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PREFACE. 



Once more I entrust to 

Ca-v. Filippo De Filippi, my 

travelling companion, the complete 

account of my late expedition. 

I am grateful to him for under

P--~~..;.-;_"iliila; _ taking the task, and I hope 

that his revit'ed memories 0/ 
our journey may have rendered his labour less burdensome. 

The detailed -history 0/ O'llr wanderings will explain better than I was 

able to do in my short lectures before the Italian Alpine Club and tlte 

Italian Geographical Society, the difficulties and obstacles which the 

expedition encountered. The map 0/ the Baltoro glacier which accompanies 

this 'Volume was planned and executed at the ltl ilitary Geographical 

Institute' 0/ Florence from photogrammetric panoramas assf'sted by 

. tacheometer observations taken during the campaign by Ship's Lieutenant 

ltlarchese Federico Negrotto Cambiaso. I am glad 0/ this opportunity to 

express my 'warm thanks to Ing. Comm. Pio Paganini, the inventor 0/ the 

photogrammetric method, who has been at all times most generous with aid 

and advice; to Major-General Ernesto Gliamas, Director 0/ the Mt1itary 

Geographical Institute 0/ Florence; to Lieut.-Colonel Prospero Baglione; 

to Captain Nicola Vacchelli; to the topographers Fortutudo Senno and 

Giuseppe Galli.. and to all others tvho co-operated in the construction 0/ 
the map. 



xii Preface. 

ProfessO'l' Domenico Omodei has once more taken upon himSelf the 

wearisome task of calculating and collating the statistics gathered from my 

meteorologicaZ observations, thus increasing the debt of gratitude alr~ady 

incurred by me for his-.l~lp in former expeditions. 
I am likewise most grateful to I ng. Vittorio N ovarese, of the Regio 

U fficio Geologico, for the geological survey he has written, based upon the 

observations made by the expedition; and to Professor Romualdo Pirotta 

and to Dr. Fabrizio Oortesi for their- botanical notes upon the plants 

collected by Dr. De Filippi. 

I hope that this book, together with the. beautiful photographs taken 

by Oav. U ff. Vittorio Sella, will succeed in conveying to the reader some 

portion of the profound impression made upon us by our months of sojourn 

in the Karalcoram. Our work will not have been in vain if it prove to be 

of assistance to future explorers of that distant and majestic region. 
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ApPENDIX A. 

PHOTOGRAMMETRIC SURVEY 
On the scale of 1 : 100,000 

IN THE 

KARAKORAM (WESTERN HIMALAYA). 
Comprising Part of the Upper End of the Baltoro Glacier and the 

Godwin Austen and Savoia Glaciers. 

BY 

FEDERICO NEGROTIO CAMBIASO. 
Ship·. Lieutenant. 
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PHOTOGRAMMETRIC SURVEY. 

I.-Selection of the Method followed in the Execution of the Survey. 

THE Godwin Austen glacier, the 
two branches of it which surround 
to west and east the main mass 
of K 2 , and the buttresses that 
enclose these, were surveyed by 
photogrammetry. This special 
method, invented by the geographer 
Corom. Pio Paganini, formerly an 
officer in the Royal Italian Navy, 
has been adopted by the Military 
Geographical Institute of Florence 
for the surveying of high mountains. 
Thanks to the painstaking studies 
of many years and to the instru
ments devised and perfected by 

Comm. Paganini, his method has attained the highest degree of simplicity 
and practical utility, and may with advantage replace all other topographical 
methods in difficult or inaccessible regions. It is especially adapted to steep mountains 
and large glaciers, to places beyond the frontier or such as are occupied by the 
enemy; to unhealthy districts; finally, to any place where long and tiresome marches 
leave little time for surveying with the plane table, tacheometer and theodolite. 

In surveying high mountainous regions with the plane table, the Military 
Geographical Institute has abandoned the use of the tape. The same may be said of 
the tacheometer, which under the circumstances serves as a theodolite. The points 
for the survey are always determined by intersection. Then all the directions at 
points useful for the survey must be observed and noted on the spot, either with the 
plane table, the tacheometer or the theodolite, and supplemented by numerous 
skerohes to help later in making the map. The method of the plane table, although 
it has the advantage of enabling one to reproduce natural features on the spot, takes, 
on the other hand, more time at each station. Moreover, in case of bad weather 
it is not easy to keep the drawing from being injured in the process of execution, 
and finally the apparatus is difficult to transport in the high mountains. 

(9221) 2 A 4 



376 Appendix A 

With the photogrammetric method all the required directions to the points 
may be obtained afterwards from the photographs taken from properly chosen 
stations. The photographic apparatus is provided with special measuring devices 
to furnish the photographic perspectives with the elements needed for the survey. 
In the field the only poi.Iij; of similarity between this method and earlier ones is the 
determination of the stations by taking bearings to surrounding trigonometrical 
points. This determination may if necessary be made at home with the panoramio 
views, provided the points are well defined, as is the case in the high mountains, 
where they usually consist of sharp and conspicuous summits. Thus with the 
photogrammetric method all that has to be"-done out of doors is the adjusting of 
the instrument, the taking of the panoramic views and the noting in the field book 
the orientation and bearings to the trigonometrical points necessary to determine 
the station. Other notes may be taken: as of ihe directions which may help to 
determine with greater precision such distinctive points as may be useful points 
of reference for subsequent stations; or to fix the perspe-ctive when the number 
of trigonomet:r'ic Foints is insufficient; or to obtain at once a trigonometrical net 
connected with one or more bases measured directly. This would be necessary 
in lands where no measurements had previously been taken. The photogrammetric 
method consists in taking in the field a series of views from different stations, and 
these pictures serve later as the basis of all those operations which under any oth'er 
method must be performed on the spot. There is further the advantage that we 
can determine as many points as we want according to the scale adopted and the 
amount of detail we wish to give to the map. The Paganini apparatus supplies 
vertical topographical perspectives, upon which are traced two orthogonal axes. 
The intersection of these axes coincides with the principal point of the perspective, 
which by construction is also the meeting of the optical axis of the lens or of the 
camera with the plane of the image. Of the two perpendicular axes traced on the 
negative and thence transferred to the positive, one is the line of the horizontal 
plane which passes through the view-point of the perspective, and thus represents 
the horizon of the station; the other is the line of the vertical plane which contains 
the optical axis of the camera; hence also the view-point and the principal point 
of the perspective itself. This holds good, of course, only when the necessary 
adjustment of the apparatus is made previously. In order to use the photographic 
perspectives thus obtained for mapping the ground which they represent, it is 
necessary to know the distance of the view-point from the plane on which they 
are formed -in other words, the length of the perpendicular line drawn from the 
said point to this plane. As in our case we are dealing with photographic 
perspectives in which the ground shown can be considered to be at infinity,l their 
point of view coincides with the second nodal point of the lens, and the principal 
focal length of the latter represents the length of the aforesaid distance. The lens 

1 Of. PAGANINI, Fotogrammetria. Mila.n U. Hoepli 1901. 
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of the Paganini apparatus is provided with a graduated scale in millimetres and 
tenths of millimetres, in order that this length may be taken with precision. It 
is determined once for all at the beginning of work, by bringing into the focal plane 
distant points and making a series of observations in order to arrive at a mean 
value approximating the true one. With the help of the graduated scale it is easy 
to keep this value constant in all the perspectives obtained during the survey. 
Paganini calls this value the " indicated focal length," to distinguish it from the 
one determined afterwards at home for the perspectives on paper, which serve 
for the actual construction of the map. For further particulars the reader is 
referred to the hand-book mentioned above. This factor is most important because 
it establishes the relation between the dimensions of the objects and those of the 
corresponding images on the perspectives. It must be determined therefore with 
the greatest care and, when necessary, corrected by calculations before setting to 
work on the survey. 

Another element which must be established upon the spot is the orientation 
of the perspective: that is, the horizontal angle made by the optical axis of the 
camera (in other words, the perpendicular line from the view-point to the 
perspective) with the direction to a previously determined point in the field of 
operations; or, failing this, the azimuth of the optical axis, given by a compass 
attached to the apparatus. The outdoor work, therefore, is reduced to the follQwing 
steps: (1) The adjustment of the instrument; (2) the rectification of the level 
or of the verticality of the axis of rotation; (3) the execution of the panoram~ 
(preferably in the first perspective intersecting with the vertical wire some sign~l 
point or conspicuous point previously fixed, in order to orientate the panorama 
with as great precision as possible); and (4) the observations of zenith and azimuth 
-or of the latter alone, as in the case of the apparatus used b:r the expedition-. 
of the surrounding trigonometrical points necessary to fix the position of th.e 
station, with the addition at most of certain conspicuous points which may lat~ 
be of value as reference points for locating other stations in cases where geodeti.c 
points are unavailable. 

H.-Description of the Apparatus. 

P AGANINI has invented various types of photogrammetric apparatus for t~e 
use of the Italian Military Geographical Institute. They are manufactured by 
the Galileo Company, of Florence. However, when the expedition wished to furni$ 
itself with an instrument, this firm had only one on hand, a model of 1897, arranged 
by Comm. Paganini for surveys on the scale of 1: 50,000 and 1: 100,000 ip. 
Erithrea. This model, however, though less in weight, bulk and price, an~ 
possessing the greatest simplicity and ease of manipulation, is not altogether 
adapted for work in very high mountains. We had to content ourselves with ih 
none the less, as the time was too short for the construction of a new instrument. 
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Paganini has recently invented a marvellously ingenious one, which unites all the 
advantages I have mentioned with that of the higher degree of precision possessed 
by the model furnished with the vertical circle, whic11>was an earlier invention. 

The pattern of 1897 has a short focal length (18 centimetres) and takes plates 18 by 
'24 centimetres (7 by .. ~l inches), with the larger side horizontal in order to take 
in the entire horizon with an equipment of six plates. It may be employed success
iully in Erithrea, an,d has given brilliant results in Russian work in Transbaikalia 
-and Transcaucasia, where the district is less rough and the difierences of level less 
pronounced than in the Alps and the Himalaya. But in the photogrammetric 
work executed on the Haltoro and GodWin Austen glaciers the panoramic views 
-could not all include the highest peaks, as was, of course, desirable, because the 
vertical dimension of the plates was too limited to embrace the enormous difference 
-of height between the stations and the suttounding summits. Moreover, the 
instrument was not furnished with the vertical circle and telescope, as in the other 
Paganini models; thus the bearings to the most important points had to be taken 
by means of the vertical wire as seen through the ground glass; and others, as also 
the heights of the points, had to be determined at home by the co-ordinates :z; and 
.'!J of their images measured on the perspectives. These facts simplified the outdoor 
work very much, but increased the labour afterwards in obtaining the data for 
-the construction of the map. Undoubtedly this apparatus enables the work to 
be done very quickly on the mountains, and reduces to a minimum the time spent 

:"by the operator while exposed to discomfort and bad weather. He must note the 
-indispensable data. These are recorded in a field book, together with such 
·subsidiary observations as sketches to facilitate the locating of the points in the 
panoramas, names, routes followed, time of exposure and other miscellaneous 
-information. The apparatus has also the great advantage of maintaining unaltered 
for a long time the adjustments made before beginning work --., a fact which 
-contributes much to the success of the observ~tions. A brief description of the 
apparatus will make this plainer . 

. It consists of a rigid camera, made of aluminium, in form a right pnsm, the 
base of which is an isosceles trapezium. The back of the camera, which is per
pendicularly placed upon the largest of the parallel sides of the trapezium, consists 

.-of a frame holding the ground glass or the sensitive plate. The front of the camera 
has fixed at its centre a tube, inside which runs another tube adjustable by means 
-of a screw with a millimetre thread. To this the lens is fixed. A graduated scale 
-in millimetres, which has as origin the focal plane-that is the surface upon which 
the images are received-is marked externally along the fixed tube, while to the 
movable tube carrying the lens is attached a ring with a sharp edge which comes 
~to contact with the fixed tube. Thus, turning the inner tube in order to move 
-the lens backward and forward causes the edge of the ring to cut the graduated 
:."Scale, and thus serves as fiducial line or line of collimation, indicating on the scale 
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itself the distance of the lens from the focal plane. The bevelled. edge of the ring 
is divided into ten equal parts in order to read upon it the divisions of the movable 
tube-in other words, the tenths of the thread of the screw. This, added to the 
whole number of millimetres read on the fixed tube, gives in millimetres and tenths 
of millimetres the distance of the second nodal point of the lens from the focal 
plane. This value, the "principal indicated 
focal length," is determined at the beginning 
of the campaign, and in all subsequent 
operations care must be taken that the line of 
collimation of the tube carrying the lens is so 
adjusted as to give always the same value. This 
was carefully determined upon the apparatus 
of the expedition before leaving Srinagar, and 
gave a result of 180·3 millimetres. 

The objective is a Zeiss anastigmatic and 
belongs to a special series of wide angulars 
for photogrammetric work. With a small 
diaphragm we obtain a clear image 40 centi
metres in diameter; with the f-35 diaphragm 
it produces a clear image free from distortions 
upon a plate of 20 by 26 centimetres. Thus 
the plate 18 by 24 centimetres used with this 
camera took very clear images over its entire 
surface, even when a large aperture diaphragm 
was employed; while the luminosity is so great 
that it is better to use plates of only medium 
rapidity, or, better still, orthochromatic ones, PAGA...~ PIiOTOGBAMMETRIC APPARATUS, 

a.s we did. 1897 MODEL. 

The perspectives thus obtained have a horizontal field of 6P and a vertica} one 
of 54°. In this way, with six perspectives with a displacement of the optical axis 
of the camera about the vertical axis of the apparatus of 60° for each of them, a . 
panorama is obtained which comprises the whole horizon, plus a narrow vertical 
band-a horizontal field of 3° 30' between each one and the ' next. This vertical 
band in excess is indispensable, to ascertain the correctness of the panorama, to 
·determine the distance of the point of view from the perspectives, and to join the 
positives accurately to one another in order to form the panorama. As the vertical 
field is 54°, one can measure from the perspectives and vertical angles up to 
27°. Owing to the enormous differences in level with which the expedition had 
to contend, a larger vertical field would have been more advantageous. In the 
new apparatus of Comm. Paganini it is possible to adjust the camera so as to have 
the larger dimension of the plate (24 em.) run vertically, giving angles of height or 
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depression up to 33° 30'. To make the entire circle of the horizon eight plates 
would be necessary, with a horizontal displacement of 45° of the optical axis, 
giving a. vertical band of 40 30' between each two contiguous pictures. The 
new instrument, being capable of reduction to telescope and being furnished with 
the vertical circle, can, "~ven without the reversible movement I have described, 
take the angle of peaks whose summits fall outside the upper margin of the plate. 
This arrangemElnt, too, would have been very useful in the construction of the 
map. 

In all the Paganini apparatus the optic axis of the lens is fixed in a direction 
perpendicular to the plane of the image. The intersection of the above axis with 

. this plane is marked photographically by the intersection at right angles of t~o 
very thin silver hairs st!etched before the ground glass on the back of the camera. 
in such a way that they can be easily withdra~ or replaced in case of breakage. 
The horizontal silver hair, once adjusted, serves, as I have said, to indicate the 
horizon line upon the photographic perspective. Below the camera are three arms 
bent at right angles, one anterior and the others posterior. Each has a hole in 
its end, through which passes an adjustable shaft fixed perpendicularly to the 
movable plate or alidad of the horizontal circle. The camera can be :fixed rigidly 
at the required position upon the alidad by means of nuts and bolts screwed on 
to the shafts. This position remains, if possible, invariable throughout all the 
outdoor work. Its stability is very important, since the said position must satisfy 
the requirement that the plane containing the optic axis of ,~he camera and the 
axis indircating the horizon of the station is exactly horizontal as soon as the 

I 

rotation-1Uis of the alidad or of the instrument has been vertically disposed. Thus 
the only adjustment to be made of the instrument in the different stations is to 
correct the level placed on the alidad f at th~ same time arranging vertically the 
rotation-axis of the apparatus. ' 

The azi!Duthal circle of the apparatus has a diameter of 14 c~ntimetres and its 
edge is graduated from 00 to 3600

, each degree being subdivided into two equal 
parts, each of which embraces 30'. The vernier is fastened to the movabie plate 

•• , f 

or alidad, and permits us to 'read the minutes and to appreciate even the 30". In 
addition to the three shafts and a level, the alidad is provided with a 'magnifying 

• I 

lens to use with the vernier and a regulating-screw to use for the small adjustments. 
of collimation. The verticality of the rotation-axis of the instrument is attained 
by means ollthree l~velling-scre~s, which pass through the top of the tripod and 
hold the horizontal circle. _ This is fixed upon the tripod by means of a. clamping~ 
screw with a spring and a. handle, which, passing through the head of the ,tripod. 
from bottom to top, is screwed into a. movable support shaped like a. . half-sphere~ 
fastened by means of a ring under the horizontal circle. 

A compas:s of the Dixey, or the Smalcalder type is mounted upon the top of 
the camera; It can' be so adjusted that the vertical visual plane of its bearing~ 
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coincides with the direction of the optic axis of the camera. Thus it becomes 
possible to use the compass to orientate the panorama when it is not possible to 
aim at trigonometric points or at anY'other~rof which the position is known." The 
tripod may· be taken to pieces; each foot is·in two partsl which can be solidly 
fastened together when the apparatus is set up. We have seen that the most 
important adjustment consists in fixing the camera upon the alidad in such a way 
that the plane containing the optical axis and the silver hair which traces the 
horizon-line upon the perspectiyes are perV,endicular to the rotation-axis of the 
instrument; ~nd .~eciprocally, whe~ this rotation-a.xis 'is adjusted vertically the 
plane o! th~. oJ?tica1, axis will be horizontal. In the. other apparat~s of Paganini 
'this r~sult is attaIned by means ot'the telescope pf the acclimeter~ whlch may be 
inv.e'rted (patt~rn 1884), or by the same camera ob~cura reduced to a reversible 
telescope (pattern 1889). I~ the model employed by the expedition the horizont~l 
adjustment is ~ade as follows :- . 

The three arms of the camera are first placed at approximately the same height 
upon the movable plate by turning the lower screws with the pins belonging to 
them, h~ving previously raised the upper ones in order to give free motion: to the 
arms ~n their respective shafts. Then looking through the ground glass of the 
camera under the black cloth, and moving to right or left and up or down as 
nec~sary, by adjusting the screws, distant points are brought to coincide with the 
point qt intersection of the wires, until by moving the camera in both directions 
aro'Q.D,d the rotation-axis, a point is made to run all along the horizontal thread 
from one extreme to A.nother, without passing above or under the thread. If the 
rotation-axis is vertical, this coincidence of a point with the horizontal thread in 
its whole length can only take place when the plane of the optical axis and the wire 
which traces the horizon-line on the perspective are horizontal. If the plane is 
not horizontal, and accordingly the plane of the groun~ ,glass is not vertical, one 
observes that in moving the camera to right or left the image gradually diverges 
from the horizontal wire, describing the segment of a hyperbola either above or 
below the, wire, according as the point cited is situated above or below the horizon. 

In practice the following method will secure the horizontal adjustment of the 
wire and the plane of the optical axis :-

First turn the screws which support the posterior arms of the camera, operating 
in such a way that by revolving the camera all the way through its field some 
distant point which is covered by the wire on one of its ends coincides with the 
other end of the wire. Thus the horizontality of the wire will be fixed. If this 
point is not on the horizon, it will be seen to describe a curve during the revolving 
of the camera, passing above or below the intersection of the wires according to 
the inclination of the optic axis downwards or upwards. The vertex of the hyper
bola will be found upon the vertical thread, and it will be easy to estimate the 

1 In the origina.l instrument the feet are in one piece. 
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convexity of the said curve. Then the screw controlling the anterior arm of the 
camera will be turned, and the latter raised or lowered until the image of the point 
is brought to coincide with the intersection of the wires. By making observations 
of successive points continually approaching the horizon, the right position will 
soon be arrived at, when aU the screws are tightened in order rigidly to maintain it. --', 

. III.-Calculations and Construction of the Map. 

THE panoramic view obtained under the above conditions gives an ~age of 
all the field seen from the station. Togeth~r with other panoramic views obtained 
in like manner at suitable stations, it gives the elements necessary for the execution, 
on any scale, of the map of that tract of land which they represent. Each 
perspective of the series is considered separatelY in constructing the map. The 
focal distance is equal for all, and all are furnished with the horizon-line and the 
line of the vertical plane, the latter containing the visual point and the principal 
point of the perspectives. 

Paper positives are used for making the survey, it being possible to allow for 
the alteration undergone by one single quality of .paper and to use a. focal length 
corrected accordingly. This focal length is obtained before proceeding to the 
survey. It is independent of the" indicated focal length," and is called the" real 
focal length." All the directions to the points represented in each picture may 
be easily determined by means of the co-ordinates z and y of their images referred 
t? the perpendicular axes traced on the picture itseH, through the following very 
simple equations: 

I X 
tang 6) = j- (1) 

where f is the real distance of the view-point from the perspective, the orientation 
of which 6)' is known, being an element obtained at the station; and $' is the angle 
made by the horizontal direction to a. point (z, y) of· the perspective with the 
perpenUicular to it from the view-point. 

y cos 6)' 

tang 0( =' f ' (2) 

where ex is the angle that the direction to the image of the point OBserved makes 
with its projection upon the horizon, tkat is to say, with the horizontal direction 
of the point itself. But also it is 

.L 
tang ex = D' 

wkere L is the difierence of level between the point considered and the station and 
D the horizontal distance between these points. Hence 

L 
_ .D y cos 6)' 

- I (3) 
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After having obtained by formula (1) the bearings of the various points useful 
for the survey, which are visible on the panoramic views taken from two or more 
stations, the position of these may be obtained by intersection. 

By formula (2) we get their angular elevation; then, having the distance and 
the difference of level between the points and the station, by means of tables in 
u~e at the Military Geographical Institute, one can, finally obtain directly the 
vertical difference by means of formula (3). 

But this is a very long method, and in order to solve the equations given above 
it is necesSary to have the numerical value of the co-ordinates :c and y and the 
distance D. These numerical values are very useful when the survey is on a very 
large scale, as in civil or military operations; whenever it is a question of data 
for finding points on the ground. But they are superfluous for' a topographical 
map on a small scale, as in the construction of the map these values would have 
in any case to be reproduced graphically. 

IY.-Simplifying the Survey by means of Spedal Drafting Instruments. 

By the Paganini photogrammetric method ~dopted by our l\filitary Geographical 
Institute, the position of the points and their elevation can be taken mechanically 
ana rapidly by means of special drafting instruments, the construction of which 
is based upon the above formulre, and upon which the distance D and the co
ordinates:c and '!I are transferred directly with the compass 'and upon the scale of 
the map, making it unnecessary to know the numerical value of these measurements. 

The construction proceeds in the following manner: the trigonometric points 
are fixed at the desired scale by means of their rectilinear co-ordinates. Then with 
the special instrument called by .Paganini "f'appO'l'tatof'e ad O'I'igine tJaf"iabile," 
the photogrammetric stations are put in place, as well as whatever other special 
points have been selected for the purpose of adding to the foints of reference in 
a number proportionate to the scale of the survey. With this instrument the 
various directions can be traced directly on the transparent paper just as they 
were ,read at the time of the outdoor operation on the horizontal circle of the 
photogrammetric apparatus or the theodolite. With the transpare~cy thus made 
are placed the stations and the directions from them to the other images necessary 
to determine further points of reference in addition to the trigonometric ones. 
With this instrument it is possible to assume anyone of the bearings observed as 
origin of the horizontal circuit and to proceed by degrees, by means of the alidad, 
to the other readings. In this way is obviated the necessity of all the Ip.athfmatical 
calculations to reduce to zero the readings made out of doors, as is the case when 
the ordinary finders are used-a very long operation when there is a large number 
of points to be located. 

When the stations and all the points intersected by them have been put on 
paper, we proceed to the determination of the secondary points, or detail,. all 



384 Appendix A. 

chosen beforehand for the purpose of the draft. After the various elements of 
the panoramic views have been corrected, a selection is made from them (taking 
them two by two, at contiguous stations) of points useful to the survey; either 
for the purpose of t~acing contours, or for determining the lie of various ridges, 
the direction of str.eams, the limits of glaciers, bases of rocks, &c. The operation 
is regulated .for the number of points chosen according to the scale that is desired, 
the precision required, and the time at the disposition of the operator. All these 
points have been registered in the notebook. according' to the station from which 
they were taken, and mark~d on the relatin panoramic views with numbers or 
letters written in red ink. 

PAGANINI DRAFTING INSTRl"ME~TS niEn I~ CO~STRl"CTING THE MAP. 

The tracing on the design of all directions to tl.ese secondary points used to 
be a very long and monotonous operation and far from accurate. The modern 
process is quick and simple, thanks to a sp€cial drafting instrument based upon the 
formula (1) quoted above, and called the" graphical sector for the directions to 
secondary points of the perspective." By its means the horizontal projection of 
each perspective is traced successively upon the design, carefully orientated, with 
its principal point at the effective distance from the station point, in such a way 
that, by transferring with the compass the abscissre of the various points taken 
on the views to a scale cut on a metal ruler, the corresponding horizontal directions 
may be easily drawn by means of a movable plate (or alidad) furnished with a metal 
ruler, moving about the station point. 

With another instrument, specially designed for drawing the elevations, based 
upon formulre (2) and (3), differences of level are obtainable, and therefore also 
the elevations of the stations and of the secondary points of the perspectives. 
When the apparatus is provided with vertical circle and telescope the angular 
elevations of the trigonometrical points are read directly on the ground. In this 
case one obtains the elevation directly from reading the instrument, by means of 
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the distance on the design between ~he station point and the trigonometrical point 
of which the altitude is known and from the station point to the observed angle oc: • 

But without the vertical circle the determination of the heights depends upon 
the value of the abscissre and the ordinates of the trigonometrio points of the 
perspectives, the height of which is taken with the compass on the perspectives 
themselves, likewise their graphio distances; so that the differences of level between 
them and the station point, and also the height of the latter, lIl:ay be read directly 
upon the instrument. In the same manner, once the height of the- stations is 

, obtained, the difference of level is determined, and therefore the height of the 
secondary points of the perspective considered useful to complete the survey. As 
in the case of all the other methods, corrections must, of course, be made of all 
these apparent differences of level, --on account 'of the refraction of the light and the 
roundness of the earth. Tables compiled for'the putpose are used. 

V.-Topographical Work of the Expedition and Construction of the Survey. 
IN a little more than a month-in other words,from May 25th to July2nd-the 

expedition executed twenty-two phot'ogrammetric stations, using 106 negatives. 
On account of the limited number of plates at our disposal, not all the panoramic 
views embraced the entire horizon. The region surveyed includes the Concordia 
amphitheatre of the Baltoro glacier, the' Godwin Austen glac~er up to Windy Gap 
and the Savoia glaci~r, which flows about the ~estern side of K2.l It was a pity 
that lack. of plates prevented our extend~g the survey sOuthward, upon the arm 
'of the Ha]toro as far as Bride Peak,. the ascent of which was one of the aims of the 
expedition. The work was supplemented, it is true, by compass and tacheometer 
and with barometrical stations; but among the innumerable-peaks of suoh strange 
appearance the eye -becomes easily confused in passing from one- station to another,. 
The numerous sketches taken on the spot did not give all the information really 
desirable for map-drawing, and are cert~inly inadequate to gi/e aJI the characteristio 
detail of this rugged, broken and largely inaccessible region,' Sella's numerous 
photographs and panoramio views were, on the oth~r hand, of great assistance 
in making the design, as some of them were taken ~om high and commanding 
elevations and under conditions making it possible to determine approximately the 
photogrammetric elements, so that they served, if not for measurements of altitude, 
at least for sufficiently exact azimuthal directions. With this end in view, Sella 
marked his stations by setting up cairns visible from the photogr.ammetric stations, 
so that they could be inoluded in the network of stations of reference or geodetic 
points upon which the survey was based. 

It is possible that instead of glass plates we mig~t have used films, which are 
so much more convenient because of their small bulk and weight. Comma Paganini, 
however, does not consider their use advisable, as no good results have been 

1 See the heliotype reproduction of the photogrammetric panorama. (S) given on a na.tura.l 
scale as an example of the work done. 

(9221) 2 B 
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obtained with them in three previous campaigns. They easily undergo changes 
in the celluloid, owing to their sensitiveness to heat, cold, moisture and the 
chemicals used in developing; so that the image varies in a way which would not 
be noticeable in ordinary photographic work, but which is sufficient to cause errors 
in the measurements, which must be corrected to the tenth and hundredth of a 
millimetre. 

~, , 

The Mllitary Geographical Institute was authorized to execute the topographical 
representation of the region surveyed by the expedition. It confided the work 
to Comm. Pio Paganini. The scale chosen for the map was 1 : 100,000. The work 
proved somewhat arduous, especially at-the beginning, on account of the deficiency 
of well-defined geodetic points, which necessitated referring the survey to several 
conspicuous points determined by intersection-in other words, concluded from 
vertices of the secondary triangulation exeCuted for Kashmir, which is, in its turn, 
connected with the North·western Himalayan series of the primary triangulation 
of India. A double chain of triangles (quadrilateral and diagonal) of the secondary 
triangulation of Kashmir extends along the course of the Indus from south-east to 
north-west, from a point very near its sources to as far as Skardu, where it bends 
southwards in order to join up with the main system of the Indian survey. ~rom 

the vertices of this portion of the trigonometric chain (Upper Indus triangulation) 
were intersected the highest summits of the Karakoram, including the two Masher
brums, Peak No.8 or Bride Peak, Peak No.9 or Hidden Peak, Nos. 10, 11 and 12 
of the Gasherbrum range, and lastly and highest of aU Peak No. 13 or KI-all these 
summits surrounding the tract which was to be mapped. But we must consider 
that these points were intersected at distances of 50 and 100 miles with cross
bearings meeting at acute angles and taken from relatively low points, while there 
were no signal stations to mark with precision the points aimed at, and thus it 
was not possible to determine their position otherwise than approximately. 
However, the following table shows the elements of the points which were used 
for the purpose in question. It was not always easy to recognize them as they 
appeared on the perspectives. They were measured also with the tacheometer 
from several stations, as is shown on the sketch of the triangulation. 

.. .... 
No. of the deter- !,So 
mined visuals. 111 8 , • 

Points observed, Latitudes N, Longitudes E.G. Height., Height, ".a:S' (old detenn.) 
lID;' Post- Height. tlon. !3:;:; 
~aa .. 

feet metres feet 
Masberbrum East .. , 35° 38' 36"'4 76° 90' 57"'9 25,660 7,821'3 9 7 0'4 
Peak No. 8: Bride Peak 35° 36' 44"1) 76° 36' 50"'0 25,110 7,653'6 6 4 1'5 
Peak No.9: Hidden Pk. 35°43' 30"1) 76° 44' 15"'0 26,470 8,068'5 6 4 1'6 
Peak No.I0} Gasber- { 35· 45' 31"1) 76° 41' 42"1) 26.3611 8,034. 6 6 2 2'4 
Peak No. 11 brum 35° 45'36"1) 76° 41' 00"'0 26.090 7,952'3 6 2 2'0 
Peak No. 12 ... ... 35° 45' 38"1) 76° 39' 29"'0 26,000 7,924'9 6 2 0'8 
Peak No. 13: XI .. , 35° 52' 55"'0 76° 33' 18"'0 28,250 8,610'7 10 9 2'7 
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We see that the figures most to be" trusted are those for Masherbrum. East; 
the other Peak, or South-east, was omitted because it was invisible from the region 
surveyed, being masked by the first, which is only about 1,000 feet from it. The 
tract surveyed was comprised within a square formed by Masherbrum., Bride Peak, 
Hidden Peak and K s. Thus a point was chosen for the origin of the rectilinear 
co-ordinates which was the approximate centre of this square-that is to say, about 
at the intersection of the meridian 76° 35' E. with the parallel 35° 45'. The 
graduation of the longitude in the final survey was put 2' 30' farther east, according 
to the correction made in 1877 to the longitude of Madras, upon which are based 
the longitudes of the triangulation of India. 

The most distant point, Masherbrum., is about 15 miles from the origin of the 
co-ordinates; as the origin itself has the latitude of 35 0 45', nearly the same_as the 
southern end of Italy, the elements for the calculation of the rectilinear co-ordinates 
are already to be found in the appropriate tables. 1 They result from the formulm: 

a; = Io cos L .6. P' 

'!I = IIo .6. L" + IIIo (.6. pI,! 

in w~ch L is the latitude and P the longitude of the point; 10, 110 and 1110 are 
constants which depend npon the origin of the co-ordinates of latitude L and 
longitude P. The value of these constants is obtained from the aforesaid tables 
and calculated with the Bessel ellipsoid elements: 

I = N sin 1" 

II = p sin 1" 

III = ! N sin 2 L sin2 1" 

Nand p are respectively the great normal and the radius of curvature of the 
meridian ellipsis for latitude L. For the points before mentioned, with the relative 
geographical co-ordinates given by the catalogue cont'ained in Vol. VII (Division E, 
Group It No. 13), Triangulation of Kashmir, the following rectilin~ co-ordinates 
were obtained :-

Masherbrum East 3:= - 21333'8 (69992'8) '!I = - 11796'0 (38700'7) 
Bride Peak ... ... tt + 2768'1 ( 9081'7) :> - 15285'0 (50147'6) 
Hidden Peak ... tt + 13946'2 (45755'2) 

" - 2757'4 ( 9046'6) 
Gasherbrum I. ... 

" + l0097'fi (33128'6) 
" + 949"6 ( 3115'5) 

" 
II. .. , 

" + 9042'5 (29667'0) 
" + 1114'0 (36548'5) 

" 
III. 

" + 6756'7 (22167"6) 
" + 1173"7 (38507'2) 

K= 
" - 2558'1 ( 8392'7) 

" 
+ 14638'7 (48027-2) 

1 See Istituto Geografico Militare. Istruziom per la resoluzione a. alcun' problem. riguartlanti 
8 relazioni al posizione Ira punt. tlati per k loro coordinate geografiche. Florence, Barbera, 1896. 
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Thus it was possible to fix the above points on the drawing on the scale of 
1 : 100,000, proceeding afterwards to the necessary adjusting by means of the 
sides, using the well-known formula: 

S - po ~ L" , I" 
- - A. S1,n , 

cos 'I' 

where the angle cp is given by the formula: 

t '" No cos Lo ~ P" 
ang'l' = ~ L" .po 

This formula may also be used for distances over 30 miles, S is the length or 
side unknown; Lo = Lm + E where Lm is the mean latitude and E a little correc
tion omitted in case of distances under 25 ~iles, No and po' are the principal 
radii of the ellipsoid, in correspondence with latitude La' Thus were <.>btained 
the following distances :-

K~ - Masherbrum East 32424'0 metres (106377'9 feet) 

" 
-Bride Peak 30395'0 

" 
( 99721'1 " ) 

" - Gasherbrulll I 18641'0 
" 

( 61158'1 " ) 
" - Hidden Peak 23985'0 

" 
( 78690'9 ,. ) 

Hidden Pea~ - Masherbrum East 36418'0 
" 

(119481'6 " ) 
" " 

- Gasherbrum III 8197'1 
" 

( 26893'4 
" 

) 

., " 
-Bride Peak .. , 16787'0 

" 
( 55075'4 " ) 

" " 
-Gasherbrum II 17559'0 ,. ( 57608'3 " ) 

The circuits of the horizon, executed from different stations and transferred 
to the drawing by means of the finder, serve also to :fix on the design the photo
grammetric and tacheometric stations, and also to determine those other significant 
points which are to be used as points of reference for further stations and for the 
orientation of the perspectives, This was indispensable, for the photogrammetric 
stations scattered over the Savoia and Godwin Austen glaciers, not all of which 
could take in three points of the Indian Triangulation, could by this means be 
located with sufficient exactness on the drawing,1 

Two positives were printed of each of the panoramic views, one for composing 
the panoramas themselves, the other to measure with the co:tDpasses the co
ordinates of the points useful in the survey, after having chosen and distinguished. 
them on the views. The effective distance of the perspective view-point was then 
determined on the unmounted prints, All these being taken under the same 
conditions and with a constant indicated focal length, and the same quality of paper 
being used for printing, always cut the same way of the fibre, the result must be 
a constant value for the effective distance, in all the printed positives. This value 
is determined by getting the mean of various measurements made on several 

1 See the sketch of the triangula.tion. whereon are marked a.ll the points which served for 
the construction of the survey. 
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perspectives and for difierent panoramas 1. The focal length indicated by the 
lens in our case was 180'3 millimetres, and the true focal length determined at 
Florence was 180'6 millimetres. After having chosen and marked in red on the 
perspectives the various secondary points to be mapped, and transferred their 
abscissre upon the sector in accordance with the directions already described, and 
properly orientated on the drawing, the directions to the said points of the various 
stations are traced, and by intersection their position in the survey is obtained. 
Some 300 points were determined in this way. 

Finally, in the same way, by carrying the abscissm and ordinates upon the 
finder for altitudes the heights of the said points were determined by at least two 
derivations. With the help of all these points and the stations and references 
fixed upon the panoramas, it was possible to complete the map, inserting the 
details and forms of the region-in which the panoramas were of the greatest 
assistance. 

The difficulty of the ground, the scarcity of trigonometric Foints, the 
impossibility-owing to the enormous difierences of level-of accurately sighting 
trigonometric summits unprovided with signals, the short time at our disposal, 
the limited number of photographic plates, all this prevented us from gathering 
sufficient elements for a true topographical survey. However, we may feel some 
satisfaction over the result achieved under such conditions. It has at all events 
sufficient accuracy to serve as point of departure for other explorers making a 
more extended survey in the same field. 

In conclusion, I must express our gratitude to Comm. Paganini, to whose" 
methods and whose instruments we are almost wholly indebted for the work 
executed on the spot, and to whose experience and assistance we owe the execution 
of the map. My zeal to make known an admirable topographical method, 
remarkable for its simplicity and its suitability for high.;nountain work, has led , 
me to describe it in considerable detail. For,despite the fact that this method has 
been employed in Italy, with the best results, since 1876, and has been introduced 
also in certain foreign countries, the English Royal Geographical Society does not 
mention it, even in its most recent pUblications (Hints to Travellers, 9th ed., 1906; 
and }'Japs and }'lap }'laking, E. A. REEVES, 1910); and, in fact, considers the 
application of photography to topography to have a very limited and subordinate 
value. The June number of the Geog. JOUT., 1911, has an article by A. O. WHEELER, 
of the Topographical Office of the Canadian Government, in which full justice is 
rendered to the photogrammetric method, and which will no doubt contribute 
toward making it better known in England. 

1 For description of this determination see the monograph already cited and the Manuale 
of CoMM. P AGANlNL 
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I.-LIST OF INSTRUMENTS USED. 

scale from 210 to 490 mil1imetres. 

THE expedition was equipped 
with the following instruments 
for making the more impor
tant meteorological observations, 
especially those used for com
puting heights :-
1. One mercurial Fortin· baro

meter, No. 3314, with 
graduated scale from 240 to 
520 millimetres. 

Id. No. 3313, with graduated 
scale from 240 to 520 milli
metres. 

Id. No. 3312, with graduated 

Id. No.1, with graduated scale from 200 to 400 millimetres. 
• # 

II. Two aneroid barometers furnished with three graduated scales for altitudes 
to 29,000 feet. 

III. One hypsometer with three pairs of thermometers :-
1st from 58° to 78° in tenths.. 

2nd " 65°" 88° " 
3rd " 72°" 102° in half-tenths. 

IV. Two pairs of thermometers maximum and minimum self-registering. 
V. Four mercurial thermometers. 

VI. Two standard thermometers. 
VII. Four thermometers with bulb blackened in vacuum. 
All the above instruments were verified at the National Physical Laboratory 

at Kew, with the exception of the hypsometers. Of these the pair from 72° to 
1020 had already been used on the Ruwenzori expedition, and the others were 
manufactured and corrected in Geneva. 
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The correction of some of the mercurial Fortin barometers remained uncertain 
for lack of apparatus with which to compare them at such unusually low pressures; 
but this was compensated for by making numerous comparisons under low pressures 
in the mountains. In this way it was possible to use all the barometers. 

These instrumen,\s, in consequence of their special construction, are very fragile, 
and unfortunately the damage is not easily discovered by external marks, so that 
the observations may be very erroneous if not taken with great caution. It is 
necessary for this reason to submit them to continual comparison in order to give 
assurance of their regular working. A great many of these comparisons were made 
both with the barometers and the hypsometers-in fact every time the opportunity 
arose-and always with reference to No. 3314, of which the exact correction was 
known. Especial care was taken to preserve this barometer from deterioration. 

In order to render the following table moore concise, only those results are given 
which were obtained from the various series of comparisons, some of which were 
made before the highest ascents, some at the most elevated points and some during 
the descent. 

Dates of comparison. I Number of I Extremes of pressure. I Correctlon. 
, o\Jservations. mm. mm. 

------ ---------""- -----
Barometer N. 3313. 

I. May 13Ul, 20th, 26th, 2ith, 29th and 
June 2nd ..• .,. ... ... 8 from 414'09 to 536'13 + 1'211) 

II. July 19th, 20th, 23rd and 28th 8" 393'90" 471'13 + 1'205 

Mean + 1'211:) 

Barometer N. 3312, 
3 from 468'99 to 469'32 + 1'180 
3 ,,468'71 ,,471'30 + 1 '040 

I, May 20th,.. ... 
II, July 23rd and 28th 

Mean + 1'110 

Barometer N. 1. 
I. May 31st, June ht, 6th, 8th and 13th 9 from 399'39 to 398'00 I + 1'150 

July 8th, 9th and 10th ... 3 II. " 354'47" 391'07 + 1'220 

llean of means 17i:s1o 

The table shows that despite the difficulty of transportation, the correspondence 
of the barometers was very satisfactory, so that the results obtained are quite 
reliable. It is important to noto that the greatest number of observations were 
taken with barometers Nos. 3314 and 3313 (No. 3312 was used in the base camp 
at Rdokass); and that the observations with the hypsometer were always taken at 
the same time (with two, and sometimes with four thermometers) to avoid all chance 
of error. The readings of the thermometers (within the limits of approximation 
of the instrument) were always in accordance with those of the barometers. 

Only limited use was made of the aneroids. However, they were compared 
from time to time with the mercurial Fortin barometers in order to keep them 
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ready in case of need. The experience acquired in Africa on the Ruwenzori, as. 
well as on the present expedition, has positively demonstrated that one cannot 
rely upon the indications given by the aneroid barometers, however accurate their 
construction, on account of the unavoidable shaking up they get in transportation .. 
The hypsometer was carried as a substitute for the mercurial barometers in case 
of breakage, and also for those ascents on which it might not be possible to carry 
the barometers. The hypsometer certainly gives a less degree of precision than the
~ercurial barometer. The error of one-tenth of a. degree (which is not unlikely 
to occur owing to the difficulties attending the observations) would cause a corre
sponding error in the pressure of about two mjl1imetres, an error not possible to. 
the readings of the mercurial barometer. 

To ensure the greatest possible degree of accuracy, the use of the hypsometer 
was constantly associated with that of the mercurial barometers; because, though 
no doubt the results it gives have a smaller degree of precision, it may be useful in. 
detecting the presence of any disturbing agent in the Fortin barometers-the 
penetration of an air bubble, for instance, which is the commonest and the most 
to be feared. With few exceptions, use was made of the sling-thermometers for 
measuring the temperature of the air. These are certainly preferable to the stable
ones, although long usage proved fatal to several of the instruments. They enabled 
us to obtain the measurement of the tension of vapour and of the humidity of the
air, their bulbs being covered with a sheath of cotton soaked in water. 

In order to get an approximate idea of the intensity of the sun's heat, thermo
meters with the bulb blackened in vacuum were used. 

In providing the above instruments, the Duke was perfectly aware of the just 
criticism usually made by scientists upon determinations of this nature. But he-, 
contented himself with little, not being able to obtain t~e best.! 

The carrying of a meteorological cage would have h.e~n difficult, and its.. 
advantage was problematical. Therefore the following arrangement was adopted 
for the exposure and reading of the instruments. 

At Rdokass, where the period of the observations was most extended, the 
instruments were hung on a cross-piece about three feet high, held up by two stakes .... 
while a waterproof cap of convenient height served to protect them from rain and 
sun at every hour of the day. For the other stations a wooden tripod was employed .... 
covered with a strong canvas cap, under which the instruments were suspended in 
such a manner as to secure free circulation of air. 

The hours of observations indicated in the following tables correspond always.. 
to the local time at which the observations were taken in the observatories ox 
India, the data of which were considered as terms of comparison. 

J On the Rnwenzori expedition the Duke had carried among other instruments an excellent: . 
.Angstrom attinometer, but owing to its bulk and the great difficulty of its management, which... 
required a reflecting galvanometer, he w~ unable to make use of it as he had hoped. 
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The greatest accuracy was aimed at in taking the observations-as far as 
the sometimes very difficult circumstances would permit. The comparison of 
barometers, which I have described above-which might satisfy the requirements 
.of a laboratory rather than the conditions of an arduous campaign-is sufficient 
demonstration of the care and circumspection practised. In the tables that follow 
.are given all the observations taken by the expedition from Gund to Tragbal, 
between April 25th and August 8th. 

The readings of the barometers have been corrected for instrumental error, 
,reduced to 0°, and for gravitation; corresponding corrections for all the other 
readings being made in the same way .. ~ 

The tables showing the observations as they were entered in the note-book on 
the spot, though they refer to only a limited period of time, form a valuable and 
interesting addition to our knowl~dge of tlie climatology of these distant and still 
little known regions. 
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II.-TABLE OF RESULTS. 

A.-FROM SRINAGAR TO THE BALTORO GLACIER. 

, 

1----- Date. 
~ S Temperature. 

Ii = s ~ e '" .: 

I 

.. .. :g ..; i ",~ • a ::l i ::l ~ 
"'" 

0 s ill ~i~ 
~ &i ::l it ::l !il 1~ ... 8 .. "'" ;. ~ 

., ... Westher Dotes. a !! e e .Q"'. ::l .... I ., 
al~:9 Month. Day. Hour. ! ::l '" 0 .eo !S PI c: ::l ::l .. e::l 

~ .. a ~ 
~ 

~ .§ ~o.Q 

= '" Q; .s :a~~: .... E-t iii ~ =a =a ="'_1 E-t ~Z.ol 

GUND (stay from 11.30 a.m. of the 25th to 7.30 a.m. of the 26th). 

ApriL./25 / 4 p.m., -
I 

- j 18'0 I 6' 82 1 44 j 20'0 16 '5
1

1 - I Hal~ . over~ast 
sky, CIrrl-strati. 

SONAMARG (from sa p.m. of the 26th to 6.30 a.m. of the 27th). 

ApriL.i 26 I .( p.m. ' - I 6 'SI 6' 521 88, - ) - I - , Sky covered. 

BALTAL (from 10.30 a.m. of the 27th to 2 p.w. of the 28th). 

April"'127 I 4 p.m. (540' 35 1 HYPB., 4'31 5'52! S91 12 '0 12'0 I' - I ~ky . covered, 
ram at mtervals. 

MUTAJUN (from 3 p.m. of the 28th to 4 a.m. of the 29th). 

April •.. l 281 4 p.m. 1516'241 Fortini 9'41 2'67130 :11'0:2'0: - 1 Clear sky. 

DRAS (from 10 a.m .. of the 29th to 7 a.m. of the 30th).· 

4 p.m. 1 - 11'S 7'07170' -
1 I ' 
, I 
I 

- ~'- , Sky covered in 
, a.m., clear with 
I II strong west wind I • 
I In p.m. 

KARBU (from 2 p.m. of the 30th to 7 a.m. of May 1st) . . 
APril"'13O \ 4p.w. \ - 1 - 118'°110'871711-1-1-1 PartIr cloudy, dull, wmd S.W. to 

W.3. 

May ••• 

May ••. 2 

KARAL (from 12 m. of the 1st to 7 a.m. of the 2nd). 

11'0 6'21 63 Clear and calm 
i n a.m., d nIl. 
~tr~ng S.W. wind, 
mp.m. 

OLTHINGTHANG (from 12 m. of the 2nd to 6.30 a.m. of the 3rd). 

4 p.m. 544'45 Hyps. 14'S S'O 64 118.0 Clear in a.m., 
overcast in p.m., 
gusts of wind 
from W. 
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A.-FROM SRINAGAR TO THE BALTORO GLACIER. (CMtd.) 

:, 

KHARMANG (from 12 m. of the 4th to 6.30 a.m. of the 5th). 

May "'1 414 p.m. 1565'351 H YPs'118'91 0' 7S 1 51 ~ I -I -I Clear, gusts ill 

I 
p.m. from W. to 

I I S.W. 

TOLTI (from 10.45 a.m. of the 5tb to 6.30 a.m. of the 6th). 

MaY'''1 51 4 p.m. [569'551 HYPs'115'SI 0'0 I 01 - I-I - I ~i:p~~~tsfrom 
PARKUTTA (from 12.30 p.m. of the 6th to 6.15 8:.m. of the 7th). 

May ... 6 4 p.m. -! - 19'5 0'76 4123'0 '5'5 - Clear and calm 
early, then half 
overcast, wind 

i from W. 2, cirri· 
I I strati. 

GOL (from 10.30 a.m. of the 7th to 3.30 a.m. of the Sth). 

May ... 7 4 p.m. 17'01 3' 17 1 22 1 19'7
i
7'5: - Overcast in a.m., 

cum.-strati, wind 
from W. 4, p.m. 

: clear, wind from 
I W.2. 

I , 

SKARDU (from 12 m. of the 8th to 7 a.m. of the 9th). 

May ... \S\4p.m.\ - \ - \19'0\2'54116\-1- ' -1 Clear and calm. 

SHIGAR (from 11 a.m. of the 9th to 6.30 a.m. of the lOth). 

May ... 1 9 1 4 p.m. ! 517'401 Hyps. 122'91 1'191 5 12S'515'SI54'21 Clear and calm. 

May '''110 I 
KUSHIMUL (from 12 m. of the Imh to 6.15 a.m. of the 11th). 

1
51S'63! HYPs'123'41 0'89113130'014'0157'01 Cirri-strat~wind 

from S.W. 2. 

DUSSO (from 12 m. of the 11th to 6.30 a.m. of the 12th). 

May '''1111 4 p.m. 1570'031 HYPs'120'9\2'46113123'0IS'0157'01 CI~r,~lm,cirri
stratI, WInd from 

, i W.3. I 
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A.-FROlI SRIN AGAR TO THE BALTORO GLACIER. (Contd.) 

- - ~- - --- --
Date. ; I ~ 

e Temperature. \ 
i S 

1 
;>, e I ~ IE .... 

I 
I 

'" 
., .: :a ~~~ s :I i == a ..; ..; 

0 

~ ~ <» ... c:>o "'~fil ~ :I ~ 
:I .. e .= ., ~ ...... Weathernl :I S a a ~!:9 .. .... Q) 

Month. iDay• Hour. ! :I '" 0 i .. c:>o :I :I Q)S:I .. ... 
~ ~ e e io.c I Pol ! "ii 

-= 
:9 _S.l4 , E-t &i ~ i '8 ~j i E-t I 

)I )I 
I"'~.c I 

.tea. 

GOMBORO (from 12 m. of the 12th to 6.15 a.m. of the 13th). 

4. p.m. 560'05 'I' Hype. 18'4 1'65 I 10 22'0 I - : 41'2: Clear, calm., in 
I 'I) , ~ d ' ii, I p.tn., "4 cove~e , 

I ": I strat.-cum., wmd 
I I frotn S.W. 3. 

May ... \12 I 

I ' 
! 

CHONGO (from 11 a.m. of the 13th to 6.30 a.m. of the 14th). 

May ... \1314 p.m. 1532'50 I Fortin \12'41 3'061
1 

28118'514'0' 42'5! f cover~, cirri.-: I cum., wmd bet. 
, I . S. andS.W. 2. 

ASKOLEY (from 10 a.m. of the 14th to 6 a.m. of the 16th). 

10 527'64 Fortin I 12' 9 2'76 24 17'0 2'0 41'0 I .a.m. ! cov~red, 
6'76 

May ... 14 
4 p.m. 526'45 

" 
9'9 74 Clr. - strat. p.m. 

8 528'43 
" 

8'9 1'19 14 strate - cum. 15 
" 10 528'21 

" 
12'9 0'68 6 19'5 3'0 50'0 a.m.! covered, 

4 p.m. 528'24 
" 

10'9 2'38 24 I cirri.p.m·f,gloomy, 
. gusts from W. 

PUNMAH (from 11.30 a.m. of the 16th to 6 a.m. of the 17th). 

May ... 1 16 I 4 p.m. \522'541 Fortin 113'4: 3"541 31 119"017'01 - 1 

PAIJU (from 12 m. of the 17th to 6 a.m. of the 18th). 

May "'11714P.m.\5OS'83IFOrlinI12'711'SlI16120'O;5'Oi59'01· a.m. glo?my, f 
I 

j , covered, Clr.-cum. 
~ Light S W. wind. 

Between LILIGO and RHOBUTSE (from 11.30 a.m. of the 18th to 6 a.m. of the 19th). 

May .. .: 18 1 4 p.m. 1 486'87 ! Fortin 1 9'911'08112\17'0 I, 0'0 154 '0 I ! co"\""ered, strati, , I wmd from W. 2. I • 



Date, oS 

~e 
rca p:; 

May 291471'34 
30 -
31 471'51 

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

469'76 
469'22 
468'99 
471'05 
470'11 
468'18 
469'99 
469'61 
470'06 
468'77 

468'59 
471'86 
471'65 
471'53 
4.70'53 
469'86 
468'14 
467'11 
466'261 

468'26 
468'33 
468'46 
470'22 
472'83 

B,-RoOKASS, 

Hour of obs, 8 a.m, 10 a,m, 4 p,m, 

f 
::I 
1;,.$ 
~~ 
!:I.e> 

~ 
8 

5'8 

5'3 

... e 
~a ° . _r. 
"'::I 
~8. 8: 

2'50 

1'85 

6'8 1'91 
4'8 4'06 
2'4 3'58 
6'3 1'26 
3'8 2'12 
5'3 I 4'65 
5 '8 0'65 
4'3 1'43 
4'8 1'17 
4'8 1'69 

4'3 2'92 
3'8 4'17 
7'3 2'96 
6'3 2'68 
6'1 2'32 
4'3 2'44 
6'8 0'50 
'j'a 0'66 
3'8 4'17 
4'8 3'57 
6'3 1'73 
6'3 3'56 
5'8 2'50 
5'3 1'85 

~ 

~ 
::I 

::tl 

36 

27 

25 
62 
65 
17 
35 
69 

9 
23 
18 
26 

47 
69 
38 
37 
33 
39 

7 
8 

69 
55 
24 
50 
36 
27 

oS .. , 
iilS 
rca 

p:; 

oS .. 
::I ..., , 
f~ 
CD CD 
!:I.e> a. ... 
8 

471'69 8'8 
472'33 8'8 
472'14 8'3 

469'85 11'3 
469'18 5'8 
469'84 5'3 
470'81 8'8 
469'49 7'8 
468'29 7'8 
469'86 7'8 
469'45 8'3 
470'01 9'3 
468'41 8'3 

46!}' 86 7'3 
472'11 9'3 
471'90 11'8 
471'57 8'3 
470'41 9'3 
469'49 8'3 
468'41 9'1 
466'88 9'8 
466'15 7'3 
468'00 8'3 
468'08 10'3 

470'41 I 8'3 
472'90 10'3 

... S ' os .t> oS 
~ .. ;a s... • 

f 
::I ..., , 

';J EI '::l iil S 
e8. ; ~a 

f1:1 
CD CD 
!:I..., 

8~ _~~_I_~- ~ 
8 

1'19 
2'57 
2'87 

1'57 
3'86 
4'15 
0'71 
0'83 
0'37 
0'00 
0'00 
0'00 
0'54 

2'57 
1'77 
2'29 
1'98 
0'89 
1'49 
1'21 
1'47 
2'57 
2'36 
0''78 

1'49 
0'30 

14 
30 
35 

15 
55 
62 

9 
10 

5 
o 
o 
o 
7 

33 
20 
22 
24 
10 
18 
14 
16 
33 
29 
8 

18 
3 

I 
470'79 9'8 
471'19 10'3 
470'50 11'8 

469'32 8'8 
468'34 4'8 
469'67 2'8 
470'01 1'73 
467'81 9'1 
467'66 10'3 
467'86 12'7 
469'17 10'8 
468'96 12:3 
466'74 9'8 
467'41 7'8 
469'22 9'8 
472'11 10'8 
471'29 10'3 
470'56 12'7 
470'27 5'3 
467'~4 11'8 
466'53 12'7 
466'00 8'8 
466'26 7'8 
466'88 12'7 
467'66 12'7 
467'11 13'7 
469'66 14'7 
471'86 14'7 

... S os 
§.: 

-;1 :s 
e8. ... ~ 

0'50 
0'49 
1'27 

2"57 
4'75 
3'81 
0'00 
0'53 ' 
0'00 
0'00 
0'87 
0'00 
0'59 ! 
1'79 
2'47 
0'&7 
1'67 
0'24 
3'28 
1'27 
0'00 
2'07 
2'66 
0'69 
0'00 
0'00 
0'00 
0'00 

@ 
~ 

::= 

7 
5 

12 

30 
73 

Weather Notes, 

67 Storm; very cloudy, 
o 
6 Fine all day, windy in p,m, 

o " o 
\l; , Fine, cloudy in p,m, 
o ' 
7 

22 
27 
9 

17 
2 

49 I Storm-wind, rain, sleet, 
12 
o 

24 
33 
7 
o 
o 
o 
o 

Cloudy, 

Fine, 
Fine, 
Fine, 

~ Not included in computiug the average, because the corresponding date was hAcking for Srinagar, 

~ 
o 
o 

> I-'C 
I-'C 

(C 

::l 
0.. .... 
~ 

~ 



~ 
~ .... -

WI 

C'l 

Date. 

June 26 
27 
28 
29 
30 

July 1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
1~ 
13 
14 
15 

~, 
~m 

Po4 

471'51 
468'08 
466'49 
466'47 

468'37 
466'81 
468'61 
469'61 
469'56 

468'93 
467'88 
466'47 
469'21 
470'26 
469'49 
468'20 
468'04 
469'13 
468'49 

Hour of oba., 8 a.1n. 

~ 'S~ 
so> @ • 

-; ~ 
i~ e& 

"'r: ... 
7'3 1'61 
7'3 1'61 
5'3 2'80 
4'8 4'45 

6'S 1'62 
7'8 1'31 
6'8 1'91 
8'3 3'37 
5'8 6'42 I 

I 

4'8 5'46 . 
3'8 5'35 
6'3 3'17 
2'4 4'53 
4'3 2'44 
6'8 1'91 
8'3 3'88 
7'3 6'60 
8'8 4'09 ! 

'7'3 5'52 

13, - RnOK.A.SS. (Contd,) 

~ 
i 
~ 

20 
20 
42 
69 

22 
16 
25 
41 
92 

84 
88 
44 
82 
39 

,25 
47 
86 
48 
71 

10 am, 

~, ! :~ ~ 

~~ i~ .S~ ~ 5& :I ,.., 
E-tr: 1:1:1 E-t 

---~--- -- ----- - -------- ~-------

471'36 11'8 0'00 0 
468'01 U'8 0'00 0 
466'~4 5'3 5'16 77 
460'55 8'8 3'07 36 
468'41 5'8 4'86 70 

468'43 10'3 0'78 8 
467'85 10'8 .0'49 5 
468'81 11'3 0'58 6 
460'39 12'7 2'82 ~5 

- - - .-

468'53 7'S 4'18 53 
467'86 5'8 4'86 70 
466'5t1 6'3 2'68 37 
469'56 6'3 3'77. 56 
470'10 . 8'8' 0'71 9 
469'40 10'~ 1'67 17 
461'1'22 11'8 2'29 22 
468'43 9'3 5'40 61 
469'1r: 10'3 4'26 45 

- - - -

A vel'age of Temperature' .. . 

---

Ii 
469'92 
466'48 
465'81 
466'19 
467'91 

466'80 
466'71 
467'47 
468'56 
467'51 

467'79 
466'98 
4fi6'37 
468'99 
467'98 
467'72 
467'75 
467'99 
469'10 
468'09 

{

Pressure .. . 

Tension of Vapour 

4 p.m, 
---- ---,--

~ 
l~ 
~ E-t 

16'2' 
16'7 
9'3 

11'8 
8'8 

14'2 
14'7 
15'7 
15'2 
13'2 

5'8 
10'3 
1'0 

10'3 
,13'7 
15'7 
14'2 
10:3 
11'8 
]2 :7 

... 

...a 
~ CIa 

,§ ~ :e 
.8 e& :I 

E-tr: 1:1:1. 

0'00 0 
0',00 0 
3'08 35 
1'27 12 
4'09 48 

0'00 0 
0'00 0 
0'00 0 
0'00 0 
2'52 22 

5'38 77 
2']7 23 
4'94 ·100 
1'67 17 
0'00 0 
0'00 0 
2'99 24 
5'90 63 
3'90 37 
5'02 45 

468'95 mm, 
8' 60 cent. 
2'14mm, 

Weather Notes, 

-'--
Fine. 
Fine, 
Heavy rain during the night: 
Fine, warm and sunny. 
Fine, 

Fine, 
Fine, 
Fine. 
Cloudy, rain ill evening. 
Rain in a,m" showers all day, heavy 

rain at night. 
Persistent rain all day, 

Fine, 
Fine, 
Fine, 
Cloudy, 
Cloudy, slight showers. 
Cloudy, slight showers. 
Cloudy, slight showers. 

b" ..... 
~ 
i""1" 
~ 
0 a -0 

OQ ..... 
~ -==0 
~ 
~ 
0 
'"1 
rt" 

• o .... 



402 Appendix B. 

C.-GODWIN AUSTEN, SAVOIA AND UPPER BALTORO GLACIERS. 
-- - - -~~. - -

Date. 
, e 

\ 

Temperature, 
1 

~ 
... a to - - -- - ---- -- e il .: : III '" :I ~ ... ... ~E~ , a :I 

I I ... oS 

~ t ~ "iJ~ '\I' .. 1 a1 :I :I 
Weather notH, 1 Ii e .c .t'~ .c' ~ I a os II> e Ii I Mout.h. co lIour. ! 2 & i :I :I 'i -1 ~ : .. 

"OJ ~ 8 a .e ~~.5 I Clo4 = ,. OJ "5 I .... ~ ii ~ .e ~EJ I i ~ I 
=a ::&I oS; 

C~MP II, 

May i 2414 p,m'j434 '04 i Fortin I 3 '0 11 '34! 24 r 12 '0 I 9 '61 
I Light breeze 
fromN, 

I 
CAMP III. 

I May 125 
-, 

10 416'R5' Fortin 1'02'39; 48 9'0 -10 '0149'0) Clear, N. wind. 

I 
1
26 

4 p,m. 1416'72 
" 0'0 3'13,100 

16'0 - 9'0 42'51 Clear, ~llt wind 4 p.m •. 417'08
1 

, 

1'00'77 1 16 " " 
[ , ! I . from N. , , 

I 

i " 27 10 • - I I 2'0 2'69! 51 15'2 - 4'0 44'5 Clear in Lm" I • 

I 4 p.m. 417'60' 
" 

I 
6'0 0'001 0 partly cloudy in 

I ' I 
i Em., light wind , I 

I 
i
28 

I . 
, rom S.W. 

" 8 416'88 " - 3'0 0'00 0 15'0 - 9'5 37'0 Sleet, Dull. I 10 '417 '08 I 0'6' 2'65 06 

12'0 1
_ 6'0 

I " 1 , 4 p.m. 417'28 '- 2'0 3'64 74 " I 129 8 41i'60 - 1'5 2'08! 51 44'0 Wind from S.W: " " , , 10 1417'05 5'4 1'39 I 21 I Sleet and hail in 4 p.m, ! 417'65 " , 

3'0 2'17 1 38 I I 
" I p,m. 

: 30 8 1418'46 I 0'0 3'96: 100 13'5 - 9'5 51'0 Half ovt'rca.st, " " ! I 10 418'41 7'1 4'241 50 wind from S. W., i " I , 4 p,m, 418'48 3'0 1'34. 24 sleet in p,m, i " I 
131 8 417'50 I I Clear, very light " " I I 10 417'58 I 

3'01'34 1 2.& 13'0 144'0 wind from S. \V" , 
4 p.m. \ 437'43 " I " 3'0.2'17 38 partl, cloudy in 

I June 
evemng. 

I' 8 416'36 
" 3'5 i 1'08 

Partly cloudy, 
10 415'88 

" 19 17'0 - 4'0 48'0 S. W. wind, sleet 4 p.m, 416'02 
" 3'5 11'91 32 at intervals. 

" 2 8 415'56 
" - 1'7: 2'32 70 8'0 - 3'0 3.)'0 Same. I 10 415'33 2'1):2'43 44 " '4p.m, 414'83 3'1).1'91 32 , 

" . 
II 

3 . 8 414'80 
" 0'0 3 '74 85 13'0 - 5'5 In'O 2-3 in. snow, I I 10 415'25 
" 1'0 3'22 65 soon melted. Dull I 4 p,m, 415'76 0'0' 3'74 81 weather and light . 

" I I 
wind from N.E: in , 

I 

i evening, Clear , 

I 
night, with brisk 
wind in gusts from 
S.W. 

" 4 8 416'10 
" 0'0 4'16 91 12'0 - 9'5 42'5 Fair, calm upper 

I 10 416'"82 
" 3'0 2'17 38 air, SOW. 3. t 4 p,m, 416'50 3'0,0'93 17 " 2'0'1'04 " 6 8 414'96 n 

5'111'07 
20 12'0 - 9'0 49'0 Wind s.S.W. 10 415'62 " 17 Sky half overcast, 4 p,rn. 415'13 

" 2'0 1'04 20 peaks clear. 

" 9 8 416'40 
" 11'0 - 8'3 38'0 Fair, light S. W. 10 416'50 
" 3'5 wind. 4 p,Dl. 416'36 
" 0'29 0;) 

" 10 8 414'81 
" 0'0 2'09 10'5 - 4'0 44'8 Fair in Lm., then 

10 414'77 
" 6'1,1'44 20 sky covered, S. W. 

4 p.m. 414'19 " 4'011'64 27 wiud. 

\ 

\ 
I 
I 
1 



l\Ieteorological Report. 403 

C.-GODWL.~ AUSTE..~, SAVOIA AND UPPER BALTORO GLACIERS. (Coatd.) 

Date. 

e s 
G ... 

'i .. 
::I ... 

I e 
I S 
I ~ 
'I' 8. 

~ 

I Tempenltwe, 
>. 
~ 

~ , ... I 
R I i 
:: U I Weather notes • 

Month. ~ 
Q 

I 
I 

Hour. \ I 
t e 
:: .:: 

-o 

~ ~ 
! i 

E I 

! I '" c: ... 
F:t 

I 

June 11 S 
10 

4 p.m. 
24 4 p.m. 

413'90 Fortin - 2'0 2'39 59 10'0 - 7'0 43'0 
4'0 1'04 27 

" 

" 

" 

" 

" 

" 

25 S 
10 

4 p.m. 
26 S 

10 
4 p,m. 

27 12 
4p.m, 

413'72 
414'17 
4li'05 

419'46 
419'56 
419'85 
41S'69 
41S'35 
418'60 
415'16 
414'40 

28 S 413'13 
10 413'10 

4 p.m. 412'88 

29 8 413'00 
10 413'18 

4 p.m, 413'40 

" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 

1'0 1'17 23 
7'0 - - 12'0 - 6'5 39'8 

6'0 -
7'0 -
6'0 -
S'O -

11'0 -
11'0 -
12'0 -
11'0 -

- 4'0 -
1'0 -
4'0 -

0'0 -
3'0 -
0'0 -

- 10'0 - 6'0 42'0 

- 17'2 - 4'5 49'0 

- 15'0 - 8'0 44'0 

5'0 - 3'5 29'0 

9'0 46'0 

CAMP IV, 

Light wind from ; 
S. W" peaks un- : 
covered, i 

Fair, calm, very : 
clear atmosphere. ' 

Same, 

Fair, calm; in, 
p.m, wind from 
S. W" fresh high I 
up, peaks un- I 
covered. I 

Sleet, thick fog I 
in valley, peaks 
covered; light II 
wind from S,W. 

Snow early in 
a.m" half-covered 
sky, 

May '31 S 1391 '16 , Fo~in ' -
! ; 10 i 390'85 , " i 

2'O,I'IS1 
2'0 1'041 
1'0 11'041 
1'0 11'82 ~ 
1'0; 1'1S I 
l'OIt'04, 

30 -
20 -
24 -
43 -
23 -
24! - ; 

June 111 4 P'~' ~~:~~ I : ! = 
10 389'7S " I 

4 p.m. 388'85 " [-

June' 51 

" 

" 

I 
6: 

7 

! S 

CAMP V. 

4 : 394'05 Fortin -3'0 i 2'S6' 7S I 

S 1 393'36! 
10 : 393'42: 

4 ,393'82 
4 : 393'17 

S '395'34 
10 :395'42: 

" 
" 
" 
" 
" 
" 

I , 
, , 

f : f i -S'O 1'39' 56' 
, -2'0 3'96,100 I 
I -2';) 2'21'1 58 
1- -_ 
I i 

I -5'0 ' 1'27! 40 
t -3'0 ,2'09 i 57 

, 

, = I 
8'0 I - 151'0 Sleet; strong 

I I tourmente from 
N, during night. 

!)-'O -15'0 61'0 Sky partly 

I 
cloudy, light N. 
wind, 

12'0 -13'5
1
52'0 Lightwindfrom 

I
N,N,W, 

9'0 -15'0,51'0 ~~,lightS,W. 

SAVOIA PASS (W, gPcr" W, col). 

June 715,15 ;349'701 Fortin I -9'0 I - I -I - I - I - I 
(9221) 2c2 
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G.-GODWIN AUSTEN, SAVOIA AND UPPER BALTORO GLACIERS. (Contd,) 

Date, 

i 
a Temperature, 

al S ~ a '" " ~ ~ i .oJ :~..a s CI i 't; i 8. e ... ~~ 
CI ~ CI " " »0, .. " Weather notes, .. 
i .l:I CI S Ii Ii .c"' • >. ... "' i~:9 Month, Hour, .. 

° A ! CI "' .e CI CI SCI .. s::It = 't\! a ,§ Qlo.c ~ ~ ~ oS . 
~ ~ 

'Ql 'S ,S :a~1 E-t p; :s :s ="'-E-t .... .c.c ... 
CAMP VI, -

June 12 10 ' 395'7l1 Fortin -2'0 2'34 59 4'0' - 6'0 38'0 Sleet; dull 
4 

1
396 '04

1 " 
-3'0 - - weather, S,W. 

wind. 

" 13 8 397'37 : 
" -1'0 3'43 -.80 8'0 - 4'5 50'2 Peaks covered; 

10 397'65 
" 

3'0 2'17 38 S,W, wind; ill 
4 397'94, 

" 
0'0 3'74 81 p.m. wind from 

: 1 N.W, and S,W, 
14 8 397'64 I 2'0 - 8'0 - 4'0 - Calm in valley; " " i -

10 397'88 
" 

3'0 -- - S, W, wind on the 
4 397'90 !I 1 

0'0 -. - heights. 

" 15 4 397'53 : 
" 

: 1'0 - - 8'0 - 7'0 -
;, 16 8 397'13 I 

" -6'0 -
1-= 

3'0 -10'0 - Fair and calm; 
10 396'52. 

, 

8'0 peaks uncovered, " 
-. 

! 4' 396':38 
" i 3'0 - -

" 17 8 395'41 
" 

-4'0 - - 13'0 - 8'0 51'0 Sky covered; 
4 395'54 i 3'0 light 'rind from " ! - -

S,W, 
18 8 396'27 I -4'0 - - 12'0 - 7'5 52'0 Fair in a.m.; " " 

, 
10 395'48 

" -2'd - - light wind from 
4 395'09 

" 
4'0 - - E,N,E, j in N,m, 

sky overcast, ight 
S,W, 

" 19 10 394'16 
" 

1'5 - - 8'5 - 7'5 52'0 Wind N.E, and 
4 393'71 

" 
4'5 - - S, W,; sleet, sky 

I 
overcast, peaks 
covered, 

20 8 393'21 -1'0 I - - 8'5 -10'0 55'0 Heavy weather; " " 0'5 I 10 393'56 " - - ca:lm upper a.ir, 
4 393'41 

" 
0'0 i - - light S, W. wind I 

I in valley, 

" 21 8 394'23 
" 

-6'0 ; 2'89 100 8'01 - 9'0 50'0 Light W.N.W. 
10 394'50 

" -1'0 ! 1'82 43 in a,m., peaks nn-
4 394'15 

" 
6'0 0'59 8 covered: p.m, 

half overcast,light 
S.W. 

" 22 8 395'42 
" -3'0 1'33 36 9'0 - 7'5 46'0 , Fair, wind from 

10 395'25 
" 

1'5 2'12 41 . S,W., colder 
4 395'76 

" 0'5 1'04 22 above. 

" 23 8 394'75 
" -4'0 1'85 55 9'0 - 8'0 51'0 Sleet; strong 

10 395'25 ., • 5'0 - - wind, gURts S.W,-
4 395'44 

" 
0'0 - - S.s. W.; peaks 

covered. 
SELLA PASS. 

June 1151 11,15 1353'851 Fortin I -3'0 I - I-I - I 
, 

I - I -
CAMP VII, 

June 1,141 
4 1373 ' 511 Fortin I -6'51 2'

04
1 741 - I - 128 '0 I Tou rmen te, 

strong S.W. ; sky 
overcast. 
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a-GoDWIN AUSTEN, SAVOIA AND UPPER BALTORO GLACIERS. (C'ontd.) 

Date. 

1 
s Temperature. 

ai Iii ~ S .: 
CD.<l • .. 

=' "" ..s ..s a =' e .c;;e,p .u t &l ~ i 
.p .. 

=' ..,~s 
&l i .<l 

., ., 1>, .. ., Weather notes. =' a ... e e J:j CD • 

~ .. 0 
., 

'i~:9 Month. Hour. .. =' ., 
i .. 

~ Po = =' =' ..,Sil ~ .. is a Pot ~ $I 

~h I = <II 0; 
~ ] ... Eo! i ~ 

i ::;a ::;! =CD_ 
Eo! I-4 Z.o 

1 1 ' I I 16000 I Strong S. W, June 15 8 : 373' 40 : Fortin I -7'0 1'22 46 - -
4 1 373 '28 I " -4'5 1'37 42 - - -! peaks covered. 

" 16 10 : 372'71 . " -3'0 2'09 57 - - - I Fair early, then 
, I overcast. • I 

9'0 
" 

17 4 '370'08 : ,. -5'0 - - -10'0 -
8 1 - I ,. -9'0 - - - - -, 

1372 '18 i " 18 10 
" 

-7'0 2'67 100 - - -
I i i 4 370'85, -4'0 2'61 771 - -1 ., -
: " 

: U} 4 ,369'43 : .. -6'0 2'89 100 ~ - - - Wind W.S.W. 

" 
:20 8 369'04' " 

, -9'0 2'26 100, - - -

CAMP Vin. 

Junel24i 4 i 360'78 Fortin: -6 i) 11'771 611 - I - -

STAIRCASE. 

June 125: 1 p.m. 1348'30, Fortin' 6'0(1), - -1 - I - , 

CAMP IX. 

June 29 4 430'96
1 

Fortin 7'·0 - , - 15'0' - 2'0144'01 WindS.W.,half 
I overcast. 

" 30 8 432'34\ " 3'0 ~ - 12'O! - P'O 46'0 i Sky overcast, 
10 431'81 

" 
2-0 - - : I wind S. W., snow 

4 431'91 
" 

8'0 - - I at intervals. 
July 1 10 1431"331 

" 
11'0 5'04 '52 16'0

1

- 3'0 47'0· Very fine and 
4 1431'33' 

" 12'0 3'36 32 calm. 

" 2 8 1431'23 i ,t 4'0 3'54 60 17'0 - 4'0 ~'O Fair in a.m., then 
4 

1

431033
1 

" 
15'0 4'85 38 cloudy,cirri-strati, 

peaks free, W. 
, wind in upper air. ,. 3 8 1432'69, 

" 4"0 3"16 52 16'0 - 2'0 43'0 I Fair a.nd calm; 
I 10 '432'65 11'0 2'83 29 I light S.W. above, 

1432'56 " I 4 
" 14'5 2'87 23 . freshening in p.rn. , 

I and veerIng 
W.N.W. 

" 
4 8 1433'55 

" 7'0 3'30 44 17'5 - 1'5 45'4 Half overcast 
10 434'49 

" 9'0 3'11 36 and cirri-strati in 
4 434'35 

" 11'5 3'06 30 a.m. ; strong S.W. , 
above; high peaks 
~vered; overcast 
m p.m. ; gusts 
from S.W. , 5 8 433'01 2'0 3'41 64 11'<'> - 2'0 42'5 Sleet, peaks " " i 10 433'27 

" 4'0 5'09 83 covered, S.W. 
4 432'95 .. 10'5 6'40 67 1 above. 

: CAMP X. , 
I 

I July 11 : - 1428'30, Hype. I 5'01 - 1-. ~ I - , - I I 

1) Uncertain. I 
(9221) 

( 
2 c 3 
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a-GODWIN AUSTEN, SAVOIA AND UPPER BALTORO GLACIERS. (Contd.) 

__ -;-D_at_e· ___ '1 

J 
Month. A . Hour. 

July 

" 

" 
" 

" 

" 

" 

" 

" 

,. 

71 

8 

9 

10 

I 
in 
12 

13 

14 

15 

16 

17 

18 

19 

418' 34 'I Fortin i 

I , 
- I 

I 

-j 
I 
I 

Temperature. 

. 
CAMP XI. 

4'0 
-- I, -: -

I 
-, 1 

I 

I 
I __ I _ 

I 
- I __ ! 

-

-' -I 
I 

I 
I 

, 
! 

, 

I 
- I 

I - " 

i '" -e 
:I 

·s 
:9 :a 

,_ 

Weather notes. 

8now at in
tervals, pea k s 
covered, light 
S.W. 

Snow at in
tervals, pea k s 
covered, caho 
below. Heavy 
snowfall in even
ing. 

Sky covered, 
some pea.ks free. 

Very fine, even
ing light S. W., 
peaks uncovered. 

Very fine, S. W. 
I above. 

a.m. sky half 
o v e rca s t, p.nl. 
overcast. Sleet, 
wind from S. W. 

Snow during 
night, snow and 
sleet day, sky 
covered, calm. 

Calm low down, 
sky covered, dull 
weather, sleet, 
half clear at sun
set. 

Calm low down, 
sky. and peaks 
covered. Sltlet. 

Calm low down; 
half c 0 v ere d. 

• Cirri-strati. High 
peaks covered. 

Calm below, 
mostly fair, peaks 
partly free. In 
p.m. clouded over, 
rain. 

Calm; sky and 
peaks covered i 
r a i n. N.N.E. 
above. 

Calm, sky and 
peaks covered. 
p.;m. half clearing. t 
FIDe sunset. 
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G.-GODWIN A.USTEN, SAVOIA AND UPPER BALTORO GLACIERS. (Coli/d.) 

I Date. 

1-------1 

I I f I 

I Month. t Hour. 
:3 

! 
i I 
I I 1 I I 

J" uly 20 9.40 
10 
12 

'417'46 }!'ortin; 
417'231 " I 
417'31 \ " I 

I 
I July 31 

4 
" 

" 
5 

" 
6 

" 7 

I i 
! I 
1 8 
i I " , 

I 
1 I July \ 9: 
i 
\ July' 10 

I " 14 

" 
115 
I 
I 

4 I 393' 87 Fortin I 
4 395'37 lIyps.! 

I 

4 393'65 Fortin 
i 

8 
10 392'98 
4392'38 
8 

10 
4 

10 
4 

392'53
1 -I 

391'09 1 

390'30 ' 

" 
" 
" ., 
" 
" 
" 
" 

5 ! 377'71 : Fortin I 

1.30 '354'00 
4 354'40 

10 354'10 
4 354'35 

8 
10 ,354'40 
4 

Fortin [ 
,. I 

" 
" 

7'0: -
8'0 
6'0 i - _I 

CAMP XII. 

Temperature. 

~ I ., I e I 
:3 
.§ 

= ::;! 

I 
I-
I 

8'0 4'12' 51' 19'0 - 6'0 57 
2'0 4'82 i 91' 22'0 - 1'0 22 

I 
I 

7'0 3'20 43: 25'0' - 6'0 51 
i 

3'0 - i - '22'0, - 6'0 51 
12'0 2'23 i 211 I 
7'5 2'90 37! 
7'5 - -,17'0: - 5'0 49 

11'0 2'83 291 I 
8'0 ' 4 '22 53: I I, 

-2'0, - - 12'0 - 9'0, -
+2'0 i - - , 1-

CAMP XIII. 

8'010'311-116'0: -17'0151 

CAMP XIV. 

1'0 - -
3'0 0'52' 9 
3'0 2'17: 38 
1'0 4'01 81 

2'0 1_ -; 
1'5! - - i 

-1'0 -,-

4'0 ~ 16'0 R4{) 
i ; 
I ' 4'0 -10'0 60 

•. .1- • ..1 57 I, , 
! I 

" 
I 
:16 8 

10 
4 

353'93 

" 
" 
" 
" 
" 
" 

6'0'- 7'0'58 
I 
I I 

0'0 - -
5'0 - -! 

I 
12'0' - 1 -! 

J I i 

CAMP XV (I). 

Weather notes. 

Snowfall duriJlg 
night and a.m.; 

! low mist, calm. 

Snow all day, W. 
wind high up ; 
peaks covered; 
clear below. 

Snow and sun
shine at intervals. 

Intervals of 
snow and sun
shine, clearing at 
sunset. 

Snow ; (,-8.1m. 

Fair and calm. 

Wind from 
S.W.; snow at in
tervals; sun. 

Snow; light 
S. W.; intervals 
of sun. 

Light S.W.; 
peaks covered, 
clear below; in

I tervals of SUD. 

Julyllli 4 : 342'12 i Fortin 1 0'0 I - i-I 30 1.-13'0151'01 Fair, light S.W. 

CAMP XV (II). 

July \171 4 335'74 ~ Fortin: 5'0 I - ,- I - I - ,67'0 I Clondy. 

NEAREST BRIDE PEAK. 

July !18
1 2.30 1

3l2 ' 33 
I Fortin I 6'014'181571 - ,, __ =_J_-_I ________ ~ 

(9221) 2 c 4 
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D.-OBSERV ATIOXS MADE ON THE RETURN JOURNEY. 

, 
Date. I a Temy::rature "uring 

'i 
... 

'"' 
t 1e 24 boul'll. 

I i a -------- -I a ::; 

I 
.. .. .: ::l ... t)'5~ 

I ::I ::I ... ; " EI t ~ i -=-~ .. 8- ~ .. -t &:: ::I ~ ;.. .. II> ... .. A Weather notes. I a i 
.. e -=i 4 

'"' 
::I I .. • ~ Mouth. ~. Hour. E e 0 ~ ::I 1m] tl i i ;! .§ e P1 

I 
&::, II> .. ;; :s~-: ... Eo! IliI ~ I Si .5.s== 

I 
Eo! 

--- ------- ---
CAMP ON N. SIDE OF SKORO-LA. 

July ... 1281 4 1470'341 Fortin: 15'8 i 1 '43 I 11 -) - \ -- I Fail', light S. W. 

I SKORO-LA. 

July ... 129! 11 1413'271 Fortin, 0'4 ' - j'- 1-1 - .1 - 1 Partly fair. 

CAMP BETWEE:i BURGI-LA AND SKARDU. 

1 August 1 I' 4 1504'63, Fortin 19'4 0'84 I 3;) - 1-9'01 - I Storm from 
I I I : I S.W. in p.m. 

I BUROI-LA. 

August 1 2: 9.50 : 427' 65, Fortin I 9'4 : - I - i-, - I - I 
II. CAMP ON THE DEOSAI TABLE-LAND. 

Auguillt I 3 4 1469'81' Fortini 15'3' 4'66 ' 36 1-: 0'0 I - I Three - quarters 
I I ' I I I I covered, strong 

i I I i I 
I I I I I IS,W, 

SARSINGAR. 

August i 4; 9.50 1455'811 FOl'tin: 11'9 : - I - I-I - \ - Fair and ca.lm. j 

STAKPI-LA. 

August I 4: 12.50 14;0'61 Fortin 118'01 - : - - - - i I I 

BURZIL. 

August I 4! 4 \505'22: Fortin; 19'91 6'77 i 39'0 - 10'0 : I Fresh S.S. W. 

PASHWARI. 

August I 5, 4 i 570'071 Hyps. 19'9 - I- I -- Rain ill p.m. 
I I I I Wind S.W. I I I I I 

GURAIS. 

August I 6' 4 1591'281 HYPs'115'8111'031 89 I-I 13'0 -'1 Showers from 
I S. W" fresh wind. 

GORE. 

August 1 7j 4 1546'421 Hyps. j 15'81 10' 541 79 1- I I Cloudy weather, 
I calm. 

RAJDIANGAN PASS. 

August 1 81 9 1497'591 Fortin 112'816'021 45 I-I - I- I Fairabove, mists 
below. 

TRAGBAL. 

August 1 81 4 1540'381 Hyps.120·91 - 1-1-1 --' I- I Fair and calm. 



Altimctric Calculations. 409 

II I.-ALTI METRIC CALCULATIONS. 

BESIDE the results obtained by his own observations, which are given in the 
preceding pages, the Duke gathered a very.large harvest of data from the meteoro
logical observatories o~ India, in ordet to get the terms of reference required for 
the calculation of the altitudes. As results from the above data, a first base station 
was fixed at Rdokass, at an altitude of about 13,000 feet, well up on the Baltoro 
glacier, on which were taken observations of pressure, temperature and humidity 
for a period lasting from May 29th to July 15th. 

Afterwards a second base was fixed at an altitude of about 16,000 feet (Camp 
III) at the very foot of K2. beside ()ther secondary ones, in order to secure nearer 
points of reference for the calculation of the height of the points reached in the 
various ascents. These calculations were made on the following basis :-

For all the stations before Rdokass and for those from Bride Peak onward 
the calculation of the various heights was made by comparing them with the 
simultaneous readings taken at the stations of Leh, Skardu, Gilgit, and in some 
cases with those taken at Srinagar as well. All observations taken at stations 
higher than Rdokass (from May 29th to July 15th), which formed the principal 
objects of the expedition, were compared with those taken simultaneously at 
Rdokass, except for the two last, after July 15th, when owing to a misunderstanding 
the observations at Rdokass were discontinued. 

For the station near Bride Peak, which was- the highest point reached, com
parison was made with the readings taken at the four stations of Leh, Srinagar, 
Skardu and Gilgit. 

Of the results given in the foregoing pages, those were especially taken into 
consideration for which the simultaneous data of refer~tice were secured, these 
being complete (that is to say, not only the pressure but also the temperature of 
the air and the tension of vapour were known). In some isolated cases the hour 
of observation was not the same as that of the reference station; in this case the , , 
readings were compared with those taken at the nearest hour, without attempting 
to obtain values by interpolation, which would necessarily have been unreliable.! 

1 The observations at thl) most elevated point, near the top of Bride Peak, were taken at 
half-past two p.m. on July 18th, and for the calculations the comparisons were made with obser
vations taken at 4 p.m. in Leh, Srinagar, Skardu and Gilgit. From the data given by these 
observatories it follows that on July 18th the pressure for Leh, Srinagar, Skardu and Gilgit 
respectively was at 10 a.m. 497 '15, 623 ·94, 575 ·15 and 631 ·66 millimetres, and at 4 p.m. 493 '96, 
619 ·90, 572·20 and 627 ·78 millimetres. Thus the pressure at 2 p.m. was presuma.bly much 
¥gher than at 4 p.m. assumed for the calculations, and hence the altitude of the highest point 
reached is probably some 66 feet higher than the figure obtained. But this supplementary 
computation was not made, because it was a question of an isolated observation, and also 
because little was known of the daily variation .of the pressure in those regions. 
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When all the necessary data were known for the two stations of reference-in other 
words, the pressure, the temperature and the vapour tension-the well-known 
formula of Riihlmann was employed to calculate the differences of level:-

in which 

Z = li400 (1'00157 + 0'00367 8) (1 _ 0~378lJ x· 
ry 

( z + 2Z) Ro x (1 + 0'00259 cos 2X) 1 + 6~71104 log H' 

, 

Z = the difference of lever between the two stations; 
Ho = the corrected pressure at the lower station; 

H =" " " " upper station; 

8 = ~-~ t the mean between the temperature of the air at the lower station and 

at the upper station; 

cp = fo ~ f the mean between the vapour tension at the lower station and that 

obtained at the upper station; 
Ho+H 

ry = --2---; 

A = the latitude; 
z = the height of the lower station above sea level. 

The calculations were made by means of the Tables meteorologiques inter
nation ales, Paris, 1890. 

In those cases where only the pressure and the temperature of the air were known, 
the tension of vapour not being determined, the formula used was that given 
in the Annuaire pour ['an 1909 publie par le Bureau des Longitudes, in 1Vhich are 
also included some tables that facilitated the calculations. The formula IS as 
follows :-

in which 

Z = (A1 _ A) (1 + ~o_-tJ + 1'32 cos 2A) 
1000 

Al = 18382' 10 760 1 (18382 to ?60)S1 
'U H + 6366000 'fJ H , 

A = 18382 . lo 760 1 (18382 10 760)2 
.'1 Ho + 6366000 'U Ho , 

the symbols having the sam~ meaning as before. 
In this approximate formula no account is taken of the humidity of the air, 

but to make up for this we have assumed 0 '004 as the coefficient of expansion of 
the air instead of 0'00367. 
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When it is only a question of isolated observations, we consider this formula 
more than sufficient in consequence of the uncertainty of the law of decrease of 
temperature with increase of altitude. 

For further proof, and to show more clearly the value that we can attribute 
to the individual observations in the pages that follow, we give in addition to the 
observations taken by the Duke those obtained simultaneously at the reference 
stations, drawn as far as Leh and Srinagar are concerned from the !lata obtained 
from the central observatory at Simla, and for those of Skardu and Gilgit from the 
observatory of Srinagar. 

It is not necessary to enter here into the value of the barometric method in 
calculating altitudes. If this method is not on the whole to be compared with the 
geodetic in precision, still, used with care, it may lead to very satisfactory results. 

We give in the following table the measurements obtained by the Duke in 1906 
in the Ruwenzori group by means of barometric measurements and those taken two 
years later with the geodetic method by Major R. G. T. Bright, l during the labours of 
the Boundary Commission for the delimitation of the boundaries of the Congo Free 
State:-

Muuutain. 

Margherita 

.AIessandra 

Elena 

Savoia. •.• 

Umberto 

Krepelin .•• 

Weissmann 

···1 
... ! 

16794 

16726 

16345 

16421 

15754 

15724 

15163 

5119 

5098 

4982 

5005 

4802 

4;93 

4622 

16815 

16749 

16388 

16339 

15988 

15752 

15299 

5125 

5105 
I 

I 4995 

4980 

4873 
f # 

4801 

4663 

, 
I 

+ 21 

+ 23 
! 

I 
I 

+43 

- 82 

\ +234 
I 
I 
I 

+ 28 

+136 

+ 6 

+ 7 

+13 

-25 

+71 

+8 

+41 I 

Practically identical results were also attained i'n the determination of the 
altitude of Mount St. Elias:-

Altitude determined by the Duke with barometric method, 18,090 feet. 
Id. by Russel (by triangulation), 18,100 feet. 
Id. by I. K. 1IacGrath, U.S. Coast Survey (by triangulation), 18,024 feet. 

But there is no doubt that the best results are those obtained from a long series 
of observations, and' that greater uncertainty remains in the case of those based on 
isolated observations, especially when the tension of vapour bas not been determined. 

The last table contains a summary of all the altimetric data. 

I Survey and Exploratitm in the Ruwenzori and Lake Region, Central .A/rica. By MAJOR 

R. G. T. BRIGHT, C.M-G., Geog. Jour. Aug. 1909, XXXIV, p. 128. 
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DATA OF OBSERVATION AND COMPARISON. 

A.-FROM KASHMIR TO THE BAL'fORO GLACIER. 

--~---

I 

I Date. I Station of observation. SimultaneouB nata of comparison 

I 
• I • I ~ .: 

el ~ ~ 'i~ el &l ::I .. a. .. &l . .. Q 

a !~~ a s:lo 
No. t = . ~ 

01 
Month .: Of the 1>0 , 

and ::I Place. or ::I csS &l~i stations t "'S Q .. e Q a day, ::I s=S ~I~ of ::I S :;:: i 8. .s I 1 bS", ~ s:lo 

~ a ~, .... Q p., ~ ., ., 
=Q 

Eo< Eo< ...... Eo< E-t 

1 27 April 16 Baltal ... 540'351 4'3! 5'521 Hyps, Srinagar 627'88 20'4 13'26 
I Leh , .. 495'52 11'3 1'94 
I Skardu 574'85 18'6 0'96 
I Gilgit ... 633'18 23'3 10'12 

2 28 
" 16 Mutajun .. , 516'24 9'4 2' 67 i Fortin Srinagar 628'39 21'7 13'57 

I Lah .. , 497'50 13'2 1'00 

54 •. ..114.8 

I Skardu 576'63 19'3 0'00 
I Gilgit .. , 633'33 27'3 3'68 
I ! 

3 2 May I 16 Olthingtbang 8'00 I Hyps, Leh ... 496'10 15'2 0'00 
I Skardu 576'43: 19'1 0'00 

I 
GiIgit , .. 632'72 ;.23'1 1'49 

4 3 
" 16 Tarkutta .. , 561' 15 1 16 '8 0'96 Hyps. Lah .. , 495'17 15'7 0'00 

Skardu 576'12 18'1 0'00 
Gilgit .. , 632'72 23'1 1'49 

5 4 
" 16 Kbarmang ... 565'35 18'9 0'78 Hyps. Leb .. , 496'34 15'7 0'00 

Skardu 577'26 18'1 0'00 
Gilgit .. , 633'92 20'7 i 2'70 

I 

6 5 " 16 Tolti ... .. , 569'65 15'8 0'00 Hyps, Lah .. , 496'64 15'7 0'00 
Skardu 577'21 18'1 0'00 
Gilgit ... 636'64 19'8 2'30 

I 
I 

7 9 
" 16 Shigar , .. 577'40 22'9 1'19 Hyps, Leb . .. 498'64 15'1. 0'00 

Skarda 578~51 23'1 0'00 
GUgit .. , 634'53 29'8 3'27 

I • 

8 11 
" 16 Dasso .. , 570'03 20'9 2'46 Hyps, Lah ... 498'47 I 17'9 I 0'83 

Skarda 577 '19 23'3 I 0'05 
Gilgit .. , 635'97

1
31'3 ! 3'05 

9 12 
" 16 Gomboro .. , 560'05 18" (65' Hyps. Leh .. , 497'78'16'7 1 0'00 

Skarda 576'89:22'5 0'00 
Gilgit ... 634'86 i 25'8 6'12 

I 

10 13 
" 

16 Chongo .. , 532'50 12'4 3'06 Fortin Leb .. , 496'76 1 17 '4 0'00 
1 

Skarda 577'04 120 '5 0'00 

I Gilgit ••. 636'41 22'3 7'42 
I 



Date. 

No. 

Month and day. I Hour. 

----- ------

11 14 May 10 

4 

15 
" 

8 

10 

4 

A ,-FROM KASHMIR TO THE BALTORO GLACIER. (eonu.) 

-~-----------------------
Station of observation. Simultaneous data of compRrison of the stations of 

ASKOT.EY. SKARDU, GILGIT, 
-----.,,.----,.----..,.-----1-- - -----,--- ---,- ---~I 

Pressure, 
mm, 

527'64 

526'45 

528'43.. 

~ 
~ 
1! 
~ 
~ 

£0< 

12'9 

9'9 

8'9 

~ 

~ 
"'S Q a 
,~ 
j 

2'76 

6'76 

1'19 

~'S ..... 
55al §U 
E~~ .aa 

Fortin 

" 

" 

" 

" 

Pressure, 
mm, 

~ 

( 
! 

~ 

~ 
-os 
=e ,S 

! 

Pressure, 
mm. 

--------- --' ----'-;---------

577'40 16'2 4'11 635'02 

575'46 19'8 1 '60 633'59 

578'05 12'0 4'71 635'78 

~ 

I 
£0< 

17'7 

22'3 

19'4 

.: 
~ 
~ , .... a Q e 
,~ 
~ 

6'74 

6'86 

7'15 

Pressure, 
mm, 

498'()7 

497'78 

499'08 

577'85 1 16'1 1 3'37 1 635'92 1 21'7 1 6'27 1 499'05 

576'22 1 20'5 2'11 1 633'33 22'4 I 6'26 I 497'45 

LEH, 

~ 
~ 
1! 
t 

£0< 

.: 

J 
-OS 
=S 

] 
£0< 

---------

11'3 I 1'94 

7'4 1 1'99 

4'6 1 4'24 

9'9 I 3'49 

9'4 I 1'67 

528'21 1 12'9 I ~68 

528'24 I 10'9 I 2'38 I 
-----

Mean , .. I 527'79 1 11'1 I 2'75 i 577'00 -116'9 I 3'18 1634'73 I 20'7 6'66 499'09 --;;::-r:-'67 

~ 
~ S· 
(t) 

8". 
o 

c 
~ -o 
~ 
~ 
~ O· 
I:' 
rn 

~ .... 
C/.:) 



414. Appendix B. 

A.-FROM KASHMIR TO THE BALTORO GLACIER. (Contd.) 

Date, Simultaneous data of comparison I 
------.---:-----------.-----.---~----,-~---I-------,~--------

~' ...... s· .E~ , S 
No, ' 

Month and g 
day, III 

12 ! 16 May 4 
I 

13 17 " 4 

Place, 

Punmah 

Paiju .. , 

::t ~a ~~~ a 
. ~ ~ 5 r: il ~ ;1 Ofthe "' ... 
~ '" Sl - ::t 13 .. Z stations of ~ s:>.., ~o i!~!l. ::t 
[I.... a ~ s:>. .... ijl... !il 

Il< ~ Eof~ ,SSO If 
_ ______ _ __ I ____ -':-___ -. ____ ---'-___ .....J. ___ --'--_ 

t j I I ",; 522'54: 13'4 3'54 Fortin Leh 497-02 12'5 4'90 
Skardu 575'06 19'9 I'M 

I I -, 1 Gilgit 632'32 25'61 5'83 

.. ,I 50S'83 i 12'7 1'81 Fortin Leh 497'71 10'6 1'09 
I Skardu 576'48 19'8 1'71 I 0, Gilgit 634'53 22'9 8'03 

4 Between Liligol486'87 9'9 1'08 Fortin Leh 498'74 12'1 13'03 
and Rhobutse Skardu 57643 22'81000 

14 18 " 

i 1 Gilgit 632'90 29'9 4'63 

The four tables which follow give the data from observations made May 29th 
to July 15th at the stations of Srinagar, Leh, Skardu and Gilgit, which served as 
reference to th~ observations carried on during the same peIiod at Rdokass 
(see pages 400-401), 



Altimetric Calculations. 415 

B.-SRINAGAR, 

I Hour of obs~rvations":'-; a.m, IOa,m, 4p,m, 

I i f~ . = ~ . = ' '" '" : 0 0..; 

I Date, .. El Ilo<). 'liJ ~'" 
i 
= sS £ :lEl Si I ~I>S 

I ct: E!:3 E-t"O 
1---

29 May 629'30 17'4 I I i' I I 
11'81 80: 629'45 21'3 i 14'45177 . 627'21 129'2 22'38 

- - 629'83 24'2 16'88 I 75 627'62 '27'8 20'43 
628'54 18'8 12 '57\1 78 I, 628'64 23'O! 15'72 I 83 625'99 i 26'8 19'31 

74 
73 I 
74 

30 
31 

1 June 
2 
3 
4 
5 
6 
7 
8 

11~ 
11 
12 
13 
14 
15 
16 
17 
18 
19 

.20 

. 21 
I 22 
123 
124 
125 
126 
, 27 

28 
! 29 

30 

1 July 
2 
3 
4 
5 
6 
7 
8 
9 

1 10 
III 
1 12 
i 13 

1
14 
15 

I 

i i 

627'22 19'7 13'69 I 80 '627'60 21'9 15'05 77 II 626'12 '23'4 16'33 76 
629'12 16'6,11'87 84 628'58 19'7 12'92 76 628'43: 17'9 11'94 78 
629'60 16'3· 12'05 87 629'80 18'8 13'62 84! 626'81 : 24'1 17'29 78 
628'01 '17'7 12'06 80 628'23 21'3 14'29 76 624'85 27'2 20'02 75 
625'90 19'4 13'10 78 625'64 123'0 15'72 75 624'47; 24'8 18'11 78 
626'12 17'4 11'81 80 626'01 21'6 1 15'23 79 622'71 i 26'9 19'63 75 
624'75 18'6' 12'70 80 624'83 123'6116'72 77 621'95' 29'8 22'42 72 
626'10 19'7 13'22 77 625'79·24'3 r 16'82 : 74 623'56! 30'1 21'61 68 
625'79 '20'2 13'85 79 625'84' 24'6116'99 74 623'42 130'0 22'93 73 
624'91 121'3 14'93: 79 625'06125'6 17'62 73 623'79' 27'5 21'20 78 -, - 1- . - - - 625'23 1 22 '6 15'97 78 
627'52 118'0 12'17 79 627'60 22'4 14'92 74 626'06 28'5 21'59 75 
629'83 : 19'7 13'22, 77 629'91 24'4 17'29 76 627'77' 27'7 20'29 73 
630'95 20'5 14'14l 79 631'18 24'4 17'29 76 627'67 i 28'9 20'93 71 
628'74 120'2 13'38: 76 628'76 24'7 17'63 76 625'36 30'6 22'75 70 
627'24 : 20'5 13'67 I 76 626'83 21'9 14'57 75 627'23 121'1 13'93 75 
627'88 : 16'6 11'45' 81 627'60 19'8 13'48 78 624'93 125'7 19'03 78 
625'90 18'0 12'17 79 625'96 22'2 13'42 I 67 623'32.28'5 21'99 76 
624'07 .19'7 13'22 77 624'22122'3 15'51: 77 624'62·22'7 15'73 77 

17'4 12'24· 83 626'15 21'6 15'41 I 80 624'03: 26'7- 17'67 68 
. 626'07 19'7 13'69. 80 626'12 24'4 16'76: 74 623'47' 28'8 20'60 70 

626'12 20'5 14'14· 79 ·626'25 24,.8, 17'75 76 624'29' 28'1 20'83 74 
627 '12 17'2 11'50· 79 - i - - 624'95 128'7 I 21'87 75 
627'14 20 '2 13'85 79 627'19 24'2 I 17'94 80 625'44: 31'1 24'39 73 
628'16 19'7' 12'92 76 627'93 25'3 I 17'81 74 624'74 32'4 26'04 72 
626'51 21'3 14'93 79 626'12 26'1 117'50 69 622'95 33'1 26'53 70 
624'19 22'7 15'90 78 623'96 27'5 i 19'45 I 71 620'07 33'7 25'69 66 
625'18 18'8 13'47 83 625'71 20'0· 14'45 83 623'40 24'6 16'63 72 
624'37 11_9'7 13'22 i 77 624'14 23'6; 16'55 76, f6E2'23 26'9 19'24 73 

624'64 25'3 I 17'81 74 621'73 30'3 24'02 75 

623'73 122 '4 15'58· 77 ,623'40 26'4 18'79 73 620'20 31'9 25'22 
622'03 22'7 I 15'40' 75 . 622'08 27'5 19'83 73 619'85 32'3 25'42 

'623'81 24'1116'94: 76 624'27 27'7 22'90 83 I 622'05 31'6 24'97 
625'91 23'3 16'91 1 80 626'17 28'2 21'17,.74 625'03 30'3 22'74 
626'42 22'4 16'60' 82 - -1624'52 28'9 21'94 

I 626'91 19'1 13'59: 83 627'06121'4 15'36 81 624'44 25'0 17'09 

72 
71 
72 
71 
74 ! 
73 i 

70 : 
81 . 
77 1 

741 
74 
75 
71 

. 626'01 18'0 12'17 i 79 626'20 20'9 13'42 73 623'30 28'3 19'92 
i 624'44 17'4 11'81180 626'91 15'8 11'23 841627'08 15'7 10'73 
: 628'84 16'3, 11'34 82 628'96, 18'6 12'70 80 625'99 25'0 18'17 
I 627'72 19'4 13'41 80 627'88122'2 16'04 81 624'09 28'1 21'04 
i 625'49 21'3: 14'93 79 625'52 24'2 16'71 74 623'00 29'3 22'53 
,624'49 21'9: 13'60' 70 624'59 25'7 18'47 75 622'82 26'4 19'17 
I 624'62 21'1' 14'58·' 79 625'00 26'5 19'30 75 622'90 29'7 21'86 
! 625'15 22'4 15'58 77 625'25 27'2 20'21 75 623'56 26'7 19'75 76 
: 624'80 .21'3 14'93 79, - - -: 622'13 28'3 21'10 74 

j 

{

Pressure ... 
Calculated mean of Temperature 

Tension of vapour 

625'72 mm, 
23'5° c. 
16·90 mm. 



4.16 Appendix B. 

LEH. 

I_B_o_ur_o_, O_be~erva_tl_o_ns_--:--8 a_,m_, __ ----:--_J ____ l_o_a,_m_, _____ ----,-_' p_,m_, __ ----,-_ 

I ~ , ~~ s ~, 1~ II t i ~ ~ iii' ~ ~ ~ Ii I i ~ ~ [Ei 
: Date, ~~ S't 1!:~~] im ~t ill-a .!as ,,~a I @i il:a 
~ ~~,B E-<~ p:;.,g ~ E-<,B I E-<"O ~.,g... E-<,B '"'"0 

-;1'66 1112'7 1'92 ~~;- 501'51 \16'7 1'44 10 498'54 21'0 I 0'00 0 29 May 
30 

1
31 

i 
I 

I 1 June 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
10 
16 

1

17 
18 

1

19 
20 

1

21 
22 

123 
24 
25 
26 

127 
28 
29 
30 

1 July 

I : 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

- I - - - 501'79 17'3 1'86 12 499'08 20'5' 1'64 II 
501'13 ,12'9 2'44 22 500'98 17'7 1'84 12 497'81 21'3 i 2'70 14 

499' 25 1 13 '2 2'26 20! 498'96! 17'4 2'47 16 496'05 22'4 0'00 0 I 
498'98 14'1 3'U 26 I 498'44 117'3 3'69 25 494'91 23'0 3'12 14 
497'95 : 13'0 4'15 36 497'93 \14:"6 3'21) 26 496'61 17'9 3'68 24 
499'41 U'3 3'40 34 499'20,15'7 2'82 21 499'1)5 19'1 2'02 12 
498'03 12'9 3'84 35 497'63, 11":8 2'46 16 495'27 21'6 0'00 0 
496'73 U'8 2'78 27 496'66 i 17'8 1'56 10 494'40 20'91 1'28 7 
498'10 14'1 1 2'57 21 497'98 17'4 1'46 10 494'43 22'3 I 0'00 0 
498'10 i 14'61 1'63 13 498'03 18'9 0'00 0 495'75 22'8 0'00 0 
498'39 14 '61' 1'42 11 498'13 19'1 1'91 11 490'27 24'1 1'37 6 
497'34 14'3 2'99 24 49_6'94 '118'8 1'98 11 494'10 22'7 1'74 8 

- - i-, I - - 494'71 20'7 i 1'76 10 
497'49 13'8 3'08126 497'68; 19'1 2'84 17 495'87 22'4 I 0'00 0 
500'93 13'5' 2'94 25 500'93 117'9 1'84 12 498'31 22'9 I 1'61 8 
500'77 i 16'3 I 3'36 24 500'64 119'5 2'47 13 497'70 23'4 2'79 13 
500'37 : 14'3 3'67 30 1 500'29 ~ IS'9 2'85 17 497'25 23'8 0'00 0 I 
499'30 ,13'8 3'63 31 498'95 117'9 2'29 15 496'10 23'0 0'00 0 I 

497'39 : 14'6 3'14 25 494'50 ' 1S '2 2'57 16 495'47 19'3 0'65 3 I 
497'91 12'7 3'96 36 500'03 117'4 2'70 18 494'98 20'8 2'29 12 I 
496'25 12'9 4'51 40 495'51 117'5 5'00 33 494'53 16'4 4'94 35 \ 

- 9'3 6'00 69 496'43 13'8 5'80 49 494'15 17'9 3'57 23 
497'73 12'1 4'10 39 497'47 16'0 3'54 26 494'96 22'4 0'00 0 
498'08 14'6 3'14 25 497'75 18'4 3_'38121 494'76 24'1 2'00 9 
498'21 13'8 3'97 33 - - 495'17 23'5 3'37 16 
499'76 12'4 2'95 27 499'78 17'3 2'08 14 497'55 23'9 1'13 0 
501'44 14'1 3'79 31 1501'39 ! 19'6 2'06 12 497'81 25'0 2'16 9 
500'17 14'6 4'16 I 34 499'66 120'7 2'35 13 496'25 26'7 2'59 10 
497'17 15'7j 4'07 i 31 I 496'58 '21'0 2'76 15 492'80 25'9 3'07 12 
495'22 14'6 4'74 I 38 494'53 20'4 4'24 23 492'29 23'4 4'07 19 
496'39 13'2 I 3'99 35 I 496'35 16'2 3'65 26 493'90 18'7 4'27 26 

496'27 
495'47 
496'76 
498'34 
498'20 
497'44 
497'09 
496'22 
498'90 
498'90 
498'13 
497'05 
496'92 
497'98 
497'63 

- I - - i 496'48 21'2 3'38 18 493'01 23'1 3'61 17 

15'7 I 4'42 33 496'27 20'1 3'43 19 492'77 24'3 0'11 23 
15'2 5'08 39 495'39 20'4 3'00 17 492'34 24'8 4'13 18 
15'7 4'42 133 496'94 19'7 5'92 35 494'38 2S'2 5'93 25 
17'4 5'43 36 498'00 21'2 5'53 29 495'55 23'5 0'86 27 
16'8 0'79 41 - - - - 496'61 22'1 6'44 33 
15'7 6'70 50 497'17 19'5 7'09 42 493'82 25'1 5'44 23 
14'1 5'04 42 496'66 18'9 5'14 31 493'61 22'7 5'14 25 
14'1 0'04 42 495'60 18'0 5'00 32 493'09 19'0 0'96 36 
12'4 4'14 38 498'64 16'6 4'82 34 495'44 22'3 4'86 24 
12'9 4'51 40 498'59 17'9 4'15 28 495'27 24'0 6'24 28 
14'1 4'47 37 497'93 19'9 3'67 21 494'68 23'9 0'62 26 
16'3 7'09 51 497'00 18'8 8'45 52 494'20 24'1 6'73 30 
15'4 7'63 09 497'19 19'0 8'02 48 496'66 20'6 8'87 49 
10'4 2'05 69 498'08 18'8 7'90 49 495'14 23'3 9'68 46 
15'2 8'39 65 - - - - 493'87 23'4 8'44 39 

Calculated mean of Temperature ... 
{

Pressure... . .. 497'12 mm. 
18'3° c. 

3'59 mm. Tension of vapour 



Hour of obsen'ation s-- SLm_ 

Date. 

29 May 
30 
31 

i 
1580~2 
1579-5 
I 

1 

8 

1 June: 576-63 
2 : 576-8 
3 ' 577-9 

4 
7 

4 577-7 2 
5 578-0 7 
6 574-5 0 
7 576-2 3 
8 576-2 3 
9 576-48 

10 1574-8 
11 --
12 576-2 

1 

3 
13 i 579-1 2 

7 
15 578-2 1 

~~ .,., ""., 
~f [,oI,g 

19-6 
--

18-7 

18-6 
18-3 
16-3 
19-4 
20-3 
20-1 
19-2 
20-0 
19-9 
19-9 
-

18-8 
20-4 
23-7 
20-4 

14 /578-6 

16 I 576-2 
17 575-4 

31 20-2 
6 ,19-2 

18 574-7 o i 20-8 
19 57.5-1 1 21-1 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1 July 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

21-4 
2 18-2 
8 20-4 
I 22-6 
8 20-5 
2 22-2 
0 23-1 
4 23-2 

575-7 
575-0 
575-1 
576-8 
579-a 
577-6 
573-7 
572-6 
572-9 

7 121-3 
7 21-4 

573-7 
572-5 
573-89 
574-4 
575-2 
575-2 
575-6 
572-7 
578-6 
576-9 
575-2 
573-0 
573-5 
574-40 
573'8 

9 
2 

7 
6 
6 
7 
7 
1 
7 
6 
5 
3 

4 

--
21-5 
22-5 
21-9 
24-4 
23-2 
18-2 
16-3 
19-6 
15-6 
19-8 
20-6 
23-4 
23-4 
21-1 
20-8 

Altimetric Calculations. 

SKARDU. 

! lOa.m_ ! 4p.m_ 
i 

d~ l"'it "' e~ 
.. I~it "' e...£ d~ .. d= 

~S co .. ~- !S .. fa °a- ,:;;;:! ..&l I 00 -- ""E! .,'C ""., a., E! "" .. -;; g.S 
i~a I ~e ' .,-.. a Sf .,=-a 'Ola fS Sf I &i ~ a 

[,01(; P:;.a II< "'= [,01"0 P:;= II< ~,g I [,ole; 
[,01 ... .<l 

: 
25 i 577-23 i 27-5 i 

6-
56

1
39 579-70 22-31 4-99 1-46 

580-61 22-2 : 5-18 I 26/577-45 ' 25-3 I-52 
6-53 40 579-19 22-3 I 4-86 I 24 575-75 27-0 1-25 

5-19 33 576-84 20-8
1 

4-11 122 575-13 24-9 3-41 
6-91 43 576-75 19-5 ' 5-65 ! 34 574-30 24-3 5-50 
8-77 64 577-67 20-4 8-16 46 575-28 123-8, 3-44 
7-28 43 577-32 23-1 5-03 24 573-97 27-71 3-05 
5-17 29 575-13 23-8 2-30 10 572-61 26-5 i 1-17 
5-04 29 574-04 23-6 2-04 9 572-09 27-6 i 3-U 
3-26 19 575-72 22-9 2'35 iU 1 572-04 29-7 1 1-43 
3-37 19 575-97 23-7 3'50 , 161573'00129'21 1-46 
4-91 28 576-23 23-7 2-49 11 573-31 29-1 2-59 
3-43 20 574-46 24-3 3-53 16 I 571-89 27-9 2-40 
-- -- - -- -- -- 573-SO I 23-7 4-21 

6-21 38 576-07 23-7 4-14 19' 574-53 i 26'6 1-74 
6-28 35 578-81 23'3 4-91 23 I 576-15 28-7 1-91 
4-02 18 578'49 25-2 3-75 16 1 575-95 27-4 2-56 
5-50 31 577-80 24-2, 5-03 22 : 575-69 27-7 3-31 
5-36 30 576-28 24-9, 4-21 18 : 574-78 26-3 1 2-57 
5-96 36 575-11 22-6 1 4-81 23 ' 572-70 27-0 ' 2-94 
6-17 34 574-35 24-3j 3-78 17 : 571-32 30-0 I 3-29 
5-72 31 572-16 24-9 4-60 19 I 570'36 25-5 3-84 
4-00 21 575'36 23-7 5-80 27 i 573-13 22-6 3-53 
7-35 47 575'21 21-9 5-U 26 I 572-04 28-6 2-63 
4-86 27 574-65 24-2 3-20 14)572-85 28"9 1-65 
4-42 22 - - -- -- 573-31 I 28-2 0-00 
3-91 22 576 "94 24-7 3-40 15 '574-37 30-6 1-42 
2-53 13 578-89 25-8 2-61 11 576-15133-2 0-00 
4-25 20 577-11 25-8 1'97 8 573-20 32-2 1-12 
3-SO 17 573-26 26-9 2-86 11 569-80' 31-8 I-50 
6-12 33 572-32 23-6 5-00 23 569-70 27-1 3-67 
6-87 36 572-66 23-8 6-68 26 5t<1-1O 28-1 2-81 
-- -- 574-91 21-5 5-48 29 571-58 28-2 1'55 

I 
3-82 20 573-48 ' 25-3 3-83 16 570-21 31-6 2-31 
4-22 21 572'48 26-3 2-18 8 569-SO 33-1 0-00 
3-95 20 573-79 26-8 2-40 9 571-38 21-5 8-60 
4-78 21 573-97 27-1 5-05 19 572-59 31'3 3-35 
4-71 22 -- -- -- -- 572-29 29-2 2-81 
8-14 52 575-57 19-7 7-23 42 574-35 25-1 5-85 
8-63 62 575-82 17-6 7-98 53 572-49 27-3 4-79 
6-11 36 573-43 20-3 : 5-95 34 575-36 16-3 7-72 
8-67 66 578-56 17-6 7-46 50 575-13 25-4 3-77 
6-12 35 576-68 23-1 4-38 21 573-20 29'8 2'58 
4-62 25 574-91 24-3 4-05 18 571-53 32-4 1-82 
5-66 26 572-90 28-0 5-92 21 570-87 31-9 2-98 
8-01 37 573-66 25-6 8-12 33 572-24 29-3 7-52 
6-64 35 574-27 26-9 5-59 21 572-70 26-0 5-86 

10-02 55 -- -- -- -- 572-54 28-6 5-85 

Calclllated mean of Temperature ••• 
{ 

Pressure_._ .-, 574-83 mm. 
24-0° c_ 

4-7 mm. Tension of vapour 

(9221) 2 D 

411 

I~i> 
1<J:9 OlS P:;= 
' .<l 

5 
6 
5 

15 
24 
16 
12 I 

4 
11 
4 
4 
8 
8 

18 
7 
6 
9 

12 
10 
11 
10 
16 
17 I 
81 
5 
0 
4 
0 
3 
4 

14 
10 
5 

6 
0 

45 
10 
9 

25 
18 
56 
15 
8 
5 
9 

25 
23 
20 
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GILGIT. 

I 

I Hour of observatlous- 8 a.m, lOa.1n. .p,m, 
- -

0) .• , I ~ I ~ ~ , ~i sl' I"~ • t~ =1; O)~ .. 
I'ii I ~~a i~ I I~~ :; , ~ 

;.-:Ie 08.' ::a Date, 
~S E~ I 

1:\oC) ';laSS l1li- IS 1:~ ~a ; ~~ fil;.S 'is ~~ il;.1iI I a; S .. iii ~~ 
i : E1~ E1~ '~.E Po< E1~ £:o<~ I~:I Po< E1~ £:o<~ ~:I . .c; .c; 

-- ~--- ---
I , 

! 29 :May 636'36 2~71 7'30 28 635'80 : 29'4 5'96 19 632'14 33'6 6'29 16 
30 - - - . 636'56 29'9 6'10 19 632'40 34'7 3'46 8 

'31 634'49 26'1\ 6'94 28 ' 634'73 29'7 0'33 17 630'47 31'6 8'30 24 

I 

.. 
1 June 633"28 24"8 8'75 38 632'55 27'7 7'29 26 632'53 25'6 8'72 35 
2 634'56 20'31 9'89 56 631'79 21'3 10'15 54 630'87 20'3 14'75 83 

I 
3 636'21 I 18'9112'80 79 ' 633'26 22'6 10'25 50 631'53 30'2 6'66 21 
4 634'56 24'1 10'39 47 I 633'82 28'1 5'86 21 629'99 34'6 4'12 10 

I 0 632'07 25'71 0'35 22 I 631'61 !9'2 4'47 15 630'24 34'4 4'Oll 10 I 6 631'76 ,27'81 4'62 17 631'30 30'9 I 2'60' 7 628'56 34'3 1'01 4 
7 632'37 26'7 0'29 20 631'05 27'6 : 0'17 I 19 627'49 36'4 4'26 9 
8 632'29 . 27'21 5'41 20 631'02 31'4· 4'00 I 11 629'30 36'7 3'00 6 
9 632'40 28'0 i 4'23 15 630'92 32'9 3'22 8 628'39 36'1 5'70 12 

10 630'47 26'7 . 9'72 37 I 629'96 31'8, 3'76 10 626'07 33'9 6'74 17 
11 - -/ -

30 I 62;;:78 
- i - - 625'72 32'3 5'23 15 

12 631'18 27'11 8'10 30'41 0'34 17 624'95 35'7 3'30 7 
13 634'63 27'11 8'40 31 1632'85 30-'9 7'15 22 630'38 35'0 I 0'43' 12 
14 634'60 26'7\11'46 44 633'92 32'8 I 7'25 20 631'30 33'9 5'01 I 12 
10 633'94 ·27'3 7'98 30 633'36 31'1 : 7'18 21 629'52 34'4 0'02 13 
16 632'45 27'3 9'35 35 630'67 29'9 7'15 23 628'76 32'4 3'97 11 
17 631'27 ,27'2' 9'42 35 631'10 130'1 7'95 25 629'16 34'8 4'00 9 
18 630'07 27'2 8'04 30 629'24 32'7 6'84 18 625'84 37'6 4'79 10 
19 628'25 . 28'8 6'77 23 I 626'10 132'4 5'94 16 625'64 I 33'; 6'23 16 
20 - :27'0 8'01 30 628'89 :30'2 6'66 21 627'95 29'0 0'16 17 
21 631'33 125'6 8'86 36 630'82 i 29'4 6'65 21 628'20 37'2 3'61 8 
22 631'OS i 27'2 6'42 24 628'73 : 31'3 0'93 18 627'89 32'3 9'50 27 . 23 630'87 I 29'4 8'08 26 - - - - 627'79 34'4 0'48 13 
24 633'21 26'6 11'20 43 631'84 30'3 6'10 19 626'98 37'8 3'40 7 
20 634'32 I 26'7 11'14 43 ; 633'74 32'2 4'26 12 630'13 39'2 3'65 7 
26- 630'64 i 30'8 0'10 16 630'84 33'9 4'06 11 627'71 40'61 3'76 7 
27 627'69 i 30'0 8'18 26 626'65 34'1 0'35 13 i 622'97 39'8 4'24 8 
28 626'07 ,30'0 0'88 19 625'14 131'1 0'81 18 I 623'27 34'9 i 7'10 17 
29 626'47 ' 27'6 6'17 22 628'46! 29'2 6'82 22 i 630'11 32'51 4'36 12 
30 - 1- - - 630'89 i 30'31 7'21 22 630'97 34'1 : 7'25 18 

. I 

37'8 ; 1 July 629'65 I 27'6 0'45 20 I 628'86 : 31'8 3'61 10 625'03 2'16 4 
2 628'51 29'0 0'90 20 1626'30 132'6 2'98 7 624'01 39'21 4'29 8 
3 628'25 29'0 I 8'32 28 628'18 133'4 3'96 10 625'33 36'8 i 0'93 12 
4 629'32 31'11 7'65 23 629'06 33'0 6'82 18 626'73 36'21 6'13 13 
0 630' OS 27'9 10'24 37 - - - - 630'23 29'2 0'79 19 
6 630'62 24'0 10'76 I 49 G30'57 24'1 11'11 50 628'20 29'41 8'54 28 
7 629'35 25'9 9'13 I 37 629'40 29'6 7'95 26 627:03 30'7 8'03 26 
8 629'37 I 22'2 8'74 I 44 624'81 17'6 13'61 91 632'77 19'9,13'88 80 
9 636'78 19'7 11'72169 635'06 22'6 12'23 60 630'64 30'8, 8'00 24 

10 1632'16 24'8 9'21 ' 39 : 631'00 26'4 11'65 45 627'95 34'9! 6'77 16 
11 629'81 27'6 9'48 34: 627'04 129'4 11'29 37 625'61 36'8 : 0'00 0 
12 : 628'46 27'2 10'67 40 1627'84 27'9 12'37 44 627'69 28'3: 14'00 49 
13 627'89 24'0 12'32: 56 I 622'79 25'0 11'74 43 625'61 36'1 0'00 0 
14 629'11 30'5 9'30 29 I 628'91 34'0 6'21 16 626:65 36'8 0'76 12 
10 628'61 27'8 10'95 139 - - - - 629'22 28'2 8'80 31 

I ! I 
I 

Calculated mean of { 
Pressure ••• , .. 629'83 nun, 
Temperature .. , 30'050 c, 
Tension of yapour 7'0 mm, 



I 

Altimetric Calculations. 419 

C.-COMPARISON 01" SIMULTANEOUS OBSERVATIONS. 

-----
CAMP III. RDOKASS. SKARDU. 

I a '" a '" 
, 

~I a i ..: .. ... I h .. 'Q 
Date. =' S =' o • 8 =' , S 

1= f...; =" ::: f~ =..: 
I 

., .gS :s ., o=' ., .. .,= .. "'~ 
_c e .. 

=' Po" ",Po 13 =' "'Po , =' 
'" 13'" =as OJ ~ ... = .. i OJ 
OJ "';. '" '" "';' '" : .. ... 

'" Eo! ::0:: f! '" Eo! i= I '" .. .. 
Il< Eo! Il< Eo! I Il< 

l.b 
1_ 

,~ 

I '" ::0:: , 
------ - -------------- --'-- -----'--- -

, I 

29 May... 8 4Ii'60 -1'5 2'08 151 471'34 5'8! 2'50 36 580'21 19'6 6'56 39 
10 4l8'05 5'4 1'39 21 [471'69 8'8 I 1'19 i 14' 579'70 22'3 4'99 25 
4 417'55 3'0 2'17 38 470'79 9'8 I 0'50! 7 577'23 27'5 1"46' 5 

, 30 
" ... 10 418'41 7'1 4'24 56'472'33 8'8' 2'57 30 580'61 22'2, 5'IS I 26 

3'0 1'34 '24' 471'19 10'3' 0'49 5 577'45 2S'3 1'52' 6 4 418'48 
I !, I 

, 31 
" 

... 10 417'58 3'0 1'34 24 I 472'14 8"3 2'87,35' 579'19, 22'3 4'S6 I 24 
3'0 2'17 381570'50 U'8 1'27 i 12,575'75 27'0 1"25, 5 ! 4 417'43 

, 1 1 

1 June """ 10 415'88 3'5 1'08 19,469'85: U'3 1'57 15 ~ 576'84 20'8 4'U' 22 
3'5 1'91' 32' 469'32' 8'8 2'57' 30 575"13: 24'9 , 3 '41 15 4 416'02 

2 " ... 8 4J5'56 
10 415'33 
4 414'83 

3 
" 

... 8 414'80 
10 415'25 
4 415'76 

4 
" 

... 8 416'10 
10 416'32 

4 416'50 

5 
" 

... 8 414'96 
10 415'62 
4 415'13 

9 
" 

... 4 416'36 

10 
" 

... 8 414'81 
10 414'77 
4 414"19 

!:' 'i: I 
-1'7 2'32 170 469'22 4'8 4'06' 62,576'84' 18'3 '6'91 43 

2'5' 2'43 : 44 i 469'18! 5'8 3'86 55,576"75: 19'5 I 5'65 I 34 
3'5' 1'91 '32 468'34' 4'8 4'75! 73' 574"30! 24"3 I 5"50 I 24 I 

0'0, 3 '74 85: 468'99 2'4! 3'58 : 65 577'97: 16'3 : 8'77164 ' 
1"0, 3'22 65' 469 '84 5'3: 4'15 i 62 577'67 20'4 8 '16 I 46 ' 
0'0 I 3'74 8111469'67 i 2'8 1 3'81 '67 575'28 i 23'8 , 3'441 16 j 

0'0: 4'16 91 471'05 I 6"3 1'26: 17 577'72 19"4 I' 7'28 I 43 : 
3'0 i 2'17 3S- 470'811 8'8 0'71 I 9 577'32 I 23'1 5'03 24' 
3'0, 0'93 17,470'01.113'7 0'00 I 0: 573'97: 27'7 I 3'05 12. 

2'0 I 1'04 20' 470·nll 3'S' 2"12 35: 578'07 20"3' 5'17 29 
5"1 1'07 '17' 469'49 7'8 0'83 10 I 575'13 23'8 2'30 10 
2'011'04 120: 467'811 9'1 0'53 6 572'61.\ 26'5 i 1'17 4 

I I: I Ii: 
5'0' 0'29 I 5: 468'96

1 
12'3 0'00 0' IF~'31! 29'1 i 2'59 8 

I I I I I I 
0'0' 2'09 : 45: 468'77 4'8 I 1'69 26 574'81 [ 19'9 I 3'43 20 I 

6'1 1'44 20,468'41 8'3' 0'54 7 i 574'461 24'3 i 3'53 16' 
4'0 I 1'64 11.7 466'74 9'8 0'59, 7 571'89; 27'9 I 2'40 8 I 

n " .... 4 414'17 1'0 i 1'17 : 23 i 467'41 7 '8 1'79,22: 573'80 ii' 23'7 : 4'21 18; 

1 __ 1-1 --': I ,1- , 
Mean , .. 416'05! 2"() I 2'00 '1469'74 7'8 1'91; :1575'32123'1 4 '29 

, I I 'I 

(92211 2n2 



Appendix B. 

OAMP ill (SECOND BASE-CAMP). 

~ 

I 
SRINAGAR, LEH, GILGIT, 

.: ~ II) s II) s ~ ... .. .... 
~ 

... .... 
t to Date, = 13 = o , 13 = o , 13 o , 0 

f~ g~ f~ g~ f~ = .. toll II) :5l II) f 0= ;a .. .; a ... 11)51 ala "'51 
_0 's "'", 13 = 13 = "'1=>0 = 1=>0 0 i o ~o ., =01 '" 5l~ 

.. 5l~ !fj ~ ",I> = ! = l = E-i toll E-i III E-i III ... E-i E-i ~ E-i 
1 -.-, 

29M:;.y ... 8 «i29'30 17'4 11'81 80 PoOl '66 12'7 1'92 17 6:36'36 26'7 7'30 28 
I 10 629'45 21'3 14'45! 77 5"61'51 16'7 1'44 10 635'80 29'4 5'96 19 ! 16 627'21 29'2 22'38·74 498'54 21'0 0'00 0 632'14 33'6 6'29 16 I 

30 
" 

,,' 10 629'83 24'2 16'88 i 75 501'79 17'3 1'86 12 636'56 29'9 6'10 19 
16 627'62 27'8 20'43 73 499'O§, 20'5 1'64 9 632'40 34'7 3'46 8 

31 
" 

, .. 10 628'64 23'0 15'72 83 500'98 17'7 1'84 12 634'73 29'7 5'33 17 
I 16 625'99 2~'8 19'31 i 74 497'81 21'3 2'70 14 630'47 31'6 8'30 24 

I 1 June .. , 10 627'60 21'9 15'05177 498'90 17'4 2'47 16 632'55 27'7 7'29 26 I 

I 
16 626'12 23'4 16'33 i 76 496'05 22'4 0'00 0 632'53 25'6 8'72 35 

2 
" 

.. , 8 629'12 16'6 11'87 84 498'98 14'1 3'11 26 634' 56 1 20 '3 9'89 56 
10 628'58 19'7 12'92 76 498'44 17'3 3'69 25 -631'79 21'3 10'15 54 
16 628'43 17'9 11'94 78 494'91 23'5 3'12 14 630'87 20'3 14'75 83 

3 
" 

... 8 629'60 16'3 12'05 87 497'95 13'5 4'15 36 636'21 18'9 12'80 79 
10 629'80 18'8 13'62 84 497'93 14'6 3'25 26 633'26 22'6 10'25 50 

i 16 626'81 24'1 17'29 78 496'61 17'9 3'68 24 631'53
1 

30'2 6'66 21 

I 
4 

" 
.. , 8 628'01 17'7 12'06 80 499'41 11'3 3'40 34 634'56 24'1 10'39 47 

10 628'23 21'3 14'29 76 499'20 15'7 2'82 21 633'82 28'1 5'86 21 
16 624'85 27'2 20'02 'i5 499'55 19'1 2'02 12 629'99 34'6 4'12 10 

I 5 
" 

.. , 8 625'90 19'4 13'10 178 498'03 12'9 3'84 35 632'07 25'7 5~35 22 
10 625'64 23'0 15'72 75 497'63 17'8 2'46 16 631'61 29-'2 4'47 15 
16 624'47 24'8 ·18'11 78 495'27 21'6 0'00 o 630'24 34'4 4'09 10 

9 
" 

.. , 16 623'42 30'0 22'93: 73 495'27 24'1 1'37 61 628 '39 36'1 5'70 12 
I 

10 " 
.. , 8 624'91 21'3 14'93 79 497'34 14'3 2'99 24 630'47 26'7 9'72 37 

10 625'06 25'6 17'62 73 496'94 18'8 1'98 11 1 629'96 31'8 3'76 10 
16 623'79 27'5 21'20 78 494'10 22'7 1'74 8 626'07 33'9 6'74 17 

11 
" 

.. , 16 625'23 22'6 15'97 78 494'71 20'7 1'76 10 625'72 32'3 5'23 15 

-- ---- --
16'07 1 

. 
Mean .. , 627'06 22'6 498'03 1'79 2'28 632'09 28'4 7'25 

I . 



Altitnetric Calculations. 421 

D.-COMPARISON OF OBSERVATIONS MADE ON THE GODWIN AUSTEN, 

SAVOIA, AND UPPER BALTORO GLACIERS. 

I 
Date. Station of observation, i Simultaneous data of comparison. 

'C.., 

S ., ",::1 ., 
"8 

.... , a ... s .. 
::Iaf ~ a ::I No, ~..; ~a d~; a ~<J ~S Month ., Of the \!! Hour, Place, .. "iil 

0 .. aH 0 .. 
and day, ::I o;g station of "" tag 

S''' 
::I 

S''' .. 
iil~ ::I"s:>, .. .. ~~ .. .:;SC; ~ .. ., 
Eo<~ I~ Eo< .. Eo< .. 

I 
p., .... p., ::10 , ........ ! I 

! 31 May I 
1 I , 

Cd.mpIII i 417'58 1 
I 

10 Camp IV ",1 390 '85 2'0 l' 04 I Fortin 3'O! 1'34 
I ' 4 ! : 390'55 - 1'0 1'04 

" 
, 417'43 3'O! 2'17 

1 June 10 : 389'78 1'9 1'18 , 
, 415 '88 3'511'08 I 

" I 4 I : 388'85 1- 1'0,1'04 1416'02 3:511'91 
! " : 

1 ___ ' ____ 
1-_-: __ -:-, 

Mean ... ! 390'00 I 0'2 1'07 i 416'72 3'2'1'62 
! 

I i 

"'1390'85 2'0 1'041 
, 

31 May 10 Camp IV 
" Rdokass : 472'14: 1'3' 2'17 

4 1390'55 - 1'0 1'04, 
" 1470'50:11'8!1'27 

1 June 10 i 389'78 1'0 1'18! " 1469'85:11'311'57 
4 1388'85 - 1'0 1'04' 

" 
:469'321 8'8 1 2'57 

I --I I : __ .i_ 
1'07 I : I 

Mean .. ,j 390'00 0'2 I 470'45 10'0' 2'07 
i 1 ' I ! , 

II Camp III 5 
" 4 : Camp V ", 394'05 - 3'0 2'86' 

" 415'15i 2'0'1'04 
5 

" 
4 1 394'05 - 3'0 2'86 

" I 467'81: 9'1 ;0'53 

i 8 .393'36 .- 8'0: 1'39 I 468'18: 5'314'65 " I 6 " 1 

10 Camp V .. ,1393'42 - 2'0: 3'96 
" 

Rdokass 468'29! 7'8:0'37 

i 
4 ' 393'82 - 2'5: 2'21 

" I 
467'66 10'3,0'00 

8 395'34 - 5'0 '1'27 
" 1 

'469'611 4'3 1'43 
-3'01 2 ' 09 1 

I : 
8 

" 10 395'42 
" 

469'45 8'3 0'00 , : ' " ,---
1468'50 !7-"5i 1'16 I Mean", 394'23 - 3'9,2'30j 
, I I I : 
467'86112'7,0'00 7 " 

5,15 Savoia Pass,." 349'70 - 9'0 - " Rdokass 
12 

" 
10 i 395'71 - 2'0 2'34 

" 469'86! 7'3 I 2'57 
\13 

" 8 397'37 - 1'0
1

3'43 
" 

:,471'86 3'8 4'17 
10 397'65 3'0 12'17 

" 
f II 1472'11 9'3 1'77 

4 ' 397'94 0'013'74 " 
, 472'11 10'8 0'87 

21 
" 

8 Camp VI '" 394'23 - 6'0 2'89 
" 

Rdokass 1 468'26 4'8 3'57 
10 394'50 -1'0 11'82 

" 
468'00 8'3 2'36 

4 ; 394'15 6'010'59 
" 

466'88 12'7 1 0'69 
22 

" 8 ; 355'42 - 3'0)'33 " 
! 468'33 6'3 1'73 

10 : 395'25 1'5 2'12 i " 1 J 
1468'08 10'3 0'78 

4 395'76 0'5' 1'04: 
" i 467'66 12'7 0'00 i 1 --, 1-----,---I , 

Mean", 395'90 - 0'2 2'15, i 469'32: 8'63 1 1'85 , , I 
1 

I Rdokass !471'571 8'3! -15 
" 11,15

1 

Sella Pass "',368'85 - 3'0 - " 14 " 4 : 373'51 - 6'5 2'04 
" 

1471'29 10'3 1'67 
15 

" 8 :373'40 - 7'0 1'22 :, 1 471 '53 6'3 2'68 
4 I : 373'28 - 4'5 1'37 

" 1470'56 12'7 0'24 
16 " 10 'Camp VII .,.' 372'71 - 3'0 2'09 

" 
Rdokass 470'41 9'3 0'89 

18 
" 

10 372'18 - 7'0 2'67' 
" 

i468'41 9'1 1'21 
4 370'85 - 4'0 2'61 " ; 466'53 12'7 0'00 

19 
" 4 369'43 - 6'0 2'89 " 1466 '00 8'8 2'07 

20 
" 8 369'04 - 9'0 2'26" " 

466'26 7'8 4'16 __ I --
Mean •.. ' 371'80\- 5'8 2'141 \468'88\ 9'1 1'62 

24 
" 

4 Camp VIII... 360'78
1
- 6'0 1'77: " 

Rdokass 1469'66' 14'7 0'00 
25 

" 1 Staircase ••• 348' 30 6' 0 - " Rdokass 471'86: 14'71 -
(9221) 2D3 



422 Appendix B. 

D,-COMPARISON OF OBSERVATIONS MADE ON THE GODWIN AUSTEN, 

SAVOIA, AND UPPER BALTORO GLACIERS. (Contd,) 

No. 

Date. Station of observation, 

Month Hour. 
and day. , Place. 

2 " 

, 3 " 

; 

4 " 

5 " 

1 " 
7 " 

3 " 
1> " 
6 " 

7 " 

11~ :: 
14 " 

11 " 
117 " 
118 " 
i 
I 

I 

10 
4 
8 
4 
8 

10 
4 
8 

I 'i 
Camp IX 

431'33 
431'33 
431'23 
431'33 
432'69 

.. ' 422'65 
432'56 
433'55 
434'49 
434'55 
433'01 
432'9!> 

I 

11'0 5'04 Fortin 
12'0 3'36 i " 
4'0 3'54 

15'{) 4'85 
4'0 3'16 

11'0 2'83 
14'5 2'87 
7'0 3'30 
9'0 3'11 

11'5 3'06 

" 

" 
" 
" 
~, 

" 
" 
" 2'0 3'41' " 

10'5 "6'40, " 
-------: 

Mean". 432'62 9'3 3'74' 
I 

4 Camp X .. ' 428'30 
4 Camp XI", 418'34 

- 'Hyps, 
- I Fortin 

4 Camp XII .. ' 393'87 
4 393'65 

10 392'98 
4 392'38 

10 392'53 

8'0 4'12 
7'0 3'20 

12'0 2'23 
7'5 2'90 

11'0 2'~3 

, 

1---1·-- -_. 

Mean ... 393'08 9'1 3'05 

5' Camp XIII 377'71 
354'40 

Camp XIV, .. 354'10 

S'O 0'31 
3'0 0'52 
3'0 2'17 
1'0 4'01, 

4 
110 
I 4 

i 
I 4 
I 4 
12 ,30 

I 

354'35 

358'28 2'3 2'20 i 

Camp XV (I) 342'12 
Camp XV (11) 335'74 
Nearest Bride 312'33 

Peak 

0'0 -
5'0 -
6'0 4'18 

" 
" 
" 
" 
" 

" 

,. 
" 
" 

Of the 
station of 

Rdokass 

468'43 10'310'78 
466'80 14'2 0'00 
466'81 7'8 1'31 
466'71 14'3 0'00, 
468'61 6'8 1'911 
468'81 11'3 0'581 
467'47 15'';' 0'00 
469'61 8'3 3'37' 
469'39 12'7 2'82' 
468'56 15'2 0'00 1 

469'56 5'8 6'42 
467'51 13'2 ~'52 i 

1---1-----1 

468'19 11'3 1 1'64! 

Rdokass 466' 80 
Rdokass 466' 98 

I 
14'2' -
10'3(-

Rdokass 467' 47 
467'51 
468'53 
467'79 
467'86 

15'7 '0'00 
13'2 2'52 
7'8 4'18 
5'8 5'38 
5'8 4'86 

467'83 9'7 13'a9 

Rdokass 468'98 10'3 1'67 
467'98 13'7 0'00 

Rdokas.~ 469' 12 10' 3 4' 26 
469'10 11'8 3'90 

468'73 11'9 I 2'72 

Rdokass 467' 72 15' 7 -
Skardu .. ' 572'11 30'4 -
Leh .. ' 494'99 24'9110'51 
SrinaglU' 622' 85 29 '122' 65 
Skardu .. ' 571'45 31'9 7'65 
Gilgit .. , 627'08 31'9 14'11 



Altimetric Calculations. 423 

COMPARISON OF OBSERVATIONS MADE ON THE RETURN JOURNEY. 

Date. Station of observation, Simultaneous data of comparison, 
-

"d'" 

el '" "OS I ~ fil , el '" "0 a .. ::ISf .. 
No, S ::I S ::I .., 

=S 1 ... "'::1 
f'" dS Month ., '" ' = .... . Of the ., 

Hour, Place 
.. ...,. 0 .. iHl! .Eo. .. "'= Ol::l 1 atation of 

.. 8.8 and day, ::I Il,'" ::I "::I 
i 13'" =0 c",1l, :I =0 "'Il, I S "'Il, ... r.: I ~S"O '" '" Eo4: .. .. p., Eo4 =" p., Eo4 

.... oS 

28 July .. , Northern 470'34 Fortin Leh 
I 

11 15'8 1'43 , .. 497'27 20'7 10'51 
camp of Skardu 573'48: 29'2 3'37 
Skoro-La Gilgit .. ' 628'69 i 36'2 0'00 

1 

29 
" 

.. , 11 Skoro-La, .. 413'27 6'4 - " 
Leh .. , 497'39: 18'4 -
Skardu 573'73 [25'1 -
Gilgit ,., 613'89: 32'3 -

be- Leh 
I 

1 August 4 Camp 504'63 19'4 5'84 
" 

.. , 496'92' 23'5 8'10 
I tween Skardu 573'84: 31'1 6'26 
I Skarduand Gilgit .. ' 631'23 30'2 12'84 I 

.Hurgi-La I 
! 

2 " 
'9,50 Burgi-La", 427'65 9'4 

" 
Leh , .. 498'45 I 20'9 -
Skardu 5;4'78! 28'9 -
Gilgit .. ' 630'41 131'9 -

I 

I 
3 " 4 Chuudu- 469'81 15'3 4'66 

" 
Leh .. , 495'02 i 23'3 8'07 

Kut Skardu 571'65: 21'2 6'86 
I GiJgit .. , 626'30: 33'9 7'06 
I 

Sarsingar, .. Leh 
I 

4 
" 

9.50 455'81 11'9 - " ", 497'84 20'6 -
I Skardu 575'111 23 '9 -

Gilgit .. ' 630'69,29'7 -
4 

" 
:12,50 Stakpi-la .. , 470'61 18'9 - " 

Leh ,., 497'84 20'6 -
Skardu 575'11 23'9 -
Gilgit ... 630'69 29'7 -

4 
" 

4 Burzil ... 505'22 19'9 6'77 
" 

Leli # .. , 494'61 22'7 7'59 
Skardu 57l'19 30'7 6'35 

i 
Gilgit .. ' 625'43 35'9 10'91 

I 
5 " : 4 Pashwari .. , 570'07 19'9 - Hyps. Leh .. , 495'98: 21'6 -[ I Skardu 573'33'24'4 I -

I 
I . Gilgit .. ' 629'29;28'1 -

I 

I 
6 

" 
4 Gurais .. , 591'28 15'8 11'93 

" 
Leh ... 494'54 20'1 6'33 

I Skardu 572'72 1 23'0 11'06 
I Gilgit .. , 610'06 [ 27'9 14'08 

494, 69 123 '9 7 
" 

4 Gore .. , 546'42 15'8 10'54 " Leh ... 6'16 
Skardu 573'68 i 25'4 9'14 
Gilgit .. , 629'98 126'7' 15'17 

8 
" 

8 Rajdiangan 497'59 12'8 5'02 Fortin Leh .. ' 497'48 17'9 6'75 
Pass Skardu 575'57 16'1 10'77 

Gilgit .. , 622'50 21'2 14'41 

9 
" 4 Tragbal •• , 540'38 20'9 - Hyps, Leh ... 494'331 23 '5 -

Skardu 574'90127-4 -
Gilgit .. 629- 01 129 '7 -

(9221) 2 D 4 
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FINAL SUMMING-UP OF ~TATISTICS OF HEIGHT. 

I 
I 

1 .; Height above sea level of 1 Stations. = ai Ditrel't'l1ce stations of observation. 

I No. 

I ~ .. Height in height .... oS ::l above sea between 
I ~ ~ level of stations of I .. = I '" '" stations of observation 
I 2l a reference. and of i 1 0 z+ Z I : 

I 
Of observation. Of reference. : ::l reference. Feet. ..... .. metres·llIetres. ! 0 ~ 

I 0 
.. 
s:: z Z I I z ... . I metres. metres. 

----~~ 

i : : 
I I 

HIPS. ! 1 Baltal ... ... ' Srinagar 1 1 1,586 1,266 , 2,852 2,822 9,259 
I Leh ... 1 

: 3,506 - 716 2,799 I I 

, Skardu ... 1 2,287 518 ' 2,805 
: Gilgit ... ; 1,490 1,342 2,831 

2 Mutajun ... ... Srinagar I 1 I Fortin ~ 1,586 1,527 3,1l3 3,194 10,479 
Leh , 3,506 - 309 I 3,197 . 

I I Skardu :::: 2,287 935 3,222 : 
I Gilgit ... : 

1 I Hyps. i 

1,490 - 1,753 3,243 . 
I . I 

3 Olthingthang ••• ! Leh i 3,506 - 789 2,717 . 2,7581 9,049 "'1 
• Skaruu ... j 2,287 487 2.774 I 

Gilgit ... 1,490 1,292 . 2,782 ! 

... j Leh ... 
! 

I 4 Tarkutta 1 
" 3,506 - 1,063 : 2,443 . 2,493 8,179 

I 

I 
I Skardu ... 2,287 225 12,512

1 

Gilgit 
, 

I 1,490 1,034 2,524 : ... / , 
I I I 

5 Kharmang ... Leh ••• 1 1 
" 

3,506 - l,lIO 
2.

396
1

2
•
446 8,025 

I I Skardu ... I 2,287 179 2,466 , I 1,490 985 I 2,475 I : Gilgit ... 
I ! 

6 Tolti . .. ... Leh . .. 1 
" 3,506 1 - 1,162 2,344 2,396 7,861 

Skardu ... : ~ 2,287 I 114 2,401 
Gilgit I , 

1,490 952 2,442 '''1 I 

I I I , 
7 Shigar ... . .. Leh ... 1 1 ! i 3,506 - 1,258 1 2,248 2,291 7,517 " ! Skardu ... j I I 2,287 17 2,304 

Gilgit "'1 1,490 

f 
830 2,320 

8 Dusso .. .1 Leb ... i 1 3,506 - 1,153 2,353 2,400 7,874 ... 
I " , 

I Skardu ... 1 2,287 108 2,395 

I Gilgit "', 1,490 I . 963 2,453 

9 Gomboro ••• ! Leh .... 1 1 
" 3,506 - 1,006 2,500 2,540 8,333 

1 Skardu · .. i 2.287 255 2,542 
I Gilgit ... 1,490 1,089 2,579 

10 Chongo ... "'1 Leh ... 1 Fortin 3,506 - 588 2;918 2,968 9,738 
Skardu ... 2,287 684 2,971 
Gilgit ... j 1,490 1,525 3,015 

i 

11 Askoley ... ... Leh . .. I) 

" 3,506 - 451 1 3,056 3,052 10,013 
Skardu ... 2,287 753 3,040 

I GiIgit ... 1,490 1,501 3,060 
I 

Punmah •.• Leh 1 
' , 

12 ... ... 
" 3,506 - 422 3;084 I 3,107 10,194 

Skardu ... 2,287 816 3,103 
Gilgit ... 1,490 1,643 3,133 

13 Paiju . - ... Leb ... I " 3,506 - 185 3,321 3,350 10,991 
Skardu ... 2,287 1,062 3,349 
Gilgit ... 1,490 1,892 3,382 

I 
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FINAL SUMMING-UP OF STATISTICS OF HEIGHT. (Contd.) 

Stations. ,; I i Difference Height above sea level of 
§ Height in height stations of observation. 

~ '" .. above sea between ~ -... level of stations of i ::: 
No. 

., 
'" stations of observation : .! S Q .. reference. and of z+ Z Of observation. Of reference. ... .. reference • Metres. Feet. Q ... metres. 
'" 0 ::: z Z 

, 
~ ..... 

metres. metres. 
----

I i 
1 I Fortin I I 14 'Between Liligo Leh ... 3,506 201 3,707 ' 3,727 12,228 

and Rhobutse Skardu ... 
I 2,287 : 

1,436 3,723 i I Gilgit ... 
i 

1,490 2,261 3,751 I 

I 

137 I 
I I 

15 Rdokass ... ... Leh ... 
" 

3,506 492 3,998 I 4,025 13,296 
1st base camp Skardu ... 2,287 1,734 4,021 I 

Gilgit ... 1,490 2,540 1 4,030 I 

Srinagar I 1,586 2,465 I 4,051 I 
I I ! 

16 Cam~ III ... Rdokass I 26 
" 4,025 994 5,019 , 5,027 16,493 

2n base camp Leh ... 3,506 1,500 5,006 I 
Skardu •.. 2,287 2,728 5,015 
Srinagar I 1,586 3,464 5,050 i 

Gilgit "', 1,490 3,556 5,046 ' 

17 Camp IV Camp III 4: 
I 

5,027 536 5,563 i 5,561 18,245 ... 
" 

i 

I Rdokass 4i I 4,025 1,535 5,560 I 

I I I I 
18 Camp V ... Camp III 1 5,027 

I 

419 5,446 : 5,433 17,825 ... 
" 

I 
I 

Rdokass 6 4,025 I 1,396 5,421 : I i I 
19 Savoia Pass ... Rdokass 1 

" 
4,025 , 2,347 6,372 - 20,906 

20 Camp VI ... Rdokass 10 4,025 I 1,388 5,413 - 17,760 
" I 

21 Sella Pass ... Rdokass 1 
" 4,025 i 2,097 6,112 - 20,053 

22 CampVH ... Rdokass 8 
" 

4,025 1,876 Q,901 - 19,361. 
I 

23 Camp VIII ... Rdok3.l!S 1 " 4,025 I 2,I~o" 6,175 - 20,260 
I 
I 

24 Stail'case ... Rdokass 1 
" 

4,025 ! 2,531 6,556 - 21,510 

Camp IX Rdokass 
I 

4,684 15,368 25 ... 12 
" 

4,025 I 659 -

26 Camp X ... ... Rdokass 1 Hyps. 4,025 I 715 4,740 - 15,551 , 
I 

Camp XI Rdokass Fortin 16,175 27 ... 1 4,025 905 4,930 -

28 Camp XII ... Rdokass 5 
" 

4,025 1,449 5,474 - 17,960 

29 Camp XIII ... Rdokass 1 
" 

4,025 1,796 5,821 I - 19,098 
I 

30 Camp XIV RdokasB 3 , 4,025 2,310 6,335 - 20,784 ... 
I " 

31 Camp XV.(r} Rdokass 
: 

1 4,025 2,581 6,606 21,674 ... I -I " I 

32 Camp XV (u) ... Skardu ... j 1 
" 

2,287 4,566 6,853 - - 22,484 

33 Nearest Bride Leh ... 1 
" 

3,506 3,932 7,438 7,498 24,600 
Peak Srinagar 1,586 5,958 7,544 

Skardu ... 2,287 5,209 7,496 
Gilgit ... 1,490 6,023 7,513 

I 
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FINAL SUMMING-UP OF STATISTICS OF HEIGHT. (Contd.) 

Stations. 

No 

Of observation. Of reference. 

Height 
above sea 
level of 

stations of 
reference. 

z 
metres. 

Difference 
in height 
between 

stations of 
observation 

ann 01 
reference. 

Z 
metres. 

Height above sea level of 
stations of observation. 

z+ Z 
metres. Metres. Feet. 

-3-4 ;~rtb Camp- ~;-: Leb -~! -1-r;ortin . ~~3,5~0~ -1--4-7--7 -'--, -3-,9-83- 1-4,0-1-0 ~~-,1-56-
Skoro-La , Skardu ... " 2,287 I 1,721, 4,008 

i Gilgit... I - 1,490 I 2,549 I 4,039 
I I' 

... Leb ... 1 " 3,506 I 1,555 i 5,061 5,095 16,716 
Skardu ... I 2,287 2,789 5,076' 

35 Skoro-I~a 

Gilgit ... ~ 1,490 3,658 5,148 i 
36 Camp between 

Skardu and 
Burgi-La 

Leh ... 
Skardu ... 
Gilgit ... 

" 
3,506 
2,287 
1,490 

134 3,372· 3,417 11,211 
1,131 3,418' 

_ 1,970 3,460 

37 Burgi-La ... Leb .. . 
Skardu .. . 
Gilgit .. . 

38 Cbundu-Kut ... Leb .. . 

39 Sarsingar 

40 Stakpi-la 

41 Burzil ... 

42 Pashwari 

43 Gurais ... 

44 Gore 

45 Rajdiangan 

46 Tragbal ... 

Skardu .. . 
Gilgit .. . 

... Leh ... 
Skardu ... 
Gilgit .. . 

... Leh .. . 
Skardu ... 
Gilgit ... 

... Leh ... 
Skardu ... 
Gilgit ... 

... Leh .. . 
Skardu .. . 
Gilgit .. . 

... Leh .. . 
Skardu .. . 
Gilgit .. . 

... Leh .. . 
Skardu .. . 
Gilgit ... 

... Leh .. . 
Skardu .. . 
Gilgit .. . 

... Leh .. . 
Skardu .. . 
Gilgit ... 

" 

1 
" 

" 

1 " 

1 " 

1 Hyps. 

1 
" 

1 

1 Fortin 

1 Hyps. 

! 

3,506 
2,287 
1,490 

3,506 
2,287 
1,490 

I 3,506 
2,287 
1,490 

3,506 
2,287 
1,490 

3,506 
2,287 
1,490 

3,506 
2,287 
1,490 

3,506 
2,287 
1,490 

3,506 
2,287 
1,490 

3,506 
2,287 
1,490 

3,506 
2,287 
1,490 

D.OMODEI. 
Genoa, January, 1910. 

1,300 4,806 4,830 15,847 
2,546 4,833 
3,360 4,850 I 

I 
451 3,957' 3,987 13,081 

1,703 3,990 1 

2,523 4,013 

751 4,257 4,280 14,042 
1,992 4,279 
2,813 4,303 

485 3,991 4,049 13,284 
1,741 4,028 
2,639 4,129 

185 
1,080 
1,897 

- 1,205 
50 

866 

- 1,537 
276 
554 

861 
423 

1,240 

2 
1,236 
1,920 

- 776 
543 

1,337 

3,~22 I 3,359 
3,367 
3,387 

2,301 2,331 
2,337 
2,356 

1,969 2,008 
2,011 
2,044 

2,646 2,695 
2,710 
2,730 

11,021 

7,648 

6,588 

8,842 

3,504 3,524 11,562 
3,523 
3,546 

2,730 2,796 
2,830 
2,287 

I 

9,173 
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GEOLOGICAL RESULTS OF THE KARAKORAM EXPEDITION OF 
H.R.H. THE DUKE OF THE ABRUZZI, 

BY 

INGEGNERE VITIORIO NOV ARESE, 
Of the Italian Geological Survey. and 

R. D. OLDHAM. F.R.S., F.G.S., &c., 
Formerly of the Geological Survey of India. 

THE fundamental outlines of our 
knowledge of the geology of the 
Karakoram range and of Baltistan 
are still, in the main, those drawn 
by the labours of Col. H. H. Godwin 
Austen and of R. Lydekker; but 
though the map published by the 
latter in 1883, and reproduced on a 
smaller scale in the second edition of 
the lJI anual 0/ the Geology 0/ India, 

published in 1891, was coloured geo
logically up to the supposed watershed 
of the Karakoram' range, exploration 
had not in met been pushed so far 
and the sources of the Baltoro were, 
at that time, in every way unknown. 

Later explorers had made no note-
worthy contributions to the geology 

of the region if we except the record of limestones on the Crystal Peak and the 
sedimentary rocks of Golden Throne reported by Sir W. M. Conway; and the good 
fortune-one may say merit-was reserved for the expedition led by H.R.H. the 
Duke of the Abruzzi, of collecting observations which are not only new but to a 
great extent unexpected, because, notwithstanding their importance and obviousness, 
they had escaped the notice of previous travellers. Moreover, they form a 
complement to those which were almost simultaneously being made by 
Dr. Longstaff's expedition at a distance of about 30 miles to the south-east, in the 
valley of the Siachen glacier, and hence come to throw great light on the nature and 
constitution of that little-known portion of the heart of the great Asiatic continent. 
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In working out the geological results of the Italian expedition, the observations 
and reports made by its several members have been utilised, as well as the litho
logical material collected by them. The greater part of the specimens, indeed 
almost the whole, ~ere obtained from the glacier moraines, for the approach to 
the rock-walls of the Upper Baltoro, though not impossible, is frequently dangerous 
on account of the avalanches of snow and rocks precipitated at every moment from 
these precipices, which measure not hundreds but thousands of feet in height. 
The points where the rocks' are directly accessible are therefore somewhat rare, 
and consequently the specimens coUectedJrom rock in situ are few in number. 

Fortunately the material obtained from the moraines was not fortuitou~ly 

collected, but the moraines running along a transverse section at the junction of 
the Upper Baltoro with the Godwin Austenc..glaciers were consecutively numbered 
and the more characteristic material collected from each of them. Since it is 
possible to determine the origin of the material forming the principal moraines 
in this part of the glacier, a tolerably good idea may be formed of the con~titution 
of the slopes from which each is derived. Further on will be found a list of these 
moraines and their lithological composition as reported by pro F. De Filippi. 

The rocks of which specimens Were procured belong to the two categories of 
crystalline schists and sedimentary deposits, with the addition of certaui specimens 
of serpentine. Apart from this last there are no representatives of eruptive rocks, 
although granite is highly developed in the mountains of the Baltoro valley; 
evidently the abundance of limestone and other sedimentary rocks attracted and 
particularly engaged the attention of the Italians. 

A.-SCHISTS AND CRYSTALLINE ROCKS. 

The specimens of crystalline schists are few in comparison with those of sedi* 
mentary rocks, but fortunately the more important of them were collected in situ, 
and the place of origin is consequently known. 

Along with the crystalline schists will be described certain specimens of mineral 
veins, which must traverse ,them, and the noble serpentine, although this should 
be associated stratigraphically with the more recent rocks, rather than with the 
crystalline schists. " 

1. Biotite gneiss.-The specimen was collected by H.R.H: the Duke of the 
Abruzzi on Bride Peak, from the last rock of the eastern ridge at an altitude of 
24,600 feet, on July 18th, 1909. 

It is a slightly biotitio gneiss, dark coloured, of fine grain, but not sufficiently 
so for it to become cryptocrystalline, and showing banded structure. It is probably 
fiaggy, though the smallness of the fragment prevents this being affirmed with 
certainty. The grain is homogeneous and uniform. The biotite does not form 
continuous sheets, but appears in isolated flakes. To the naked eye small greenish 
spots are noticeable, due to amphibole. 
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Under the microscope the rock is seen to be composed of quartz,felspar, biotite 
and amphibole, and as subordinate and accessory constituents, sphene, zircon, 
apatite, as well as occasional calcite. 

The quartz occurs in granular aggregates, frequently drawn out in the form 
of lenticles lying parallel to the foliation; quantitatively it is subordinate to the 
felspar, and shows neither undulate extension nor mechanical fracture. 

The felspar is of two kinds. Orthoclase is the predominant form always 
slightly opaque through incipient alteration. Cleavage is very distinct and always 
visible. From a study of the disposition of the cleavage planes and their relative 
frequency in sections cut parallel or transverse to the f~liation it is evident that 
the individual crystals are arranged with the axis of the two directions of cleavage 
(001) (010) p~allel to the foliation. 

The orthoclase individuals have irregular outlines, are always larger than those 
of quartz, of which they sometimes enclose rounded granules. The maximum 
dimension of the granules of orthoclase attains 0'6 millimetre, but, on the average, 
is rather less than half this figure. Small plates of mica are commonly found in 
the intervals between the separate granules. 

The other felspar is marked as albite by its polysynthetic twining and the 
index of refraction being less than that of quartz. It is very rare in comparison 
with the orthoclase. 

The biotite occurs without any crystal faces, except the basal plane; the :Hakes 
have a very irregular outline as seen in a thin section, much elongated in the 
direction of the basal plane. 1.he maximum dimensions are O' 55 millimetre in the 
direction of c and O' 70 millimetre in the direction perpendicular to this, that is 
to say, parallel to the basal plane. . 

The biotite occurs in two sizes. The larger lie along the foliation planes and 
are arranged in similar orientation. The smaller, which haVe already been noticed 
when speaJq.ng of the felspar, occur in extremely minute :Hakes and lying in any 
direction in the interstices of the aggregate of quartz and felspar forming the ground 
mass of the tock. , 

The biotite is brown and exhibits the following pleochroism :-
np = a = pale yellow 
'11", = b = brown 
n!l = t = brown. 

There is very little difference between D... and n!l' the absorptioD parallel to the 
basal plane is Dot great, as the mineral has preserved its transparency and pale 
brown colour; it is sensibly uniaxial in convergent light. 

The mica in general is quite fresh and shows no sign of cheinical alteration or 
mechanical deformation. 

The amphibole has the habit of actinolite, always in rather slender prisms, for 
the most part grouped in bundles with their axes parallel to the foliation. It is 
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constantly ~ssociated with mica, but, notwithstanding this connection, does not 
seem to be derived :from the latter, which, as has been mentioned, is always quite 
fresh. 

The angle of maximum extinction is almost exactly 15°, but not greater. The 
pleochroism is as lollows :-

nl = t = blue green with notable absorption 
n'11I = b =:= bright green with a slight tendency to brown 
'J~p = a = very pale green 
a < b < t. • 

The maximum length of the groups of prisms is 1 millimetre, the mean width 
of each prism O· 05 to O· 06 millimetre. 

Among the accessory minerals sphene is abundant and in comparatively large 
grains. The calcite is certainly of secondary origin. 

The structure of the rock is interesting, particula!ly as seen in sections perpen
dicular to the foliation, on account of the regular distribution of the coloured 
constituents, especially t~e mica, which is much more abundant than the amphibole, 
and of a certain uniformity of dimension of the grains of quartz and felspar; this 
is a type of hornstone structure, characteristic of rocks metamorphosed by contact 
with granite. In the sections examined no mineral characteristic of contact 
metamorphism, as, for instance, andalusite, was seen but the structure and 
character, especially of the biotite, convey the impression of a rock of this character. 
Should future observation confirm this it will have to be admitted that the granite 
of the Baltoro neighbourhood is more recent than the crystalline schists which 
are in contact with, and have been metamorphosed by, it. 

II. Noble Serpentine.-Typical specimens of this were collected along the 
whole course of the Baltoro. They were also found in the moraines of the upper 
reaches and it is probable that it is intrusive in the sedimentary rocks. Lydekker 
records this mineral as occurring in the Shigar region in the supra-Kuling series, 
of mesozoic, perhaps upper mesozoic age; it was also determined by Prof. T. G. 
Bonney and Miss A. C. Raisin 1 in specimens collected by Sir M. Conway from 
White Fan Pass, a little east of Crystal Peak. 

III. Vein Quartz.-In variety. Two specimens were coll~cted by His Royal 
Highness on Bride Peak, along with the biotite gneiss already described, others 
in the moraines of the Baltoro. The latter enclose pyrites and arsenical pyrites 
or mispickel; these very common minerals would be of no importance but that 
they may indicate a possible origin of the gold which near Skardu and elsewhere 
is found in small quantities in the alluvium of the Upper Indus and its tributaries, 
possibly in doubly derivative occurrence, as Lydekker found traces of gold 
workings in the alluvial terraces at about 120 feet above the present level of the 
Indus. Probably the pyrites of the quartz veins is sufficiently auriferous to give 
rise on its decomposition to the scanty gold which is met with in these river gravels. 

1 Proc. Roy_ Soc. LV, p. 486 (1894). 
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B.-SEDIMENTARY ROCKS. 

The rocks of palpably sedimentary origin, collected in the Baltoro moraines, 
fall into two principal groups; one composed of schists and siliceous anagenites, l 

the other of most various limestones, dol~mites and calcareous breccias. 
The first group contains many types, which, individually, seem tolerably 

different from each other, but, considered as a whole, yield so many intermediate 
types as to suggest an origin from one and the same series of strata. The 
prototype is a rock composed of small rounded fragments 'of quartz imbedded in 
a micaceous matrix, and may be described as a reddish violet anagenite with the 
quartzose component generally of small dimensions, and of white, reddish and 
greenish colour, imbedded in a distinctly schistose micaceous (sericitic) matrix. 
With the disappearance of the quartz fragments this rock passes into a thoroughly 
typical violet-coloured sericite schist. At times the quartz grains increase in 
size and abundance till the rock, being strongly cleaved, assumes a characteristically 
gneissose appearance; at others the sericitic cement becomes so cryptocrystalline 
as to assume a wax-like appearance. Occasionally the whole rock seems to have 
undergone an alteration which has given it an argillaceous appearance, recalling 
that of some porphyrites or porphyritic tuffs, which have been altered into argillites. 

Less abundant as compared with these rocks, ali more or less reddish in colour, 
are others, quite analogous, of greenjsh grey colour, which probably alternate with 
the former because, except for the colour of the micaceous matrix, they consist of 
the same elements. 2 

The calcareous group presents an extraordinary wealth of varieties and can be 
divided into three sub-groups: limestones, comprising also dol~mites and dolomitic 
limestones, coloured marbles, and breccias, the latter more !bundant than all the 
other rocks. 

The first sub-group includes white, grey and black-banded limestones, and 
whitish and yellowish dolomites. One crystalline limestone in particular deserves 
special mention; it is a fine-grained, almost waxy looking limestone, sometimes 
marbled with fine grey lines, sometimes having the appearance of cipolin, which 
is probably derived from lenticular masses included in the gneiss or mica schist. 

1 This word, which is not used in England or mentioned in English text books, is in common 
use by French and Italian geologists for a. rock composed of sma.1l rounded fragments, or pebbles, 
of quartz scattered: through a fine .grained micaceous m!'Ltrix. Rocks of this kind are common 
in the Alps, as also in pa.rts of the Himalayas, and since there is no word in common English use 
to describe them the term has been reta.ined.-R. D. O. . 

I The rocks described by Prot F. G. Bonney and Miss Raisin from the collection made by 
Sir M. Conway under the names of grit, schistose grit, and to some extent qua.rtzite, include 
many which would here be described as typical anagenites. 

(9221) 2 B 
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In the group of coloured marbles the prevailing variety is a very beautiful red 
marble with small white spots, and various other types, all having a red coloured 
base and white veins. 

There comes finally the group of breccias, which presents no small variation, 
both in the nature 16f the fragments and in that of the cement, in the colour of one 
or the other, and so on. Noteworthy is a whole series of breccias of calcareous 
fragments, bound together by a reddish ~icaceous substance, quite analogous with 
the matrix of the anagenites. Better than any description as a help to an appre
ciation of the range of colours of thes~ breccias, is the fact that they present many 
analogies with the varieties of marble from the Apuan Alps and other parts of Italy. 

Certain specimens, intermediate between the breccias and marbles, are formed 
of a soft, dark red, calcareous schist, seamed with veins of calcite, which gives 
place, when associated with white limestone, to a white marble with violet-coloured 
amygdaloidal patches, and dark red veining, and to- a. dark red and white marble 
breccia with green variegation, altogether similar to the rosso di Levanto,' but while 
the latter is a typical ophicalcite, as much cannot be said of the Baltoro specimens, 
in which the green is due to variegation· of the schistose portion. It is, however, to 
be noted that we are not impossibly dealing with an extreme form of true 
ophicalcite, as fragments of noble serpentine are found in the moraine along with 
this breccia. 

The specimens collected at the camping grounds of the ex~lorers are insufficient 
for an attempt to arrange the various types in their order of geological sequence. 
The only hypothesis which can be hazarded is that probably some of the calcareous 
breccias with micaceous cement come from the contact zone of the schists and 
anagenites with the limestone and dolomite. In the Apuan Alps very similar 
breccias (mischio di Saravezza) occur at the contact between the lower limestones 
(grezzoni) and the underlying schists, which have been ascribed to the permian, 
others, on the contrary, occur at t~e contact of the said grezzoni with the zone of 
marbles, etc. All these breccias appear to be due to mechanical action and are 
consequently referable to crush breccias. 

Owing to the apsence of organic remains among the material collected by the 
Italian expedition, no direct determination of the geological age of the formations 
is possible, and the only way to arrive at even a very approximate determination 
is by comparison of the specimens collected with the rocks already studied and 
known in other parts of the district. According to the work of Lydekker and 
Godwin-Austen, confirmed by later observation, a great complex of formations 
occurs in a syncline, between Shigar and Askoley, in Baltistlin, and in the range 
rising west of the Biafo glacier. This ·complex, formed by alternations of schist, 
limestone, dolomite containing serpentine, and, according to Col. Godwin-Austen, 
also quartzites, may well be the equivalent of the formations met with in the Upper 
Baltoro valley. Mr. Lydekker gives two sections a.cross this formation and mentions 
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dolomitic limestones, blue and white mottled limestones, pure white and blue 
limestones with red veins, green and black schists, the latter carbonaceous and 
calcareous, and so forth, besides brown grits, which may be the reddish anagenites 
and identical with the quartzites of Colonel Godwin-Austen. In short the rocks are 
all such as are present in the moraines of the Upper Baltoro glacier. Mr. Lydekker 
also mentions dolomites and limestones with characteristic red stains, identical 
with those found in the supra-Kuling series of Chang-cheng-mo. l It is not, there
fore, too risky to assume that the same formations, but with a much greater 
development of limestones in comparison with the other rocks, are repeated to 
the east of K! and form the Broad-Gasherbrum-Golden Throne group of mountains. 

The beds of the series forming the above-mentioned, so-Called II Baltistan
Braldoh syncline are ascribed by Mr. Lydekker, on account of their resemblance 
to other fossiliferous rocks of the district, to his ZanskAr system, named after a 
district in Kashmir, and attributed to a carbon-mesozoic age. The series which 
is fossiliferous at Shigar, and comparable with that met with on the Sasser 
Karakoram track, certainly includes the permian and trias, together with older 
beds at the base and newer ones above. With all reservation necessary in the 
present case, we may, provisionally, accept a similar correlation for the sedimentary 
series of the Upper Baltoro, all the more so as I shall shortly set forth other 
arguments in favour of this hypothesis. 

A sufficiently clear idea of the topographical distribution of these sedimentary 
rocks in the mountains of the Upper Baltoro may be formed from the serie~ of 
moraine ridges immediately below the confluence of the Baltoro with the Godwin
Austen glacier, along a line drawn from north to south. 3 

According to Dr. De Filippi the succession is as follows:-
1. A large moraine of granite, gneiss, and crystalline ;rdt!ks, derived from the 

range on the left of the glacier from Bride Peak to Masherbrum. 
2. Moraine of limestone fragments, rich in coloured marbles and limestone 

breccias, which have fallen from the western Hanks of Golden Throne. 
3. Narrow moraine of schistose slaty rocks, whicll unites with the preceding 

one a little lower down. 
4. A great moraine of calcareous fragments, coloured marbles, breccias and 

anagenites of various colours, with a predominance of wine red, which 
descends from Hidden Peak and the southern buttresses of Gasherbrum. • 

With this moraine the contribution of the Upper Baltoro ceases and 
gives way to that of the Godwin-Austen glacier. 

1 Mem.. Ged SUrf]. 1M.. xxn, pp. 188, 189. 
• E. SUESS, Das Amlilz tkr Enk, Ill, pi. i, p. 350. 
• These moraine ridges are very clearly visible in the Panorama M, taken from the rock crest 

between the Vigne '¥ld Baltoro glaciers. 
(9221) 2 B 2 
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5. Moraine of limestone fragments collected along the slopes of Broad Peak. 
6. Median moraine, coming from the southern and western slopes of K t, the 

prevailing constituents being granite and crystalline schists with some 
scattered f~agments of limestone. 

7. Right hand marginal moraine, with the same composition as the preceding, 
but becoming richer in limestone fragments below the white limestone 
peak, which rises to the south-east of Crystal Peak, at the confluence of 
the Baltoro and Godwin-Austen glaciers. 

The observations made by Dr. De Filippi, the beautiful photographs of Vittorio 
Sella, and the material determined and dis~ussed in the preceding pages, make it 
possible to draw the outlines of a sketch of the geological constitution of the 
mountains of the Upper Baltoro and to study their relations to other districts 
geologically known. 

From the end of the glacier near Paiju up to the confluence of the Godwin-Austen 
glacier, the Baltoro valley is opened through the gneisses and granites of the 
Baltistan massif, according to the unanimous description of all explorers. It is 
possible, however, that crystalline limestone might be intercalated in this series 
of crystalline schists, for Lydekker mentions 1 having met with it in the Hushe 
valley, which descends southwards from Masherbrum in the heart of the gneissic 
area. 

Certain of Sella's photographs, however, led me to entertain some doubt of the 
entirely gneissic character of the Lower Baltoro valley. In the preliminary account 
of the journey, published by the Italian Geographical Society,' it is mentioned that 
the mountains on the right of the Baltoro in front of Rdokass are gigantic, with 
vertical Hanks, and peaks of superb and fantastic forms, sometimes of formidable 
towers, at others of sharply pointed pyramids. As the photographs and telephoto
graphs show, these irregular forms are confined to the upper parts of the 
mountains and seem to be the remnants of an enormous, nearly horizontal layer 
superimposed on the massive gneiss. The forms, in short, of these mountains 
reproduce the appearance of the dolomitic ·towers of the Alps, s~ that it is at least 
justifiable to doubt whether there may not be, in this part of the Mustagh, the 
remains of a capping of sedimentary rock regularly covering the gneiss and forming 
what is known in modem terminology as a II lambeau de recouvrement/' composed 
of dolomites, overthrust on to the gneiss and granites of Baltistap. 

Apart from dolomite, the only rock, with which I am acquainted, capable of 
assuming such forms is the protogene, a special form of granite, of Mont Blanc. 

1 Loc. cit., p. 312. 
I Boll. Soc. Geog. Ital. series iv, XI, p. 444:. April 1910. 
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Since four glaciers descend from the cliffs in question it will be easy for a later 
examination to confirm or refute this hypothesis by an examination of the 
moraines. 1 

Ascending the valley, the mountains suggest no change of character till the 
confluence of the Godwin-Austen glacier is approached. On the right of the 
Baltoro, opposite and north of Mitre Peak, a marble crag rises from one of the 
buttresses of Crystal Mountain, and is marked in the map of the Italian 
expedition by the figure 20088. The peak is most recognisable because the summit, 
composed of pure white marble, rises from a base of dark-coloured schists. The 
dip of the schists, though steep, is distinctly eastwards above, but lower down 
becomes perfectly vertical, where the beds are seen plunging perpendicularly into 
the Godwin-Austen glacier. 

As it was not possible to secure authentic specimens, either of the schists of the 
b~se or of the marble, we must have recourse to conjecture. In the material of 
the moraine the only white marble is a saccharoid limestone of very fine grain, 
with suggestions of cipolin, derived from the moraine on the Baltoro in direct 
correspondence with this peak. Is this mass of marble simply a great lenticular 
inclusion of crystalline limestone in the Baltistan gneiss, like that of Masherbrum, 
or, does it belong to the overlying group forming the massif opposite to it, from 
which it seems separated by some local accident of structure or sculpture? The 
materia~ for answering these questions is not to hand. 

West of the marble peak lies a saddle named by Sir W. M. Conway, 'White 
Fan pass, beyond which rises his Crystal Peak, not that so named on the Italian 
map, but one of its minor peaks. Among the specimens collected by Sir W. M. 
Conway, on the ascent of his Crystal Peak, Prof. T. G. Bonney an~ Miss A. C. Raisin 
identified 2 a fine-grained gneiss, a calcitic quartz schist, a dark-coloured mica schist, 
a dolomite, and a limestone, both crystalline. From the \Thite Fan pass came a 
mica syenite and a fine-grained crystalline dolomite. All these are rocks of a 
crystalline series and, except the syenite, of the schistose group. The presence 
of unaltered sedimentary rocks in the' Baltoro moraines, opposite Crystal Peak, 
led Prof. Bonney and Miss Raisin to propose the hypothesis that sedimentary forma
tions were represented in the rock forming this mountain. Now that we know that 
sedimentary rocks form the whole of Gasherbrum, from which the greatest part of 
the moraine material of the Baltoro is derived, Prof. Bonney'S conjecture becomes 
baseless, and the presence of sedimentary rocks in the vicinity of Crystal Peak 
problematical. 3 

1 It is worth noting that the illustrations to Sir W. M. Conway's book, and to that of 
Dr. Jacot Guilla.rmod,indicate the existence of a very similar f~ture in the mountains of the 
Masherbrum range. to the south of the Ba.ltoro valley.-R. D. O. 

I Scientific Results, p. 72. 
I See, however, the rema.rks on p. 445. 
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The formation of schists, anagenites, limestones and dolomites shows' up in 
its full development in the terminal mass, lying between the Godwin-Austen and 
Upper BaItoro glaciers, which is crowned by the three peaks Broad, Gasherbrum 
and Hidden, rising-to heights of more than 26,500 feet (8,000 metres). The 
limestones predominate in the high portion of the Broad and Gasherbrum 
mountains,' the base of schists is seen to fringe the foot of these mountains 
along the whole of the left bank of the Godwin-Austen and eastwards along 
the right bank of the Upper Baltoro glaciers, to almqst opposite Mitre Peak. 
Beyond this point the limestones extefia down to the base, and on the left of 
the photographic view of Bride Peak from Camp III the mass of limestones, 
bristling with peaks and pinnacles, is seen to ,rise from the glacier. 

The boundary between the limestones and schists is, consequently, covered by 
ice in the valley, but certainly rises towards the dip between the calcareous Golden 
Throne and the gneissic Bride, and probably crosses Cliogolisa pass. 

Among the specimens collected by Sir W. M. Conway on the second pinnacle of 
Pioneer Peak, one of the peaks of Golden Throne, is a purple schistose grit with 
small pebbles, mentioned by Prof. Bonney and Miss Raisin!, which may be identical 
with the anagen~te of this report. 

As appears from specimens collected by His Royal Highness, at a height of 
24,600 fe~t, Bride Peak is composed above of gneiss, and at the base of the granites 
and granitoid gneisses, so extremely abundant, according to the observations of 
the members of the Italian expedition, in the moraines of the glacier which descends 
from this mountain. 

In the Upper Godwin-Austen glacier the boundary between the gneiss and the 
beds of the palreo-mesozoic series must lie to the south of Windy Gap, as the 
Staircase is made of coarse-grained, light greyish gneiss. 

The base of the highest peak of the neighbourhood, K2, ought, according to 
the reports of various expeditions, to be formed of light-coloured granites or grani
toid gneisses. But the several photographs taken from south, east and west show 
a well marked stratification with gentle dips of about 15° to 20°, which is greatest 
in the terminal pyramid; it is probably due to layers of gneiss,analogous to those 
of Bride Peak. Colonel Godwin Austen, who noticed this peculiarity in the photo
graphs brought back by the Italian expedition, expressed the opinions that the 
stratified summit of K 2 might be more recent than the granite base. I cannot 
accept this opinioll of the illustrious and learned explorer without reservation. 
The mere fa'ct of superposition is not enough to establish the relative age of two 
formations in a highly disturbed region, all the more so as the granite may be 
intrusive. 

1 Scientific; Results, p. 7:3. 
a Geog. Jour. xxxvii, p. 26. 
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The scarcity of specimens obtained from rock in situ leaves many questions 
obscure. Are the schists of the base of Broad Peak the same as those of the 
Marble Peak? Do they belong to the crystalline schists as Dr. De Filippi believes, 
or to the palreo-mesozoic series? At present no answer is possible. 

One other question remains unsettled, the direction of the dip of the 
contact between the schists and limestones at the base of Broad Peak. The 
course of the junction from Windy Gap to the Chogolisa pass, taking into account 
the difference of level, is nearly north and south, but none of the photographs have 
enabled the dip to be determined. Taking into account what is seen on the Marble 
Peak it is probable that the dip is very high and nearly vertical, with a tendency 
towards inversion to an apparent easterly dip.l From Mr. Lydekker's observations 
we know that at Askoley, in the Braldoh valley, the contact between the sedimentary 
series and the gneiss of Baltistan hades to the· east, that is to say, the gneiss is 
inverted over the more recent rocks. If this explanation is rejected we must 
believe that there is a superposition in normal chronological order. 

Notwithstanding the great gaps, which yet remain in our knowledge of the 
geology of the mountains of the Baltoro glacier, one fact of greatest importance 
has been established. The valley of the great glacier is closed on the north by a 
very elevated massif, composed of sedimentary rocks of upper palroozoic and 
mesozoic age, prevailingly calcareous and, therefore, differing widely from the 
mountains of the rest of the valley, which are entirely, or prevailingly, granitic and 
gneISSIC. 

This difierence explains how the course of the junction between these types of 
rock has determined that of the longitudinal furrow, formed. by two subsequent 
valleys, which give origin to the bifurcation of the vallv, into the two branches 
of the Upper Baltoro and the Godwin-Austen, descending, respectively. from the 
Chogolisa pass and Windy Gap. The valley o~ the Baltoro has, therefore, a 
certain analogy with that of the Upper Aosta, which- ends in the two longitudinal 
valleys of the Allee Blanche and Ferret, meeting at; Entreves, at the foot of Mont 
Blanc, to form the strictly transverse valley of the Dora di Valdigne. Geologically 
and lithologically- the Baltoro valley is, to a certain extent, the opposite of the 
Aosta, because, while the latter is formed of schistose limestone rocks and shut 
in by a granite mass, the former is cut through granitic and gneissic mountains 

1 The view of Bride Peak in the photographs, and the course of the boundary from the Chogolisa 
Pass along the whole of the lower part of the Godwin Austen glacier, seem to indicate a well
marked easterly or, more precisely. north-easterly dip. H this dip remained unaltered the 
boundary should rise along the base of K I to the Savoia pass. That the boundary is found 
at Windy Gap. much further east, indicates a stratigraphical disturbance. either fracture or 
secondary fold, causing either bodily displacement or a local change of dip, and determining 
the abrupt bend to the north-eastwards of the course of the upper Godwin-Austen glacier. 

(9221) 2 E 4 
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and closed by a mass of schists and limestones, which ought to be named after 
the Broad Peak, as this rising to 27,133 feet forms the highest point, rather than 
the customary Gasherbrum, which will be retained as it has become established 
by use. "" 

From' the distribution of morenic material in the glaciers of the group it seems 
fairly proba:ble that the terminal peaks of Broad, Gasherbrum IV, Hidden .and 
Golden Throne are all formed of limestone and dolomite. They will consequently 
be the first peaks of over or near 26,500 feet known to be formed of sedimentary 
rocks, whereas the loftiest summits preViously known are composed of granitic. 
gneissic rocks, or else formed by volcanic cones. Allowing for difference of scale, 
the Broad group may be taken to represent, in the Karakoram, the Grand Combin, 
in the Alps-the only peak formed of sedimentary rocks (mesozoic calcareous schists 
of Piedmontese facies) which rises above 13,000 feet. . 

If we regard the general geological structure of the region, as shown by 
geological maps and descriptions, the discovery of the great mass of limestones of 
the Upper Baltoro appears clearly as the continuation, and harmonic complement, 
of the structural outlines which had been suggested, but left uncertain, by earlier 
exploration to the south-east. For a long time the presence of palreo-mesozoic rocks 
in the Chang-cheng-mo-Karakoram region of Eastern Ladakh has been known; 
they have been described by Dr. Stoliczka in 1878, and at a later date by Mr. 
Lydekker, who found dolomites with upper trias fossils. This palreo-mesozoic 
area fO.rms an elongated strip running north-westwards parallel to the direction 
of the gneissic mass of Baltistan. It had been traced to Sirsil, between ·the Nubra. 
and Shyok valleys, on the road to the Karakoram pass, but its ultimate course 
and end remained unknown. The calcareous dolomitic mass of Gasherbrum lies 
approximately on the north-west prolongation of this band, and the discovery. 
by Dr. Longstaff, of l~mestone in the median moraine of the upper Siachen glacier, 
at a place intermediate between Sirsil and the Upper Baltoro, is a weighty argument 
in favour of the continuity of this band of mesozoic limestone, for some 90 miles. 
through a region which is yet unexplored, even geographically. 

The importance of this discovery is not merely geological but also, and 
principally, geographical. The course of the watershed, between the Indus valley 
and the closed drainage area of Turkestan, from the Mustagh to the Karakoram 
pass, was uncertain and badly known, in spite of certain peaks having been trigono
metrically fixed, as it had been barely seen and never crossed. by the explorers 
who followed each other at long·intervals. 

The Italian expedition obtained, from Windy Gap, on 15th June, 1909, the 
first view over the unknown country east of the mountains bounding the Baltoro 
glacier, and saw, to the left of Gasherbrum, not the valley of the Oprang tributary 
of the Yarkand, seen a few days previously by His Royal Highness from the Savoia. 
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pass to the west of K 2, but another valley, with a glacier draining to the south
east. 

Almost simultaneously, on 16th June, 1909, Dr. Longstaff crossed the presumed 
watershed by the Saltoro pass and descended onto a glacier which, a couple of 
months' later, was suspected on the suggestion of Colonel Burrard to be 
the upper portion of the Saichar or Siachen glacier, previously known only 
at its lower end, and believed to have a length of about 20 miles, instead of 
the 45 miles it is now known to reach. The source of the Siachen is thus 
pushed back to an untraversed pass, seen by Dr. Longstaff from an estimated 
distance of 12 miles, and supposed to be the same as that reported, from the 
northern side, at the head of the Urdok glacier by Sir F. Younghusband, in his 
exploration of the Oprang valley in 1889; a pass which seems to lie in about the 
same latitude as Golden Throne. In the ,mountains to the east of this pass, 
to which Dr. Longstaff gave the name of Younghusband, he noted the very lofty 
peak of Teram Kangri, whose height, estimated approximately at 27,610 feet, 
makes it one of the loftiest mountains of the world. 1 

Finally he noticed that the moraines on the left of this upper Siachen glacier, 
like'those on the right of the upper Baltoro, were full of marbles and calcareous 
breccias, and saw, some ten miles off. the rocks of Teram Kangri gleam white, where 
not covered with snow; fact.s which led him unhesitatingly to the conclusion that 
this superb mountain was formed of limestone. This statement, which might appear 
rash, if unsupported, attains a certain probability from the observations and 
records of the Italian expedition iri the Gasherbrum massif. 2 The mountain mass 
of Teram Kangri lies about south-east of Broad Peak, and on the line joining this 
with the limestone band recorded between the Nubra and Upp~r Shyok valleys and 
from its eastern declivities by Mr. Lydekker, to the south of the Sirsil or Sasser pass. 

This unexpected extension of the Siachen glacier to the \rrcinity of the mountaino 
at the head of the Baltoro gives great importance to the .observations of the Italian 
expedition, whether from Windy Gap or the Chogoljsa pass, as has already been 
briefly referred to in the addresses given by His ltpyal Highness and published 
in various scientific periodicals. 3 

As regards Windy Gap, this has already been dealt with. The camp on 
the Chogolisa pass commanded the valley of the Kondus, a glacier which 
Was seen to intervene between the Baltoro and the recently discovered Upper 

1 More recent and rigid measurements by the Indian Trigonometrical Survey have reduced 
this figure. The final calculations are not complete but the height has .been determined as about 
24,489 feet. a figure which can be relied on to within 100 feet.-Geog. Jour., XXXIX, Jan. 1912. 
p.72. 

II Dr. Longstaff has recognised Teram Kangri in a photograph, taken on 22nd June, 1909, 
by Vittorio-Sella from Windy Gap. Geog. Journ., January, 1911. 

a Rivista del Club Alp. ltal. XXIX, pp. 2&-35 (191O); Boll. Soc. Geog. ltal. ser. v, XI, pp. 454 
and 460 (1910). . . 
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Siachen. The valley of the Kondus, dominated by the peaks K r, K 8, K', winds 
tortuously, first to the east, then to the north, passing round the bases of Golden 
Throne and Hidden Peaks. This last is not the most easterly peak of the Gasher
brum group, for ea~wards of Hidden Peak rises another, and only to the east of 
this does a deep gap form the true limit of the Gasherbrum massif, taken in a wide 
sense, and' the head of the Kondus glacier. The Italian expedition believed that 
this was in truth the pass at the head of the Urdok glacier, seen from the Oprang 
side by Younghusband, and for this rea:son. 

Beside this depression another was- seen, formed by a low ridge, separating 
the Kondus from a wide, glacier-filled valley further east, which is probably none 
other than the Upper Siachen. The low crest just mentioned rises rapidly towards 
the south into the high mountains between the Kondus and the supposed Siachen, 
and to the east into other lofty mountains, which should be the easterly or northerly 
continuation of Teram Kangri, if not this mountain itself. 

From the saddle at the head of the Kondus it seems possible to descend to the 
Oprang basin, and probably into the Urdok valley. 

If the map accompanying Dr. Longsta1I's account of his expedition is compared 
with the representation of the Kondus valley, which has just been set forth, it is 
evident that there are no irreconcilable di1Ierences. The Kondus and Siachen 
glaciers end in two depressions, separated by a low crest, which, seen from a distance, 
might be superimposed on each other by an effect of perspective, so as to give the 
impression of a~.gingle valley, especially from the relatively low point where Longsta1I 
was upon the Siachen, at about 16,000 feet, an impression less probable from the 
camps of His Royal Highness on Chogolisa, at an elevation of 22,000 feet, equal 
to, if not greater than, that of the pass in question. From this it follows that the 
westernmost extremity of the Siachen valley will not communicate directly with 
the Urdok, but only with the Kondus, whose head intervenes, so to speak, 
between the valleys of the Siachen and Urdok j and that the pass seen by Sir F. 
Younghusband lies between this latter and the Kondus valley. 

A discovery so important as that of the greater extension of the Siachen has 
given wide field for conjecture and hypothesis, and to consid~rable divergence of 
interpretation, a thing which is natural in view of the many 'uncertainties still 
existing. Dr. Longsta1I, and still more distinctly Dr. Neve, his companion in part 
of the expedition, have expressed in their writings the opinion that the Siachen 
communicates with the Baltoro directly over a saddle at the base of Hidden Peak. 
or to the north of it, in the same way that the Biafo glaciet in Baltistan communi
cates with the Hispar. In the first place this supposed continuity of the two 
gla.ciers does not exist. South of the Broad massif the Kondus glacier, as has been 
mentioned, is insinuated between them. The valleys which .descend to the east 
and north of the massif are tributaries of the Oprang, either by means of the 
Gasherbrum glacier of Younghusband, or by the Urdok; consequently there can 
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be no direct connection between the Siachen and Baltoro glaciers. Yet, broadly 
speaking, the notion implied by these authors might be extended across the 
gap .. formed by the Upper Kondus, and it might be maintained that the 
Baltoro and Siachen, in spite of a brief interruption, lie in the same tectonic furrow 
and so preserve the analogy desired by Dr. Longstaff. But not even in this way 
is it correct, for the BiaIo-Hispar system is formed by two longitudinal valleys 
draining in opposite directions, in a furrow which is orographically, and geologically, 
a single well-marked feature. The Siachen-Baltoro system, on the other hand, 
would consist of a longitudinal valley draining to the south-east, joined by a series 
of gaps and valleys, found along its prolongation to the north-west, with the distinctly 
transverse valley of the Lower Baltoro. The supposed analogy therefore does not 
exist,even on this hypothesis; on the contrary, it is obvious that the Siachen furrow 
continues into the Urdok across the two contiguous saddles. 

From the observations made by the two expeditions it results that the course 
of the water parting between the Indus and Yarkand basins is very different from 
what had been believed and shown on maps. 

The Karakoram, like the Himalaya, of which it is the western portion, consists 
of a series of chains parallel to each other, and also approximately parallel to the 
course of the geological zones and leading tectonic features, ill-known as yet, of 
the whole great system. The rivers How in open valleys between these chains; 
and narrow, deep-cut channels, frequently reduced to impassable gorges, by which 
the rivers pass from one valley to tl1e next, sever the chains in pieces. Consequently, 
although the lines of peaks appear continuous on the map and exhibit a sensibl~ 
parallelism, the pri~cipal watershed, and many of the secondary ones, have a very 
different course, proceeding by stretches as they pass from op.e range to another 
by means of transverse ridges, which separate the diver~e~t slopes of each of the 
furrows contained between a pair of ranges. 

On the whole then, as this passage of the watershed from one cham to the next 
takes place for long stretches in a regular manner, -always from a more. forward 
range to one further back, the complex course of ,the line of watershed cuts, at 
a very acute angle, the general direction of the ranges, so that it is easy, in ill-known 
parts.of the system, to confound two quite distinct members with each other and 
regard them as only one. Just this confusion was made in all maps anterior 
to 1910 in the )country between the Upper Baltoro and the Karakoram pas~. 

The discovery of the Upper Siachen, and of Teram Kangri, has shown the 
existence of a great longitudinal furrow, occupied bya glacier, and of a chain, 
parallel to that, well known and fixed, which runs from K 2 to Hidden Peak and, 
up to now, was called the main range of the Karakoram. The ridge by which 
the watershed crosses from this to that of Teram Kangri is formed by that saddle 
between the head of the Kondus and the' Siachen which was seen from Chogolisa. 
The chain of K2 is truncated by the Kondus valley, whose tortuous course in the 
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upper part indicates a breach of continuity, filled with ice, but where this 
disappears, exhibiting itself as one of those impassa.ble gorges in which the Karakoram 
is rich. It is probable that the continuation of the chain of K II is that in which 
the peaks K 9 and 1\ 1o_11 are found, these latter over 25,000 fe~t in height, and 
in the Saltoro chain to K 12 and beyond. 

It is natUral to enquire what may be the influence, on the morphology of the region, 
of the junction between the crystalline and sedimentary rocks, which, in the Upper 
Baltoro valley, determines the furrow extending from Windy Gap to the Cbogolisa pass. 
Probably it crosses the Upper Kondus Valley and cuts the ridge between this and 
the Siachen to the east of K lO_l1, which present themselves, orographicaUy, as 
the homologue of Bride Peak, in secondary alignment parallel to the principal range, 
and, geologically, as the continuation of the crystalline axis of KI. If the depression 
along the plane of contact continues farther to the south-east, it should cross the 
Siachen valley and the Murgisthang pass, to reach the known boundary on the 
Sasser pass. It is evident therefore that, although this contact determines many 
and important orographical details, it does not correspond to any great valley, and 
still less to a furrow of primary rank, as is the case in the Biafo-Hispar valley. 

In conclusion it is certain that the water parting between the Indus and the 
Central Asian drainage, after passing the peaks of K II, Broad, Gasherbrum and 
Hidden, tUrns eastwards to a parallel range which bounds the Siachen on the east 
and probably culminates in Teram Kangri. A good part of this range was already 
known, for it runs from the Sasser pass, for more than 100 miles south-eastwards 
to the Pangong Lake, and is cut through by the precipitous gorge of the Shyok, in 
the reach which lies above the sharp elbow formed by this river, a little below its 
j unction with the Chang-cheng-mo. The range of K II runs south-west of this, and 
although the complexity of its geological composition-for granites, schists and 
various sedimentary rocks take part in it-has a very sensible influence in multi
plying and increasing the accidents of relief, it has not rendered less evident the 
orographical continuity, which is obvious enough in many parts. 

The two chains of K II and Teram Kangri, are, therefore, well distinct, and the 
resemblance between the Karakoram and the double chain of the Hindu Kush, 
already suspected by some, has a real basis. The latest discoveries have revealed 
the importance of the Teram Kangri range, which is promoted from the position 
of a secondary spur of the presumed watershed range, to that of a primary range 
of the system. The continuation of this range, to the northwards, is certainly that 
row of peaks, which the Itftlian expedition observed from Windy Gap, and which 
will now become the object of fresh journeys of exploration. 

Geological Survey Office, Rome, July, 1911. 
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Having been asked to undertake the translation and revision of the Appendix 
dealing with the geological results of the expedition made by His Royal Highness 
the Duke of the Abruzzi to the Karakoram, I find little left to be done as regards 
the latter half of the task. The fa~ts, as set forth by Ing. Novarese, may be 
accepted, the interpretation follows, for the greater part, with logical certainty. 
Only in two parts of any importance do I find myself unable to accept unreservedly 
the opinions expressed in the note. The first of these concerns the limestones of 
Crystal Peak and the hills eastwards of it. In the note they are regarded, with 
very little hesitation, as belonging to the older gneissic series, and as lenticular 
inclusions in it. This interpretation is not impossible, but it seems to me that 
insufficient weight has been given to earlier observations, and that the case for 
regarding the limestones as belonging to the sedimentary series, either as a con
tinuation of the Gasherbrum exposure or as an outlier, is stronger than is represented 
by the text. Sir W. M. Conway, in the description of his expedition, expressly 
states that on the descent from his Crystal Peak he came upon " a new set of rocks 
which gave a fresh character to the ridge separating the Baltoro and Godwin-Austen 
glaciers." These rocks are described as granites and hard limestones, light grey, 
buff and white in colour, of which seams were found in the rocks lower down the 
valley but here forming the mass of the mountains. His next camp up the glacier 
was pitched on a fan composed of fragments of white marble. l In the description of 
the rocks collected in situ on these hills it is stated that no record was kept of the 
order in which they were collected, but of the specimens one is described as gneiss, 
one as mica schist, and five as various forms of limestones; the other specimens 
are one of syenite and one of quartz associated with limestone breccia. 2 It may be 
noticed that the gneiss and mica schist were both collected on the ascent of Crystal 

• 1 ' 
Peak, and that these rocks are unrepresented in the collection from the White Fan 
pass; moreover, from the latter locality came a greyish crystalline limestone, 
veined with noble serpentine, recalling the presence of similar rocks among the 
moraine debris derived from the Gasherbrum group of mountains, and the occurrence 
of serpentine among the sedimentary rocks on the slopes of Mango Gusor.3 

These facts render it at least possible that we have to deal with an exposure of 
the limestone series, penetrated by intrusive veins of syenite and gneissose granite, 
such as is not uncommon in the Himalayas. It may be that the boundary, between 
the areas occupied mainly by crystalline and by sedimentary rocks, after running 
down the Upper Baltoro valley, crosses the main glacier and passes up onto the 
mountains north of it, thence, turning north-eastwards near the Crystal Peak, it 

1 Climbing in tM. Himalaya8, etc., pp. 465 fI. 
• PROF. T. G. BoNNEY and MIss .A. C. RAISIN. Proc. Roy. Soc. LV. p. 486; also in W. M. 

CoNWAY. Climbing in tM Karakoram HimalaYa8, voL IT. Scientific Results, p. 73. 
a Mem. Geol. SUnJ. Ind. xxn. p. 189. 
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would run down to the valley of the Godwin-Austen glacier, striking it near the sharp 
bend and following the general course of the upper part of this valley. As an 
alternative the Crystal and Marble Peak exposure of limestones may be an outlying 
area of sedimentary rocks, but in either alternative there is the possibility, which 

" should be investigated by future travellers, of the occurrence of sedimentary lime-
stones in 'the hills north of the Baltoro glacier. 

The second point, on which something more remains to be said, is the minor 
classification of the mountain ranges. The view advocated by Drs. Longstaff and 
Neve is rejected on the ground that th-e!e is no structural continuity between the 
SiachEm, Baltoro and Biafo valleys, such as would give them a geological unity 
and 'justify the mountains on either side being regarded as forming two separate 
ranges; but, if this argument is allowed to prevail, it would equally militate against 
the view which regards the mountains on either side of the Oprang-Nubra trough 
as forming a pair of parallel ranges, for this orographical depression certainly does not 
follow, but runs obliquely to, the general strike of the leading feature in thegeological 
structure of the district, namely, the Karakoram syncline of sedimentary rocks. 

This argument is not, however, final, for the movements of elevation, which have 
given rise to the mountains, were spread over a long period, and it may well be 
that the latest of them, those which determined the rows of peaks as they now 
stand, did not exactly follow the earlier ones, by which the leading features of 
geological structure were marked out. Moreover, the case for the classification 
adopted in the note is stronger than is there set forth, for not only is the Oprang
Nubra trough similar to the much larger depression formed by the Sutlej and San po 
valleys on the northern side of the Himalayas, but there is an appa.rent connection 
between the two, for the former is continued south-eastwards by the Shyok valley 
up to the elbow, where it bends from a southerly to a north-westerly course, and 
thence by the lower part of the Pangong Lake' to the Upper. Indus, and by this to 
the Sutlej valley. To the south-east this line of valleys has been held to be 
sufficient reason for separating the Himalayas, on the south, from the mountains 
to the north, so that if Ing. Novarese errs in separating the Teram Kangri peaks 
from those of the K II and Gasherbrum group, he errs in good company. And if 
this view is accepted, then the series of peaks, labelled K with a number by the 
Survey of India, can no longer be regarded as belonging to the same range that is 
crossed by the Karakoram pass, and a different name, Mustagh for choice, would 
have to be given to them and to the mountains which have been repeatedly 
described as. the Karakoram Himalayas. 

It is, however, by no means certain that this view of the grouping of the peaks 
into ranges is correct. It is natural for geographers to seek a parallelism between 
the minor members of a great chain of mountains and the general direction of the 
whole, and the intricacy of the valley systems, cut back at times a.long the strike
line between minor ranges, and at others across and through them, makes it not 
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impossible to find justification for dividing the mountain chain, as a whole, into a 
series of parallel ranges, running along the length o'f the chain. Yet, although it may 
be possible to adopt a nomenclature ex~ressing this view, it does not follow that 
the names represent what really occurs in nature, and there is another aspect of 
the case which is at least equally worthy of consideration, that the individual 
members of the chain are ranged not along, but obliquely transverse to, the general 
direction of the whole, much like the arrangement of the individual birds in a flock 
of wild geese, or the individual regiments of an army ranged in, echelon. 

The study of areas of structural elevation, on a smaller scale, and of less com
plication, than a mountain range, shows that the principal anticline is often crossed 
by minor ones, ranged obliquely to it, so that the margin of the area of uplift is 
marked by a series of open folds, all pitching in the same direction and advancing 
one beyond the other. It is not unnatural to suppose that a similar feature may 
be found on a larger scale in great mountain ranges, and on this view the Teram 
Kangri and Gasherbrum peaks would fall into the same range, continued probably 
toK2,and the MustaghPeaks. Nor would the interruption of the range by the deep 
gap between Teram Kangri and Gasherbrum, or by the Godwin-Austen glacier 
valley between that and K 2, affect the structural unity of the range, for it must 
be remembered that the peaks are peaks because the agencies of denudation have not 
yet had time to remove them, though they have removed all the surrounding rock; 
on the other hand the peaks owe their elevation to the fact that the rock of which 
they are composed has been uplifted, and where we find a group of peaks rising 
much above those by which theY'Rre surrounded, we may conclude that this great 
elevation is due to the fact that the last episode, in the general uplift of the moun
tains, was a more rapid and greater upheaval of the particular region in which the 
high peaks are found. 

It might be, of course, that there were two neighbourjIlg areas of such special 
elevation, one marked by the Teram Kangri group of peaks, the other by the K 2, 
Broad, Gasherbrum and Hidden Peaks, and that between them lay a zone of lesser 
uplift. A more probable ,case, however, is that these two groups of very high peaks 
form parts of the same general area of special, recent, uplift, and this special up
heaval may have determined the position of the watershed, which crosses 
the Oprang-Nubra -trough. If this is the case, K2 and the Mustagh Peaks are 
restored to that group of ranges crossed by the Karakora:rric pass, which together 
have come to be known as the Karakoram mountains. 

That such widely divergent views of the classification of these mountains can 
be put forward, without any possibility of even indicating which is likely to be 
ultimately accepted, shows how little is really known as yet, and how much remains 
to be done before the structure of this region can be rationally discussed, much less 
said to be properly understood. 

Horsham, February 20th, 1912. 
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ROCK SPECIMENS COLLECTED ON THE BALTORO 
MORAINES. 

PL...\TE I. 
Fig. 1. Rose-coloured. veined limestone. 
Fig. 2. Many-coloured breccia. of limestone fragments and sericitic cement. 
Fig. 3. Many-coloured breccia. of limestone fragments and yellow calcareous cement. 
Fig. 4. As Fig. 2, with the fragments more scattered and subordinate to the matrix. 

PLATE II. 

Fig. 1. Breccia.ted violet-coloured limestone (pat1onazefto). The deeply coloured portion is 
schist. 

Fig. 2-
Fig. 3. 
Fig. 4. 

Marble blotched with red. 
Rose-coloured limestone (pet'Bickino), minutely breccia.ted . 
Brecciated violet limestone with greenish tinting. The deeply coloured part is a. reddish 

violet schist; the green coloration is due to i iJrutration of the part originally 
white. 

(9221) 2 ., 2 
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BOTANICAL REPORT 

UPON THE PLANTS GATHERED BY THE EXPEDITION. 

I.-LIST OF PLANTS GATHERED. 

A.-Braldoh and Biafo Valleys. 

. . 

Oxytropis microphylla DC. 
Papilionacea, sp. indet. 
M yricaria elegans Royle. 
H ippophiie rhamnoides L. 
Daphne oleoides Schreb. 
Primula /arinosa L. 
M acrotomia perennis Boiss. 

(9221) 

EPHEDRA pachyclada Boiss. 
Salix sp. 

Olematis orientalis L. var. ? 

Berberis vulgaris . L. var. aetnensis 
Presl. , 

Oheiranthus himalayensis Camb. 
Oleome sp. ? 

Saxijraga imbricata Royle. 
Oolutea,arborescp.'fI.s L. var. nepalen-

sis L. 
Astragalus sp. 

Ohesneya cuneata Benth. 
Oaragana polyacantha Royle. 

N epeta discolor Royle. 
Lonicera microphylla Willd. 
Erigeron andryaloides C. B. Clarke. 
Anaphalis virgata Thoms. 
Artemisia sp. 
Artemisia sp. afi. Absinthium L. ? 

Olumdrilla graminea Benth . . 
2 F 4 
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B.-Lower Baltoro and Rdokass. 

Poa sp. 
Festuca sp. 
Lloydia serotina Rchb. 

Oxyria digyna Hill. 

Oxytropislapponica Gaud. var. humi/usa 
Kar. et Kir. 

Epilobium latifolium L. 
Pirola rotundifolia L. 
Primula farinosa L. 
Gentiana aguatica L. var. ? 

Silene MoorC'l'oftiana Wall. 
Lychnis apetala L. 
Stellaria graminea L. var. montioides- Gentiana detonsa Fries. 

Edgew. & Hook. ill. 
Delphinium Brunonianum Royle. 
Papaver nudicaule L. 
Sedum afi. atropurpureum Turcz. ? 

Potentilla albilolia Wall. 
Potentilla sericea L. var. ? 

Potentilla sp. ? 

Astragalus Oandolleq,nus Royle. 
Oxytropis lappon'ica Gaud. 

Gentiana sect. Comastoma sp. 
Lonicera asperi/olia Hook. fiI. & Thoms. 
Oodonopsia ovata Benth. 
Aster heterochaeta Benth. 
Allardia nivea Hook. ill. & -Thoms. 
Ohrysanthemum tibetiC'Um Hook. fil. & 

Thoms. 
Taraxacum of!icinale L. 
Taraxacum of!icinale L. var. eriopodum 

DC. 

C.-Upper Baltoro (above 15,000 feet). 

Oarex atrata L. 
Lychnis apetala L. 
Isopyrum grandiflorum Fisch. 
Braya uniflora Hook. fil .. & Thoms. 
Saxilraga flagellaris Willd. var. mucro-

nulata Royle. 
Saxi/raga imbricata Royle. 
PotentiUa lruticosa L. var. pumila Hook. 

fil. forma grandiflora. 

Potentilla ochreata Lehm. ? 

Mertensia primuloides Clarke. 

N epeta longibracteata Benth. ? 

Leontopodium alpinum L. var. nivale 

Ten. 

Allardia tomentosa Dcne. ? 

Allardia vestita Hook. fil. & Thoms. 

Sedum Rhodio'la DC. 

D.-Skoro-La. 

Oystopteris /ragilis Bernh. ? 

Ohenopodium album L. 
Polygonum viviparum L. 
Oxyria digyna Hill. 
Silene Moorcro/tiana Wall. 
Lychnis nigrescens Edgew. 
Oerastium trigynum L. 
Oerastium 'lJulgatum L. var. 

Delphinium Brunonianum Royle. 

Aconitum N apellus L. var. rotundi/olium. 
Hook. f. & Thoms. 

Arabia? 
Sedum Rhodiola DC. 
Sedum Eversii Ledeb. 
Saxilraga sibirica L. 
Saxilraga flagellaris Willd. var. mucro

nulata Royle. 
Potentilla multifida L. var. angusti/oli<J 

Lehm. 
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Potentilla ochreota Lehm. 

Potentilla lri/urca L. var. Moorcroftii 
Wall. 

Potentilla indica Th. W. 
Rosa macrophylla Lindl. var. minor 

Lindl. 

Oxytropis lapponica Gaud. var. typica. 
Oxytropis moUis Royle. 

Geranium pratense L. ? 

Geranium sp. 
Epilobium lati/olium L. 
Buple'Urum longicaule Wall var. hima-

lensis Klotsch. 

Primula /arinosa L. 
Gentiana aquatica L. var. 
Gentiana sp. 
Ple'Urogyne carinthiaca L. 

Mertensia t~Oetica Clarke. 
Myosotis sylvatica HoffIn. 
Thymus Berpyllum L. 
Pedicularis pectinata Wall. 
Pedicularis bicomuta Kl. 
Lonicera microphylla Willd. 
Valeriana dioica L. 
Aster sp. 
Leontopodium alpinum L. var. nivale 

Ten. 

Erigeron alpin'U8 L. ? 

Anaphalis nubigena DC. 
Tanacetum sp. 
Artemisia sp. 
Chrysanthemum Stoliczkae C. B. Clarke. 
Saussurea Schultzii Hook. 1. ? 

Taraxacum officinaZe L. forma. 

E.-Deosai Tableland (14,000 feet). 

Carez nivalis Boott. 

Polyg.onum affine Don. 
RUme:I; Spa 
Cerastium trigynum L. 
Ranunculus nivalis L. 
Thalictmm minus L. ? 

Aconitum N apell'U8 L. var. multi/idum 
Hook. fil. & Th. 

Papaver nooicaule L. 
Corydalis ramosa Wall. var. glauca Hook. 
Draba glacialis Adams. 
Chorispora sabulosa DC. 
Sedum Rhodiola DC. 
Sedum d. atropu,rpureum Turcz. ? 

Sa~/raga flagellaris Willd. var. mucro-
nulata Royle. 

Potent",7la argyrophylla Wall. 

Oxytropis sp. 
Geranium aconiti/olium L'Herit. ? 

Buple'Urum /alcatum L. var. nigrocarpu,m 
Jaquem. 

Primula pu,rpurea Royle. 

Gentiana sp. 
Swertia pedunc'Ulata Royle. 
Eritrichium Spa 
Stachys tibetica Vatke. 

Thymus Serpyllum L. 
Veronica alpina L. . 
Pedic'Ularis pectinata Wall. 
Pedic'Ularis ~'Uta Kl. 
Pedic'Ularis ckeilanthi/olia Schrenk. 
Pedicularj,s rkinanthoides Schrenk. 

CampanuJa modesta Hook. file & 
Thoms. 

Aster kimalaic'U8 Clarke. 
Leontopodium alpinum Casso var. nivale 

Ten. 
Anaphalis nubigena DC. 
Tanacetum sp. 
Senecio aff. tibeticu.s Hook. 
Cremantkodium aff. Decaisnei Clarke. 
J urinea macrocephala Benth. 

Sa'U88'Urea sp. 
Crepis glomerata Dcne. ? 
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I1.-Ct.!4.SSIFICATION OF SPECIMENS. 

Polypodiaceae. 

Oystopteris /ragilis Bernh.? Ascent·af Skoro La, north side; 10,000-13,000 
feet. 

Gnetaceae, 

Ephedra pachyclada Boiss. Between Dusso and Askoley, Braldoh valley 
(8,000-10,000 feet); 11-14th May, 1909. 

Poaceae. 

Poa sp. Rdokass; 13,025 feet; June-July, 1909. 
Festuca sp. Rdokass; 13,025 feet; June-July, 1909. 
Both these grasses are represented by fragmentary speoimens, without rhizomes or basal 

leaves. 

Cyperaceae. 

Oarex atrata L. Vigne glacier, at about 16,500 feet; 15th July, 1909. 
This species is not indicated for the region in the publications of previous explorers. 

Oarex nivalis Boott. W. Hunter 'Workman and F. Bullock 'Vorkman: It The 
Call of the Snowy Hispar," p. 286. Deosai tableland; 14,000 feet; 2nd-3rd August, 
1909. 

The Workman expedition found this speoies (whioh is oommon in the Himalaya, W('stem 
Tibet and the Karakoram) on the Hispar glaoier, between 13,000 and 15,500 feet. 

Lloydia serotina Rchb. Sir 'V. M. Conway: U Climbing and Exploration in 
the Karakoram Himalayas, Scientific Reports," p. 83; W. Hunter 'Vorkman and 
F. Bullock Workman, Ope cit. p. 286. Rdokass; 13,025 feet; Jutte-July, 1909. 

A.llium odorum Linn. (No. 70 without locality I). 
Conway (100. cit.) cites for the Baltaro valley A. 8enescena Miq. = A. tuberoaum Roxb. Our 

plant is without doubt A. odorum L., with the characteristic oblique rhizome covt'red \\ith 
numerous whitish fibres, finely reticulated. 

SaUcaceae. 

Salix sp. indo Askoley; 15th June, 1909. 
The leaves of this willow are oovered with rounded reddish ga.lls. It ma.y be the specie. of 

Salix oited by Conwa.y (p. 83) a.nd by the Workmans (p. 286) as Salix, not determinable,gatht'red 
Oil the Hispar gla.oier a.t 13,000 feet. 
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Cbenopodiaceae. 

Ohenopodium album L. Ascent of Skoro La, north side; 10,000-13,000 feet; 
28th July, 1909. 

Polygonaceae. 

Polygonum viviparom L. Conway, p. 83. Ascent of Skoro La, north side; 
10,000-13,000 feet. 

Among the numerous eX&mples of this species are some which may easily be referable to 
a minor form. 

Polygonum affine Don. Conway, p. 83. Deosai tableland; about 14,000 feet; 
2nd-3rd August, 1909. 

Oxyria digyna Hill. 
Baltoro, below Rdokass; 
10,000-13,000 feet. 

Conway, p. 83; Workman, p. 287. Moraine of the 
16-17th May, 1909. Ascent of Skoro La, north side; 

Ru;mez Spa Deosai tableland; about 14,000 feet; 2nd-3rd August, 1909. 
In the absence of mature fruit a more precise identification is not possible. 

Dianthaceae. 

Silene MOOf'C'fo/tiana 'Vall. Conway, p. 78. Moraine of the Baltoro, below 
Rdokass, 20th July, 1909; and ascent of Skoro La, north side~ 10,000-13,000 feet, 
28th July. 

Lychnis apetala L. Conway, p. 78. Rdokass, 13,025 feet; Vigne glacier, 
at about 16,500 feet; 15th July, 1909. 

Lychnis nigrescens Edgew. Ascent of Skoro La; betweeh 'Askoley and the 
foot of the Skoro La glacier; 9,500-12,800 feet; 28th July, 1909. 

Cerastium trigynum L. Conway, p. 78; Workman, p. ~87. Deosai tableland; 
about 14,000 feet; 2nd-3rd August. Ascent of Skoro La, north side; 10,000-
13,000 feet; 28th July. 1909. • 

Cerastium V'Ulgatum L. var.? Ascent of Skoro La, northern slope; 28th July, 
1909. 

A fragmentary specimen; referable to one of the numerous forms of C. vulgatllm. 

Stellaria graminea L. var. montioides Edgew. & Hook. file Rdokass; 13,025 feet; 
June-July. 

Ranuncmus nivalis L. Deosai tableland; ca. 14,000 feet; 2nd-3rd August, 
1909. 

Isopyrom grandiflOf"Um Fisch. Conway, p. 78. Rocks at the head of the 
Baltoro; western spur of Gasherbrum; 18,000 feet; 27th June, 1909. 

A diminutive form, doubtless referable to this species, which is found at great heights. 
Conway's expedition having gathered it at some 16,000 feet above sea leveL 
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Thalictrum minus L.? Deosai tableland; about 14,000 feet; 2nd-3rd August, 
1909. 

Fragmentary specimen, only showing foliage. 

Clematis orientalis L. ~ar.? Braldoh valley, among the stones of. 
From the shape of the leaves this would appear to be C. orientalis, which is, however, a. 

variable and polymorphous species. 

Delphinium Brunonianum Royle. Conway, p. 77. Rdokass; 13,025 feet; 

June-July, 1909. Ascent ·of Skoro La, north side; 10,000 -13,000 feet; 28th July, 
1909. 

A beautiful plant with large fine blue flowers, quite worth cultivating for ornamental 
purposes. 

Aconitum Napellus L. var. multifidum Hook. fil. & Thoms. Deosai tabl€land; 
about 14,000 feet; 28th July, 1909. 

Var. rotundifolium Hook. fil. & Thoms. Conway, p. 77. Ascent of Skoro La, 

north side; 10,000-13,000 feet. 

Berberidaceae. 

Berberis vulgaris L. var. aetnensis Presl. pro specie. < Braldoh valley between 

Dusso and Askoley; 7,900-10,000 feet; 11-14th May, 1909. 
This specilen is doubtless to be referred to the form described by Presl, with the leaves 

obovate mucronulate, spinulose·serrulate, with the nervation prominent on the under side. 

Papaveraceae. 

Papaver -nudicaule L. Conway, p. 77. Rdokass, 13,025 feet; Deosai tableland, 

about 14,000 feet. 
The specim..en from the Deosai tableland is more hispid than those gathered at Rdokass. 

Meconopsis aculeata Royle? Rajdiangan or Tragbal; 8th August, 1909. 
The determination of this species is doubtful, because its characteristics do n ot fully 

correspond with those of M. aculeata, particularly with regard to the shape and appearance of the 
fruit, which seems similar to that of lYl econopsis sinuata. With more abundant materia.l 
for purposes of comparison we should have been able to decide if this form should be considered 
a new one. 

Dr. De Filippi says the plant is common within a limited area, where it is called "Blue 
Poppy." 

Corydalisramosa Wall, var.glauca Hook. Deosai tableland; about 13,000-14,000 

feet. 

Cruciferae. 

Draba glacialis Adam. Conway, p. 78. Deosai tableland; about 14,000 

feet. 

Chorispora sabulosa DC. Conway, p. 78. Deosai tableland; about 14,000 

feet. 
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Cheimnthus Mmalayensis Camb. Between Dusso and Askoley, Braldoh valley; 
7,900-10,000 feet. 

Arabis? Ascent of Skoro La, north side; 10,000-13,000 feet. 

Braya um/lora Hook. fil. & Thoms. Rocks at the head of the Baltoro, about 
18,000 feet, 29th June, 1909; and Vigne glacier, 16,500 feet. 

Capparidaceae. 

Cleome, ? Braldoh valley, between Dusso and Askoley; 7,900-10,000 feet. 

FIG. I.-SEDUM RHODIOLA DC. 

[Gathered at the end of the right -hand spur of the Vigne, 16,500 feet.] 

Crassulaceae. 

SedUln Rhodiola DC. Workman, p. 287. 
S. R1.acliola.) Ascent of Skoro La, north side, 
tableland, abont 14,000 feet; fl. et fruct. 

(Pro sphalm. S. RhaV'l'a~ et 
10,000-13,000 feet; and Deosai 

Among the specimens gathered at Skoro La is one with a fasciation of the apex of 
the axis of the inflorescence and of the inflorescence itself. This beautiful plant is shown 
in Fig. I , as photographed. 
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Sedum sect. Rhodiola aft. atropurlJUreum Turcz.? Rdokass, 13,025 feet; 
Deosai tableland, about 14,000 feet. 

Our specimens are probably closely related to, if not identical with Sedurn atro·purtyll-reum 

Turcz, of Central Asia. We have no means of comparison to settle the matter with c("rtainty. 

&dum EwerJii Ledeb. Conway, 0p. cit., p. 80. Ascent of Skoro La, north side; 
11,000-13,000 feet. 

Cotyledon aft. spinosa L. (Without locality! ) 
Cotyledon? (Above Paiju.) 
A si ngle rosette of largc fleshy leaves, much deteriorated by treatment with alcohol and' hot 

water. \Vould appear to be a Cotyledon. 

\ 
FIG. n .-SAXIFR.\{U IMBRICATA ROYLE. 

[Gathered on the rocks of the western spur of Gasherbrum, about 18,000 feet.] 

Saxifragaceae. 

Saxi/raga stbi(ica L. Conway, p. 79. Ascent of Skoro La, north side; 11,000-

13,000 feet. 
S axi/raga imbricata Royle. I Conway, p. 79. Braldoh valley, between Dusso 

and Askoley; 7,900-10,000 feet; according to photograph also on western spur of' 

Gashe~brum, 18,000 feet. 
The example representing this species in the collection is very poor, hut it is supplemented 

by ·the fine photograph 1)ere reproduced (Fig. II). 
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Sax'itra,ga flagellaris Willd. Conway, p. 79. Var. mucronulata Royle pro sp. 
Ascent of Skoro La, north side, 10,000-13,000 feet; Deosai tableland, 14,000 feet; 
moraine of the Baltoro, between 11,000-13,025 feet. 

Our example must be referable to Royle's variety, on account of the ciliated and sub
spinulose edges of the leaves. 

Rosaceae. 

Potentilla IruM·cosa L. var. pumila Hook. fil. Conway, op. cit., p. 79; Workman, 
op. cit., p. 287; Th. \Volf: " Monogr. der Gattung Potentilla," p. 59. Vigne 
glacier; about 16,500 feet . 

FIG. m.-POTENTILLA FRUTICOSA v AB. PUMILA HOOK. FIL. 

[Gathered at the end of the right spur of the Vigne, ca. 16,500 feet.] 

The example consists of a small fragment, but the identification is assisted by the fine 
photograph (Fig. ill). According to what Wolf says in the Monograph cited above, the plant in 
the photograph having the flowers with long peduncles, must be referable to P. fruticosa var. 
p1tmila Hook fil. forma grandiflo·ra Th. W. 

Potentilla argyrophylla Wall. Conway, p. 79; Workman, p. 287. 
tableland, about 14,000 feet, 2nd-3rd August, 1909; Tragbal pass, 8th 
1909. 

Deosai 
August, 
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Potentilla sericea L. vat.? Conway, p. 79; Workman, p. 287. Rdokass. 
Our example. which is very poor, must surely be referable to a variety of this species, 

probably to dasyphylla Ledeb. 

Potentilla multifiiq L. var. angustifolia Lehm. Skoro La, north side; 9,500-

12,800 feet. 
Potentilla ochreata Lehm.? Vigne glacier; about 16,500 feet. Ascent of Skoro 

La; 10,000-13,000 feet. 
Potentilla hi/urea L. Conway, p. 79; var. Moorcro/tii Wall. Ascent of Skoro 

La, north, side; 10,000-13,000 feet. 
Potentilla indiea Th. W. Between Askole.y and the foot of the Skoro La glacier; 

9,500-12,800 ft. 
Potentilla albi/olia Wall. = Sibbaldia potentilloides Camb. Baltoro moraine, 

between 11,000-13,025 feet; also below Paiju, about 11,000 feet. 
Potentilla sp. Vicinity of Rdokass camp, 13,025 feet. 
Posa macrophylla Lindl. Conway, p. 79; var. minor Lindl. Ascent of Skoro 

La; 9,500-13,800 feet. 

Phaseolaceae. 

Oolutea arborescens L. Conway, op. cit., p. 79; var. nepalensis L. Between 
Paiju and valley of the Punmah; 25th July, 1909. 

Astragalus sp. Paiju; about 11,000 feet. 
Specimen imperfect and without fruit. 

Astragalus Oandolleanu8 Royle = ·A. Royleanu8 Bunge. Conway, p. 79. 
Rdokass; 13,025 feet, between Askoley and half-way between Korophon and 
BardumaL 

Ohesneya cuneata Benth. Conway, p. 79. Between Askoley and half-way 
between Korophon and Bardumal. 

Oaragana polyaeantha Royle. Conway, p. 79. Braldoh valley, between Dusso 
and Askoley; 8,000-10',000 feet. 

Oxytropis lapponica Gaud. Bullock Workman, p. 287; var. typica ? Ascent 
of Skoro La, north side; 10,000-13,000 feet. 

Var. humi/usa Kar. et Kir. Rdokass, 13,025 feet. 
Oxytropis mollis Royle. Ascent of Skoro La, north side; 10,000-13,000 feet. 
Oxytropis microphylla DC. Braldoh valley between Dusso and Askoley, 

8,000-10,000 feet; between Askoley and half-way between Korophon and Bar
dumal. 

Oxytropis .sp. Deosai tableland; about 14,000 feet. 
Phaseolacea. Braldoh valley; 8,000-10,000 feet. 
Example with leaves only, not determinable. Perhaps A8tragalu8. 



~otanical Report. 465 

Geraniaceae. 

Geranium pratense L.? Conway, p. 78. Ascent of Skoro La, 10,000-13,000 
feet. 

Geranium sp. Conway, p. 78. Ascent of Skoro La, 10,000-13,000 feet. 

Geranium aconiti/olium L'Herit.? Deosai tableland, about 14,000 feet. 

Tamaricaceae. 

Myricaria elegans Royle. Conway, p. 78. Biaho valley, between Paiju and 
the Biafo glacier, 10,000-10,650 feet, 26th July, 1909. 

Elaeagnaceae. 

Hippophiie rhamnoides L. Conway, p. 83. Valley of the Braldoh, between 
Dusso and Askoley. 

Our specimens with thorny branches confirm once more the variability and polymorphism 
of this species. 

Thymelaeaceae. 

Daphne oleoides Schreb. Conway, p. 83. Valley of the Braldoh, between 
Dusso and Askoley, 8,000-10,000 feet. 

Lythraceae. 

Epilobium latifolium L. Rdokass, 13,025 feet; ascent of Skoro La, north side, 
10,000-13,000 feet. 

Apiaceae. 

Bupteurum /alcatum L. var. nigrocarpum Jaquem ~ Conway, p. SO. Deosai 
tableland, about 14,000 feet. 

Without specimens of fruit it is impossible to di:iIerenti.ate this from the similar species 
B. iliversifolium Roche]. 

Bupleurum longicaule Wall. var. himalense Klotsch. Ascent of Skoro La, 
north side, 10,000-13,000 feet. 

Without fruit. 

Apiacea sp~ Deosai tableland, about 14,000 feet. 
Apiace~ sp. Rdokass, 13,025 feet. 
Specimen with leaves only, noted in journal, No. SA, as having reddiih {lower8; 

Pirolaceae. 

Pirola rotundifolia Linn. Rdokass, 13,025 feet, June-July, 1909 .. 
Lea.ves only. 

(9221) 2& 
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Primulaceae. 

Primu'la purpurea Royle. Conway, p. 91; Workman, p. 287 (sub. P. nivalis 
Pall. var. macropkyJ"l'l Pax). Deosai tableland, about 14,000 feet. 

Specimens with simple floral or double superposed umbels. 

Primu'la /arinosa L. Conway, p. 81. cites the var. caucasica Reg. Between 
Dusso and Askoley, about the camp; Rdokass, 13,025 feet; ascent of Skoro La, 
north side; 10,000-13,000 feet. 

A.ndrosace villosa L. Conway, op. ·.cit., p. 81. RdokaS's, 13,025 feet; between 
Dusso and Askoley, Braldoh valley, 8,000-10,000 feet. 

Androsace mucronifolia Watt. Deosai tableland, about 14,000 feet. 
; . 

Plumbaginaceae. 

Acantholimon lycopodioides Boias. Conway, p. 81. Between Askoley and half
way between Korophon and Bardumal. 

Example consisting only of rosettes of foliage. 

Gentianaceae. 

Gentiana aquatica L. var.? Rdokass, 13,025 feet. 
Must be referable to one of the varieties of G. aquatica; G. pymaea Clarke and G. hU,tnilis 

Stev. are also very closely related to the species, and possibly belong to it as ,varieties. 

Gentiana decumbens Linn. Ascent of Skoro La, north side, 10,000-13,000 feet. 
Gentiana detonsa Fries. = G. barbata Froel. Rdokass, 13,025 feet. 
Gentiana Sect. Oomastoma. Rdokass, 13,025 feet. 
We have here a very interesting plant related to G. falcata Turcz, and to the two Ilpecies 

described by Murbeck (Oest. Bot. Zeitschr., 49, 1899, p. 241) under the names G. lledini and 
G. cordisepala. Ours is probably a new form.' 

Gentiana sp. Deosai tableland, about 14,000 feet. 
Gentiana sp. Ascent of Skoro La, north side, 10,000-13,000 feet. 
Pleurogyne carinthiaca L. Con~ay, p. 82. Ascent of Skoro La, 10,000-13,000 

feet. 
Pleurogyne sp. Rdoka.ss, 13,025 feet. 
Swertia petiolata Royle. Deosai tableland, ca. 14,000 feet. 

Boraginaceae. 

Macrotomia perennis Boiss. Conway, p. 82 (sub Jl. endochroma Hook. fiI. & 
Thoms). Between Askoley and half-way between Konophon and Bardumal . 

• 
Onosma echioides L. Conway, p. 82. (Sine loco f) 
Erytrichium sp. Conway, p. 82. Deosai tableland. 
Absence of i.t'Uit prevents the precise determination of this plant. 

Mertensia tibetica Clarke. Ascent of Skoro La, north side, 10,000-13,000 feet. 
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Jlertensia primuloides Clarke. Vigne glacier, about 16,500 feet. 
Myosotis sylvatica Hoffm. Ascent of Skoro La, north side, 10,000-13,000 feet; 

Rdokass, 13,025 feet. 
Actinocarya t";betica Benth.? Rdokass, 13,025 feet. 

Lamiaceae. 

Stachys hOetica Vatke. Conway, p. 82. Deosai tableland, about 14,000 

feet. 
Nepeta discolor Royle. Conway, p. 83. Between Askoley and haH-way 

between Korophon and Bardumal. 
Nepeta longibracteala Benth.? Vigne glacier, about 16,500 feet. 
The identification is somewhat douJ>tful, as the dimensions, particularly of the leaves, are 

smaller than those given in the descriptions we have consulted. Perhaps we have to do with 
a form of the species. 

Dracocephalum heterophyllum Benth.? Deosai tableland, about 14,000 feet. 
Thymus 8erpyllum L. Conway, p. 82. Deosai tableland, about 14,000 feet; 

ascent of Skoro La, north side, 10,000-13,000 feet; Vigne glacier, about 16,500 

feet. 

Scrophulariaceae. 

Veronica alpina L. Deosai tableland, about 14,000 feet. 
This species is not given in the Flora 0/ British, India, nor in later authors already cited; thus 

it is a new addition to the flora of the region. However, it is certain that we have here to do with 
V. alpina L., our specimen being very closely related to the forms of this species found in northern 
Europe (Norway, &c.). 

Pedicularis mcornuta Kl. Ascent of Skoro La, 10,000-13,OOP feet. 
Ped£CUlaris pectinata ·Wall. Conway, p. 82. Deosai tableland, about 14,000 

# 

feet; ascent of Skoro La, 10,000-13,000 feet. 
Pedicularis cheilanthifolia Schrenk. W!>rkman, p 287. Rdokass, 13,025 feet. 

Deosai tableland, about 14,000 feet. 
Pedicularis rMnanthoides Schrenk. Deosai tablela.nd. 

Orobanchaceae. 

Orobanche sp. aft Hansii Kern. Conway, p. 82. (Sine loco.) 

Caprifoliaceae. 

Lonicera microphylla Willd. Conway,.p. 80. Valley of the Braldoh, between 
Dusso and Askoley, 8,000-10,000 feet. 

Lonicera asperi/olia Hook. ill. & Thoms. Rdokass, 13,025 feet. 
Possibly a distinct form of this species, but lack of material for comparison prevents certitude. 

Used for firewood on the expedition. 
(9221) 2 G 2 
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Valerianaceae. 

Valeriaria dioica L. Conway, p. 80. Between Askoley and the foot of the 
Skoro La glacier, 9,5..00-12,800 feet . 

• • 

feet. 

Campanulaceae. 

Oodonopsis ovata Benth. Rdokass, 13,025 feet. 
Oampanula modesta Hook. fil. & Thoms. Deosai tableland, about 14,000 feet. 

Asteraceae. 

Aster heterocMeta Benth. Bullock Workman, p. 288. Rdokass, 13,025 

Aster himalaicus Clarke. Deosai tableland, about 14,nOO feet. 
Aster sp. Ascent of Skoro La, north side, 10,000-13,000 feet. 
Possibly a. smaller form of the preoeding. 

Leontopodium alpinum Casso Conway, p. 80; Workman, p. 288; Yare 
nivale Ten. Ascent of Skoro La, north side, 10,000-13,000 feet; Vigne glacier, 
about 16,500 feet; above Rdokass, about 14,750 feet; Deosai tableland, about 
14,000 feet. 

On the grounds given by Dr. Karl von Keissler in Aulziihlung der von E. Zugmayer in Tibet 
gesammelt Phanerogamen (Ann. XK. Naturki8t. Ho/mu8eum von Wien, Band XXII, 1907. p. 27) 
the forms of this species examined by us must be ascribed to Var. nivale Ten. 8yl1. Fl. Neapol., 
p. 426, a.nd are closely related to the forms found in the high Apennines (Gran Sasso, 
Majella, &0.). 

Erigeron, alpinus L. ? forma. Ascent of Skoro La, north side, 10,000-13,000 
feet. 

Erigeron andryaloides Clarke. Conway, p. 80. Between Askoley and haU-way 
between Korophon and Bardumal. 

AnapkaZis virgata Thoms. Conway, p. 30. Paiju-Punmah,. 
Anapkalis nubigena DC. Conway, p. 80. Ascent of Skora La, 10,000-13,000 

feet; Deosai tableland, about 14,000 feet. 
Tanacetum sp. Between Askoley and the foot of the Skoro La glacier, 9,000-

12,800 feet. 
Tanacetum sp. Deosai tableland, about 14,000 feet. 
Artemisia sp. Valley of the Braldoh, sandy soil. 
Artemisia sp. afl. Absinthium L.? Valley of the Braldoh between Dusso and 

Askoley, sandy soil. 
Arte;'isia sp. Ascent of Skoro La, north side, 10,000-13,000 feet. 
Ohrysanthemum tibeticum Hook. :fi1. & Thoms. Rdokass, 13,025 feet. 
Ohrysanthemum Stoliczlcae Clarke. Conway, p. 81. Ascent of Skoro La, north 

side, 10,000-13,000 feet. 
Oremanthodi'Um aff. Decaisnei Clarke? Deosai tableland, about 14,000 feet. 
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Senecio afI. tibeticu8 Hook. Deosai tableland, about 14,000 feet. 
Allardia vestita Hook. ill. & Thoms.? Vicinity of Rdokass, about 16,500 feet; 

2nd July, 1909, in leaf; Vigne glacier, about 16,500 feet, in flower. 
Allardia nivea Hook. ill. & Thoms. Moraine of the Baltoro below Rdokass, 

Hh July, 1909. 
Allardia tomentosa Dene.? Vigne glacier, about 16,500 feet, 15th July, 1909. 
Jurinea macrocephala Benth. Deosai tableland, about 14,000 feet. 
Saussurea Schultzii Hook. ill.? Ascent of Skoro La, 10,000-13,000 feet. 
Saussurea Jacea Clarke? Gorge of the Punmah; 26th July, 1909; between 

..skoley and half-way between Korophon and Bardumal, in leaf. 
Saus8urea sp. Deosai tableland, about 14,000 feet. 
Crepis glomerata Dcne.? Deosai tableland, about 14,000 feet. 
Taraxacum otficinale L. forma. Conway, p. 81. Ascent of Skoro La, 

[),000-13,000 feet. 
One of the mant high-mountain forms of this ubiquitous and polymorphous plant. 

Taraxacum officinale L. var. eriopoda DC. Rdokass, 13,025 feet. 
Chondrilla graminea Benth. Bullock Workman, p. 288; var.? Between 

'aiju and the Punmah. 
Must be a. variety of this species which is cited tentatively by the Workmans. 

Lactuca tatarica C. A. Meyer. Conway, p. 81; Workman, p. 388. (Sine loco.) 




