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OF

N tlle memoir on " The Structure of the Himalayas and of the

1

Gangetic Plain, as elucidatcd by Geodetic Observations in
India,"l it was showil that the outer zone of the hills was a region
of partial defect of compensation, or, in other words, of superelevation of the surface, which increased in amount from the outer
edge of the hills t o as far in as dcfinite observations have been made.
This being only about 40 miles, the ultimate course of the discrepalicy between topography and conlpensstion cannot be traced,
but less certain observations, aild othcr considerations, indicate t h a t
the defect of compensation disappears a t greater distances from
the edge of the hills and may even be replaced by a n excess. The
conclusion, being a n in~portantone in view of its bearing on theories
of the origin of mountains, requires confirmation and, in the absence
of observations in the Himalayan region, this had t o b e looked for
elsen-here. I n the search for such information I came across a
series of gravity measurcments, made by the Russian Government, in the region of the Paniirs and neighbouring parts of Central
Asia, which are of special interest as giving a complete section
across a group of mol~ntainsnot only coniparable in elevation with
the Iliillalayas but also, in otlier ways, of iniportance in the discussion of theorics of mountain origin.
The gcology of this region is still imperfectlv Icno~vn, but this
is of no very great importance as the present investigation is not
concerned with details of stratigraphy. Enough is known t o show
that the general strike of the strata, and of the axes of the folds,
is about east and west right across the northern part of the district.
I n the southern part, the same strike is found towards the centre,
but on the east it bends round t o south-eastwards, and westwards
'Bern., Qeol. Surv. Znd., XLII, pt. 2. 1917.
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t o t h e south-west. The topography shows a general agreement
with t h e geological structure ; on t h e north t h e upper waters of
the Sit Daria, or Jaxartes, flow through the valley plain of Fergana,
in n-11
lt is evidently a structural depression between the mountains
t o tho north and south. South of the Fergana valley come the
parallel ranges of t h e Alai and Trans-Alai, separated by the Alai
plain, near t h e head of t h e valley of the Kizil Su. These ranges are
continued, further west, b y others named on maps as the Peter the
Great, Hissar, and Zerafshan, which together with the Alai ranges,
m a y be regarded a s t h e westerly continuation and termination of
t h e Tian Shan mountains, now separated by the erosion of valleys,
c u t more or less along t h e strike of the rocks. To the south of these
high langes a number of minor ridges stretch in a more or less southwesterly direction towards t h e valley of the Oxus, following, in a
general way, t h e strike of t h e rocks. The valley of the Oxus, or
Amu Daria, occupies a structural depression t o the westwards
of the junction of t h e Kunduz river, but the upper reaches occupy
what h,ls all t h e characters of a vall(.y bf erosion, cut through the
mountains, a t times along, and a t others across, the strike.
F u ~ t rh ~still t o the south comes t h e range of t h e Hindu Kush and
its wc ,tern continuation.
T1,rnughout this region there is, as has been indicated, a general
ag11'."lent between the geological structure of t h e rocks exposed
a t tL[> surface and t h e geographical aspect of t h e country, but
upon this general agreement of what may be called the minor topograph r , the course of crest and valley, there is superimposed a
niajor rclicf, which is quite indepclndent of the structure o'f the
surlsc rocks and arranged along a n axis transverse t o the strike.
This 1s very well seen in the hills of the drainage area of the Amu
D P , I : I ,\\here we have the lowlands of Bokhara, on the west, eastwn 111: c,omes a series of low hills which do not rise above 5,000 feet,
folilli tl by t h e high ~ l a t e a uof t h e Pamirs, and, still further east,
by tl11 mountains of Kungur and Mnstagh Ata, which rise t o heights
of o\ r 25,000 feet and form the highest summits of the region.
The same feature may be recognised in the increase in average
helc;hl, from east t o west of the series of ranges which form the backb o ~ l e of the region and is also, and perhaps most conspicuously
mal.lic%,lby the feature known t o geographers as the Mustagh Ata
r a r ~ q ~which
,
lies outaide the region covered by the gravity observations, but must be considered, as i t will be shown t o have a n imp'olt1.

1
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ant bearing on the interpretation of them, and as its character! is
generally misunderstood.
Maps show a series of high mountains ranged along the border
of the plains of Kashgaria, which are separated from the Pamir
plateau by deep valleys, and are so conspi~uouslyarranged along
a nearly meridional line that, in spite of the interruption by two
deeply cut valleys, it is natural t o look upon them as forming a distinct and definite mountain range, which is variously designated as
the Kashgar, Tagharma, or Mustagh Ata, range ; the appearance is,
in fact, so striking that it has even misled some geologists into regarding it as a true tectonic range, and accepting a system of disturbance
of the strata which would cut right across the trend of the structure
of the region immediately t o the west, and of which no trace can be
found in observation in the field. The Mustagh Ata and Icungur
are conlposed of granite, and doubtless owe their preservation as
the highest summits of the region t o this, but t o the north Dr. H. H.
Hayden found that an easterly strike continued right across the
line of the supposed range, up t o the margin of the Kashgar plain,'
and t o the south Dr. I?. Stoliczka found a south-easterly strike continued, with only a brief local occurrence of northerly strike from the
edge of the plain till it bent round into the east-south-easterly strike
of the Parnim2 The similitude t o a mountain range is largely due
t o the valleys which separate the summits from the Pamir plateau, and
even if these valleys are not wholly due t o erosion, there remains
the fact that the greatest actual elevations lie in the extreme east
of the region, and the common geographical interpretation has
this wuch genetic justification, that the axis of the greatest uplift
lies on the eastern edge of the Ilills, whence there is a rapid descent
t o the plains of Kashgar.
The major relief of the country is thus seen t o cut right across
the minor relief, or course of ridge and valley, and for this no satiscan be found in the visible geological structure
factory e~planat~ion
of the country. The structure very clearly indicates that the region
has undergone compression in a north and south direction, and this
compression would give rise t o a thickening of the crust, t o which
the elevation of the hills might, and very commonly is, attributed ;
but there is nothing in our limited knowledge of this region t o suggest that the compression has been greater in the east than in tlie

' Rec.,

G'rnl. Suru. Ilid., XLV, 318 (191G).
Rcsr~ltsof the Second Yarkend Mission

' Scientific

Gcolqgy, pp. 36-35 (1878)
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western portion, a t any rate t o the extent necessary to account for
the difference in the present elevation of the ground. This, however, is merely a repetition of what may be found in other parts
of the world. Even in those districts where the relation between
inward structure and outward form are most intimate and obvious,
there is not the same apparent connection between structure and
absolute elevation. The Alps and the Himalayas, for instance,
have both been compressed in a direction transverse t o the general
course of the range, and the amount of compression seems t o be of
m u c h the same order of magnitude in both cases ; the geology of
t h e Himalayas is less fully known than that of the Alps, but so far
as our knowledge goes the compression seems t o have been, if anything, less in amount, and certainly there is nothing like the twofold
greater compression, which would be needed t o account in this
way for the .twofold greater elevation. I n both these cases, as in
others of a similar character, the major relief is ranged along much
t h e same general direction as the minor, so that it is difficult to
disentangle the effects of the two and decide how far each may
or may not be determined by the geological structure. I n the
mountains of Turkestan the opposite is the case, and here the major
and the minor relief are arranged along different lines, which cross
each other nearly a t right angles, and, for this reason, the region
seems particularly favourable for the study of those problems of
mountain formation, the solution of which seems impossible by
geological observation and only t o be approached by the study of
geodetic measurements.

The results of the observations are published in the report of
the 1909 meeting of the International Geodetic Association, but in
less detailed form than is customary: for only the free air correction
is given. The Bouguer correction for visible rnass and the Hayford
correction for local topography are easily obtained, but the orographic correction for departure of the :ctual s~!~rface
from a plateau
could not be determined with accuracy from the maps accessible
t o me. As the stations are mostly situated in opcn valleys or out
in the plain, this correction mill in the majority of cases be less than
eU1 dyne and only in a few cases, where the station is situated in a
deep and narrow valley, mill it exceed -02 dyne, and is not lik'ely
t o be greater than .03 a t any station of the series.
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The correction for the effect of topography a t a greater distance
.than 104 miles from the station has been determined. It was
.computed in detail by Messrs. Hayford and Bowie for the station
.of Kala Khum,l which is almost centrally situated in the group
.of stations being dealt with, and, as the amount of this correction
varies comparatively slowly from station t o station, the adoption
.of the same value a t all would probably not introduce a n error of
more than .02 dyne a t any one. Moreover, the error would be a
systematic one, changing gradually from one margin of the map
towards the other, and so easily recognisable, if not obscured by
other and greater irregularities. As mill be seen in the sequel,
t h e differences in the anomalies are much greater in amount and more
,rapid in their variation than can possibly be accounted for by the
neglect of this correction. Another consideration is the fact that
.the correctness of the adopted value for the force of gravity at
Tashkent, on which all the other values depend, is in doubt,2 and
for this reason it has seemed best t o confine attention t o the differences, which are most conveniently expressed as positive or negative
variations from the mean value of the whole group, excluding
the anomalous station of Kala Wamar. The stations are numerous
enough, and the area sufficiently extensive and diversified in
character, t o make it probable that the mean of the anomalies will
.approximately represent the true zero value for the area, while
the exclusion of Kala Wamar is justified by the ailomalous
character of the record. The negative auolnaly a t this station is not
#only abnormally high, but is nearly two-tenths of a dyne higher
than a t the nearest stations. There is no apparent explanation of
so great an anomaly a t this station, and it is difficult t o avoid the
conclusion that a clerical error has crept into either the calculations
.or their transcription, the alternative explanation being that there
is some exceptional and quite local peculiarity a t this station ; in
either case it,s exclusion is justified.

On the map attached t o this note (PI. 3) the relief of the surface is
indicated by the contours a t intervals of 5,000 feet and the positions

.

Tho effect. of Topography nnd Isostatic compc~nsation upon the Intensity
of gravity. MTnnhington; 1912 ; p 84.
Co~nptes R,cndues de In seiziemc? Conforenee gendrale do 1'A~socintion Geoderriq u o Intemat,ionnle, Vol. JII , pp. 138-141.
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of the gravity stations, with the amount, expressed in hundredths
of a dyne, by which the anomaly differs froill the mean value. As
has been mentioned, these values require a correction for irregularity
of the surface, which may reach .03 dyne and will be less a t nlost
of the stations in the mountain region ; they are also subject to a
correction on account of distant topography and its compensation,
which will vary gradually from a positive value near one margin to a
negative value a t the other, or possibly may vary in either positive or
negative direction from some point within the area. Another possible
correction is a divergence of the actual distribution of the compensation
from that assumed in the Hayford and Bowie tables, from which
the figures made use of were derived ; any such assumption, however,
not inadmissible on other grounds, ~vould make very small change
in the amount of the anomaly, the maximum change, a t the stations
in the very heart of the mountains, could not exceed -02 dyne %t
any individual station and would vary in amount with the altitude.
An inspection of the map shows that the actual variation in
the amount of the anomaly is not susceptible of explanation in
any of these ways ; not only is the amount of the difference too
large, reaching as it does about two-tenths of a dyne, but the distribution shows no relation t o the situation of the stations, whether in deep and narrow valleys or in the open plain, nor t o the
elevation, nor does it vary in a manner that could be attributed to
the effect of distant topography. On the other hand, the variation does show a very decided relation t o the general relief of the
country ; in the lowlands t o the west we find the anomalies all
positive, and t.he positive values continue into the hills on the east ;
as the higher hills are entered the anomalies become negative, and
all the eastern stations show a negative anomaly, with the exception of two groups, one in the central region of the Palnir plateau,
and the other in the depression of Fergana. Expressed in general'
terms, it may be said that the character of the anomaly is such that
where lower ground borders on higher the anomaly is positive,
and negative where high ground is bordered by lower. I n the
case of the western plains of Bokhara, and again in the Fergana
depression this relationship is obvious, but not so on the Pamir
plaresu, yet there, too, high as the stations lie, there is higher ground
on all sides, though the barrier on the west is breached by river
valleys. The station of Jekindf, which shows a small poaitive
anomaly, isolated in a region of defect of gravity. is no exception
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for, though situated i11 a mountain region, it lies in the upper valley
of the Kizil Su and not very far from the edge of the Alai lai in,
\irhich, lying between the Alai and Trans Alai ranges, appears t o
l~larka structural depression between two lines of excess of uplift.
Bearing in mind the fact that a positive anomaly, where the
efiect of compensation has been considered, means that the surface
level stands higher than it would if a condition of complete isostatic
equilibrium existed under the station, the distribution of the anomalies may be expressed in a different way, as indicating that the
low ground -is borne up above, and the ranges depressed below,
their respective proper levels. This is the condition which was
established as regards one part, and shown t o be probable as regards
the other, in the case of the Himalayas, and, in that connection,
was shown t o suggest a certain amount of residual rigidity in the
crust of the earth. The way in tvhich this would work can be
illustrated by the diagram, fig. 1, where an originally level surface
is supposed t o have been subjected t o elevatory forces such as
would result in a surface as represented by the firm line between
and H, if the surface level everywhere coincided with the upward
or downward forces ; if, however, the crust were possessed of a
degree of permanent rigidity which would not allow it t o adapt
itself t o the flexures, the resulting surface would take some such
form as that represented by the dotted line, the exact form depending
on the degree of rigidity of the crust and the abruptness of the
flexures.

Fig. 1.

Here we see that on either side of the central uplifted tract, the
level surface is bent upwards a.nd stands a t a higher level than it
otherwise would, while the outer edges of the uplift are held down
below the level which they should have reached. I n the centre
of the plateau it might be that the surface would be forced up
a,hove its proper level by an arching upwards of the crust, as a
result of the bending down on either side.
The conditions assumed in the diagra.nl have been reduced
t o an ext.reme simplicihy, but a simi1a.r result ~vonldfollow in more
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complicated circumstances, and, further, if we suppose the elevatory
force t o be t h e result of the same changes which have given rise to
the compensation, we should find an apparent excess of gravity
in all those regions where the dotted line runs above the firm one,
and where the actual amount of the compensation would be less
than that deduced from the measured altitude ; where the dotted
line runs below the firm there would, similarly, be an apparent
defect of gravity, the real compensation being greater in amount
than was allowed for in the computation.
Before passing on t o t h e consideration of the observations
i t may be well t o point out t h a t if the compensation were a n indirect
result of the accumulation of surface material t o form the plateau,
the relationship between the real surface and the surface of equilibrium would be the opposite of that shown in the diagram. I n
thid case the ground on either side of the ~ l a t e a uwould be borne
down, and a defect of gravity would be observed, while the ~ l a t e a u
would be supported above the level of equilibrium and show an
excess of gravity.

Examining the anomalies in the light of this explanation, we
find, in the first place, high positive values in the most westerly
stations ; then, entering the hills, this positive anomaly decreases
in amount in a n easterly direction, as the high plateau of the Pamirs
is approached, till it disappears and is replaced by a negative anomaly
both in the stations along the course of the Oxus and in the hills t o
the north of it.
I n the upper Oxus valley, the anomaly has a negative value
of about -06 dyne a t Kala Khum, of which -01 is due t o the omission
of the orographic correction. At Kala Wanj, Kharuk and Ishkasham~
the negative anomaly amounts t o '08, of which some a02 t o '03 may
be due t o the orographic correction, and a t Langar Kisht, where
this correction is probably larger than a t any other station, the
negative anomaly of a 1 1 would be reduced t o .07 or .08.
Eastwards of these high negative values there are no stations
till the Pamir plateau i~ reached, where a group of positive anomalies
is met with, the greatest of which amounts to .ll dyne, a t Robat
Muskol. This very high value may he attributable, in part, t o a
purely local variation in the density of the rocks under the station,
and it may be that the lesser positivc anomalies a t the neighbouring
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stations would be made negative by a computation including the
effect of more distant topography, but any such change 11,-ould
still leave the values positive in comparison with the anonlalies
a t the stations round about.
Taking a n anomaly of -03 dyne as representing in round nuinbers
the attraction of 1,000 feet thickness of average rock, we may interpret the figures as showing a superelevation of about 3,000 feet in the
plain about Bokhara, a depression of rather less along the edge of
the high plateau of the Pamirs, about Kala Khum or Kala Wan?.
and a superelevation of about the same amount in the central part
of the plateau round about Robat lluskol. The distance froin
Charjui to Robat Muskol is about 550 miles and the maxinlunl
difference of load equivalent t o about 5,000 feet of rock, indicating
a permanent strength of the crust of more than double that which.
according t o Prof. Barrell, is revealed by the observations in the
United States, but only about one-half t o three-quarters of that
exhibited by part of the floor of the Pacific Ocean.'
On this line of section, a disturbing element may-come in, of
the effect of which we can form no estimate, for the line is flanked
on the north by the high ranges stretching westwards between .the
Oxus and Jaxartes valleys, and on the south by the Hindu Rush
and its westerly continuation. Nothing of the same proportionate
amount needs consideration on the transverse section from north
to south across the Panlirs. Beginning from the south, we find
a negative anomaly a t Langar 'Kisht which, allowing for the eflect
of the orographic correction, is equivalent t o a depression of about
3,000 feet. This station is close to the crest of the Hindu Kush
and to peaks which rise to an altitude of 22,000 t o 24,000 feet.
At Murghabi, the depressioil has sunk to -.04 dyne and, as the
orographic correction would be colnparatively small, the depression may be put a t about 1,000 feet. At the next station, Robat
Ak Raital, there is a superelevation of about the same amount, wliich
increases t o 3,000 feet or more a t Robat Muskol. Lake Karakul
seems t o stand a t about the level due to the coinpensatioll but
northwards the depression a t Bordaba amounts t o 1,000 feet and
t o 3,000 feet a t Ak Bossaga, diminishing again t o about 1,000 feet
a t Sufi Kurgan and Gnlcha. At Liansar and Osh, in the Fergana
valley, there is a positive anomaly, indicating a superelevation of
' J o r r r , ~ . Qeol., S X I I , 30. 37, 38 (1918).
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less t h a n 1,000 feet, surrounded on three sides by stations indicating
a depression of the surface level, as the mountains are neared.
On this section the bearing up of the low ground, and the bearing
down of the high, is very clearly exhibited. I n the case of the
Fergana valley it is obvious enough, and, as has been pointed out,
t h e central region of the Pamir plateau is in much the same case,
in spite of its altitude, but here another cause may co-operate in
producing superelevation. The observations indicate a bending
down of the crust towards the north and south, and towards the
west ; on the east no observations exist but we may infer that a
similar condition would be found towards the plains of Kashgar.
Granted the correctness of this interpretation, the strength and
rigidity of the crust implied by it might well give rise t o an upward
bending of the portion of the crust lying between and so t o an uplift,
reaching its maximum in the centre and dying out on either side,
a s was suggested in dealing with the suppositious case illustrated
in fig. 1.
However this may be, we have a section which may be regarded
as something over a complete wave, having a length of about 150
miles from crest t o crest or trough t o trough, and a height of about
7,000 feet from trough t o crest. This last figure may be excessive,
and partly due t o this increase of the maximum anomalies by purely
local causes, but the general average of the observations shows that
the difference is a t least equivalent t o some 5,000 feet or 2,500
above and below the mean level of equilibrium.
Westwards from Fergana the stations in the drainage area of
the Sir Daria, or Jaxartes, show the same features, of negative
anomalies on the east giving place t o positive anomalies t o the
westwards, as was found further south. It is not possible t o recognise
any influence of the high mountains which lie between the two
rivers, as there are no stations within the ranges or close t o them,
and thc elevated mass is so insignificant in volume, as compared with
the Pamir plateau, that the effect of the latter would be red om in ant,
and any influence exerted by the former only recognisable by a
larger number of more closely set stations than are available.
Taken as a whole, the results agree in a remarkable manner
wit,h those obtained from the study of the geodetic observations
i n the Himalayas, indicating that a condition of general isostatic
equilibrium, of the mountains as a whole, is subject to considerable
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local departures from this condition. I n both cases these departures
from complete equilibrium are distributed with a, marked relation t o
the greater relief of the surface and are just such as would result
from the uplift being due to some deep-seated cause, acting mainly
in a vertical direction, combined with some considerable strength
and permanent rigidity of the overlying crust, which is, consequently,
prevented from adapting itself completely t o the bending, and so may
hold the surface level down below or upraised above that a t which it
would otherwise stand. The limit t o the amount of the departure
from the level of equilibrium is about the same in both regions and
reaches a maximum of some 3,000 feet ; the observations which
have been made in the Andes suggest a similar departure from
coinplete equilibrium and t o about the same amount. We find, then,
that three great mountain ranges, each of about the same magnitude,
and the three greatest in the world, agree in showing the same
phenomenon and t o the same degree. This would in itself give great
support t o the supposition that there is a real connection and a
cause coinmon t o all. There are, besides, within the limits of
the region now under consideration, two groups of facts, wholly
independent of each other, and each in its way giving support t o
the deduction that the greater relief of the surface is independent
of the superficial geological structure, but is directly due t o the
same processes as have given rise t o the con~pensation.
The first of these is the fact that the course and distribution
of the principal mountain ranges and the larger features of the relief
of the ground are not directly determined by the geological structure.
The point is very clearly brought out in a paper by Dr. Ellsworth
Huntington, on the Mountains of Turkestan, and can hardly be
more graphically and succinctly expressed than by three brief
ext,racts from his account, in which he consistently writes of the
Tian Shan Mountains as a plateau and never as a range.1

" I n physiographic terms, the Tian Shan plateau may be described
as a peneplain which has been highly uplifted and warped, and is
now in a state of extreme youth ".
* " The result of thcse
geological changes is that, although the internal structure of the
Tian Shan region is highly mountainous, its crternal appearance,
or, in other ~vorcls, its geographical aspect, is that of a plateau "
*
* " The ridges rise by long gentle slopes t o flat summits,

* *

*

1

Qeog. Jorcrtr.,

SSV, pp. 22-40, 139-158 (1005).
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where often for many miles t h e sky-line is a n almost straight crest
from which the rounded slopes of pure white snowfields descend
gradually toward the basins.
Here and there the crest line is
notched by high passes, the lowest of which are but 1,000 or 2,000
feet -below the top of the ridge. Oftener the summit of the ridge
is broken into individual mountains, broadly flat topped and of
nearly equal height."
The description of this author is borne out by that of every
other travcller, and the region appears as one which has undergone
a very considerable amount of disturbance, accompanied by a
general compression of the strata, which may have given rise t o
true tectonic irregularities in the form of the surface. These original
features had been worn down and the country reduced t o a lowland
type of gentle relief, such as it is the fashion t o describe as a peneplain,
when, a t a later date, the country was uplifted and, by the opportunity so given t o the action of denudation, the surface carved into
steep slopes, and deep-cut valleys, converting a downland plateau
into the aspect of a series of mountain ranges. The uplift was not
uniform, but greater along certain lines than elsewhere, and in some
cases these lines of greater elevation followed the general course of
the earlier axes of disturbance of the strata, so that the present
range of high crests has the appearance of being a true tectonic
range, but even in these cases the amount of the later elevation
varies along the length of the range, m d the variation has no relation t o the geological structure. More generally, however, there
seems no direct connection, and the most conspicuous geographical
feature of the region, the line of mountains running north and south,
between the Pamirs and the Plains of Yarkand and Kashgar,
runs right across the trend of the geological structure. This series
of mountains is so distinctly ranged along a definite axis that it
may naturally be regarded as a definite range, and the study of the
topographical map has even led geologists t o infer the existence of
a meridional range of true tectonic character. As has already been
mentioned, the surface observations are opposed to this conclusion,
and show that, if the range is in any sense of the word a tectonic
one the tectonics are more deeply seated than those of the disturhance of the rocks near the surface.
The consiclrration of this range, which is seen t o be p r o b a l ~ l ~
a true range, genetically as well as in superficial appearance, merely
emphssiaes the conclusion drawn from the general study of the region,
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that the broad features of t h e major relief, as well a s the determination of t h e more restricted zones of greater uplift, are not the
result of processes apparent in t h e structures visible a t the surface,
but of more deeply seated, and possibly quite independent, processes,
which are-not accessible t o surface observations, and are, presumably,
connected with the cause of compensation.
The second group of facts has a more direct bearing on the
particular nature of t h e changes, or processes, which produce the
compensation. It is known t h a t great earthquakes send out tn-o
sets of waves, which are transmitted through t h e interior of the
earth and recorded a t distant stations. I n addition t o the record
of the waves which have travelled by direct courses, there are
subsidiary records which are attributed t o those which have been
one or more times reflected ; though the interpretation of the records
has been questioned, and is certainly doubtful as t o some of the
supposed twice or more times reflected waves, the concordance of
a very large proportion of the records seems t o have established the
presence of the two types of singly reflected waves, the condensational and the distortional, each reflected from a midway point as
the same form of wave. I n the mathematical treatment of this
question it is usual t o assume a reflection from the surface of a
solid sphere, and this is too often taken t o mean t h a t i t takes place
a t the surface of the earth ; this, however, is impossible, in the case
of the actual records, for t h e rocks of which the outer shell of the
earth is composed are too heterogeneous t o transmit a simple forin
of wave-motion without repeated breaking u p into waves of more
than one form, and the constituent rocks have. allnost without
exception, so different a degree of elasticity in diiferent directioils
that they are incapable of transnlitting either of the sin~pleforms of
wave-motion. The result is, t h a t the simple waves, oil entering the
outer crust, become broken up into inore coillplex forins and lost ;
consequently, it is not a t the surface of the earth t h a t we inust
look for t h e surface of reflcction, but a t the under surface of the
heterogeneous crust, and it is reasonable t o find a n explanatioli,
of the greater or less conspicuousness of the record of the reflected
waves, in the varying degree of abruptness of transition t o the
more uniform material below. Now it has been observed that. of
all t h e earthquakes registered a t Europran observatories, those
originating in the neighbourhood of the Philippines. t h a t is, those
which have the central point of reflection ~lilderthe region of high
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mountains of Kashmir and the Pamirs, give the most conspicuous
record of the reflected waves, usually even larger than that of the
distant ones.
The obvious interpretation of this is that the transition from
the outer crust t o the underlying material is more than usually
rapid and sharply defined in the region under the Pamirs, and it
is natural t o associate this with the changes which have given rise
t o the con~pensation of this group of mountain ranges, the largest
and loftiest in the world. And so we reach the same conclusion
as was drawn from the gravity observations, that the processes and
changes, t o which the effect is due, are localised, or a t .least concentrated, in the lower part of the crust, or in the layer immediately
beneath it.
The conclusion reached in the course of this investigation may
not be without importance on the geodetic side, as a guide in the
determination of the nature, and distribution in depth, of the compensation. On the geological side it is of great interest as showing
that two distinct causes and actions have been a t work and must
be taken into account in any attempt t o elucidate the origin of
mountain rahges. On the one hand, we have the actions which
have given rise t o the disturbance of sedimentary rocks from their
originally horizontal position, and t o the intrusion of igneous rocks
among them. The well-established importance of trend-lines of
structure is unimpaired, and t o the structure set up in this way,
combined with the effects of surface denudation, the details of
surface form and the course of ridge and valley are due. The
boundary between hill and plain is often determined by the same
cause, and t o it ranges of hills may sometimes be due, but there is a
distinct limit t o the amount of the difference of elevation which
can be produced in this way. No exact figure can be given for
these limits ; they are probably incapable of precise numerical
definition, but the limit of height must be somewhere about 2,000,
or possibly, 3,000 feet, and the limit of breadth 150 t o 200 miles.
Where the difference becomes greater than this, we must look t o
some other cause than compre~sionof the rocks, for the load imposed
on the crust becomes too great for it t o bear, and so the conclusion
ia reached that the larger differences in elevation, and the more
extengive areas of uplift, are due t o Rome cause which is independent
of that which has given rise t o the structures revealed by the geoloexan~inat~ion
of surface rocks.
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As a speculation this is not new, but the present investigation
has given clearer indication of its truth than had previously been
phblished, within my knowledge, and more especially has shown,
in the first place, t h a t the uplift of the higher mountain ranges is
directly connected with those changes which have given rise t o the
defect of density under the ranges, known as their compensation,
and, in .the second place, that these changes are deep-seated and
take place a t the lower limit of the outer crust. Of the nature of
these changes, or the way in which they are brought about, the investigation gives no direct indication, but, fro111 the intimate connection
between the uplift and the compensation, it follows that the centre
of gravity of the two is probably a t the same average depth, and this,
according t o Mr. Hayford's investigation, is son~e~vhereabout 35
miles below the surface. Further, the distribution of the departures
from complete local equilibriuill are such as t o show that the
compensation is not the indirect effect of the formation of the mountain ranges, but that it is the primary phenomenon and the originating cause of the uplift, of which the mountains are the indirect
result and t o which they owe their present altitude.

[No~'E.-The Stations in this list belong to two series of observations,
one based on Tashkent, the other 011 Tieis. As the value adopted for the
base station in the former differs from that determiled for the same place
in the letter, and earlier in point of date, by .015 dyne, a correctioil of
this amount has been made a t the other stations in order to bring the two
series into uniformity. Stations of the series based on Tiflis, to which
the correction has been applied, are distinguished by an asterisk. Spellillg
of place names follows the Survey of India, or :t sirllilar system where the
name is not to be found on publinhed maps.]
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