lea)  hnd been n~sccl  0 4  foot. 
bxpnqr.9@. r-o/!r~nr X I S  Crrnt T,.i~ono,,rr~l.;r,l~ ,y,,,.r.cy of [,,,fin. On page :I95 ~t In rccor~led thnt the cnrthq~~nke mny ho 
nttnhutwl " ton  real up-li/t of tho ~ ~ r f h ~ ~  cnl* -. I cnjclilnto thnt an nrerl of ntlenat 5,000 nqunro miles was prohrrhlv up-lifted. 
Thin arm thc northern th~:  ~ l ~ ~ ~ ~ r ( l  rrnrk. The up-lift nt Dhnrm~nln wns prollal~ly grenter than nt  ohm D ~ U ,  
h t  it could not be measurcrl, ne no bench-marke existed thcrc. 



I f  the sub-crustal shell cracks, and its northern portion then shrinks and moves away from 
the  southern, the following results will ensue :- 

(i) the surface to,vards the north will become wrinkled by the sub-crust's contraction; 

(ii) the crack will become filled with alluvium; 

(iii) the surface folds on the north mill become overthrust towards the south; 

(iv) if we regard the wrinkles alone, they will in places contain some local excess of mass, 
but if we regard the whole combined area of wrinkles and crack together, the  
amount of surface mass will be normal. 

These phenomena are now visible in Northern India. No contraction of the Earth's radius 
need then be assumed to accouut for the Himalayan wrinkling. 

The geodetic evidence (see appendices I and I1 of this paper) leads me to believe that  the  
extreme northern zone of the Indo-Gangetic alluvial plains overlies a great rift in the sub-crustal 
shell of the Earth, that the rift has opened towards the north, and that, as i t  has opened, it  has 
crumpled up the thin superficial carpet of sediment into the Himalayas, the Karakoram and the 
Hindu Kush. 4 

During the tertiary period it was the older sedimentary rocks that  mere crumpled a n d  r:lised ; 
in  recent times a further opeuing of the rift has caused folds t o  appear i n  the tertiary deposits a t  
the foot of the mountains. 

With regard to  the overthrusting of surface folds towards the south, if this overthrusting has 
been caused by a horizontal thrust from the north (see page 1 ), then the thrust must have acted 
in  the upper superficial crust : if however the overthrusting has been due, as  I have suggested on 
page 2, to  the sub-crust shrinking northwards and leaving the folds to  over-balance towards the 
south, the force must have been acting in the sub-crust, that is in  the Earth's shell lying imme- 
diately below the upper-crust. The question a t  issue is, a t  what depth is the horizontal thrust 
acting, which produces wrinkles in the crust? 

I have hitherto been referring to the rift, as though the same original crack had continued 
slowly to open. But  if I may judge from the geodetic observations there has been a succession of 
cracks in  successive sub-crustal shells. Each crack appears to  have been followed by  a further 
shrinkage of the crust towards the north. 

On each successive occasio~i that the rift has become deeper, it has opened further north than 
before. Only by such all hypothesis am I able to  explain the apparent steepness of the sub- 
terranean wall on the north side of the rift, and the gentleness of the subterrauean slope on the 
south side. 

EartWqzmies atid Polcanoes. 

So long. as the FIimala~an area was under or near the sea, the rise of the  mouutains rras 
accompanied by volcanic outbursts ; now that  the IJimalayas are in  the interior of a continent, 
volcanic activity has ceased. 

But  the Sub-IIimalayau region is still liable to frequent earthquakes, from Assam aud Nepal 
to  Kashmir. 

The alluvial plains of Northern India sllow~l as a belt in Plate I are also frequeutl?- affected 
by earthquakes. I have with me no catalogue of eart,hq~~akes, I ~ o t  a reference to a cataloglle will 
support what I write from memory. Calcutta on the east of the belt has suffered fro111 eartl~qnakes, 
and Lalihpat on tlie extreme west has suffered. few years ago an earthquake destro!-eil Bellpat, 
a town situated on the flat alluvial plains of Upper Sind; Delhi, Lahore, Peshati-ar ha\-e suffered 
in turn. 

The Indns is said to have deserted its bed in Sincl in CoIIseqIlellce of an earthqunkc a l ~ o u t  
A.D. 962, and thc old city of the plains, Bmhmanabad, was destro?-ed by nn enrtllquake. * 

R. D. O l d h s ~ ) ~  : G'cology qf I ~ r d ~ n ,  pngc U2. 



I n  1819 a great subsidence mas caused north of Cutch by a n  earthquake, and a considerable 
area was submerged. * Earthquakes occurred again i n  Southern Sind in 1Y4L and 18 15. 

The frequency of eart.hquakes throughout the alluvial plains of Northern India is in striking 
contrast with the freedom from earthquakes that the Indian Peninsula enjoys. 

On the Eastern,side of India on the supposed line of the rift an eruption occurred a t  Krakatoa 
near Java  in  1YSY. 

A raised beach I) feet above sea level a t  Foul Island and 22 feet a t  Cherluba Island near the 
coast of Burma are attributed to  a n  eaithqualie, as also is the submergence of 60 square miles near 
Chittagong in Eastern Bengal, t 

A volcanic eruption took place a t  Cheduba, on February 27th, 1SY1. 

On the western side of India earthquakes have occurred a t  Gwadar on the Mekran coast and 
in the Persian Gulf. 

R. D. Oldhnn~:  Geology o f  Indin, page  11. * t Idoll, POgE 12. 



Appendix No. I. 
T H E  E V I D E N C E  O F  THE PLUMB-LINE. 

In a paper on Hilxal~,?law Attraction, published in 1901," I drew attention to the fact that  
tllere existed ill the crust a line of high density crossing Inilia in latitude 23'. The existence 
of this lille of dcllsity had been proved by observations OF the plumb-li~le. Sul,sequeut ol~servatious 
have iudicated that between the line of high density autl the IIimalnya ;\Iouutains there exists 
a lille of low density, which has all the appearances of' being a deep rift. Since 1901 many 
observations of the plumb-line have been talien, valuable results have been accumulated, and 
pelldululn observations have been commenced; our results moreover have been illuminated by the 
writings of Suess alld of IIaj-ford and by the calculatious of isostasy. 

The lines of high and low density are very different in  their effects. For 200 miles on either 
side of the line of hngh density the plum1~-lines are deflected lo\\ards it  about 5" or 7" (tables V 
to X I  of this Appendix), but there is no sodden change. l'rom 100 miles nortli of the line to 100 
miles south the cleflection of the plumb-line changes perhaps 12", that is, about 1" in 16 miles. 
Across the line of lorn density the deflections of the p1uml~-lines alter suddenly, perhaps 1" or even 
2" in a mile. 

The deflectio~l of the plumb-line has heen observed in many places in India, aud the result6 
have Lee11 pul,lishetl in the volumes and professional papers issued Ly the Survey of Intlia, but  
hitherto no correction for isostasy has been applied. According to the hypothesis of compensation, 
as first propouncled l ~ y  Pratt, the mass of the I-Iimalaya was held to be compensated by deficiencies 
of matter beneath thc mountains. According to the more recent hnothesis  of isostasy the  
mountaius are supported by hydrostatic pressure. 

I t  has heen recognised for many years by geodesists in India that the Indian Ocean is corn- 
yletely compensatecl 11y underlying excesses of matter and that the H i m a l a ~ a  moulltaills are 
partially compensated: these two facts are almost beyond dispute. B u t  n7e hare been unable t o  
come to any co~~clusions as to- 

(a )  the precise amount of IIimalajan compensation, 
( 6 )  the depth to which that compensation extends, 
( c )  thc distribution of that compe~isation mith depth. 

The existence of a certain degree of compensation is so obvious that almost any assumptions 
of amount, depth and distribution lead to diminutions of observed anomalies. The following 
hypotheses have been consideretl,-that the Ocean is slightly over-compensated,-that the 
H i m a l a p s  are compensated to the extent of 2ths,-that the depth of compensation valies with 
the height of the mountain,-that the degree of compensation decreases mith depth,-that the 
degree of cornpensation varies with the geological age aud the constitutioll of the mountains. 

Whilst me have been considering this problem, and have been learning to realise its diffi- 
culties, Mr. I-Iayford has shomn horn differed hypotheses can be actually and practically tested. - 

*The d t t r c t t o ~ r  of the B~~nnleyn Xountattrs f i p o ~  the Rv~~rb-litre, ZWZ. 



The conclusions that Mr. Hayford has reachetl after a long series of laborious calculations are, 
- that  compensation is generally complete, 
- that  it extends to  a uniform depth of about 113.7 Iiilometers, 
- that it is uniformly distributed in depth. 

The importance of Mr. IIayford's result's was a t  once recognised in India, his hypotheses 
have been adopted and the effects of isostzsy upon both plumb-line and pendulum are being 
computed. 

Major H. L. Crosthmait has already compnted for 100 latitude the deflections of 
the plumb-line i n  the meridian, that  ~ ~ o u l d  exist, if Hayford's hypotheses are correct. H e  has 
also computed for 1s longitude stations the Hayfordian values of detlections in the prillle 
vertical. I arn going to make use of Afajor Crosthwait's results iu this appendix, bu t  before I do 
so, I have to express my obligations to  him for the very thorough and systematic way in which he 
has conducted these difficult aud laborious computations. . 

Tlrc :em of rrrticnlify. * 
The station of origin is Kalianpur, and a t  Kalinnpur there exists a southerly deflection of the plumb-line due to some 

subtemnean cause. Major Crosthwait has calculated the topographic deflection a t  &alianpur and finds i t  to he 3 2 . 4  No&. 
The expression "topographic deflection" denotes that deflection of the plumb-line which would exist a t  Kaliallpur if mountains 
and seas were entirely uncompensated. Major Crosthwait finds that if Hayford's conditions of isostas wore existirl* the 
deflection a t  Kalianpur would be -0.04 North. The actual deflection a t  Kalianpur is from q ' to  6" South. % 1905. I obtgined 
for the value of this deflection 6 S0uth.t I have rliscussed this value with many authorities : the opinion is unauimous that the 
deflection is from 4" to 6 '  South. I feel convinced also that this deflection cannot be less than 4", and that it may be 6". In 
South India our longitude arcs show seaward deflections a t  coast stations : in order to obtain seaward deHections iu the meridian 
a t  stations on the southern coast (Punnae) a southerly deHe'ction of 6" a t  Kalianpur must be assumed. 

Latitude observations have recently been tiken in northern Baluchistan, where the stations are far-removed from 
Himalayan and Oceanic influences. 

Lenox-Conyngham's section in plate V I  of his P;~~d,altrrn Opcrntionr in I ~ i d i n  shows that o southerly deflection is to he 
expected a t  Quetta and Jacobabad. 

1 
The observed deflections deduced from the spheroid ( a  = 6>,78,190 metres, e = m) are 

Khojak - 2'' 
Quetta - 1" 
Dumb + 1" 
Sultan ka G6t 0 

Dumb and Sulhn ka  G i t  are near Jacobabad, ontl should have southerly deflections. 
The results from Baluchistan therefore support the view that the deflection in the meridian a t  Kalianpur is 4" south. 
I tmay  be argued that 3s I am discussing the theory of isostasy my conclusions mill depend upon the value of the standard 

deflection ado ted for Kalianpur. This will not, however, be the case. I t  has to be remembered that the deflections over 
Northern h $ a  show two extraordinary anomalies; the Erst of these is the persistence over a great area of northerly deflections. 
i.~., of deaections more northerly than that a t  Kalisnpor. The second anomaly is the persistence over an  immelise region oE 
more s o n t l ~ r l y  deflections then a t  Kalianpur. The value of the deflection adopted for Kalianpur aEects these two anomalies 
differently ; it improves the one, it intensifies the other. 

As, however, the unfortunate existence of a powerful source of hidden attraction near our standard station of origin does 
uncerLxinties, I shall in this paper not base any conclusions on ndsofute values of obsel-ved deHectious. I shall deal only 

with o h s e n d  differences of deflection, so that the question of the deflection a t  Kalianpur may be eliminnted. 

I n  the following tableslthe values of the deflection have been derived as follows : f  
Topographic de$ecti0ns: Major Crosthwait calculated for each of his 11s stations the 

deflection mhich all topographical features within a radius of 2,SG.h miles would produce, if the 
density of the superficial crust were everywhere 2%. The topographic deflectiorl a t  Kalianpur was 
calculated by him to be--32",4. As Kalianpur is our standard station, the topographic deflections 
entered in the tables are cz$erential from Kalianpur. 'Thus for Bil.ond, l fa jor  Crosthwait 
found that the total absolute "topographic deflection without compensationN was - 7SN.3, and 
that the topographic deflection a t  Birond with regard to Kalianpur IVZLS-'/6".:3 + 32"'-h= --h2"'9. 

Hayfordian d e $ e c t i ~ n ~  mere computed from the isostatic hypothesis of Hayford. The 
question of Kalianpur does not enter now, because the Ha~ford ian  value for the deflection in the 
meridian at Kalianpur is only - 0".0 4. The IIayfordian values represent t he  dc)ections t ha t  

ezigt in qtattdre tf all b o p o ~ r u p ~ i c  f ea t z~res  were isostatically comnpe)tsate(l. 

hferences to the,que&ion of the zero of verticality are printed in this Paper in type. 
t philosoph. Tranmct. ~ o y o l  Society, Series A, Val. 205, 1D'J% Page 313. 
3 ~b~ negative denotes a deflection towards the north, the positive toward8 the south. 



Thc observed dejlections have been obtained by deducting-the geodetic values of latitude and 
longitude from the astronomical values. The geodetic values have been computed through the 
triangulation on the assumption that the deflection a t  K a l i a n p ~ ~ r  is+ -hfr in the meridian, and 0" in 
the prime vertical. The comyutations are based on the Clarke-Bessel spheroid*:- 

equatorial radius 6,378,190 metres 
1 

ellipticity 

India is divided by geologists into three great regions ( v ide  Plates NO. I and NO. 11) :- 

(1) First region : Tertiary Mountains, H i m a l a p ,  Tibet, Baluchistan. 

(2 )  Second region: the extensive alluvial plains that lie between the tertiary 
mountains on the north and the pre-tertiary plateau on the south. 

( 3 )  Third region : the elerated pre-tertiary Peninsula. 

I will now summarise the geodetic evidence that has been accumulated in the three geological 
regions. 

First Region: Himalaya Mountains. 

T A B L E  I 

Deflections of tlre pliwth-Tine. 

Suess assumes a foredecp filled with light sediment; the deflections accordiug to Suess should 
be larger than the topograpliic ; they should he equal to  the topogl-nphic + the effects of the fore- 
deep. It mill be seen that the deflections as actually observed are considernhly less thau the topo- 
graphic, but  are greeter than the Ragfordian. 

Lambatach is in the interior of the Himalayas; the other four stations are on the southern 
border. Lambatach is 42 milcs north of Afussooree: the deflection has decreased between 
Mussooree and Lambatach- 

by 16" according to topographic calculations, 

by 8" according to Hayford's hypothesis, 
1)y 3" according to observation. 

A riR in the sub-crust soutll of Mussooree and 20 miles deep would explain the Inrge deflea- 
tions in the interior of the I-Iimalaym. 

Philosoph. Transnct. Roynl Socicty:A, Vol. 205, 1905, page 21s. 

Stations in the Himalayas. 

Birond ... 
Dehra DGn ... 
ICurseong ... 
Lambatach ... 
Mussooree ... 

Observed 
deflection 

in the 
med ian .  

Latitude. 

COXPUTED DEFLECTION 
IN THE MERIDIAN. 

0 I 

29 1 5  
30 19 
26 52 
31  1 
30 25 

Longitude. Topographic 
without 

compensation. 

Height. 
On H a y f o r ~ s  

hypothesis. 

N 

- 42.9 
- 55.5 
- 7O.G 
- 3S.5 
- 54.0 

0 I 

79 45 
78 G 
88  1 8  
77 57 
78 7 

Feet. 

6,967 
2,240 
4,128 

1 0 7  
6,937 

" I I/ 

- 14.3 - 3 s  
- 17'9 
- 22'7 
- 9.4 
- 17'4 

- 3 1  
- 46 

, - 27 
- 30 



The  following table shows the ratios of computed to obsemed defleotions :- 
T A B L E  I1 

Rat io s  o f  de$ections. 

Mean ... / 1.5 1 0.5 

The  observed deflections are twice as great as  the Hayfordial1 values. They are however only 
half as  great as the Suessian values. 

Station. 

Birond . . . 
Dehra D6n . . . 
Kurseong ... 
Lambatach ... 
Mussooree . . . 

On the border-line between first and second regions. 

T A B L E  I11 
Def lec t ions .  

Topographic Hayford 
to observed. to observed. 

Station. 

1'1 
1.7 
1.5 
1.4 
1.8 

Latitude. 

0.4 
0.6 
0.5 , 

0.8 
0.6 

Pathardi 
Siliguri ... 

Longitude. 

I 

Suess's values being equal to the (topographic + the foredeep) would be greater than the 
topographic. 

T A B L E  I V  

Height. 

Feet 
320 
$01 

R a t i o s  o f  (lejlections. 

Station. Topogrrtphic 1 Hayford 
to observed. j to observed. 

Observed 
deflection 

in the 
meridian. 

I/ 

- 14 
A 18 

COMPUTED DEFLECTION 
IN THE YERIDIA~Y. 

The observed tleflections are more than twice as great as the IIayfordian values. T h e -  are 
, l~essian vallles. however only one-third O F  the  5 

K o m m n g  (tal,le I) is i r ~  the ol~tcr  hills, Siliguri ( t a l ~ l e  111) at the foot, I@ miles south; the 
deflectiorl dmreasm hetwcen Iinrseong ant1 Siliguri- 

by I!)" accortling t,o topographic calculations, 
1 I"  accortling to 11x3-ford's hppotlcsis, 
23" accoriling to  ol~yrrvation. 

Tllc w f . 1 ~ ~ 1  tlf,crrasr: is c.oneiilr.ral,ly g r ~ a t e r  even than the tol~ographic tlccrrasc. In pcnc t rnf i~ lg  
the tlillr 1.0 Lamlratiwll fonlltl thr: actnxl i lcrrr~as~ ~t,rrrllcr t11x11 mag to be rxpectcil: ill e l t t c r~ in9  
from t l o  Lillv to  Yiliyuri tbc actual tlecrewe is far g r c a t c ~ .  than \\,as expected. 

Topographic 
without 

,cornpensation 

Pathardi ... 
Siliguri ... 

Mean ... 

On HrtT.fordps 

2.2 
2.9 -- 
2.6 

1 N 

0.2 
0% 

0.4 

- 31.5 
- 52.0 

- :3'3 
- 11.5 



Second Region. 

TABLE V. 

The Indo-Gangetic alluvial plains ( Northern portion).  

Obsemed 
deflection 

m 
,,edian. 

/I 

4-11 

+ 1 

0 

- 1 

- 1  

Height. Longitude. 

0 1 0 1  

74  55 

75 34 

77 41 

77 42 

S9 47 

SO 32 

Station. 

... ... Amritsar 

... ... Bansgopal 

... ... Datairi 

... ... Kaliaila 

... Jalpaiguri ... 

... Nimkar ... 

Latitude. 

31 35 

28 33 

2 s  44 

29 31 

2G 31 

27 21 

Along the northern portion of the Indo-Gangetic alluvial plains, the topogiaphic calcula- 
tious show a noi-therly deflectiol~ ton-ards the lnoutltaius a re iag i~ ig  15" to 20 ' ' :  the I I a ~ f o r d  
hypothesis gives a small uortherly deflectiou througllout. The observations briug to light a 
marked southerly deflection that cannot I>e accou~~ted for by the hypothesis of isostasy.* 

Jalpaiguri (Table IT)  is in the plains 13 llliles south of Siliguri (Table 111): bet11-eel, these 
two stations the deflection decreases- 

by 7" according to topographic calculatiol~s, 
by 4" ,, ,, IIayfordJs h~pothcsis,  
I>y 17" ,, ,, observation. 

The ncticnl derreasc ol)s~rrcd is a ~ a i l l  consideraljly ~ r r a t e r  even tllatl the toporlaphie. 
Between K u r s e o ~ ~ g  and Jalpaigllri n e  havc (31-idetltly cro>scd all cstmordinav line of drticirncr 
i n  t l ~ c  crust or sub-crust . so marltecl is this line that tllc O I I ~ C L . ~  ell I , I ~ ~ I I ~ I %  i l l  the dc~tlc~t iot~ of the 
~ I u I ~ I ~ I - l i n e  Iwtneet~ Kurscong ant1 J a l l n i ~ ~ ~ r i  ( 15" ) is :tl~no>t t \ \  itse ns ~ r ~ . a t  :IS tllr t c ~ ~ , a ~ l ~ p \ ~ i , j  
rbat~gtb (2G") calculated fro111 thc ~\ l rolr  nl:lus of thr. IIi~nnln!:~s \\itllout c[~tnile~rsstiolr. Thc. 
obsclsvctl change ( 15") is thrcc timcs as grc'at as II:l!fonl's It! l~o:bcsis gi\ c,s 15"). 

l'hc cbnuge in dcHcction between Birond (T.J>IP I ) : ~ n d  X i t u h : ~ ~  ( 17:1\,11. I') 1s- 
31" nccordinq to topogr:~pl~ic fe:~turi,s, 
13" accoydinz to 113) ford, 
,&Yo accorll~ng to observation. 

-- 
--P 

SAI trh I I I I J I ~ I I ~ I U ~ I ~ I  (;ma1 (I,) h ~ t  f ind  ( ~ ~ Y I I o ~ ~ ~ ,  I ! ~ I ; ,  jwv. i!. 

77 41 

74 0 

SS 25 

... Noh ... 

... Ranjitgarh ... 

... Chanduria ... 

COMPUTED DEFLEC- 
TIon IN THE ~ B I D I A N  

27 51 

32 35 

25 -11 

Topogra- 
phic. 

710 

900 

Haj-ford. 

,, 

- 1  

- 1 

- 1  

- 3 

- S  

-I2  

- G  

-12 

Feet. ( " 

- I 
+ 5 

loo 1 -31 

770 

677 

767 

828 

;?SO 

486 

- 1  

- 5  

- 8  

-11 

- 8  

-25 

-45 

+ 5  

+ 2  

- 2 ;  + 9  
1 



Here we witness again in another part of the IIimnlayas the same phenomenon,-n observed 
change immensely larger than the theoretical. 

I n  the western Himalayas me again come across the same phenomenon. 

The change in deflection between Dehra D6n and Kaliana is- 

29'' according to topographic features, 

16" according to Hayford, 

30" according t o  observation. 

I take these figures to  mean tha t  between Delira D6n and Kaliana, between Rirond and 
Nimkar, between Kurseong and Jalpaiguri, we have crossed a rift of great depth in t h e  
sub-crust. This rift  skirts the foot of the Himalayas: i t  is filled up wit11 alluvium and quite 
hidden from view. This rift  is sufficiently large to disturb the isostatic equilibrium of the crust 
over o vast area in  Southern Asia. 

Summary of observations. 

TABLE VI. 

Here are sudden and unexplained changes in deflection across a line skirting the Himalayan 
foot: me have already shown that  in the interior cf the  mountains north of the line of rift the 
change is  extraordinarily small. Across the rift i t  is extraordinarily large. 

T A B L E  V I I .  

Himalayan 
region. 

Eastern - 
Central - 
Western - 

Over the plains south of the line of rift the change is small, and the deflections are 
persistently south in  opposition to the  hypothesis of isostasy. 

DIFFEREPI'CE O F  DEFLECTION. 

Distance. I I Hayford. I Observed. 

If  geologists mill now consider the  attractive forces acting north and aouth of the supposed 
rift, they will see tha t  they are very large ; ths  observed deflection throughout an immense area 
t o  the north is (e.9.  Birond) 38" north and throughout a n  equally large area to the  immediate south 
it ie (e.9. Nimkar) 6" south. 

Stations. 

Kurseong t o  Jdpaiguri  ... 
Birond to Nimkar . . . 
Dehra D6n to Kaliana . . . 

DIFFERENCE OF DEFLECTION. 

According to ( Observed. 
Hnyford. 

3" 

30" 

Dehra DGn northwards t o  Lambatach .. . 
Dehra D i n  southwards to  Kaliana ... 

15" 

13" 

15" 

DISTANCE IN MILES. 

~eridionnl.1 Totsl. 

45" 

43" 

30" 

2 5 

112 

5 6 

52 miles north 

56 miles south 

3 9 

135 

6 4 

8" 

15" 



Second Region. 

TABLE VIII. 

Akbar 

Isanpur 

Khimuana 

RIultan 

Ramthal 

Samaipur 

Telu 

Alluvinl plclina of tlie Ptinjub. 

Feet 
0 -11 1 

87-b 

731 

420 

951 

666 

470 

All over the plains of the Punjab me find a persistent deflection towards the south, which t,he 
hypotheses of Hayford do not explain. 

TABLE IX. 
Begion of the Indo-Gangetic allacism. 

Soutliern nortion. 

Height. Btation. 

COMPUTED DEFLEO- 
TION IN MERIDIAN. 

Station. 

TOir- 

Latitude. Longitude. Height. 

Latitude. 
Hayford 

Alam Khan 

Longitude. 

0 I feet 

68 46 67 

Calcutta . . . I  22 3 3 / 8 8  2 4 1  17 

Kanakhera ... 1 25 5 1  1 80 28 1 4<16 

I I I 

Throughout the immense alluvial area of Northern Iudia 
The hypothesis of isostasy offers no solution. 

in mer- 

COMPUTED DEFLEO- 
TION I N  MEBLDL.4.N. 

I I 

southerly deflections prevail. 

Observed 
deflection 



The  great deflection a t  Lambatach, mentionetl on page 11, is difficult to  explain; but it is  in 
harmony with the southerly deflections observed south of the rift. The Lamhatach 01)servation 
means that  deflections in  the heart of the Himalayas are more northerly thau was anticipated, just 
as the deflections south of the rift are more southerly. 

T A B L E  S. 

N o ~ t R e r n  portion o f  the  Peninsz~lu .  

Station. 

Bithnok ... ... 

Chendwar ... ... 

Daiadhari ... ... 
Gur~vani  ... .. . 

Hurilaoilg ... ... 

Kankra . . . . .  . 

Khanltaria . . . .. . 

Kesri ... . 
Pahargarh . . . .. . 

Remat . . . ... 
Saugor ... ... 

Thob . . . ... 

Tlie southerly deflection wllicli lias persisted throughoiit the great alluvial arca is still found 
t o  persist throughout the noi-thern zone of the Peninsula. It then changes; the ncxt table 
illustrates the change. 

This change is due, as was pointed out in in- paper oil t he  Bttructioa o f  t he  Ifimalaya 
X o ~ c ~ z t u i n ~ ,  1901, to  a line of high density in tlie crust or su1~-crust. The line of high density 
crosses India l~etweeil the parallels of 22' ; I I I ~  2 1.0, and a branch from it extends northwards 
through the centre of the PunjaL. 'l'lle line of high t1ensit.y is parallel to  the rift, the existence of 
rvl~ich is 1,eing suggested in this paper; both the line a i d  the rift seem to be features of a denser 
SU!J-crust rather than of the superficial topography. 

I 
I 

Height. Latitude. 

COYPUTED DEFLEC- 
TlOX I N  JIERIDIAN. Ohnerved 

, deflection 

Hayford. lucridirn. 1 l i n  ilongitude. 

27 5:3 

23 57 

24 38 

2-1 1 

2-1! 2 

25 3 S  

2-1 37 

5 1 7  

24 56 

26 54 

23 50 

20 3 
I 

I1 

+ 8 

+ 7 

+ 5 

+ 7 

t 15 

+ 4 

+ 6 

+ 10 

+ -l 

+ 
+ 4 

+ 3 

1 Feet,. I 
+ G I  + 1 

-11 1 0 

+ 2 1  
0 

72 4.2 

85 29 

77 42 

82 20 

8 l  2-1 

76 10 

70 5G 

77 -1.3 

77 4 

74 19 

78 -49 

72 2 5  
I 

- 3  

- 4  

- 2  

- 5 

+ 2  

i 3  

+ J  

+ J  

0 

774, 

2,817 

1,867 

2,0Y:3 

1,378 

1,652 

362 

l,-l<S7 

1 , G - h l  

1,51,2 

2,033 

S60 

+ 1  

+ 2  

- 1  

0 

+ l  

+ l  

0 

+ 1  

- 1  



Stntion situated ou the east coast of India. 
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TABLE X I .  
~ ~ l t  of negative &Jlections aCT088 the central portion of the Pe*inauZa. 

COMPUTED DEFLEC- 
TION IN MERIDIAN. Obsened 

deflection 

assumed d e f l c c t ~ o ~ ~  of +* nt Knlinnpur. But if y e  !lo away with i t  in order t o  decrease t l ~ o  anonlalies tho alluvinl wo shall lrnve to  add 4 to  every observed deflectro~~ m the belt of uogntive ma-n. by improvemelit in the one auomdy iutol~sify the other. 

Height. 

Feet 

1,128 

1,971 

953 

7 5 

133 

4143 

1,951 

2,751 

1,875 

1,125 

1,400 

1,.4839 

483 

4,,121 

1,144 

2,289 

684 

874 

2,1,182 

1,66 La 

1 8 1  

200 

t l l r o ~ ~ g h o ~ t  n 
diu~in~sh  their 

in Longitude. 

O 

77 39 

78 3-11 

72 35 

72 5 1  

85 541 

72 14, 

75 2 1  

78 49 

77 4)s 

75 1 4  

80 11 

77 37 

84 33 

73 35 

79 416 

76 1 9  

81  15 

83 36 

82 4~4~ 

79 25 

83 1 6  

83 22 

revnilina 
we could 

Station. 

Badgaon ... 
Bolarum .. . 
CLa~liana ... 
Colalja ... 

Cuttack ... 

Deesa ... 

Ke~n .. . 

Khanpisum ... 

Ladi 

Valvadi ... 
Lingmara ... 

Voi .. . 
BIal ... 
Manilvi ... 

Nialamari .,. 

Nitali ... 
Parampudi ... 
Rawal ... 
San j iL .. . 
Va~~alto~lda ... 

Vizagapata~n ... 

Waltair ... 

Hore,mc nee from West to  E n ~ t  noltIle1.1~ 
were e x a ~ u m g  tho results of the nlluvlal plnius, 

Latitude. 

O 

20 4-11 

17 30 

2-L 7 

18 5 J  

2 0  29 

25 15 

18  11 

1 8  406 

23  9 

20 44 

2 1  4~3 

19 7 

1 8  47 

18  38 

17 2 

1 8  17 

17 1 3  

1 8  32 

17 3 1  

17 36 

18  1 

17 43 

deflections 
mo rislle! 

I I  

- 5  

- 6  

-8 

-9 

- 7  

- 4  

-2 

- 7  

- 2  

- 4  

- 5  

-4 

- 9  

- 2  

-7 

- 3  

-5 

- 3  

-6  

-6 

-5 

- 8  

n " n  we 
away rntb the 

phic. 

I !  

- 1 

- 6 

- 4 

- 4 

-23" 

- 6 

- 3 

- 5 

+ 1 

+ 40 

- 6 

- 2 

-25" 

- 5 

-10 

0 

- 16 

-24* 

-3.1," 

- 9 

-28" 

-30" 

vholo bolt of 
positive teudeucy 

!I 

0 

-1 

- 3  

0 

-3  

-1 

0 

- 3  

-1 

$ 1  

-1 

-1 

- 6  

-1 

-1 

0 

- 2  

- 3  

-9  

-1 

- 5  

-G 

the Peninsula. 
by doing 



TABLE SII. 

O ~ S C ~ C ~  
deflection 
in mcri- 

dian. 

I t  

-5 

+ 6  

0 

-7 

- 3  

- 3  

0 

-2 

+ 3  

-3  

-6 

-1 

-1 

+ S 

+ 2  

-1 

-3 

- -& 

-1 

+ 5  

+ 4 
0 

o f  the 

Longitude. 

' 

77 37 

77 30 

SO 0 

70 50 

79 57 

80 6 

80 J 

75 1 3  

77 8 

79 48 

75 1 

75 17 

7 1  29 

80 17  

74 53 

77 39 

75 6 

80 5 

77 4,O 

80 1 4  

79 45 

77 53  

Southern 

Station. 

B angalore ... 
Bommasandra ... 
Danapa ... 
Dangarradi ... 
Darutippa ... 
Dhulipalla ... 
Gudali ... 
Honnavalli ... 
Honnur ... 
Kistama ... 
Korarnur ... 
Kundgol ... 
Alajala ... 
Madras ... 
Mangalore ... 
Namthabad ... 
Navalur ... 
Ongole . . .  

P u n n s  ... 
St. Thomas's Mount ... 
Tiruvendipuram ... 
Yettimalai ... 

Pen tnsda .  
' 

Height. 

Feet 

3,126 

2,U05 

150 

96 

195  

2-15 

202 

2,775 

1,579 

458 

2,527 

2,147 

2,613 

5 4 

lS6  

1,169 

2,435 

250 

4'8 

250 

30 

617 

portion 

Latitude. 

0 1 0  

1 3  1 

1 4  0 

1 5  56 

23 43 

1 5  1 

1 6  26 

1 4  1 

1 4  17  

1J 55 

1 4  27 

1-L 8 

1 5  1 5  

1 6  47 

1 3  4 

1 2  5% 

15  6 

1 5  26 

1 5  30 

8 9 

13 0 

11 4.5 

11 4 

COXPOTED ~ E F L E C -  
TIOX IN NERLDIAN. 

Topo- 
graphic. Hayforcl. 

I1 

- 5 

+ 1 

-11 

-11 

-13 

-11 

-10 

- 5  

0 

- 9 

- -1, 

- 3 

- 3 

-10 

-10 

- 3  

- 6  

-12 

-22 

- 8  

- 7  

-10 

tt 

0 

+ 2  

-1 

-2 

-1 

-1 

0 

-1 

+1 

0 

+ 1 

+1 

0 

-1 

-1 

-1 

-1 

-1 

-4 

-1 

-1 

-1 



The southerly deflections observed nt Mndrns nnd Mnngnlore lend support to tho view that  the pluml)-lir~e i8 ~leflectod to 
t h e  nouth nt Knlinnpur. For nt Mndras RIIII Murrgnloro IL neaward d ~ f l e c t ~ o t ~  i8 flhown by tho I o o ~ r t ~ r l e  r~l~aorvntions to e u s t  
and thus tho ussumption of 4" ~ o u t h  for tlre rlctlectior~ a t  Knlia~rp~rr brings the latitude and longituda results luto hurmolry. TO 
give a neaward detlection to Punnre the deflectiou a t  Knliaupur will Lave to  be irrcreaflo~l to  G" soutlr. 

The  line of high density crossing the northern portion of the Peninsula is well illustrated 
by the following (EcJerences of deflection. The actual deflections a t  the eight statiol~s mentioned 
mill be found in Tables S and XI. 

T A B L E  XIII .  

I I AHE DEFLECTED 
On the meridian 

of 
The plumlb-lines at According to  According to 

Hayford. nbscrvat,ion. 

7 3 O  i nithook and Chaniana . . . . . . 1 4" innards 16" innards I 
7 7 O  

8 lo 

The longitude observations over the alluvial plains of North India. 

Daiadliari and Badgaon . . .  , , . 0" 1 innards 

Gurwani and Lingmara ... .. . 1" inwards 12" inwards 

8 6" 

I n  the case of the longitode 01,servations we are quite independent of any ass~~mpt ion  of 
verticality a t  ~ a l i a n ~ k r .  The longitude arc Arnritsar-Multan crosses the alluvial plains of the  
Punjal, (plate 11) ; the Himalayas are to its immediate cast, ahd the Baluchistan mountains to its 
immediate wesl : Irom Amritsar to Multan there is one long stretch of flat plains. 

The comhined deflections a t  Amritsar and a t  Multan should be in the aggregate 

Chelldwar and Cutback ... . . . I 3" innards 

from Crosthn-aitJs calculations of the visible topographic masses 19" outwards, 
from Hagford's hypothesis of isostasy 2" outwards, 
the observed deflections are 101"43 inwards. 

14" inwards 

This longitude arc corroborates the latitude observations in an extraordinary way : i t  shows 
that the deflections at Amritsar and Multan are in the aggregate 10".4:3 a w a y  from the  
cis ible  n t o ~ ~ n t u i n s  t o w u ~ c l s  the  plains. I t  shows that there is something hidden from us under 
these plains that upsets locally the effects of both topography and isostasy.* 

The combined deflections a t  Agra and Multan are,- 
from Crosthwait's calculations of topographic masses 5" outwards, 
from EIayford's theory of isostasy 0".5 outwards, 
as observed 9" inwards. 

It is obvious again that the Agra-Multan arc must cross something that  is unexplained 
by the hypothesis of isostasy. 

- 
I conaidor tha t  this nrc is an ndrlitionnl proof of the existence of a southerly deflection in the meridian a t  Kalianpur. 

This arc shows strong denectiotra towards the plains; in Bengal we get similar deflectiuns in the  meridian, if we usrune a 
southerly deflection a t  Kalianpur. 



Jalpaigzwi. 

T h e  observed deqection in the prime vertical a t  Jalpaiguri is worthy of note :- 
Topographic deflection -8" east. 
Hayfordian deflection 0" 
ObserveJ deflection -18" east. 

Jalpaiguri is near Siliguri (plate I). It is conceivable that the  assumed rift changes 
direction here and passes the western edge of the Garo-Khisi hills, which belong geologically t o  
t h e  pre-tertiary table-land. 

. The longitur2e observations across the Peninsula.frorn coast to coast. 

IYaltair-Bombay A r c  :- 

Topograph;~ deflections a t  Waltair and Bombay are 47" inwards. 
Hayfordian deflections are 9" inwards. 
Observed deflections are a" outwards. 

Madras-Xangalore Arc :- 

Topographic cleflect'ons a t  Madras and~Mangalore are 60" inwards. 
Hayfordian deflections are 9" inwards. 
0hserve:l deflections are 6" outwards. 

The outward deflections (i.e., towartls the sea) a t  the 4 coast stations Waltail; Bombay, 
Madras, Mangalore are not in  accord with the theory of isostasy. It may be that the constant 
ebb and flow of the tides, acting like a live load twice a day for centuries, has condensed the matter 
in the crust along a coastal zone. It may be that  the heavier basic rocks carried out to  sea 
have formed a film of dense matter over the sea-bed* or it may be that  the Indian Ocean is 
over-compensated. 

Summary of conclusions. 

Himalaya Mountains. 

The extraordinal? rift in the deflections all along the foot of the I-Iimalayas renders the 
consideration of Himalayan compensatio~~ very difficult, but it seems clear from table I that  
a consideral~le amount of compensation does exist. 

The effects of the rift are so great that they ohliterate over an extensLve region the effects 
of topography and oE isostasy. 

The all~~vial plains of North Jn(Zia. 

Throughout tllmn irnm~nae a l l ~ ~ v i a l  plains the plnm1,-line is cleflected everywhere away 
from t h s  rno~~r~ta ins .  Tl~r. o~~srrvct l  d~flections throughout, t,his area are in opposition both to the 
toymgral~hy at111 to the  t l l c - o ~  of isostzwy. 

Mean ol)servr.tl deflection 5" south. 
31~311 to~mgcrphic tleflcctio~~ 10" north. 
Meall IIayfortlia~~ 11r:lleclion on thc hypotllcsis of isostasy 1" north. - - -  -. - -  -~ ~. . -- ~ -. -- 

Hl~rr:~y'n I'rw. Alld. IJ .h .A.3 .  (;eogrnph. .%~tint~, Dovur. 1899. Sir J. M ~ ~ r r a  nhoworl that in thc processas 
weathmlnu tllc light n l l i , . * : o ~ ~ ~  r:onst~tuontr were left on conti~lcntr nntl thc I,mic rmnororl to t l c  Occnns. 



Pre-tertiary Peninsula. 

Throughout the northern portion of the Peninsula southerly deflections prevail; these cannot 
be accounted for by the hypothesis of isostasy, nor can they he attrihuted to  the topography. 

Mean o'xerved deflection 6" south. 

Mean topographic deflection 1" north. 

>lean Hayfordian deflection ON 

Across the northern portion of the Peninsula there is a long line of excessive density; 
iti would appear that the Viudhya Mountains overlie this line in places : this result is of great 
importance, as it  s e e m  to show that the earth's crust is rigid enough to support a large moun- 
taillous area 2,000 feet high. 

Throughout the central' portion of the Peninsula northerly deflections are met with; this is 
in accordance with the topography, although the observed values of deflections are not so large as 
the topographic deflections :- 

Mean ohserved deflection 6" north. 

Blean topographic deflection 10" north. 

Throughout the central portion of the P e n i ~ ~ s u l a  the Hayford corrections tend to diminish 
the observed deflections :- 

Mean observed deflection ( ullcorrected ) 6" 110rth. 

Mean Hayfordian deflection ( = correction for isostasy) 2" J )  

Mean resulting deflectiou (corrected for isostasy ) 4" ,, 
The direction of the plumb-line appears to  be normal along the following line across t h e  

Peninsula :- 

Points on the line of high density. / Lnt. Long. 

Between Deesa and Chalnu . . . 

Between Ah~nadpur and L d i  ... / 2 3  PO 1 77 41. 

Between Xal~arlnau and Saugor ... 1 2 3  40 ( 73 50 

Bet\veen Sareylil~an and Iiaraundi . . . 
Near Dalea ... 

Ncar Chandipur ... 

At stations round the southern coast the plumb-line is deflected sea-wards. 

22 4,0 

22 20 

SO 4 

$2 4 

21 27 1 87 5 



Appendix No. 11. 
T H E  R E S U L T S  O F  T I I E  P E N D U L U M  O B S E R V h T I O N S .  

It is with some Ilesitation that I am referring to the rcsults of the pendulurn olrservatious. 
These results have not as yet received corrections for iso~tasy, ant1 cannot tl~erefore be a(-ceptctl 
as  absolute. Nevertheless they arc, I think, rlescrving of co~~siderat ion,~l ir .s t ty ,  I,ecause they 
illustrate the dificulty of obtaining relial~le rorr~dctions for isostasy, and sccotatliy, I~ecausc ralual,lo 
information may be gained from studying t l ! f lcr~.r~ccu of results; ~ I ~ j I ' i ~ r e t ~ c c s  may ill fact be 
atwpted, although the ulsol?cte values  nay be doubtful. 

I n  1910, Captain C o n k  conlmencecl the tleter~nination of " IIayford" corrections for 
isostasy for the Indian pe~iclulu~n results. The lnl,our of these computations cannot he renlised 
by anyone \\-Lo has not hat1 a ~ t u a l  expcrience. The effects of all topographic features and of 
their EIayfordian conlpensatioli have to I J ~  calculated for each station. Captain Cowie has now 
obtaiued I-Iapfordiau corrections for the topography within 100 miles of each of b2 pendulum 
stations.* 3Iajor E. A. Tandy has exte~~decl the investigation for each station from the autipodes 
t o  within 350 miles. 

T h e  d z . c ? t / t i e s  o f  obtuinirlg corrections f o r  isostczsy f o r  pett,lrrl/r~tt resul ts .  

I n  former days a pendululn oLserver I~elieved that  he coultl, by means of his pendulum, 
ascertain the density of the local crust. 1-1s now learns that  the resnlts, which he has bee11 attri- 
but ing t o  local conditions, may possibly be due to distant continents and oceans. I n  order llom t o  
obtain a corrected result, he has to  estimate the effects of distant topography. The labour of 
calculation is excessive, and no final corrections are forthcoming for years. This postponement is 
serious ; an ol~server learns much from studying aud watching his results. His  results are a n  
encouragement and an interest to  him. 

The absolute values of gravity in India are based on the value for Kew of g=281.200.t 
B u t  this value for Kew was obtained without any cousideratio~l of the correctioil for isostasy. 

The normal value of gravity in India is obtained from Helmert's formula of 188-18, 

B u t  this formula was derived from pendulum results that  had not been corrected for isostasy, 

t Lcnox-Conynghsm's Pend~clzon Obacrsationr in Ind in .  



I mill now consider Cowie's results in the Vir~tlhya-Sntpura region of the Peniusule. 
Three of Cowie's   tat ions rxc-eetl 2,1)00 fret in heigl~t. 

The Bouguer correctio~l produces a positive value of go" -yo ; the IIayford correction, detluced 
from a circular arcs of lU0 uiiles rstlius, illcreases the positive allomsly. Thcso statiolls are 
distant frorn the coast- 

Seoni 400 miles. 
ilsirgarh 230 ,, 
Uaclnur 330 ,, 

Station. Longitude. 

0 I I q 1  
Seoni 77 '28 
Asirgarh 76 20 
Batlnur 77 5 1, 

I 

I t  is dificult to  1,clic.v~ that tl~ese positive anomalies, ol)served a t  station3 al~ove 2,000 feet 
high ill tlre Vindhpa-Satprlra mountains, can l)r tluc to the isostatic co~npensation of the India11 
Ocean. Tl~ey seem ill fact, to sl~ow that tl~cl Vi~lcll~ya-Satpun ~ n o u ~ ~ t a i ~ ~ s  are not compensatetl. 
If this c o ~ ~ c l u ~ i o ~ l  is correct, me are facccl with a new cliliici~lt!., for all Cowic's corrections for 
isostasy have 1,een clcduccd on the assu111ptio11 that tllc Vi~~dhya-Satpura Inass is cornpletcly 
cornpu~ated .  

Throughout the Vindhya~i region the IIayford correc-tions (tleducell fro,n the topography 
witti11 a radius of 100 niiles) telltl to iucrease t l ~ c  positive a1101nalics (g," -Y,). 

The nouguer values represeut the theory of crustal rigidity, the Hayforcl volucs represe~lt 
the theory of isostasy. 

Hoight. 

-- - 

feet 

2,032 
2,077 
2,103 

Station. I L ~ t i t ~ d r .  1 Lonpitu,lc. i Height. i I 1 Bougucr. Hayford. 

S/-YO . 
.- 

Hoshangabacl 

Khandwa 

Ellichpur 

- - - 

+ 0.009 
~ 0 . 0 1 7  
+ 0-006 

+ 0.051 
+0'01m6 
+ 0.052 

JuLbulpur . 
Umaria ... 
Saugor . . . 
Pendra . . . 

* Reports of Board of the Scie~rtific Advice, 1908-9 nnd 1909-10. 
G e ~ r o n l  Rcpoi~is of tlre Savvry of I~rdin, 1908-9 and 1909-10. 

1 9 1 79 59 

2 J  32 SO 5-1, 

1,.1G7 

1,-lm99 

1,757 

1,996 

23 52 

22  47 

+ 0.00S 

+ 0 003 

-0.016 

- 0.031 

7S b S  

SZ 0 



It remains then to be seen whether the extension of the calculations for isostasy to  the  
antipodes, combined with the application of a correction for isostasy to  our base-value of g a t  
Kew, aud with a modification of Helmert's formula for y mill decrease the Hayford anomalies 
in  this table. 

Our peudulum observations have led us hitherto to believe that  the; archsan Peninsula of 
India  is under different conditions of compensation froin those of the I-Iimalayas, where the value 
of (g,"-yo) is always negative. I t  remains now to be seen mhether the application of 
syste.natic correctious for isostasy will show that this conclusion has bee11 erroneous. 

Jessons t o  fie learnt  f r o m  dzferences o f  ~ c s u l t s .  
I have explained in this appendix the doubts which I feel concerning the absolute 

values of our peudulum results. B u t  those doubts arise from the theoretical corrections; I 
have no doubts about the observations t,hemselves. 

I f  then I take stations situated near together on flat open plains, and discuss not the 
values of g, b u t  the diferelzces between the values of g, I feel I am ou safe ground. 

I n  the first place I will take a liue oE pendulum stations across the flat plains of the 
Punjab from west to  east. 

Dera Ghazi Khan . . . 

I lu l tan  ... 

Station. Latitude. Longitude. 

0 I 

30 4 

The Bouguer values of (9,"-yo) are given in Lenox-Conyngham's P e n d r ~ l f c n ~  Operations i n  
Inrlia. The Hagford values of (9," -yo) are given in CowieJs report for 1909-10. 

The Bouguer values are based on an assumption of no compensation; the Hayford values 
are based on an assumption of complete compensation within a depth of 113-7 kilometers. 
(HaFfordian co~~ec t ions  have as yet been calculated up to a distai~ce of 100 miles only from each 
station.) 

Dera Ghazi Khan is near the mountains on the west of the Punjar,, and Ludhiana is near 
the mountains on the east; Montgomery and Ferozepore are centrally situated (see plate 11.) 

Although the Ponjal, plains are flat, the Uouguer values bring to light a curious fact, namely 
that g is greater in the Central Punjah than it  is near the mountains on either side. It was a t  first 
expected that the I-Iayford corrections for isostasy would explain the anomaly, but this they have 
not done. 

The Rouguer system showed (9:-yo) a t  Ferozepore to I)e 0.094 in excess of (gov-ro)  at 
Dera Ghazi Khan, and 0.05 1. in excess of (go"-yo) a t  Ludhiana. 

h1ontgomel-y ... 

Ferozepore ... 

Mian 31ir ... 

Ludhiana ... 

Height. 

0 r 

70 46 

9: - YO 

Bouguer. Hnyford. 

30 11  71 26 

30 40 

30 56 

31 32 

30 55  

feet 

397 

404 

73 6 

74 37 

74 23 

75 51 

-OaO88 -0.069 

-0.045 

I 

557 

647 

708 

835 

-0'031 

$0.003 

$0.006 

' +Oa0O4 

- 0.048 

+0.016 

+Oa022 

$0.023 

- 0.024 



The correction for isostasy, calculated up to 100 miles, has only accounted for a small 
fraction of the differential anomaly ; the differential anomaly remains unexplained. 

The Hayford system shows the Ferozepore cxcess over Dera Ghazi Khan to be 0.088, and 
over Ludhiaua to be 0.046. 

These Punjab stations are all near together, and no modification of the constants in  Helmert's 
formula for y will affect the differential results. N o  change in the base value a t  Kew will have 
any effect. 

I f  the Hayford correctiou be now extended to the antipodes, as i t  mill be, the negative 
values of a t  Dera Ghazi Khan aud Luclhiana will be decreased, or perhap  even 
eliminated, but  the positive values a t  Ikerzepore and Minn Mir will be increased. The ihflerences 
of results may be slightly reduced, Lut they will not disappear. N o  hypothesis of compensation 
will  explain botlr a negative anomaly at Ll~dl l ia~la  and a positive anomaly a t  Ferozepore. The 
dzffe~.ence between these two stations is probably a r e d  difference,-a local difference. 

W e  arrive then a t  the conclusion, that on the plains of Norther11 India the pendulum 
observations confirm the results of the plumb-line observatious, which have been discussed in 
Appendix No. I of this paper. 

Now let us consider four pendulum stations, situated close together, on the plains betmeen 
the Himalayas and Delhi (plate I). Of these stations Roorkee is nearest to  the mountains, Meerut 
is the most distant. 

W e  cannot ohtail1 any reliablc absolnte values of g, hut we can again consider tbe d{fe'e,eraces 
between dift'erent stations. Here the ste;~tly decrease in the ralue of (g/- yo) is the significattt fact. 

Station. 

Roorkee . ... 

Nojli ... 

Kaliana ... 
Afeerut ... 

According to the Bouguer system the negative value of (g,"- yo)  is decrcasetl between 
Roorkee and Meerut by O.OSO. Accorcling to the I-Iqford system the decrease is 0'062. The 
correction for isostasy within 100 miles has accounted for one-lift11 of the ano~naly : the extension 
of the correction to the antipodes mill probably account for a fulthcr slnall fctction; almost 
four-fifths of thc anomaly remain unexplained. 

It is possible when the detluctioll of tbe IIaj-fort1 corrections has been extended to the 
antipodes, the large negrativc: values of (g," -yo) ol)scrvcd a t  Roorkee and other places near 
the foot of the I-Iirnalayas will 11c esplainctl and elilnit~ated. But  this rlit~lination will necessarily 
be accotnpanicd by an increase i t1  the positivo valucs of (g," -yo) at  stations Inore tlistant 
from the ~noiu i ta i~~s .  If Ihu applicatio~~ of corrections for isostasy reltders values of g nor~ntll 
along the foot of the hills, i t  will show values of g to be iu excess of uortnal all over the Indo- 
Gaugetic plains. 

Latitude. 

0 I 

29 52 

29 53 

29 31 

29 0 

Longitude. 

0 I 

77 54 

77 40  

77 39 

77 42 

Height. 

feet 

867 

'879 

810 

734 

%"-YO 

Bouguer. 

-0'107 

-0.095 

-0.055 

-0 '027 .  

Hayford. 

-0'070 

- 0.059 

- 0'028 

-0'008 



The pendulum station of Pathaukot is situated a t  the foot of tlie IIirnalaym in the Eastern 
l'unjab and 00 miles from Mian Mir, (page 2 1 s ) .  

Lenox-Conyngham found gravity here in great tlefect, (g,,"-yo) = - 0'170. 
B y  Helmert's method of " d z e  fdcelle Stiirenlle Sd ic l l t  " tliis value of 0.179 is equivalent 

to  a deficiency of rock in the crust of 5,1111 feet.* A t  Mian Mir gravity is iri ercccls. 
The value of ( g / - y o )  = - 0.179 for Patha~tkot has not been correctcd for isostasy, ant1 so 

I am not justified in assu~ning any a6solute result. But  I am juvtifictl in adopting tlie view that 
! g / -  yo ) a t  Pathankot is considerably less t11i~n (g,"-yo) a t  Mia11 Mir. The correction for 
~sostasy may get rid of the absolute negative value a t  l'sthankot, but  it cannot get rid of the 
differeutial anomaly between Pathaukot and Mian Mir. 

* I'crrdrrlro~~ Opcr.aliutrs itr Irtdlu, p y c  189. 
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