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PREFACE 

This volume is the ninth in the series of Scientifir Reports of the Italian Expeditions to 
the Karakomrn and Hindu Kwh organized u n h  Desio Ir leadership from 19j3 to 197J. 
The list of contents of this collection, which ir given at the beginning of each volume, gives 
the first subject as geography, which means that this volume should in fact have been published 
first. However, for a number of  reasons which will be mentioned later, it is one of the last 
to be printed. Here below are the titles of the eight volumes already published. 

U. - GEOPHISICS 
Vol. 1: Geophysics of the Karakorum by Antonio Mamssi, 1954. 

111. - GEOLOGY - PETROLOGY 
Vol. 1: Geology and Petrology of Haramosh-Mango Gwor Area by Bruno Zanettin, 1964. 
Vol. 2: Geology of the Baltoro basin by Ardito Desio and Bruno Zanettin, 1970. 
Vol. 3 : Geology of Central Bahkhshan (North -East Afghanistan and Surrounding Countried 

Ardito Desio Editor, 1975. 
Vol. 4: Geolog of the Shaksgam Valley, North-East Karakorum, Xinjang (Sinkiang) by 

Ardito Desio, 1980. 

IV. - PALEONTOLOGY - ZOOLOGY - BOTANY 
Vol. 1: 1st part - Fouils of Karakorum and Chitral by M .  Amiot, R. Ciry, N. Fantini 

Sestini, I. Premoli Silva, C. Rossi Ronchetti, P. Sartenaer, A. Vandercammen, 
A. Von SchuppC, C. Zanin Buri. 
2nd part - Results of the study of the entomological collection of the Karakorum and Hindu 
KtlJh (1954-1955) by E. Gridelli and G .  Miiller with collaborators. 
3rd part - Li.rt of Spermatophyta colleoed in the Karakorum above 4000 m (1953-1954) 
by L.H.J. Williams, 1965. 

Vol. 2: Fo.uils of North-East Afghanistun: Carbon$iirowji~rils by A. von Schouppk - 
Triassic Fossils by P. D.W. Barnard - Jurassicfossils by C. Rossi Ronchetti -- Cretaceow 
and Pale~~enefbssils by A. Berizzi Quarto di Palo and I. Premoli Silva, 1970. 

V. - PREHISTORY - ANTHROPOLOGY 
Vol. 1: Prehistoric research in North- Westem Punjab - Anthropological research in Chitral 

by Paolo Graziosi, 1964. 

Ar can be seen from the list given above, not all the subjects planned were carried out 
in a unt,Xomz manner. This was the result o f  the fact that some of the research, such as the 
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geological work, was given precehce, In altual fact other work, such as the geopbsical 
research, would have benefited from furlher elaboration in the scientIf;c reports. It should be 
remembered with regard to this, that the only vobme published on this subject refers prin- 
cipally to the rclrults o f  the 1954 expedition, while the same research in fact aho carried 
out geophysical research during the 1955 and 1961 expeditions. Only brief notes artually 
appeared on these expeditiom though a further volume w a ~  to have been publirhed on this 
subect. Again, in the Prehholy-Anthropology section, a second anthropological volume was 
planned on the population of the Hunza vallty by Prof: Paolo Gaziosi, Unfortunately in 
1954, when he tried to reach me a month later, he was unable to obtain a p m i t  to travel 
to the valky. 

I should like to point out that while the previow seven volumer of this smk deal with 
the scientlfir results of my expeditions in the Karakomm and Hindu Kwh area fiom 1953 
onwardi, the eighth book reports on an area I explored back in 1929 in the capacity of geo- 
grapher and geologist of the Itulian Geographical Expedition led by Aimone di Savoia-Aostu, 
Duke of Spoleto, and organized on behalf of the Italian Rqal Geographical Society and 
the Milan City Administration. An oficial volume on this expedition was publirhed in 1936 
with the title "La Spedizione Geografica Italiana nel Karakomm - 1929. Storia del viaggio 
e Risultuti Geografici". 

The reason wt!y I thought it appropriate to publish the volume on the valley Skahgam 
lies in the fact that the geological results of the expedition had been mentioned vety briefly 
in the 1936 volume, which was basically devoted to illwtrating the geographical results. On 
the other hand, I was in fact the only geologist on that expedition and it was therefore my 
tusk to detail the results achieved in field, despite the fact that there was vety lide to 
add in the way of new discoveries as I stated in the preface to the above volume. This is 
why I rtecided to include in the collection a work which refers to an earlier expedition, 
than those 1 organized. 

Sturting fiom 1953, 1 organized and led several scientifir explorations in the Karako- 
mm and Hindu Kwh and more precise4 in 1953, 1954, 1955, 1961, 1962, 1973 and 1975. 
The last two had purely geological aims, while the 1914 expedition had two programmes 
to fulfil: a climbing programme which led to the first ascent of K2, and a scientijic pro- 
gramme which was carried out not only in the Baltoro glacier basin and in the Stuk vallty, 
an afluent ofthe Indw, but also in the territoty, lying between the two. 

The volumes so far published do not ilftutrate all the results of research cawied out in 
that area. Owing to intense scholartic and scientific duties, nothing has been published 
on the far westem area of the Karakomm and on the emtern side of the Hindu Ktwh 
though I and some collaborators have publirhedprelimina~ reports. Some infimtion, however, 
is included in the volumes dedicated to pale onto lo^, 

I am now planning the tenth volume of this colfection to be devoted to the results of 
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ghiological research carried out during my expeditions in that area of Central Aria which 
have so far only been occasionally and sporadically reported. 

The ptlrpose o f  this volume ;J to  report the rwlts of observations and measurements of 
dflerent types made mainly during the 19J4 expedition. The geodetic and topographic measure- 
ments carried out by the captain (now general) Francesco Lombardi of the Italian 
Militaly Geographical Inrtitute are of particular importance. The Inrtitute was tntrwted with 
the task, and theirs ;J the merit of drawing up the four topographic maps included in this 
vobme, 

I considered it useful to incltlde the meteorological data as a contribution to  knou~kdge 
of the climate o f  the region as recorded h y  by aLy at the base camp of K2 and in the sur- 
rounding areas during the months of May, June, July and Atlgwt of 19J4, principally at 
an altitzlde o f  ~ 0 0 0  m. The h t a  was processed by dr, Francesca Petrucco during her mder- 
gradmte stadia under the direction o f  Prof: Silvio Polli, professor of Technical Physics and 
Climatology ofthe University of Triertee 

Before concluding this preface I should like to thank all those who have collaborated 
on this volume, in particular the authors of the two chapters mentioned above and the Ita- 
lian National Council of Researches and the Finmeccanica which contributed to financing 
th;J vobme. 

Ardito Desio 
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I. GEOGRAPHICAL FEATURES O F  THE KARAKORUM (I)  

Geographical atlases show the Karakorum as a large wrinkle situated north- 
west of the largest system of mountain ranges, the Himalayas. A 600 km long w i n -  
kle running from north-west to south-east and slightly curved, which contains 4 
of the 14 mountains over 8000 m in height including the second highest peak in 
the world, K2 (8611 m), which is only 229 m lower than Everest (fig. 2). 

I said that the Karakorum is situated north-west of the Himalayas: this means 
that while the latter range faces the Indian plain, the Karakorum is separated from 
the Punjab plain by various chains of mountains extending over an area 300 km 
wide. It is, therefore, easy to understand why the Karakorum climate is different 
and, on the whole, more dry and severe than that of the Himalayas, since it lies 
at an average latitude of a least 8 degrees further north. 

These brief notes give us an idea of the difficulty pioneers had in reaching 
the Karakorum range. Up till a few years ago the only way to reach this remote 
region was along tracks which could be followed partly on trained mountain ponies 
and partly with porters hired at each stage of the journey. 

It was a tiring and uncomfortable journey along rough traks often only held 
up by stony walls over jutting rocks smoothed by glaciers, and along barely visible 
paths on slopes prone to landslides, with rickety foot- bridges; or across hanging 
bridges swinging over gorges through which rushed tumultuous swollen rivers. 
These were age-old caravan routes winding along valleys, sometimes, narrow and 
uninhabited, and sometimes open with villages scattered among the green of wel- 
coming oases on morainic terraces spaced out along the rivers, or  on wide alluvial 
fans. Oases created by an ingenious network of running water fed by the glaciers 
into canals which irrigate small fields of  grain (mainly barley), vegetable and fruit, 
that, together with the products of sheep-farming, are the only source of alimen- 
tation for those poor, but not unhappy, populations. 

(1) By Ardito Desio 
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Srinagar, the capital, of Kashmir, was once the starting point for three main 
caravan routes going north: the western route, which reached Gilgit, the chief 
town of Dardistan, after a 16 day march; the central one, which went to Skardu on 
the Indus, chief town of Baltistan, in 15 days, and the eastern route, which reached 
Leh, chief town of Ladak, in 20 days. 

The three towns are spaced out  along the Indus valley, and along that of its 
tributary, the Gilgit, over a distance of 350 km and they represent the starting and 
supply centres from which one enter the three sectors, western, central and eastern, 
of the Karakorum. 

Now the journey is much shorter; with an hour's flight from Islamabad, Pa- 
kistan's capital, one can reach the first two villages mentioned; for the third one  
have to start from Srinagar controlled by the Indians, as the range's eastern sector 
is under Indian control. In fact, the armistice line garrisoned by the Indian and Pa- 
kistan armies and patrolled by United Nations observers, who ensure the ceasefire 
is kept, runs between east and west Karakorum. 

I mentioned the natural difficulties of entering the Karakorum from the south. 
I won't dwell upon details of the new routes that cross the range, as the two which 
really climb it cross ice-covered Muztagh passes above 5000 m, while the other 
much more accessible routes g o  round the range towards the west (Kunjerab pass, 
4594 m)  (1) and towards the east (Karakorum pass, 5575 m). The latter is also 
the one that inappropriately gave its name to the whole range. 

The approach to the Karakorum from the north, i.e, from the Sinkiang side, 
is much longer. At present the nearest starting point which can be reached by air 
is Kashgar (K'a-shih), about 3450 km from Peking. From Kashgar there is a road 
suitable for motor vehicles which runs to Yarkand (So-ch'e), Karghalik 
( ~ e h c h ' e n ~ )  and the Khunjerab pass (4594 m), where the so-called K.K. Highway 
entering Pakistan begins. 

Another approach from Karghalik is the road to Mazha and the Surukwat 
bridge (554 km from Kashgar). From here one then have to travel in a camel ca- 
ravan for about 654 km across the Aghil pass (4870 m)  as far as the Skaksgarn 
valley, on the north side of the main crest of the Karakorum. 

In a territory as remote as the Karakorum, the difficulty in reaching the area 
is added to the convergence on its high ridges of four nation's political frontiers 
( ~ f ~ h a n i s t a n ,  China, India and Pakistan), which virtually represents insuperable 
barriers even for those with valid credentials. What  is more, a part of those frontiers 
1s either still being fought over, or  serves as armistice lines. 

(1) The altitude marked on the milestone 0 at the pass is 15072 feet (4594 m). 
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The political situation, vastly different from that found by the first travellers 
who penetrated the Karakorum, underwent radical change at the time of Pakistan's 
partition from India (1947) and, above all, after the wars that later followed between 
the two countries (fig, 3). Among those who felt the negative effects most were 
the scholars of those territories who saw their freedom of movement and, there- 
fore, the material possibily of efficient research, reduced year by year. 

However, when we talk of scientific exploration of the earth's surfaces, we 
have to define our terms. In the early days of exploration, when a territory was 
really unknown, even vague topographical data gathered by occasional travellers 
together with information on the climate, inhabitants, fauna, flora, and rocks, re- 
presented a real contribution to scientific knowledge of the territory. Nowadays it 
is difficult to find an extensive area that can really be considered unknown from 
a geographical point of view. 

With so many difficulties, scientific exploration of the Karakorum progressed, 
but much slower than elsewhere. In general, we can say that scientific exploration 
progressed at the same speed as the evolution of the roads and the local means 
of transport andlor with the development of means of communication. Then, 
today, aerial photographs from high and low altitudes (including those taken by 
artificial satellites) allow us to make maps without having to cross the territory itself, 
with the advantage that even the most inaccessible spots can be surveyed in details 
by the magic eye of sophisticated photogrammetric cameras. W e  have to admit that 
a lot of data which up to a few years ago, explorers gathered with great difficulty and 
dedication are, today, rapidly obtainable through instrumental registration. Pio- 
neers watch in amazement as they see instrumental automatism take over their long, 
tiring work, carried out in the field with so much zeal and effort and so many risks, 
and they therefore feel what can almost be defined as a sense of frustration and 
dejection. 

2. The name Karakomm 

The name Karakorurn usually applied to the mountainous range running north- 
west of the Great Himalayan range, originally referred to a pass located to the east 
of the Karakorum mountain range. This pass was used by caravan traffic which had 
developed over the centuries between India and Sinkiang. The inhabitants of  the 
area tended to give local names to places which they saw not as geographical fea- 
ture like a mountain range, but using names to refer to the places they lived in and, 
occasionally, to same prominent peak visible from their villages. Geographers 
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invented most of the names of the large geographical features even when they took 
them from local toponymy. 

According to Burrard & Hayden (1) the first European explorer to introduce 
the toponym 6Karakorum mountains. was W. Moorcroft back in 1820. In 1830 and 
1844 the geographer A. von Humboldt, followed by the explorer Sven Hedin, gave 
the name Karakorum to the central range of the Tibet plateau, but the toponym 
Karakorum gained in popularity later on (1855-1865), particularly when Colonel 
Montgomery, of the Survey of India, between, 1857 and 1859, gave to the peaks 
of that mountain range, gradually measured geodetically from a great distance 
(100-210 km), the initial of the word Karakorum. This is also the origin of the name 
commonly used for the second highest peak in the world, K2 (2). This toponym 
was officially adopted for use on maps in 1876 by the Survey of India. Other names 
were given to K', such as Mt. Vaugh and Mt. Albert (1860), Mt. Montgomery and 
Mt. Godwin Austen (1866), Mt. Akbar and Mt. Babar (1905-1906), but none of these 
was generally accepted. The name Mount Godwin Austen, however, was frequently 
used on maps, but without a specific reason. If a particular name is to be intro- 
duced, I think it ought to be Balti name Chogo-ri, which is a generic name for 
a large (chogo) mountain (rr' or rhi), and was also sometimes used by our porters. 
Many other peaks, marked, with the symbol K (K', K4, K', ecc.), were subsequently 
Fven other names. 

As we know, the name Karakorum is composed of two Turki words, kara, 
which means .black., and korum which means .fallen rock. or .scree),. It is not 
clear when this improper name was introduced for the pass, though we d o  know 
that the name Karakorum had previously been given to an old town of Mongolia, 
the ruins of which still exist in the upper Orkhon valley. The town was founded 
by Genghis Khan and it was the chief city of his great empire in the 13th century. 
Successively (1267) the chief town became Khanbaliq (Peking), while the town Ka- 
rakomm, which was visited by Marco Polo in 1275, was then destroyed. 

Burrad & Hayden venture the hypothesis that the name was extended at that 
time to the road coming from the capital and going to India, so this became known 
as ~Karakomm road.. The hypothesis seems probable if we take into consideration 
the fact that the landscape and thegeological feature of the pass have no relationship 
with the meaning of the name. 

Some clarification is also needed with regard to the final syllable of the name 

( 1) Burrard S . G .  & Hayden H . H .  A skrfil, o/fhr Gtogrdphy and Grolo~ of fhf Himalaynn Mountainr and Tibet. 
Delhi 1933. 

( 2 )  Some recent authors write KZ instead o f  K' but the original symbol is K'. See Burrard & Hayden (1933). 
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as some authors write um, others am. Moorcroft, Humbold and Burrad & Hayden, 
for instance, use the final urn as did many others until 1938, when in the uKa- 
rakoram Conference Report. of the Royal Geographical Society (1) use of the final 
syllable am was recommended. 

I had no opportunity to investigate in situ the pronunciation of this name, but 
Dainelli assured me that in the area of the pass the name was pronounced with the 
last syllable urn. This version also tallies with the Turky pronunciation adopted for 
other names such as Masherbrum, Gasherbrum, etc. For these reasons I have 
therefore adopted the um termination in my reports (2). 

The use of the name Karakorum was not unanimously accepted by the geo- 
graphers, however. Another name, which is also of Turki origin, was proposed for 
the same mountain range: Muztagb. This name refers to two passes (East Muztagh 
and West Muztagh) which lie far west of the Karakorum pass. It seems that the 
name Karakorum was in widespread use particularly in Ladak, while Muztagh was 
used in Baltistan. As a compromise, a further solution was proposed, i.e. the double- 
barreled name Muztagh-Karakorum. Even this solution failed to please everybody. 

Burrad & Hayden (1933) deal more fully with the geographical nomenclature 
of the Karakorum and the ~Karakorum controversy., but I shall not examine the 
question further here. It is worth noting, however, that the two authors proposed 
some double names to replace the previous ones which had ill-defined meanings. 
They are as follows: 

fibting names Double namu proposed 

The Main Range Karakorum Muztagh-Karakorum 
The Mountain Region Karakorum Karakorum-Himalaya 
Outer subsidiary range Aghil Aghil-Karakorum 
Inner subsidiary range Kailas Kailas-Karakorum 

Opposition to the adoption of these names came particularly from the Survey 
officials, political officers and climbers. Among the geographers, Dr. Tom Longstaff 
was the main opponent of the denomination Karakorum-Himalaya (3). 

On the subject of double names, and especially with regard to use of the 
name Muztagh, in the 1938 conclusions of the R.G.S. ~Karakorum Conference., 

( 1 )  ~ G e o g r .  Journal., vol.  XCI (1928), pp. 123-128. 

(2) Also the Encyclopedia Britannica (edition o f  1990) uses the termination urn. 

(3) Longstaff T . G .  (1930). Himlayan Nnmmrlaturt, ~ G e o r g r .  lourn..  vol.  75, n .  1, pp. 44-45, London. 



8 GEOGRAPHICAL FEATURES 

in referring to the name Muztagh, it was stated that it .could be suitably applied 
to the major divisions of the Great Karakorum as a generic name, similar to a 
range*. This nomenclature was also used in the R.G.S. map of 1939 on a scale of 
1:750,000 and later introduced on other geographical maps. It is, therefore, true to 
say that geographers and mountaineers now commonly use the simple name * b r a -  
kommw or ~Karakomm Mountain Range. to refer to the Great Karakorum Range 
of the Karakorum Conference of the R.G.S. The same use was made in the Scientific 
Reports of my expeditions on the Karakorum. 

As already mentioned, the first geographers to explore this area used the name 
Karakomm for the mountain range stretching to the west of the Karakorum pass. 
Yet, they had no knowledge of the extent and features of the orographic entity 
they referred to with the name. Only later, when little by little the mountainous 
territory was explored and marked on the topographical maps, and the orographic 
units were gradually outlined, could the geographers attempt to fix the boundaries 
and divide it into smaller units. 

3. Transcription of local names 

Like all regions which are for the most part uninhabited, at the time of our 
early explorations the area had very few local placenames. The reason for this was 
obvious. The inhabitants give names only to those places which they are interested 
in for one reason or another (pastures, passes, stopover places, etc.) either because 
they have strange shapes, for instance a mountain which is particularly visible, or 
a place which serves as a landmark, and so forth. Names have, therefore, been given 
to passes, the main mountains visible from the villages, the valley where the 
shepherds take their flocks to graze in summer, the glaciers accessible for hunting 
or which can be crossed, and so on. 

In the area we are dealing with, the local people d o  not normally move of 
their own free will beyond the highest pastures. In the past people have been 
known to travel for trading purposes into some of the areas further inland among 
the mountains on their way to important passes, such as the two Muztagh, but 
up to just a few years ago only few among the local people knew the existence of 
these passes. 

As a consequence of this, we can see the local placenames become fewer and 
fewer as we move away from the higher villages along the valleys occupied by the 
huge glaciers or the mountain slopes. There would be no reason to bemoan the 
fact if the need did not arise in geographical descriptions of the territory, to indi- 
cate and refer to places in just a few words without having to resort to long cir- 
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cumlocutions with the danger of misunderstandings. Let's have a look at the si- 
tuation and see how the problem has been solved to date. 

Firstly we must distinguish between actual toponyms and common names such 
as river, pass, peak, etc. in the case of the latter, reference can either be made to  
them using terms in the local language or  dialect or, alternatively, the same terms 
expressed in a widely spoken language. The  local language o r  dialect name is the 
one the traveller needs if he must make himself understood by the local inhabitants; 
the terms in a widely spoken language on the other hand are the ones which will be 
familiar to the reader of reports and topographic maps. 

In fact, both criteria have so far been used indiscriminately both in geogra- 
phical reports and in old and more recent cartography. Consequently, written 
names include Turkestan-la, Skoro-la and Skyang Kangri, Khunjerab pass, Aghil 
pass, Karakorum pass, and so forth. It is, however, true to say that the local geo- 
graphical names in general usage are in fact so few that this does not create pro- 
blems, and in any case there are special glossaries listing them. 

The problem of true toponyms is more complicated, however. W e  came 
across two common situations. If there was a local name, and it existed in a language 
which has only a spoken form (such as Dardi, Balti, Ladaki, etc.), to transcribe 
the name it was necessary to refer to a written language. Obviously the choice fell 
on English since it is the language most widely spoken even among people of 
modest culture in Pakistan, India and China, the countries in which the Karakorum 
lies. On the northern side it is a question of keeping the local languages i.e. Chinese 
and those of Tibet, Sinkiang, etc., but transcribing the name into the European 
alphabet. 

Even using English to transcribe the local names, however, can give widely 
differing results depending on the precision of the researchers, and the different 
pronunciation of the various people questioned, which is inevitable, but also be- 
cause the transcription into English of the local names is fraught with uncertainty 
as pronunciation in English too varies considerably, particularly in the vowel sounds. 

The Royal Geographical Society attempted to remedy this by adopting the 
method of transcribing the consonants as in English and the vowels as ili Italian (I), 
a criterion which we considered much more practical and adopted ourselves, though 
official cartography has not always followed suit. O n  the other hand I believe that 
once a new toponym has been introduced (and I refer to true toponyms, not ap- 
pellatives) with a certain spelling, this should not be changed in travel reports, 

( I )  Royal Geographical Society: AIphahets o/'Foreign Languages. 2 end ed., London 1933, page XI. 
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scientific works and local cartography even if transcribed in a language other than 
English, as it would only lead to greater confusion. It's acceptable to write Savoia 
glacier and not Savoy glacier, but the line has to be drawn at writing Singy or 
Singhi glacier instead if Singhie glacier which was the original spelling (Italian) 
with the accent on the last syllable as it is in fact to be pronounced. 

Let's consider too the case of English toponyms used in the Baltoro valley such 
as Bride Peak, etc. which have been replaced in later cartography with local type 
names: Chogolisa Kangri, Baltoro Kangri, Gasherbrum I and Skyang Kangri respec- 
tively. Oddly enough, Broad Peak has remained unchanged, though we replaced 
it with Falchan Kangri in 1954, the name suggested to us by Balti porters and which 
has in fact the same meaning. 

With a view to settling many of the inconsistences in transcription of pla- 
ce names, in 1936 the Royal Geographical Society organized the "Karakorum Con- 
ference" publishing a report whose recommendations were accepted by the Council 
of the Society and approved by the Surveyor General of India, thus ensuring accep- 
tance by official cartography. 

At the same time, an extensive revision of Karakorum toponyms was being 
carried out by K. Mason (I). a revision which has been used in subsequent editions 
of the topographic maps of the Survey of India and in the Royal Geographical 
Society maps on scale 1:750,000. W e  too used this nomenclature except for the 
names already mentioned above, Broad Peak translated as Falchan Kangri and the 
Singhi glacier corrected to SinghiC glacier. 

During the Duke of Spoleto's expedition to Karakorum in 1929, I myself car- 
ried out some research among the Balti as to the toponyms marked on the Survey 
of India maps at that time and those used by the different travellers in their reports 
for the press to discover which was the most correct pronunciation and meaning 
of the names, in an attempt also to identify which names were familiar to the local 
people and which were not, and to ascertain which of the familiar names did not 
appear on the maps mentioned above. The research was only carried out, however, 
in the Braldo, Dumordo, Panmah, Baltoro and Sarpo Laggo valleys visited on 
that occasion and the official volume of the expedition (1936) gives the results. 

4. New local names 

With regard to the new names introduced by us, as far as possible we tried 
to extend the local names with suitable appellatives, to the various geographical 

( I )  Mason K..  (1938). Kuruknrum nommrlotfirt. -Geogr. Journ..: vol.  XCI, n .  2 pp. 129-152. London. 
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subjects. A glacier, for instance, comes down from a saddle which is known locally 
as ~ ~ ~ t ~ h  and so we called it Muztagh glacier; if there were two glaciers rather 
than one, one on each side, then they were called Northern Muztagh glacier and 
Southern Muztagh glacier. If a ridge or  a peak had a local name, then we used that 
as the name for the entire ridge of which it is part. 

When no toponym exists and a name has to be invented, I feel that it is ge- 
nerally best to use names which are as close as possible to the local nomenclature, 
ideally suggested by the natives themselves in their own language. My experience 
has shown that the more highly civilized natives are often quite capable and ima- 
ginative enough to suggest new placenames themselves. 

Another point worth mentioning with regard to this method of coining new 
names rather than using names of people, cities or  nations, etc. is that there is the 
added advantage of using names which are easier to pronounce and understand 
and therefore more likely to be adopted by the local people and to be accepted by the 
institution responsible for the compilation and publication of topographic maps of 
the countries involved. 

While this solution which we adopted seems to be the best, it is not always 
easy in these places and on the spur of the moment to deal with the nomenclature 
problem and once you sit down at your writing desk to give a detailed description 
of mountains, glaciers, and valleys in the region explored which have no  name, 
then you come up against the obstacles mentioned above. At this point you have 
to solve the problem as best you can. Generally speaking I again have always 
thought it preferable to adopt new toponyms in the local languages or  dialects, 
taking them, if no research has been carried out  on site, from the dictionaries of 
local languages. Numbers too, i.e. for the altitudes, can be used to indicate, for 
instance, peaks on the same ridge. The method is not always applicable, however, 
as the heights of many peaks or saddles may not be known or  the heights may 
have been assessed with barometric measurements and be approximate. With each 
new measurement some of the altitude figures could vary and peaks known as a 
figure would have to change their identity. The system of using altitudes rather 
than names is not therefore as practical as it might seem at first glance. Then there 
is the added difficulty of the memory exercise involved in remembering numbers 
rather than names, difficulties in applying the "number-namen to different geogra- 
phical subjects varying the appellation, the problems of peaks which are the same 
height and so on. Despite all these disadvantages, however, we too have used the 
method in some cases. 

Going through the reports by different authors who have collaborated in 
compiling the volumes of  Scientific Reports of my expeditions to the Karakorum 



12 GEOGRAPHICAL FEATURES 

so far published, I am aware that the rules indicated above have not always been 
complied with. This is due to the fact that 1 did not expound them sufficiently 
prior to publication of the first volumes and that I did not take enough care in 
reading the proofs of the volumes compiled by some collaborators. I feel I am to 
blame for these culpable omissions (I) .  The cases are, however, few and some of 
these have been put right by repeating the correct name in the analytical index at 
the end of the volumes. 

5. The boundaries of the Karakorum 

The definition of this mountainous area has given rise to controversy among 
geographers since last century, but this was particularly heated between the two 
World Wars. N o  real settlement has ever been reached. Burrad & Hayden, leaders 
of the Survey of India and of the Geological Survey of India, in their geographical 
work on the Himalayan mountains (1933) devote a whole chapter (14) to this que- 
stion, but they leave the question open, entrusting the solution to  posterity (fig. 4). 

It is not necessary here to quote the different arguments involved in the con- 
troversy. Suffice it to say that the official opinions which influenced thegeographers 
after the age of pioneers, were mainly those expounded by the circles of the Royal 
Geographical Society and the Survey of India. The  latter were able to spread their 
ideas through the cartography, which for many years was virtually the only reliable 
source of topographic information. 

The different opinions can be divided into two classes, one wide and the 
other more restricted. In the first the Karakorum covers the mountain ranges 
lying between the Yarkand and Indus rivers (fig. 5) together with some of  their 
major tributaries. According to this interpretation, the Karakorum comprises not 
only the central part of the mountainous area, but also the peripheral ranges of 
Aghil and Ladak. In the second more restricted sense, however, one or both of 
the above peripheral ranges are excluded. K.  Mason, for instance, in his first oro- 
graphic scheme includes one of the two Aghil ranges calling it ((Aghil Ka- 
rakorum),. but excludes the Ladak range. Visser (1935) (2) includes the Ladak range, 
calling it ~Ladak Karakorumo and Norin (1946) ( 3 )  refers to the ((Ladak Range or 
Ladak Karakorumw. 

(1)  I am myself culpable not having always repeated the rules. I have applied, for instance, the name o f  the 
Duke of  Abruzzi to one of  the upper tributary of the Baltoro glacier (Abruzzi glacier) and the  name of Sir Martin 
Conwey to a taddle at he head of that glacier (Conwey saddle). 

( 2 )  V~sser P.C.. Wr'rrr Er~cb .  Niedtrl. Erped. in do brakorum etc. Bd. I,  Geographie, Leipzig 1935. 

(3)  Norin E., God. Erpl. in W ~ J I ~  Tihtt. Rep. Sc. Expl. in Western Tibet, Rep. Sc. Expl. S. Hedin, Publ. 29, 
11. Geol. 7 Stokholm 1946. 
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The 1938 Karakorurn Conference of the R.G.S. excludes both the ~Aghil 
Mountains. and the ~Ladak Range. from the .Great Karakoram.. nevertheless the 
name Karakoram alone is often used with a wider meaning particularly on the 
headings of maps. 

The name Karakorum in modern geography and tourism circles has acquired 
a very wide meaning; it sometimes refers to the mountainous area located between 
the Yarkand and Indus rivers, yet sometimes refers to the central and higher portion 
only. Like other geographical names, it has undergone some change over a long 
period of time and it is usage which in fact confirms its validity. 

A certain confusion in the use of the name Karakorum was caused by geologists who 
applied this name to geological areas which were different from the geographical ones. In 
1964, 1965 and 1979 I myself introduced a geotectonic partition of this kind, extending the 
Karakorum towards the west as far as Chitral and towards the south as far as the Dras line. 

Fig. 5 - Diagram of proposed range-names in the Karakorum by [he Geographical journal (vol. LXXV, 
no. 1 ,  p. 30, 1930). 
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The geological nomenclature introduced by the Soviet geologists is much more exten- 
sive. According to N.A. Beljaevsk~ (1976) the ~Karakorum folded system* comprises not 
only the orographic Karakorum, but also, to  the north, Central Pamir and Southeast Pamir; 
to the west, most of Badakhshan and Eastern Hindu Kush. In fact, this author divided the 
Karakorum folded system into two tectonic first order zones i.e.: *North Karakorum mega- 
synclinorium~ and .South Karakorum meganticlinorium~. The  first zone should consist of 6 
second order tectonic zones; the second should have one  zone, the ~Muztagh  zone*, which 
should include virtually the whole orographic Karakorum. The  name of  the ~Muztagh  tecto- 
nic zone. for the central portion of the Karakorum was introduced by me in 1964. 

It has so far proved practically impossible to  modify geological nomenclature which 
may influence the geographical partition of that area and introduce new parameters relating 
to the morphological features of the territory. 

Returning to the question of the Karakorum boundaries, I would suggest that 
the geographical boundaries of a mountain range should be chosen chiefly from 
the main drainage lines which surround that area. 

Going back to the two different meanings of the geographical name Kara- 
korum mentioned in the previous section, I must indicate two boundaries in the 
Karakorum, one for the restricted meaning (Karakorum str.~.),  another for the 
wider meaning (Karakorum 1.s.). The first was called .Great K a r a k ~ r u m ~  by the 
Karakorum Conference of the R.G.S. and I will deal later on with this name. 

The boundaries of the Karakorum str.s. were defined by the Karakorum Confe- 
rence with the agreement of the Surveyor General of India. The  conclusions were 
expounded in the report published by the ((Geographical Journal. in February 1938. 

I quote below the part of the text concerning the boundaries. 

*On the south: by the Shyok river from its bend at about long. 78" 15' to  its junction with the 
Gilgit river about long. 74" 40'; and by the Gilgit river to  the confluence of the Ishkuman 
river about long. 73" 45'. 

On the wect: by the Ishkuman and the Karumbar river to  the Chilinji pass. 

On thc north: from the Chilinji pass, down the Chapursan river, over the Kermin pass to  
Rich, and down the h l i k  river to  its junction with the Kunjerab; then up the Khunjerab ri- 
ver to the Khunjerab pass, across the head of the Oprang Pamir to  the Oprang pass, and 
down the Oprang river to  its junction with the Shaksgam; then up  the Shaksgam river t o  its 
source at Wood's  Pass ((Gm (for which we propose the name Shaksgam pass); then t o  the 
snout o f  the Rimo - Yarkand river source, and by the left bank of  the Rimo glacier to  the 
junction of the Rimo river and the Chip-chap. 

On the earl: by the upper Shyok from the Rimo - Chip-chap junction to the great bend of 
the river about long 78" 1 5 ' ~ .  
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The limits mentioned previously are well defined t o  the north, east and south, 
while some uncertainty exists to  the NW and NE. 

Towards the east and south, the Shayok (I), the Indus and the Gilgit rivers mark 
clear geographical lines, as does the Shaksgam to the north. 

There is some uncertainty with regard to  the connections between those lines 
in the NW and NE where they refer to  passes and short drainage lines. Again to 
the NW, between the upper Karambar river (tributary of the Ishkuman) and the 
upper Chapursan (tributary of the Hunza), there is the Chillinji An (5292 m). 
From this pass the boundary goes down into the Chapursan river, following 
it for 42 km. Further on it leaves this river to  cross the Kermin pass (4023 m) and 
reach the Dardy and then the Kilik river. 

The boundary follow the lower Dardi river for about 5 km, while upstream 
the river marks a long drainage line for about 30 km in a WNW direction. Ho- 
wever, the difficulty in assuming this part of the river as NW boundary of the 
Karakomm is the lack of passes at its head, towards the upper Chapursan. So, the 
long ridge west of the Kermin pass, which is about two thirds longer and much 
higher than the east section, remains outside the northern boundary of the Ka- 
rakorum. However, as we shall see later on, this ridge can be included in the Kara- 
korum 1.s. 

On  the boundary of the Karakoum the name Oprang is mentioned; but it 
is not completely clear what river the name Oprang refers to.  Burrard and Hayden 
(pag. 168) assert that .the Shaksgam river is the upper portion of the Oprang, and 
the most important tributary of the Yarkand river.. But further on  (page 256) 
they write: fiThe Shaksgam river (also called Oprang) follows a long course north 
of the Karakorumv. 

In the map of the Survey of India C h i n a  & Kashmir & Jammu., Sheet N. 42 P 
(Hispar Glacier) scale 1 inch to 4 miles (1:253,440) ((Preliminary Edition. of 1928, 
the name Oprang Jilga is marked along the tributary river of the Shaksgam joining 
with the main river near Sokh Pulag. At the head of the Oprang valley, ((Oprang 
Pass), is marked, but the name Oprang also appears in the valley descending from 
the Khunjerab pass, near Ak Jilga. 

On  shet N. 51D aRaskam Valley. of the same series of maps, dated 1939, 
the name Oprang refers to the pass only, and the name ((Shaksgam o r  Muztagh river)) 
is extended not only to the upper, but also to  the lower course of the river up to 
the confluence with the Yarkand river. 

( I )  My transcription of  this name is different from that used o n  the English maps; but I have respected 
the rules proposed by the R.G.S. (see pag, 9). 
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According to F. Younghusband (I), it seems that the Balti name Shaksgam 
corresponds to the name Oprang used by the Kirghiz people, although these 
two names may also refer, as I said above, to different portions, or  branches, 
of the same river. According to information I gathered among the Askole's Balti 
inhabitants, the name Shaksgam derives from two words: Shah, meaning .sandy*, 
and gum, meaning ((dryv. According to Mason (z), it means (<box of  gravel)), o r  
.dry gravel)). 

The above mentioned report of the R.S.G. refers to the Oprang rivers, one 
under the name of Oprang Pamir, tributary of the Tash Khurgan to the NW of the 
Oprang pass, the other to the river SE of the pass, and tributary of the lower 
Shaksgam river. In the Karakorum map of the R.G.S. the name Oprang is applied 
only to the first, without the appellative Pamir. The  pass and the river beyond the 
pass, towards NE, d o  not bear any name. 

On this question I must mention the work of R.C.F. Schomberg (3)  who ex- 
plored the Oprang area and supplied a topographic map at the scale 1 inch to 4 
miles (1:243,440) (4). 

O n  this map the name Oprang refers to a pass SE of the Khunjerab pass and 
to a place situated about 17 krn downstream of the last pass. The river flowing 
down towards SE from the Oprang pass is named Oprang as far as the junction 
with the Shaksgam river. 

The area upstream bears the name ((Shaksgam or Mutztagh., downstream it is 
termed only ((Muztagh)) as far as the confluence with the Yarkand river. 

I want to quote here also the ((Shimshal)) Sheet (NJ 43-15) of the U.S.A. maps 
of India & Pakistan, 1:250,000, which bears the name Oprang pass in the divide 
between the drainage basin of Oprang Jilga (to the SE) and an unnamed river to 
the north along which is marked ((Oprang)). According to this map, the divide 
between the two opposite Oprang valleys appears wide and relatively flat, but the 
whole area around the pass is indicated in a ((provisional edition. as an ((unsurveyed 
area.. 

Apart from the accuracy of the above mentioned maps, I think that the best 
solution, with regard to the existing local names, is to maintain the name Oprang 

( I )  Younghusband F.E. (1986). The Heart of a Conrinenr. Murray, London 

(2) Mason K. (1928). h p l o r a ~ i o n  ofthe S h a k ~ a m  Vall ty  ant/ A ~ h i l  Range, 1926. ~ R e c .  Survey of India,,, 
vol. 22, Dehra Dun.  

(3)  Schomberg R.C.F. (1936). [Inknoten Karakort~m. M. Hopkinson, London.  

(4)  This map is a partial reproduction of Sheet 42P *Hispar Glacier. of the  Survey o f  India a t  the  same 
scale. O n  this map the name Oprang refers only downstream from the  Khunjerab pass. 
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for the pass and the river flowing SE down from the pass as far as the confluence 
with the Yarkand river. The name Oprang Pamir can be used to refer to the river 
below the Khunjerab pass. This solution also avoids the use of the name *Muztaghb 
for the last section of the main river, since it is a generic name, often employed 
for ranges, passes, etc. 

Let's take a look now at the NE section of the boundary, i.e. on  the eastern 
side of the Shaksgam-la (5465 m). The boundary runs along the rivulet which flows 
down into the glacial stream of the main Rimo North glacier. From here it runs 
along the .left bank. of the Rimo glacier to reach the confluence of the glacial 
stream of the main tongue of the Rimo glacier with the Chip-Chap river (tributary 
of the Shayok (fig. 6). 

Fig. 6 - The eaJtem boundariec oftbe Karakorum 1,s. 

It this case I should like to suggest an alternative solution so that the Kara- 
korum pass, which gives its name to the whole Karakorum range, is not excluded. 
It would simply mean moving it from the Shaksgam-la to the confluence of the 
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Yarkand source river (melt-water from the Rimo North glacier) with the Ngonpo 
rivulet, then upstream to Ngonpo-la and to the Karakorum pass. From here it 
would follow one of the ravines going down to the Chip-Chap river and farther 
on to the Shayok river. 

I have already said that the Karakorum kzto sensu covers the whole mountain 
range included between the Yarkand river to the north, and the Indus river to the 
south. Practically we have to add the Aghil ridge to the area of the Ka- 
rakorum str.s. to the north, and the Ladak range to the south. But NW of the Aghil, 
there are other mountain ridges located north of the Chapursan river, for which 
I would suggest the name aDardi mountains)) from the name of the main river 
crossing that area. 

The majority opinion holds that these mountains, too, should be enclosed 
within the Karakorum 1.s. 

Now we must establish the boundary between the Karakorum to the east, 
and the Hindu Kush to the west. 

The map of the Survey of Pakistan, scale 1 inch to 4 miles, sheet 423L (Baltit), 
bears the name Hindu Kush just to the west of the watershed of the Chapursan 
catchment area, which is at the western end of the Dardi Mountains, i.e. of the Ka- 
rakorum range. In this case the Irshad Uwin pass (4925 m) may be taken as the 
point at which the two mountain ranges part. But we still have to decide how 
to deal with the high ridge to the north of the Derdi Mountains, along which runs 
the watershed between the Indus to the south, and the Ab-i-Panj and the Yarkand 
river catchment areas to the north (1). I think it should be included within the Ka- 
rakorum range, with the name ~Kilik ridge., rather than in the Hindu Kush. In this 
case the western boundary of the Karakorum 1.s. must be shifted toward the west 
to the Irshad Uwin and to the Chillinji An (5292 m), where the range reach the 
Qoz group which, according to Mason's scheme, belongs to the Karakorum. The 
Karambar river marks the western hydrographic boundary of the Karakorum range 
as far as the Chillinji village (fig. 7). 

This suggestion derives from my previous orographic study which offers one 
possible solution. The extension of the name Karakorum to the north is suggested 

(1) The division between the two northern hydrographic basins is to the north o f  the range at the Wahjir 
Dawan saddle. Below this, to the west, flows the Ab-i-Wakhan river, tributary o f  the Ab-i-Panj; to  the east 
flows the Qara Chukur river, tributary o f  the Tash Khurgan, which flows to  the Yarkhun. 
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on the basis of its widespread use among the mountaineers and tourists I have 
contacted. 

Fig. 7 - The western boundaries of the Karakomm i.s. (+ + and - . -) 

W'ith regard to the southern limit of the Karakorum l.s., this might involve 
the Deosai mountain, which is to the south of the middle Indus and west of the 
Ladak range. My opinion is that it should be excluded from the area of the Ka- 
rakorum 1.s. also because the orographic features are somewhat different from the 
other mountain ranges of the Karakorum. 

In conclusion, the Karakorum 1,s. consists of the Karakorum str.s. with the 
addition of the Aghil range, the Kilik ridge, the Dardi mountains to the north, 
and Ladak range to the south. 

There is another point which should now be considered. This concerns the 
questions of the generic geographical names for the two interpretation of Kara- 
korum orography. It is difficult to suggest specific names for the two interpretations 
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of the geographical boundaries with the name Karakorum as described above, 
though for the restricted area the name <<Great Karakorum)) was introduced. 

I d o  not agree with this nomenclature as the name .Great Karakorum)) seems 
to be more suitable for Karakorum 1.s. than for Karakorum str.s. I think it prefe- 
rable to maintain the name Karakorum as an appellative of the main range, as in 
the case of Hispar Karakorum, Panmah Karakorum, etc. A similar policy has been 
applied to the Alps for many years. In fact name .Alps)) refers to the whole 
orographic system from Provence to the Vienna area. In the restricted interpretation 
they include the classical sections of the Alps: Maritime, Cottian, Graian, Pennine, 
Lepontine, Norian, Carnic and Julian Alps. Minor partitions were also introduced 
into these sections, such as Bernese Alps, Orobic Alps and Dolomite Alps. 
So the term .Alps)) becomes an appellative: a similar solution may be suggested for 
the Karakorum. 

In conclusion, I think it is preferable to give the word Karakorum a wider 
meaning like that of the Alps. Nevertheless in common usage the appellative Ka- 
rakorum is omitted and substituted by generic names such as range, ridge, etc. 

6. Partition of the Karakorum 
According to the two geographical conceptions of the Karakorum illustrated 

in the previous section, we are dealing with two kinds of partition, one for the 
Karakorum l.s., another for the Karakorum str.s. 

The first, which includes all the ranges between the Yarkand and Indus-Gilgit 
rivers, is made up of three main ranges: Aghil range, Karakorum str.s., and La- 
dakh range. 

The partition of the Karakorum str.s. is more complicated. Firstly, there are 
two directions to take into consideration: the longitudinal, parallel to the main 
extension of the ranges, and the trasversal, perpendicular to the main direction. 

W e  are indebted to Mason (1938) (1) for the detailed description of the Ka- 
rakorum partition, in the appendix of the R.G.S. Karakoram Conference report 
(fig. 8). W e  agree on the whole with Mason's orographic nomenclature with the 
exception of the introduction of the appellative aMuztagh)) as a synonym of the 
main ranges, as has already been stated. Mason's nomenclature, that is the K.G.S. 
official nomenclature, was introduced on the Karakorum map, scale 1:750,000 of the 
R.G.S. and on the 1:250,000 maps of the U.S.A. Army Map Service. 

According to Mason (1938), the orographic longitudinal sections of the Kara- 
korum str.s. are as follows: 

(1) Mason K. (1938). Karakoram Nomenl-lafure. ~Geogr Journal", vol. 91 n. 2,  pp. 123-152, London. 
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A) The Batura Muzragh: From Koz Sar, south of the Batura glacier, to  the gorge of the 
Hunza river. 

B) The Hhpar Muzkzgb: From the gorge of the Hunza river, north of the Hispar glacier, to 
the head basin of the Biafo glacier. 

C) The P a n m h  Muzragh: The groups drained by the Panmah glacier and its main tributaries 
from the head of the Biafo glacier to  the West  Muztagh pass. 

D) The Baltoro Muztagh: From the West Muztagh pass, north and east throughout the 
lenght of the Baltoro glacier, to its head south-east of the Gasherbrum group. 

E) The Siachen Muztagh: From the above head of the Baltoro glacier along the northern 
mountains of the Siachen glacier and south of the Skaksgam valley, as far as the pass between 
the Teram Sher and Rimo glaciers, thence north of the Central Rimo glacier to its snout. 

F) The Rimo Muztagb: From the pass between the Teram Shehr and Rimo glaciers along the 
mountain groups between the Siachen and the upper Shyok, as far as the Saser pass. 

G) The S m  Muztagh: From the Saser pass to  the south-eastern extremity of the Great Ka- 
rakorum in the bend between the upper Shyok and the rivers.. 

W e  can see, then, that the names of the mountain ranges refer to the names 
to the nearby glaciers and/or their valleys, except in the case of the Sasir, which 
refers to the pass. I shall not give here the list of all the mountain groups, i.e. 
the minor orographic element, but I should like to recall the list of Mason's 
mountain alinements outside Karakorum str.s (fig. 8). 

Fig. 8 - The par~ition of Karakorum according to /he Royal Geographical Socieg (1938). 
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A) North of the *Great Karakoram~, in Hunza territory, there are two systems of  moun- 
tains, one on each side of the Hunza river, which may be called the Lupghar group and the 
Ghujerab mountaim respectively. 
The remainder of any importance all lie to  the south of  the Great Karakoram, and may be 
conveniently listed on the following alinements. 

B) The Rakaposhi range, from the Hunza river west of  the peak Rakaposhi, following the 
snowy crest zone between the Hispar and Chogo Lungma glaciers as far east as long. 75" 
30'. Two subsidiary groups at the eastern end may be considered independent of Rakaposhi. 
These are the Ganchen group and the M m  group. 

C) The Haramosh range, from where it joints the Rakaposhi range about long- 74" 50', along 
the crest zone between the Chogo Lungma glacier, Basha and Shigar rivers on  the north 
and the Indus on the south. 

D)  The Masherbrum range, from the junction of the Braldu and Basha rivers, west of Mango 
Gusor, along the crest zone south of the Braldu river and Baltoro glacier, as far east as the 
Kondus glacier and valley. Two independent groups, at present unnamed, extend south 
from the Masherbrum range. 

E )  The Salroro range, lies between the Kondus on the west, the Siachen and the Nubra on  
the east, and the Shyok valley on  the south. It is crossed by the Saltoro o r  Bilafond pass. 

Let me add some remarks concerning the Haramosh range. The  summit of the 
Haramosh (7397 m) and the Malubitin (7458 m) are connected by a high crest, 
somewhat tortuous, but fairly continuous and running approximately north-south, 
that is perpendicular to the crest of Rakaposhi and to the range running between 
the Basha - Shigar valleys to the north and the Indus valley to the south. The  
Haramosh, together with Malubitin, constitutes both an orographic and in 
particular a geologic unity, independent from the range to the east. I prefer to 
call it the ((Haramosh group. and to assign the name ((Turmik range. to the 
mountain chain running to south of the Basha - Shigar valleys. The  Goropha-la 
(5465 m), at the head of the Stak valley, may mark separation of the group from 
the range to the east. 

Geologically the Haramosh is the northern outilier of the Nanga Parbat anti- 
cline, which represents a well-defined geotectonic unit composed of different and 
much older rocks than the surrounding ones among which it is included (I). More 
precisely, the Nanga Parbat massif - one of the highest mountains of the world 
(8131 m) - with its northern outlier, the Haramosh, represents an orographic and 
a tectonic individual element 140 km long in a NNE direction, inserted, like a huge 
wedge, in the ESE oriented Karakorum range (fig. 9). 

( I )  Desio A. (1976). Some Geotmnir Problem of the Kashmir-Himalayo - Karakomm - Hindu Kurh and Pamir 
Area. -Inter. Coll. on  the Geotectonics o f  the Kashrnir Himalaya etc.., Accad. Naz. Lincei, Rorna. 
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7. The main watershed and the highest crest of the Karakorum 

Along the high crest of the Karakorum runs the divide between the Indus 
drainage basin, which discharges its water into the Indian Ocean, the Yarkand and 
the Arnu Darya basins, whose waters flow into the arid basins of the Takla Makan 
desert and Aral depression. As we can see in the map (fig. 10) the trend of the divide 
is very irregular and coincides with the line of the highest crest for less than one 
third (190 km) of the whole lenght of the Karakorum (600 krn). 

While the divide from the Chillinji pass runs NE describing an arc passing 
through the L l ik ,  Mintaka, Parpik, Khunjerab and Shimshal passes, the line of the 
highest crests describes a short arc in the opposite direction, while further on it 
turns ENE as far as the Bobisghir peak (6640 m) above the Nobande Sobande 
glacier. Here the crest-line joins the watershed. 

From here to the east, both lines coincide and run along two Muztagh passes 
(5370 and 5422 m), the K (8611 m), the Falchan Kangri (8047 m), the Gasherbrums 
(8068 m), the Singhie Kangri (7645 m) and the Teram Kangri (7235 m). From 
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this peak eastwards the two lines are separate and whereas the divide runs NE as far 
as the Karakorum pass (5575 m), the line of the highest crest follows the Saser 
range to its end at the bend of the Shayok river. 

The maximum distance of the two lines amounts t o  about 100 km between a 
peak NNW of Parpik pass (6840 m)  and the Pumarikish peak (7492 m), which is 
in the drainage basin of the Hunza river. 

In order to make clear the origin of the partition of the two lines in the western 
section, I superposed the orographic scheme onto the geological map (1) of 
the same area. W e  can see that while the line of the highest ridges for the most 
part follows the granite outcrops, the other line, which crosses an area of which 
little is known geologically, cuts the geological structures transversally as far as 
the Parpik pass (5092 m) and further west it seems to follow them rather ir- 
regularly (21.-This verification makes us think that the rise of the granite belt must 
be relatively recent as the age of the axial granites and their instrusion is recent 
(Neogene) (3) .  

This situation reflects the complexity of the geomorphological history of that 
area which, at present, is still obscure on account of the scarcity of studies devoted 
to this subject. 

Let me venture to make, however, some observations on the trend of the 
drainage lines, which represent the heritage of the primitive valley system, and 
perhaps I may also suggest some steps in their evolution. 

Starting from the assumption that the present morphology depends on the 
heritage left by the feature of the primitive surface and the passive influence exerted 
by the geolithological composition, we want to direct our attention to the valley 
system which represents the main effect of the erosion processes. For the time being 
we shall not take into consideration the possible deformations of the surface pro- 
duced by orogenic movements. 

According to the above assumption, we may follow two directions in the in- 
terpretation of the present valley system; on the one hand the geolithological 
composition, on the other, the different climatic events which alternate in our 
country. 

If we start from the recent geological history, we may suppose that the 
primitive valley system, that is the drainage lines, was perpendicular to the 

(1) Desio A .  (1964). Gen/o,qica/ T c n ~ t i o e  Map of /hr W e s / m  Karaknrum. Institute o f  Geology University 
o f  Milan. 

(2)  T h e  detail o f  this area is geologically virtually unknown. 

( 3 )  Searle M.P.,  Tirrul R.  (1991). S~rudural and  t h m l  evolu~ion of tht Karakoram C ~ J I .  "Jurn. Geol .  Soc.", 
148. pp. 65-82, London. 
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general slope of that area. The  tectonic structure suggests that from the origin a 
series of mountain ranges line up from west to east, describing an arc with its 

towards the north. The  .consequent. system of rivers in the southern 
slope of the range was oriented partly in directions converging towards the centre 
of the arc, partly parallel to  them in the syncline or  fault valleys. 

There are numerous geomorphologic and paleogeographic ~ r o b l e m s  which 
serve to justify this situation. In view of present day geomorphologic knowledge 
of the region, I shall d o  no more than make a few comments on the question. 

It must first be noted that the area forming the greatest distance between the 
two lines is that of the largest transverse valley in the whole of the Karakorum 
range, the Hunza valley. Elsewhere there are longitudinal valleys which are also pa- 
rallel to the tectonic structures. But moving further to the west, in the area of 
Hindu Kush, the reverse applies, i.e. the main valleys include prevalenty transverse 
valleys, as in the case of the Ishkuman and Yasin valleys for instance. 

The other main valleys in the range, such as Shayok and Shigar, have relatively 
short transverse stretches where they join the longitudinal segments. 

On the other hand the transverse valleys too have longitudinal stretches of 
varying lenghts particularly where the valleys of the tributaries are to be found. 

The same situation applies to the north of the main watershed in the lower 
part of the Shaksgam valley downstream from the Oprang confluence up to the 
confluence with the Yarkand river and in the lower part of this river valley. 

The present Indus valley is a more complex example. In the upper course there 
is a longitudinal stretch which runs ESE-WNW as far as the junction of the Gilgit 
river, which represent a continuation of the same drainage Line. Downstream there 
are alternating longitudinal and transverse stretches with the latter prevailing. 
These irregularities can in part be attributed to the the distribution of the rock 
outcrops giving differing resistance to erosion. 

At this point we might put the question of whether these transverse valleys 
could not perhaps be .consequent. and the other valleys .subsequent)> and in that 
case the transverse valleys would have come into existence before the others. 

It's a difficult question to answer. It is, however, worth noting that while the 
first intersect the geological structure more or less at right-angles, the second tend 
to run alongside. W e  can add, too, that the second ones are generally located on 
the outcrops of the more erodable rocks, or along fault lines, which means long 
lines with a lower resistance to erosion. 

It would seem, however, that the theory of the earlier dating of the transverse 
valleys than the longitudinal ones could have an element of truth. But then this 
poses the question of why in the Karakorum range there are so few transverse 



28 GEOGRAPHICAL FEATURES 

valleys if they are really consequent, since they are located on the initial topo- 
graphic surface whereas the reverse is true in the Hindu Kush. 

Our knowledge of recent geological history in the area is insufficient for us to 
give an answer without resorting to flights of fancy instead of facts. One  striking 
element is that long stretches of the granite masses, which follow the orographic 
axis of the Karakorum range and which are relatively recent (Neogene) (I), have 
been laid bare by erosion. And again the general rise of the whole range must be 
a relatively recent event (and is probably still in progress) exerting a considerable 
influence on the morphological evolution of the whole region. 

This all suggests that erosive action on our territory as a whole was so intense 
as to destroy a considerable part of the initial topographic surface leaving traces 
only in the few transverse valleys and in the short stretches of this type in the 
longitudinal valleys, the older children of the processes of erosion, so to speak. 

It should also be borne in mind in examining such a large area as the Karako- 
rum, that elevation was probably not uniformly spread over the area and this could 
have caused a certain disorder in the pre-existent hydrography and consenquently 
in the evolution of the valleys and orographic system. Another factor contributing 
to the partial cancellation of the initial topografic surface could be a reduction in the 
central area of Karakorum due to the crushing effect of the collision between the 
Indian and Eurasian plates, as I tried to explain in one of my reports (Desio 1965). 

If we look at a larger area, we can recognise the prevalence of longitudinal 
valleys over transverse valleys, which would seem to confirm the influence which 
tectonics and orogeny have had on the hydrographic system, i.e. as the folding 
developed, the tectonic origin of the valleys took shape. The general folding created 
huge arched structures with their convexity facing northwards and the main valleys 
of tectonic origin had to follow it. 

The problem of the origin of the transverse valleys still remains, hovewer, 
and they appear almost anomalous in the regional orographic system as a whole. 
Besides those already mentioned, the main transverse valleys include the Indus 
valley between the confluence of the Astor and Jalkot, where it transversally in- 
tersects the massif of Nanga Parbat - Haramosh and further downstream below 
the confluence of the Kabul river. 

8. Orographic relations between Karakorum, Himalaya and Hindu Kush 

At this point the question arises as to the relationship, orographically speaking, 
between the Karakorum and the Himalaya. The question could be re-phrased to 

( I )  See pag. 26 
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ask where in fact the Himalaya finish to the north-west. Opinions differ here too, 
though Mason's nomenclature (1929), where Karakorum is included in the Great 
Himalayan range under the name Karakorum-Himalaya, is unaceptable since the 
two ranges are independent both from an orographic point of view and from 
ageological point ofview, as will be shown later. According to Burrard and Hayden 
(1933) the Punjab Himalaya finishes on Nanga Parbat, so this high ridge with an alti- 
tude of 8126 m would therefore represent the most westerly point of the Himalaya. 

The main ridge of the Himalaya runs NW, i.e. towards the Nun Kun massif 
(7135 m), and beyond this there are no mountains high enough to be considered 
a continuation of this ridge. The same authors of .The Great Himalayan Range. 
state that at the Sutlej river a secondary branch separates to form the Pir Panjal range 
which Dainelli takes to be the western end of the Himalaya. The  Zanskar range 
forms yet another off-shoot which is in fact a terminal branch of the Himalaya. 

There is, however, no  direct connection between Nun Kun and Nanga Parbat. 
In fact Nanga Parbat lies along a somewhat irregular orographic axis, but can be 
considered as lying basically SSW-NNE and therefore perpendicular, or  almost 
perpendicular, to  that of the Karakorum (see page 24 fig. 9). 

From this information it would see feasible to conclude that from an orographic 
point of view there is an appreciable distinction between the Himalaya and the Ka- 
rakorum, which should therefore be considered as two separate mountain ranges. 

With regard to the orographic relations between the Karakorum and Hindu 
Kush ranges, on page 20 fig. 7. I have marked what I consider to be the western 
limit of the Karakorum. 

9. Summary of the scientific activity of Italians in exploration of the Karakorum 
before the Second World War 

We can begin by leaving aside the age of pioneering when very little really 
scientific work was done, and in doing so we d o  not whish to belittle the efforts 
of those men who opened the roads to  geographical exploration. The  names of 
the travellers who penetrated some of the Karakorum valleys for the first time 
are prestigious. Take for example - among the Italians - Father Ippolito Desideri 
da Pistoia in the first half of the 18th century, Marquis Osvaldo Roero di Cortanze 
between 1853 and 1875, the two brothers, Dukes Lante Grazioli della Rovere in 1878. 
Their published reports, even though they contained some detailed information on 
the countries they crossed and, above all, about the eastern and most accessible part 
of the Karakorum, d o  not amount to anything more than journalistic accounts 
nowadays. Incidentally, Marco Polo passed north of the Karakorum range without 
touching or even seeing it. 
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In the meantime, the geodetic and topographic operations of the Survey 
of India started in our region establishing the regional cartography within 
rational base lines, an indispensable element for any true progress in territorial 
research. 

In the second half of the 19th century the heart of the Karakorum range was 
penetrated, particularly by English travellers, and one of them even crossed the cen- 
tral part which is the highest. In 1987, Francis Younghusband reached India from 
China across the Eastern Mustagh pass (5422 m) which was completely covered 
with glaciers. We'll talk about this again soon, as this way was covered later by 
an Italian expedition exploring the range's northern slope. But before, it is to 
mention that in the summer 1890 an Italian, Roberto Lerco from Gressoney, 
travelled up the tracks of Kashmir reaching the Baltoro glacier. Here he attempted 

Fig. I I - Rnutrr trrlr.ellrJ h) Ct.frln Ca/i ia~i  durrn~ the expedit;onc of the yearr 1908 (-) and 1911 (-). 
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to climb the KZ along the SE spur (Abruzzi spur) reaching the height of 6500 m 
where he was stopped by a wall considered insuperable. 

There is no need to go back over the whole history of geographical explo- 
rations in the Karakorum. Among the most famous names, next to that of the 
Englishman H.H. Godwin Austen (who was the first after Lerco to see K2 from 
fairly close to) we must not forget the German Schlagintweit brothers, the English- 
man Martin Conway and the American Workmans, who continued their intense 
exploration activities almost up to the First World War and who had Italian col- 
laborators not only among the guides (M. Zurbriggen, G. Petigax and C. Savoie), 
but also as topographers. In particular I refer to Dr. Cesare Calciati who was part 
of the Workman expeditions in 1908 and 1911 (fig. ll), carrying out topographic 
surveys of the Hispar glacier and of some minor glaciers of the Shayok basin 

Fig. 12 - Router travelled by the Duke of  Ahrrrzzr e.upedrtinn 1909 in t/)e Karakorum (- -). 
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(Masherbrum, Gondokhoro and Kabery). Calciati also collected numerous rock 
samples and some specimens of the flora which led to publications by specialists. 

During this time (1909), an Italian expedition led by Duke of Abruzzi (fig. 12) 
was heading towards the highest and most inaccessible part of the range which rises 
in the high basin of the Baltoro glacier, with the predominant aim of climbing K2, 
an attempt on which had already been made 19 years earlier by Lerco and 7 by 
a multinational expedition (Eckenstein-Pfannl-Guillarmod). As on his previous 
expeditions the Duke was accompanied by a topographer, in this case Federico Ne- 
grotto Cambiaso, who used photogrammetric methods for high mountain surveys 
for the first time, employing the Paganini camera, invented and constructed in Italy. 

The expedition doctor, Filippo De  Filippi, took care of the naturalistic 
collections which were then entrusted to experts for study (Vittorio Novarese 

Fig. 13 a - Rnutu trat,tlhd $ t k  Filippo DP Filippi cxpcdition 1912-1913 (- -) ucept the Dainelli, Marinell; mum. 
(...) Rnrrtrc of the gmdctic-topo~raphir p u p .  
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for the rocks and Romualdo Pirotta and Fabrizio Cortesi for the plants). 
Among the Italians who accompanied the expedition we must also mention 

the incomparable photographer, Vittorio Sella with his assistant Erminio Botta and 
the seven guides and porters from Aosta valley (Giuseppe and Lorenzo Petigax, 
Alessio, Enrico and Emilio Brocherel, Alberto Savoie and Ernesto Bareux). 

Mario Piacenza's expedition to Nun Kun in 1913 was also of a mixed mountai- 
neering and scientific nature. Of the scientific investigations was charged C. Calciati 
mentioned above. However, I will only mention it fleetingly as that mountain 
system is not part of the Karakorum, but of the Western Himalaya. 

Before the First World War, the only truly Italian scientific expedition to 
visit the Eastern Karakorum and its bordering areas, was that organized and led 
in 1913-1914 by Filippo De Filippi (fig. 13a, b), who had often accompanied the Duke 

Fig. 13b - Router trat~e/(Pd b y  Dainelli (- -) and z~'itb Marinelli (...) dr,rin~ thp De Filir,pi expedition 1912-1913. 
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of Abruzzi on his expeditions. I must therefore devote a little more time to this 
expedition than to the others. 

The D e  Filippi expedition had ten membres besides its leader (who was also 
its doctor) of which six left for India with most of the baggage at the end of 
summer 1913 to winter at Skardu. The others joined them in April the following 
year. Their names can already tell us something about the expedition: prof. Alberto 
Alessio, geodesist an geophysicist; prof. Giorgio Abetti, geophysicist and Alessio's 
assistant; marquis Nello Ginori Venturi, meteorologist; prof. Giotto Dainelli, 
geographer an geologist; prof. Olinto Marinelli, geographer; major Henry Wood 
and John Alfred Spranger, topographers; lieutenant Cesare Antilli, photographer 
and Giuseppe Petigax, the alpine guide. 

It is not easy to summarize briefly here all the research done by the De Filippi 
expedition during the year and a half stay in Asia, research that has been illustrated 
in 15 volumes published in the following twenty years. 

This monumental work, in Italian language, includes three volumes on 
geodesy and geophysics, three on geology, three on petrographic and paleontologic 
descriptions, one on the history of expeditions to this region, one on physical 
geographic description, two volumes on anthropogeography and ethnography, 
one on the plant gathered above 4500 m and on the fish in the Indus while 
the last volume is an index. Numerous collaborators helped in the study of the 
naturalistic materials collected by the expedition. 

Among the results of the geodetic-geophysical research, particularly interesting 
is the connection made for the first time between the Survey of India's network 
of gravimetric stations on the pre-Himalayan plain and the Russian Army Geo- 
graphic Service's network of stations north of the Karakorum, in Pamirs and in 
Ferghana. Among other things, this enabled us to establish the deviations of the 
vertical and the regional gravimetric anomalies and to establish that the values of 
gravity are generally in excess in the mountain ranges of the Himalaya and the 
Karakorum and in default in the plains that extend at their feet, besides showing 
us the greater thickness of earth's crust under such ranges. T o  be brief I shall leave 
aside the results of the magnetometric and meteorological research even though 
they are interesting. 

The geological research carried out by Dainelli enabled him to reconstruct the 
stratigraphic sequence of the Eastern Karakorum with greater precision and detail 
than was previously possible, and he was able to extend this knowledge to 
unknown areas towards the east of the Karakorum. The paleogeographic and the 
regional tectonic reconstruction are also illustrated and extended to Central Kara- 
korum. 
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Even if the volumes published by the De Filippi expedition didn't receive 
the acclaim they merited, above all due to the language they were written in and 
the exuberant prolongation of some texts, and if a part of the results, perhaps 
illustrated with an excessive use of logistic details and of attestations and therefore 
difficult to interpret, was surpassed by subsequent research, they still represent 
a milestone in the history of the geophysic, geologic, etnographic and anthropo- 
geographic knowledge of the Karakorum. 

After the end to the First World War, in Italy, the political and even the 
economic moment was not favourable to the launching of a new scientific expe- 
dition in the heart of Asia. Almost a decade, therefore, went by before the idea 
could be realized and the chance came with the celebration of the tenth anniversary 
of the Italian victory of Vittorio Veneto in the First World War. 

Fig. 14 a - Routes travelled by [he Duke of Spoleto apehion 1929 in the Karakorzrm (- -). 
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The idea originated in Milan with a small group of climbing friends, but, then, 
their real goal was a sporting one, that is, to climb K2. I won't go into the various 
events that preceded the start of the expedition complicated by the future leader's 
personal problems. I will only say that while they were setting the bases, and a pre- 
liminary journey was being prepared for spring 1928, the newspapers announced 
that the tenth anniversary of the victory would be celebrated by the flight of the 
airship aItaliaw, commanded by Umberto Nobile, to the North Pole. So, our project 
passed into second place and was almost cancelled. 

During that time, the Duke of Spoleto, the Duke of Abruzzi's nephew, was 
called by the Italian Geographical Society, who had assumed the scientific sponsor- 
ship of the enterprise, to command the expedition; but after the dramatic end of 
the Nobile expedition, and with orders from above, he had to modify the pro- 
gramme by cancelling the climbing part and considerably reducing his personnel. 
Modified in this way, the expedition assumed a geographic-naturalistic tendency 
and took place in the Baltoro glacier region and in the surrounding areas (fig. 14a, b). 

Fig. 14 h - Routcr ~ru~'elled by A. Desio during the Duke of Spoleto expedition 1929 (- -). 

Among those called to take part in the expedition were, commander Mario Cugia, 
to help the Duke in taking geophysical measurements and making topographical 
surveys; dr. Lodovico di Caporiacco, a naturalist, to collect specimens of the flora 
and fauna; myself as geographer and geologist; dr. Gino Allegri, assigned also to 
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take anthropologic measurements; three mountaineers who had been with the 

previous team (Umberto Balestreri, Giuseppe Chiardola and Vittorio  ont ti); a 
photographer-cineoperator, Massimo Terzano; a radiotelegraphist Angela ~ n f o s s i  
and two alpines guides from Courmayeur, Evaristo Croux amd Leon Bron. 

The expedition left Italy in April 1929 and worked for five months, especially 
in the Baltoro glacier area. A small group crossed the Eastern Mustagh pass, which 
I have already mentioned, and explored the upper Shaksgam valley, with the gla- 
ciers that bar it and which had stopped Mason's English expedition in 1926. 
The team also climbed the Urdok glacier looking for a way to re-enter the upper 
Baltoro across the Conway saddle and the Abruzzi glacier which had been 
previously explored by the expedition, but because of bad weather they had to 
give up. Then, it split up into two groups to allow two members, Balestreri and 
Desio and few porters with just enough food to  survive, t o  explore the  still 
unknown part of  the Shaksgam valley, while the other  g roup  wen t  back t o  the  
base-camp. 

The scientific work of the 1929 Italian expedition was especially recognized and 
appreciated in England, while in Italy official scientific circles almost ignored it, 
mentioning it as if it had been a tourist trip. 

Apart from a few brief preliminary accounts, the of the expedition scientific 
report didn't appear till 1936, because of economic difficulties. That year, a large 
volume was printed summarizing the geographical and geological results fairly 
extensively, and in brief appendixes, the data regarding the geodetic, geophysical 
and anthropological measurements and the zoological and botanical collections. 
Unfortunately, only very few copies were printed, because, as the last copies were 
being printed, the publishing firm closed down and nobody heard anything 
more about all the unfinished copies. 

With all that, the expedition's scientific contribution is sufficiently well docu- 
mented. Apart from the discovery of the Staghar and Singhie glaciers (so named by 
the expedition), which barred the Shaksgam valley, the geologist-geographer (Desio), 
who was part of the exploratory group, did the topographic survey (with the plane 
table ((Monticolo))) to a scale of 1:50,000 (I), of the upper Shaksgam valley and its 
main confluents, the Sarpo Laggo valley, which up to then had no map representation, 
as well as the whole Panmah glacier basin on its southern slope, while the expedition's 
topographers took care of the photogrammetric survey of the Baltoro basin. 

For the first time, relatively detailed geological surveys were done of all the 
above-mentioned areas and were illustrated on single maps in the expedition's 

(1) The map was published on the scale 1:75,000. 
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official volume accompanied by the illustration of the stratigraphy and of the tec- 
tonics. The discovery of fossils of the Paleozoic and Mesozoic eras, not only in the 
sedimentary zone situated on the range's northern slope, but also in metamorphic 
rocks on its southern slope, and the petrographic study of numerous rock samples, 
allowed to set that whole territory's geology on secure bases for the first time. This 
study also helped to correct several interpretational errors made by earlier and later 
authors. The publication of other volumes dedicated to individual scientific fields 
was planned, but the economic difficulties, that - as I said before - had already 
greatly hindered and delayed publication of the official volume, stopped these 

Fig. 15 - Routes trdt~elled by the G. Dainelli expedirion 1930 in the Karakorum (- -). 
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works altogether. However, in their place, we still have about fifty notes and 
reports of varied size contents, published in the following years and, a pan,  even 
recently (1). 

The following year (1930), a member of the D e  Filippi expedition, Giotto 
Dainelli, visited the Siachen glacier again and crossed into Rimu (fig. 15) with a small 
expedition (which I had been invited to take part in) and which included, as well as 
its leader, two topographic officers from the Italian Military Geographical Institute, 
captain Alessandro Latini and lieutenant Enrico Cecioni, and a secretary, E. Kalau 
von Hofe. Unfortunately, because of a disagreement that arose between the expe- 
dition leader and the topographers, the map of the Siachen basin, plotted all over 
again with a "Santoni phototheodolite", was never published. The  geological data 
were included in the D e  Filippi expedition's volumes. 

In the decade preceding the Second World War no  other Italian expedition 
visited the Karakorum. With the support of the Italian Alpine Club, I was well ahead 
with plans for a mountaineering - scientific expedition to K2, but the sudden start 
of hostilities put an end to this enterprise. 

After the Second World War, the Italian scientific - exploratory activity in the 
Karakorum range began again, rather late because of the country's well-known 
political and economic difficulties. 

10. A brief history of Desio's expeditions to the Karakorum and Eastern 
Hindu Kush 

I began a first attempt to get a new expedition to the Karakorum in 1952 with 
the financial help of the Italian National Olympic Committee. It was not a scientific 
expedition, but a sporting one (the ascent of K'), for which it was easier to awaken 
public opinion in order to raise the necessary funds. 

Even if the goal was a mountaineering one, I had, nevertheless, arranged for 
a group of scientists to take part in the expedition with a well-defined programme 
to carry out in almost complete logistic autonomy from the climbing group. The  
difficult negotiation with the Pakistan Government continued the whole of the 
following year during an attempt to climb K' by an American expeditiun, led 
by dr. Charles Houston. 

In summer 1953, I went on a reconnaissance of the Karakorum financed by the 
Italian National Research Council, visiting, at the Palustan Government's invitation, 

(1) I n  1980 1 published a volume on the "Geology of the Upper Shaksgam Valley, North-East Karakorum, 
hnjiang (Sinkiang)., containing the results of the geologic investigations of the 1929 expedition, still valid. 
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the Stak valley, where the Kuthia glacier, in the last three months, had advanced 
12 km, invading the main valley and threatening the higher villages (fig. 16). 

From there, with a companion (Riccardo Cassin) I crossed into the adjoining 
Turmik valley to do  a geological survey and collect rock samples, and then event 
on into the Basha and Braldo valleys towards the Baltoro glacier and the foot of K', 
in order to study the possible ways of climbing it. I carried out  geological surveys 
and perfected the ones begun in 1929 along this itinerary, using the maps plotted 
at that time. This journey helped me, among other things, to get permission for the 
K2expedition; permission that was being contended by four other countries. 

Fig. 16 - Roufei trairlled b j  the A. Desio expedi~ions 1953 (-.-) and 19J4 (--) in the Karakonim. 

1954 was, of course, the year the scientific-mountaineering expedition to the 
Karakorum climbed K'. I won't devote much time to that undertaking, with which 
many people are familiar, but I would like to mention the scientific research com- 
bined with it, especially as I was severely criticized, both in Italy and abroad, for 
such a combination, which would have caused - according to many critics - the 
failure of both undertakings. I was, then, at my thirteenth scientific-exploratory 
expedition and 1 felt pretty sure of what I was doing. 

First, I have to mention the colleagues who collaborated in the research with 
me. Prof. Paolo Graziosi, from Florence University, was in charge of anthropological 
research on the local populations and pre-historic surveys in the inhabited zone of 
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the North-Western Karakorum. Prof. Antonio Marussi, from Trieste University, 
took the geophysical measurements and prof. Bruno Zanettin, from Padua Uni- 
versity, did the geopetrographic investigation. Captain Francesco Lombardi of  the 
Italian Military Geographic Institute was assigned to topographic surveys with a 
Pakistani assistant, Bashad Jan. I myself, besides the considerable responsibility of 
the leadership, took charge of the geological survey and the metereological obser- 
vations with one of the mountain climbers; the anthropological research on the 
Hunza and Balti porters, which had been entrusted to the expedition doctor, was 
not carried out. 

I can't g o  into much detail with regard to the scientific results, which would 
require an excessively long presentation: even more so as the 1954 expedition was 
followed by five other, purely scientific, but easier and shorter trips, which were 
meant to complete and extend the research done during the 1929, 1953 and 1954 
expeditions. 

It embarrasses me somewhat to talk about these last expeditions, as I was both 
organiser and leader. But, at the time of the Second World War, I directed and - 
organized all the Italian scientific expeditions that explored the Karakorum range, 
and, of the foreign ones, only a few did scientific surveys as well. 

I will say, though, that in 1955 I went back to  the Karakorum with two 
Italian collaborators, prof. Paolo Graziosi and prof. Antonio Marussi, and was 
accompanied by dr. M.N. Khan, director of the Pakistan Geological Survey. 
The expedition went as far as Gilgit from the Chitral territory along different 
routes, carrying out  anthropologic and ethnographic research among the Kafirs, 
taking gravimetric and magnetometric measurements and doing  geological 
research and studies in the whole of that  vast territory which includes the  
western extremity of the Karakorum and a part of the Eastern Hindu Kush 
(fig. 17). 

In the next expedition in 1961 I again had as collaborators prof. Marussi for 
the geophysical part and drs. Ercole Martina and Giorgio Pasquare for the geolo- 
gical part. It was supposed to take place on the northern slope of the Karakorum 
and the Eastern Hindu Kush - namely in Wakhan, the corridor that separates 
Palustan from Russian Pamirs and that belongs to Afghanistan - but as, at the 
last minute, we were unable toget permission to enter Wakhan, it tookplace mainly 
in Badakhshan and in some surrounding areas (fig. 18). I would like to add that 
lt was a provident drawback, as Badakhshan proved to be the key-zone in inter- 
preting the structural relationship between Pamirs and Hindu Kush, and explaining 
the stratigraphy and tectonics of an area characterized, among other things, by an 
exceptional seismicity. 
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Fig. 17 - Rnutrs trutrlrd by  he A. Desio expeditions 1955 (-) and 1962 (-.-) in NW P a k h n .  

The followings year, 1962, with two geological assistants, E. Martina and G. 
Galimberti, and thanks to a special permit from the Pakistan President, and the 
help of the Mir of Hunza, 1 was able to ascend the whole Hunza valley again, 
as I had only partly covered it in 1954, and reach the Chinese border, finding the 
solution to still unsolved geological problems regarding the structure of Central 
Karakorum. In the same summer I reach the Chogo Lungma and Martina the Hob 
Lumba glaciers. 

The 1971 expedition took place along the new road being built along the 
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middle Indus valley (fig. 19), and which was almost completely unknown geolo- 
gically, and I was accompanied by an assistant geologist, dr. Giuseppe Orombelli. 
On that occasion, I was able to establish for the first time, where the huge ice- 
tongue of the great glacier that occupied the Indus valley in the Quaternary came 
to a stop (the position was in fact different from those assumed by previous au- 
thors). I was also able to help in solving some other geological problems that were 
still under discussion. 

That year I wanted to see the Kuthia glacier again, but various kinds of dif- 
ficulties prevented me from doing this. It was only two years later that I managed 

Fig. 19 - Roukr fillou~td ly A. Drsio expeditions 1971 (- -) and 1973 (- . -) in Pakirkan. 
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to  make a trip to that remote valley with a Hunza student and complete other 
research on the ancient glaciers of the Indus basin. In the same year I visited also 
the Astor valley. 

The last expedition was that of 1975, which was organized and directed by 
my collegue Marussi for the geophysical (geoseismic) side, and by myself for the 
geological side (fig. 20). My expedition was composed o f  8 members which 
worked in the Yasin, Ishkuman and Ghisar valleys, and in the Gilgit and Astor 
surroundings along the way to Rawalpindi (1). It was financed, as were my previous 
expeditions, by the Italian National Research Council. 

I must remind that the geological and geophysical researches were intended 
to complete the study of the structural connection between the Indian and the 
Eurasian plates with the intervening orogeny of the Kashmir Himalayas, of the 
Karakorum and of Pamirs. The research was carried out using not only surface 
geological and geophysical surveys, but also a deep seismic sounding between the 
Punjab plain and northern Pamirs. This was to be done in collaboration with a 
Pakistan team, and a Russian team for the area north of the Karakorum. 

The documentation of the scientific results of my eight expeditions to the Ka- 
rakorum and Hindu Kush is illustrated in eight volumes - part of a collection that 
would include at least ten volumes -published between 1964 and 1980. There were 
another two still to be published, one of which is the present, and the other is being 
prepared. The content of the eight volumes published before this one, is mentioned 
in the Preface (pag. IX). I have said that so far nine volumes have been published, 
but, to these, are to be added more than a hundred reports, mainly of geological 
content, mostly in Italian and English and some in other languages (see biblio- 
graphy at the end of this section). 

11. Topographic maps surveyed by Italian expeditions in the Karakorum 

The basis of most of our topographic knowledge of the Karakorum consists 
of the topographic maps surveyed and published over a considerable number of 
years by the Survey of India. Explorers of different nations, though prevalently 
English, published original maps of some areas. Some of these are Italian and will be 
mentioned here, also on account of the fact that their work was often forgotten 
in the geographical reports. 

( 1 )  The members o f  expedition, besides myself, were: B. Bigioggero and A. Ferrario of the Institute of  
hfineralogy Lln~vertity of Milano. G .  Orombelli and F. Forcella of the Institute of Geology University of Milano, 
R. Casncd~ o f  the Institute of Geology University of Pavia; S.A. Jafry and M. Zaidi of the Geological Survey 
o l  Pak~stan 
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I think that the first of these is dr. Cesare Calciati, who participated as sur- 
veyor, together with dr. Mathias Koncza, in the 1908 expedition of F. Bullock and 
W. Hunter Workman to the Hispar glacier in the central Karakorum. The map 
surveyed by the two topographers is enclosed at the end of book published by 
the explorers in 1910 under the title ((The Call of the Snowy Hispar)). 

The map, scale 1:loo,000, was based on a triangulation carried out with a 
theodolite by Koncza, while Calciati worked with a ((Gulier's rkgle a Cclimktre~, 
an instrument adopted at that time by the French Army Topographical Service. 

The map was supplemented - so it states on the map - by stereoscopic and 
panoramic photographs and sketches with Camera  Lucida.. In fig. 21 the map is 
reproduced in black and white (the original is drawn in two colours) on a reduced 
scale. 

Calciati and Koncza's map was preceded by a similar map surveyed in 1989 
by W. Martin Conway at the scale of 1:126,720 (1 inch = 2 miles) enclosed in an 
appendix to the Conway book: ((Climbing and Explorations in the Karakorum -Hi- 
malayas)), devoted to the ((Maps and Scientific Reports's., published in 1894 (T. Fi- 
sher Unwin). 

The main difference between the two maps summarized by Calciati and 
Koncza is as follows: 

.The map (Conway's) gives a fairly good idea of the country in the immediate 
vicinity of this itinerary. But obviously, it was impossible for him to state carto- 
graphically the parts he had not seen. In consequence his representation of the tri- 
butaires of that immense glacier is devoid of all objective reality)). 

I omit unnecessary details, which are amply disclosed in the above mentioned 
report by the two authors. 

During the 1908 exploratory trip made by Bullock and Workman, Calciati 
was in charge of exploring and surveying the Masherbrum, Gondokhoro and Ken- 
dus valleys. He travelled independently of the expedition leaders, but he was 
deeply hindered and delayed in his work by the frequent uncertainties in the orders 
received from his chiefs. Nevertheless he was able to carry out  the exploration and 
survey of the Masherbrum and Gondokhro glaciers (fig. 22) and the upper Kondus 
valleys with the Kabery glacier (fig. 23). Later on he reached the Siachen glacier 
measuring the height of the Teram Kangri (7559 m) to which Tom G .  ~ongstaff 
had previously attributed an excessive altitude. 

On account of some commitment in Italy he was obliged to give up work 
on the new task offered to him by Bullock and Workman of surveying the Siachen 
glacier. His place was taken by C.C. Peterkin who also measured the height of 
Teram Kangri as 7470 m (B.W. 1917). 
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Fig. 22 - The map of Masherbrum and Gondokhoro glaciers surutyed by C. Calciati. (Reduced scale). 

The two maps published in 1914 were surveyed using the (<rCgle h Cclimktre* 
for triangulation, and with barometers and two h~psometric  thermometers for the 
altitude, with reference to the Skardu Station. 

Chronologically speaking, the next map published in 1912 by Italians was a 
map of the Baltoro glacier, surveyed by the Duke of Abruzzi expedition of 1909 
at the scale of 1:100,000 (fig. 24). It was one of the first examples of maps surveyed 
with the photogrammetric system and is therefore of much better quality than those 
published previously. 

Another map was surveyed by the W. Martin Conway expedition, (scale 
1:126,720) which was, in fact, a good  map at the time o f  publication (1894). 
Compared with the first one it is, however, incomplete and only approximate in 
many places, particularly along the watershed; there are also mistakes in the oro- 
graphy and in the local names. 
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Fig. 2 3 - Thr map nf the Knndur vallq sumqed ly C, Calciati. (Reduced scale). 

The last topographic map published by Italians in the Karakorum area before 
the First World War is that of the Rimo glacier, in the eastern part of the mountain 
range. This map was surveyed by the geodesists A. Alessio and G. Abetti and the 
topographerJ. Pershad from the De  Filippi expedition in 1912-1913, scale 1:100,000. 
The area is represented in two colours outside the E m o  glacier and extends to- 
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Fig. 24 - The map of the Baltoro vallty surutyed by the 1909 expedition 4 t h ~  Duke of Abruzzi. 
(Reduced scale). 

wards the east as far as the Karakorum pass and the Depsang plateau. The  area 
outside the Karakorum is also reproduced on a separate sheet. 

The area was surveyed using the photogrammetric system and this map can 
be considered the best map of the area. The map was printed by the Italian Mili- 
tary Geographic Institute in 1920 (fig. 25). 

This brings us to the period between the two world wars. The only Italian 
expedition to venture into the Karakorum at that time was the expedition led by 
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Fig. 25 - Map of Rimo glacier ~utvryed by the F. De Filippi expedition 1912-1 913. (Reduced scale). 
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the Duke of Spoleto in the summer of 1929. The  Duke himself took charge of  the 
topographic surveys assisted by a Navy Officer, Mario Cugia, who carried out  to- 
pographic surveys on the Baltoro glacier and on the south, east and west slopes 
of K' on the scale 1:75,000 by photogrammetry. The  map of this area, which com- 
pletes and perfects the Duke of Abruzzi's 1909 map, is included as one of 3 sheets 
enclosed in the official report of the expedition (1936) and it gives the major sur- 
rounding areas surveyed by myself using the Plane Table "Monticolon and the  
aneroid barometer and the ebullition hypsometer for the altitudes. 

My surveys, carried out on the scale 1:50,000, include the Dumordo valley 
and Panmah glacier on the south side of the range, and the Sarpo Laggo glacier 
on the north side. I extended the survey on the same scale to the central area of 
Shaksgam valley from the confluence with the Sarpo Laggo valley up to the Kyagar 
glacier, which had been reached on the upstream side by Kenneth Mason's expe- 
dition in 1926. Besides the Shaksgam valley, my survey covered the valleys of the 
lateral glaciers, i.e. North Gasherbrum, Urdok, Staghar and Singhie. At that time 
this area, was for the most part unexplored and so these were the first topographic 
maps ever to be surveyed here. 

The data and topographic drawings made to the scale 1:50,000 were then pro- 
cessed at the Italian Military Geographic Institute by Captain G. Petrini and printed 
in three colours, scale 1:75,000 (figg. 25, 26, 27, 28). The  map of K2 (fig. 29) was 
surveyed and printed at the scale 1:25,000. 

The for sheets which form the topographic maps include a couple of notes 
which I believe should be given here for purposes of clarity. 

a) Baltoro Basin. From the photogrammetric measurements (Lance-Corporal Wild) 
by the Duke of Spoleto, completed with topographic data by the Duke of Abruzzi (1909), 
topographic sketches and (see b) topographic views. 

b) From Desio's surveys completed with photogrammetric data from Mason's 
expedition (1926) and stereoscopic views. 

The above-mentioned maps appeared together with expedition's official re- 
port, in 1936. Special chapters in the volume are devoted to astronomic indications 
of position, measurements of the earth's magnetism and methods used in compi- 
ling the topographic maps (G. Petrini). 

At the end of 1928 the complete official report appeared of the 1926 Mason 
expedition together with a topographic map, scale 1:253.440, on which the Shaksgam 
valley appears, mapped from a distance from a hill on the east side of the Kyagar 
glacier valley. 

When the Duke of Spoleto's expedition set out  in early spring 1929, Mason's 
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Fig. 26 - Map of the Panmah-Baltoro area suwtyed by the expedition the Duke of Spokto, 1929. Sheet 1. 
(Reduced scale). 
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Fig. 28 - Map of the Ekstm Shaksgam ~ a / &  jurupyed the uprdtion of L Duke o/Spdeto, 1929 Sheet 3. 
(Reduced scale). 



TOPOGRAPHIC MAPS 

SPEDlZlONE GEOGRAFICA ITALIANA NEL CARACORUM (1929) 
COMANDATA DA S.A.R. IL DUCA Dl  SPOLETO 

7- 

K.2t 
I 

Fig. 29 - Map ofK2 .rurutyed by the expedition ofthe Duke ofSpoleto, 1929. (Reduced scale). 
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pubblication had not yet reached Italy, so the expedition had no knowledge of 
the monograph and topografic maps mentioned above. However, the topographic 
map scale 1:75,000 of the Shaksgam valley is still today the most detailled map 
available despite the fact that the topography is not perfect. It is worth noting that 
the majority of the place-names, and in particular those referring to the large 
glaciers located upstream from Urdok (Staghar and Singhie) were introduced by 
me together with others which d o  not appear on this map, but were introduced 
in the topographic base of the geological map of the central Shaksgam valley in- 
cluded in the geological monograph which was not published until 1980. 

May I add at this point, to conclude the account, that the explorations made 
by the Duke of Spoleto's 1929 expedition and the cartographic results achieved 
were subsequently neglected or totally ignored by virtually all the geographic re- 
ports published on the area. 

In 1930 there was an expedition led by G .  Dainelli to  the Siachen glacier which 
included two topographers from the Italian Military Geographic Institute captains 
Latini and Cecioni. They carried out photogrammetric survey of the whole glacier, 
but the leader of the expedition tookpossesion of the negatives and they were never 
used for cartography purposes, except for the area of "Italia Passn, a pass between 
the Teram Sher and the Rimo glaciers at the scale 1:100,000 (fig. 30). 

So we come to the Second World War which put an end to all ideas of orga- 
nizing expeditions to the Karakorum. 

It wasn't until 1753 that climbing activities in the Karakorum started again 
with Charles Houston's expedition to K2 though no scientific programme was in- 
volved here. The next year came the expedition organized and led by myself and 
one of  the assignments the expedition was to carry out in the area of the Baltoro 
glacier was to take topografic surveys. The task was assigned to the Italian Mlitary 
Geographic Institute who appointed Captain Francesco Lombardi to the geodetic 
and topographic work planned by the expedition, assisted by the topographer 
Bashad Jan of the Survey of Pakistan. 

A special report from Lombardi illustrates the operations carried out by the 
topographic team and here I need only mention in brief the tasks assigned to the 
topographers. The work involved photogrammetric surveys in the Stak area with 
special reference to the valleys of the Kuthia and Goropha glaciers, on a scale of 
1:50,000. Sketch maps of the lower Stak valley and the Askore valley (scale 1:150,000) 
and a photogrammetric survey of the Turmik valley (scale 1:100,000), a photo- 
grammetric survey of K 2  (scale 1:12,500) and of various tributaries of the Baltoro 
not surveyed in 1929 (scale 1:75,000). Work also included measurement of the flow 
rate of the glaciers by photogrammetric method and the establishment of astro- 
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Fig. 30 - Map of "Italia Pm" by the G. Dainelli expedition 1930. (Reduced scale). 

nomic stations at Skardu, at two places in Stak valley, at Sasli (Haramosh) and 
at Gilgit with a view to  facilitating the preparation of geodetic and topographic 
surveys. 

If the programme was not carried out in full, principally because of adverse 
weather conditions, the results of the geodetic and topographic operations were 
nevertheless notable and the topographic maps enclosed in this book amply 
demonstrate this. 

Here is the list: 

1) Map of the Kuthia and Goropha 0allry.r and to the east the Lecho v a l l ~  as far 
as the Stak-la on a scale of 1:50,000. 

2) Map of the Stak and Tumzik vall~s, scale 1:100,000. 

3) Map of the Baltoro Glacier Valley, scale 1:100,000. 

4) Map of K2, scale 1:12,500. 
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I can add that even today there are no more precise and detailed topographic 
maps available than those mentioned above. 

T o  complete the picture with regard to the cartography produced by my dif- 
ferent expeditions, I should mention the topographic bases o f  the different 
geological maps and the geological maps themselves which are all original. 
They are as follows: 

1) Geological Tentative map of the Western Karakorum, scale 1:500,000 by Ar- 
dito Desio (1964); 

2) Geological Map of the Baltoro basin by Ardito Desio with the collaboration 
of Bruno Zanettin, scale 1:100,000 (1967); 

3)  Geological Map of K2, scale 1:25,000 (1968) by Ardito Desio; 

4) Geological Map of Central Badzkhshan (Afghanistan) by Ardito Desio, Ercole 
Martina and Giorgio Pasquare, scale 1:150,000 (1975); 

5 )  Tentative Geological Map of the Shaksgam Vallg, by Ardito Desio, scale 
1:250,000 (1980). 
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12. Geographic and Naturalistic Literature of Italian expeditions to the 
Karakorurn and Eastern Hindu Kush ( I )  
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lippi, etc.., I, 2, pp. 1-222, Zanichelli, Bologna. 
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Trieste. 
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* BARNARD P.D.W. (1970) - The Upper Triassic Phnt.r from the Kalawch River, Badukhshan (North- 
Eat AJghanistan). *Desiols Exped. to  the Karakorum (K') and Hindu Kush. Scient. Reportsn, 
IV, 2, pp. 3-22, Brill, Leiden. 
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Beschreibung einiger neuen Skaphiliniden-Arten. *Atti Museo Civ. St. Nat. Triesten, 12, pp.  86-88, 
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(1) The works concerning Desio's expeditions are marked by *. In the  list are also included the  Italian 
collaborators of foreing expeditions. This bibliographic review ends a t  1989 included. 
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LI. METEOROLOGICAL OBSERVATIONS O F  ARDITO DESIO'S 
1954 EXPEDITION (1) 

1. Introduction 

1.1 THE AIM OF THIS WORK. 

The 1954 Desio's Italian expedition to the Karakorum had two clear aims 
in mind: it was both a scientific and a mountaineering expedition. Its purpose 
was to gather information, data and material for a better geographical knowledge 
of the western Karakorum, and at the same time to climb the second highest 
peak in the world, the hitherto unviolated IS2. 

The meteorological observations contained in the original journal of Prof. 
Desio were part of the geophysical observations included in the plan of scientific 
research. 

The aim of this work is to subject the original data to critical examination, 
to enlarge upon them and to  analyse them so that they may be included 
in a full and systematic study of the static and dynamic meteoric conditions 
of the base camp area. This analysis of meteorological conditions applies to the 
period of the expedition's stay at the base camp, from May 26th to August 5th 
inclusive. 

One of the first problem was to transform the altimetric data into values 
of atmospheric pressure, taking into account the meteoric conditions at the time 
which are very different from those of the altimeter. It was also necessary to 
apply specific procedures for the analysis of the data regarding temperature, relative 
and absolute humidity, the speed and direction of both cloud and wind, 
precipitation, ablation and atmospheric state, because, at that altitude, the usual 
procedures don't give satisfactory results. 

The trends of these meteoric factors, presented in the form of charts and 
% 

(1) By Francesca Petrucco. 
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diagrams, have been compared with each other in order t o  give a more general 
picture of the problem. Significant details and results have been drawn from 
such comparisons and analyses. The temperature rises steadily from mid-June 
onwards, while in the same period the pressure rises and falls at period of 5-6 days. 

The ever present wind keeps at an average speed of 10 kmh in the base camp 
area, and are predominantly south-south-westerly while cloud direction is mainly 
south-west. 

As far as regards the weather, it will be seen that totally clear days are few 
in number. Usually, after snow and cold wind during the day-time, an improvement 
was noted in the evening and the clouds parted allowing the stars to be seen. 

Other strictly scientific results spring from the relations pointed out between 
the various meteoric factors which were examined. 

1.2 PREVIOUS KNOWLEDGE 

The information taken during the D e  Filippi expedition (1913-1914) by the 
scholars Alessandri and Venturi Ginori concern Skardu (Baltistan), Leh (Ladak) 
and the Depsang plateau. 

The expedition stayed at Skardu - 35"17'5OU N ;  75"38'32" E; 2233 m - in the 
months of November, December and January. Temperatures were noted in 
December of -12"C, with minimums of -17"C, the lowest temperatures being in 
January (-ZOC), then the temperature began to g o  up. The monthly average 
temperature were: November +Y.32, December -2O.89, January -3O.36. The sky 
was generally obscured by a light white haze, and the air was clear while there 
was snow in the valleys. The nights were clear and in general there was little wind. 

The observations at Leh (34'10' N,  77'35' E, 3,500 m )  refer to the months 
of April, May and June and then, although fewer observations were made, 
to the months ofJuly and August. Only sleet fell in the first months, the sky was 
generally overcast and *the atmosphere was turbid.. At Leh the climate is normally 
dry and barren, the average annual precipitation not being above 100 mm, while 
dew and frost were unknown. The heat in summer is intense. The average annual 
temperature is +14".1; in January it is -8".8 and in July it is +16".2. During the day 
it varies between 16" and -22", and there is little difference in the other seasons. 
The biggest annual change in temperature is 35O.2, with a maximum amplitude 
of 43'.1. 

( I )  ALESSANDW C.. V E N T U W - G ~ N O ~ I  N. (1931) - Mttewologia. Amlngio t Pirrlinmetrio. ~Relazioni Scientifiche 
della Spedizione ltaliana De Filippi-, serie I, vol. 3", Geodesia e Geofisica. Zanichelli. Bologna. 
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The sky during the period of the expedition's stay was almost always overcast. 
It was windy during the day, but calm at night, and there were squalls during 
the afternoon. 

The Depsang plateau is situated on  the border between the glacial zone of 
the Karakorum, which is essentially alpine and morphologically young, and the 
dry zone of the closed plateau of Tibet, which is morphologically old (Lingzi-tang 
and Akhsae Cin). The extreme eastern border essentially belongs to the latter- 
mentioned and forms a part of it. (Alessandri & Venturi Ginori, 1931). 

Situated north of the Karakorum, the plateau is completely sheltered from 
the wet southern winds, the only ones which can bring precipitation to that 
region. The Depsang plateau, which is oval in shape, borders on the South with 
the Murgo valley, on the West  with the Shayok valley which separates it from 
the mountain chain of the Karakorum pass, and to the East it joins up with the 
Tibetan plateau; it has a very high altitude (5,300-5,500 m), a surface area of  
about 1,000 km2, and is the highest plain in the world. 

The observations made by Alessandri and Ginori refer to the months ofJune, 
July and August. In June the number of calm days is equal to the number of days 
of bad weather, while in July-August the latter are much more numerous. 
The weather is extremely variable: there is good weather in the morning followed 
by a deterioration of conditions in the afternoon, and then calm of sunset. 

The sun is scorching with temperatures, however, rarely above +5"C. 
The nights are very cold, and temperatures of -1pC are often recorded. 

Clear days are very rare, and when so the sky is covered with a whitish 
haze because of the high vapours and perhaps also because of the dust on the dry 
plateaus which is gathered by the wind and lifted up to a great height. Among 
cloud types stratocumulus and cirrus are the most common; precipitations are 
frequent but not plentiful, consisting of showers, sleet and drizzle. As at Leh 
there is a characteristic absence of electric storms (thunder and lightning) unlike 
those recorded by Dainelli on the western Tibetan Plateau. 

One may also note here a windy period during the day: during the night 
it is completely calm. In the morning there is a light east wind which then turns 
west, growing in strength until it becomes violent in the afternoon, and finally 
calms down at sunset. 

As will be seen, the above mentioned meteoric conditions present analogies 
with those noted at the base camp of Desio's expedition. 

From the observations made by Alessandri and Ginori at Leh we have the 
following average monthly day- time temperatures: 
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April C.06; May g.96; June 130.87; July 1C.89; August 15O.93 while for the average 
monthly pressures we have: April 664.8 mb; May 664.7 mb; June 664.8 mb; 
July 662.0 mb; August 661.5 mb. 

On the Depsang plateau the average pressure for July was 532.2 mb, 
the values in the three decades being: 532.0 m b  (1) - 533.0 mb (U) - 531.6 (u). 

In June and July the monthly average temperatures during the day were 
-0".31 and +3".15 while in the ten day periods they were: in June -4.25 (I), 
q . 9 1  (II), +4".22 (LU) in July +1".26 (I), +5".09 (U), +3".10 (LU). 

1.3 SUMMARY OF THE ~ K O R U M  CLIMATIC CONDITIONS. 

The climate of the Karakorum, given its inland position and the shelter offered 
by the Kashmir Himalaya, is continental and, on the whole, severe. This is a result 
of the considerable altitude of the region which is not only due to the fact that its 
peaks are high, but also to the great height of its valleys and mountain passes, many 
of which are above 3,500 m. 

Precipitation in the valleys is scanty, which receive more on the ridges, 
and where it always falls in the form of snow. The snow limit is, on average, 
very high (about 5,000 m) and gets higher as one proceeds from the great valleys 
of the lndus and the Shayok; it also rises to the south-east, towards the Tibetan 
plateau. 

While the climate of neighbouring Pakistan is dry (average annual precipitation 
is from 127 mm in the south-west to more than 600 mm in the north-east) 
and hot (average annual summer temperature is 330-50"C, winter 5°C) it isn't 
like that of the Karakorum because of fundamental factors such as the considerable 
height of the whole range and the fact that not hot air masses from the south have 
difficulty in penetrating to the region because they are obstructed by the Kashmir 
Himalaya mountain range. The maximum rainfall is, however, in summer; the 
high continental temperatures contribute towards keeping the snow limit high. 

Changes in temperature during the day and the year are as a result very 
considerable. In summer, changes in temperature ranging from -10°C to +25"C 
can be recorded in the same day. In winter the cold is intense with minimum 
temperature as low as -40°C. Average temperatures are round about -15°C. 

The climate improves the nearer one gets to the Indus and Tsangpo valleys. 
Sudden violent storms are frequent with intense cold, snow and hail. 

By reporting the monthly values and the average annual temperature, pressure 
and precipitation at various points throughout the Karakorum, we can gain a clear 
picture of the continental nature of the climate which prevails in that region. 
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Tab. 1 

COORDlNATES AND ALTITUDE 

Locality Latitude N Longitude E 

LAHORE 31" 34' 74"21' 

JAIPUR 26" 55' 75" 52' 

ALLAHABAD 25" 28' 81" 54' 

34" 10' 77" 42' 3500 

PRESSURE (mb) 

PRECIPITATION (rnrn) 

TEMPERATURE ("C) 

Locality 

LAHORE 

JAlPUR 

ALLAHABAD 

DEC 

858.0 

833.1 

871.9 

665.3 

848.9 

825.5 

862.8 

664.5 

AUG 

841.2 

818.6 

855.2 

663.4 

l l r H  1 - 6 9  1 - 1 9  1 0 . 3  1 6 . 1  1 1 0 . 2  1 1 4 . 5  1 1 7 6  1 1 7 . 3  1 1 3 . 3  1 7 . 0  I 1.2 1 - 4 2  1 6 . 1  1 

MAY 

843.8 

821.4 

857.7 

665.0 

Locality 

LAHORE 

JAIPUR 

ALLAHABAD 

LEH 

JAN 

12.8 

16.3 

16.3 

SEPT 

845.8 

822.9 

859.4 

665.7 

MAR 

852.3 

828.2 

865.7 

663.7 

FEB 

14.7 

18.2 

18.7 

JUN 

839.4 

817.4 

853.5 

663.9 

APR 

851.5 

824.9 

861.4 

664.9 

JAN 

857.4 

832.4 

871.3 

663.0 

OCT 

851.6 

828.2 

865.3 

667.3 

JUL 

838.8 

816.5 

853.2 

662.6 

FEB 

855.6 

830.7 

868.0 

661.8 

AUG 

31.4 

28.7 

29.1 

MAR 

20.5 

23.9 

24.9 

N O V  

856.1 

831.6 

869.7 

667.1 

MAY 

31.8 

33.2 

33.9 

APR 

26.7 

24.9 

30.7 

SEPT 

29.9 

28.7 

29.1 

JLIN 

34.3 

33.6 

33.7 

OCT 

25.3 

26.5 

26.3 

JUL 

32.6 

30.1 

30.2 

*T,"g 

24.4 

25.6 

25.8 

NOV 

18.8 

21.3 

20.8 

DEC 

13.7 

17.2 

16.5 
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2. Meteorological investigations 

The meteorological observatory consisted of  a ply-wood box, with a layer of 
cadorite 4 cm thick on the inside which separated it from the ground on which it 
was placed, that is an icy ridge about two metres off the ground. This ridge was part 
of a series of reliefs formed by the Godwin Austen glacier which stretched into 
the valley below it. 

The cadorite was widely used by the expedition for the transport and mainte- 
nance of all the most easily perishable materials such as special foods, cine-photo- 
graphic materials etc. In fact it ensures for quite a long time a difference of 20' 
between the contents and the environment. The dimensions of the box (40x40~80 
cm) were those a normal container which the porters had brought up with the 
expedition. 

The instruments used were the usual maximum and minimum thermometers, 
and a thermometer at 1/10 degree. The only psychrometer broke after the first 
observations, while it was only possible to read the altituaks on the Thommen 
barometer. Wind velociy was measured with a portable windmill. 

Observations were made daily at 8.00, 15.00 and 20.00 hours. 
The temperature reported in the tables under the heading ushm is that measured 

in the shade. It was only possible to have maximum and minimum temperatures for 
a few days because the maximum and minimum thermometer broke on June 3, 
which meant that normal thermometers had to be used. The measurements, 
however, are always in *C. 
- As will be said further on, pressure in millibars (mb) was calculated on the bases 

of the altitudes found in the diary. 

- Snow precipitationr are under consideration, measured in centimetres (cm), but 
it is always necessary to bear in mind the continual ablation, owing to the notable 
change in temperature and the continual wind. 

- Cloud-cover was measured on a scale of 1-10.0 signifies completely clear sky: 
1 that a tenth part of the sky is covered by clouds and the rest is clear etc.: 10 
signifies that the sky is completely overcast. 

- Armosphenc stute indicates if there was fog (f), rain (r), snow (sn), cloud (cl), 
or if the atmosphere was clear (c). 

- Cloud 4pe and direction are also noted: 
cirrus (cr) = fine white clouds in the form of feathers and plumes, and very high; 
cumulus (cu) = low clouds, shaped like big round flakes; 
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stratus (s) = clouds lying horizontally in the atmosphere. 
Compound forms: strato-cumulus (s cu), cirro-cumulus (cr cu), cirro-stratus 
(cr s). 

By direction is meant the direction the clouds are coming from, observed 
clouds vertically, and referred to the cardinal points. 

- The measurements of wind~peed (if only with a portable wind-mill) was according 
to the following scale: o (-) calm; I wind hardly noticeable and which makes 
some suspended light objects move; 2 wind a bit stronger, which moves the sides 
of the tents and whistles faintly; 3 very strong and stormy wind which can move 
heavier objects; 4 hurricane. The direction always refers to the direction the wind 
is coming from, with reference to the cardinal points. 

- In those few cases in which the relative humidity has been obtained, it is shown 
in %, while water vapour pressure is in mb. 

The original data collected by Desio's expedition are reported on the following 
pages. Moreover some values, marked with a dot, are not original, but have been 
obtained by logical extrapolation and put in the table for the sake of continuity. 

n night 
m morning 
aft afternoon 
d.t. day-time 
c clear 
cm calm 
r rain 
d t  drizzle 
f fog 
sl sleet 
sn snow, snowing 
cl cloud 
wd wind 
temp temDerature 

s stratus 
v. p. water vapour pressure 
R.H. relative humidity 
Mlm maximum/minimum 
d lw dry bulblwet bulb 
sh shade 
D.A.1F.C. the surmane and name of 

the person who made the 
observations: Desio Ardito, 
Floreanini Cirillo 

CONF. Confluence 
GLAC. Glacier 
YOUNHUSB. Younghusband 

cr cirrus 
cu cumulus 

BROAD P. Broad Peak (Falchan Kangri) 



Tab. 2 ORIGINAL METEOROLOGICAL DATA TAKEN DURING THE EXPEDITION 
m 
h) 

STATE 

oh 

nu 

nu 

sr 

nv 

nv 

nv 

nv 

GENERAL OBSERVATIONS 

D.A. n. dz 

m r, then c 

38°C Thermal sulfur spring 

F.C. n.r 

changeable weather 

n dz so below 4.000 m 

m u .  temp. during march 

Light sn from 07.00 to 
13.00 hours 

LOCALITY 

SHIGAR 

DASSO 

CHAKPO 

CHUTRUN 

ASKOLE 

CONFL.DUMORD0 

PA&' 

LILlGO 

LlRDUKAS 

RH 
V ' P '  

PREC. 

cm 

5 

0-10 

10 

10 

10 

0 

7 

10 

5 

8 

3 

8 

10 

10 

10 

5 

3 

1 

c u S l l W  

1 

rypc 

n s  

scu 

cu 

scu 

s 

cu 

s 

ncu 

cu 

scu 

s 

s 

n 

cu 

cu 

cu 

rcu  

rpccd 

- 
- 
2 

- 
- 
1 

1 

7 2 w  

1 

1 

1 

- 
1 

1 

- 

- 
- 0 1 W s r  

- 0 1 W s r  

- 0 1 N s r  
- 

- 0 1 W s r  

1 

ALT. 

m 

2308 

2350 

2786 

. 
3032 . . 
3200 

3450 

3850 

4057 

. 

. 

- 
. 

- 
- 

CLOUDS 

dir. 

W 

SE 

SW 
- 

SW 

SE 

ENE 

s S W 9  

SW 

s c u N 7  

SE 

WNW 

s - 1 0 -  

W 

S - 1 0 -  

WSW 

s - 1 0 -  

sw 
s c u S 6  

SSE 

SSE 

SE 

WIND 

dir. 

- 
- 

S w  
- 

NW 

W 

1 N W  

W 
1 W  

SW 

ENE 

- 

\Kr 
- 

SE 

- 

1 W  

- 

N W  

PRESS. 

mb 

739.0 

731.0 

714.0 

714.0 

714.8 

675.0 

672.0 

671.0 

673.0 

670.0 

675.0 

651.0 

651.0 

620.0 

618.5 

597.5 

598.0 

597.0 

597.0 

610.0 

610.0 

620.0 

625.0 

630.0 

625.5 

615.5 

630.0 

635.0 

615.5 

V 

d. 

3 

4 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 

9 

9 

10 

10 

11 

11 

12 

12 

13 

13 

14 

14 

15 

I5 

16 

16 

17 

Month 

dmc 

5.30 

6.30 

13.15 

20.00 

5.45 

13.00 

8.00 

15.00 

7.00 

17.00 

6.00 

18.00 

6.30 

17.00 

6.00 

17.30 

7.00 

18.00 

8.00 

19.00 

8.00 

18.00 

8.00 

19.00 

8.00 

19.00 

8.00 

18.00 

5.00 

h 

10.5 

11.5 

13.0 

10.5 

8.0 

17.0 

8.0 

10.0 

4.0 

8.0 

5.0 

11.0 

6.0 

2.0 

0.0 

2.0 

-1.0 

3.0 

3.0 

-1.0 

-1.0 

11.0 

-1.0 

2.0 

1.0 

0.0 

1.0 

6.0 

-3.0 

TEMPERATUREUC 

11.0 

11.0 
28.01 
14.0 

10.0 

1-2.0 
13.01 

1-7.5 

1-6.0 
16.01 

17.01 

d l  
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LOCAUlY 

BlANGE GL. 

. . 
YOUNGHUSB. GL. 

CONCORDLA 

BASE CAMP 

ALT. 

m 

4230 . 
4370 

4530 . 
. . - 

4890 

4880 

4890 

4860 

4870 

4875 

4880 

4870 

4860 

4830 

V 

d. 

17 

I8 

19 

19 

20 

20 

21 

21 

22 

22 

23 

23 

23 

24 

24 

24 

25 

25 

26 

26 

26 

27 

27 

27 

28 

28 

29 

29 

29 

PRESS. 

mb 

585.0 

585.5 

575.0 

564.0 

563.5 

562.0 

561.5 

560.5 

561.0 

561.0 

560.7 

561.0 

562.0 

563.0 

562.5 

564.0 

565.0 

532.0 

532.8 

532.2 

534.1 

533.5 

533.2 

532.8 

533.5 

534.1 

536.1 

536.1 

536.1 

Month 

time 

19.00 

8.00 

7.00 

19.00 

9.00 

18.30 

14.00 

19.00 

8.00 

19.00 

8.00 

14.00 

21.00 

8.00 

14.00 

21.00 

7.00 

20.00 

8.00 

15.00 

20.00 

10.00 

15.00 

21.00 

7.00 

20.00 

8.00 

15.00 

21.00 

sh 

1.0 

0.0 

-5.0 

-5.0 

0.0 

-8.0 

-5.0 

-7.0 

-3.0 

-8.0 

-1.0 

3.0 

-14.0 

-9.0 

3.0 

-12.0 

2.0 

-16.0 

-3.0 

1.0 

-9.0 

1.0 

-1.0 

-10.0 

-7.0 

-5.0 

-1.0 

17.0 

-4.0 

RH 
"'P' 

W E R A T U R E  

10.01 
-51-8 

12.01 
1-10.0 
8.01 
1-20.0 

1-13.0 
9,01 
1-20.0 
"01 
1-14.0 
30.01 
I-15.O 
5.01 
1-14,0 
17.01 

PREC. 

cm 

4 

I 

3 

l2 

"C 

dlw type 

s 

s 

s 

s 

s 

s 

clcu 

- 

- 

N 

CLOUDS 

dir. 

- 

s - 1 0 -  

- 
- 
- 
- 
- 

s N 1 0 -  

s c u N ' N W 6  

W 

- 

c u W 1  

S c u W  

c u N W 2  

C u m 2  

C u N W 1  
- 

S W  

- 

WIND 

speed 

- 

1 

1 

1 

1 

1 

- 

1 

- 0 1 N s r  

- 0 1 E s r  
- 

2 

1 

1 

1 

1 

- 0 1 E s r  

- 

STATE 

nv 

nv 

nv 

nv 

nv 

nv 

nv 

nv 

sf 

Sf 

sr 

sf 

sf 

0-10 

10 

c u W 4 2 E  

c u W 2 I N  

3 s - 8 1 S E  

10 

10 

10 

9 

10 

3 " 1 1 N  1 

4 c u w 2 1 w  

0 

- 0 -  

0 

2 

- 0 -  

0 

dir. 

- 
- 

SSE 

S 

S 

SE 

SE 
- 

NE 

- 

1 S E  

S 

S 

S 

1 S W  

NE 

SE 

- 
- 

GENERAL OBSERVATIONS 

In from 15.30 hours 

little snow 

line sn between; 20.00a.d 22.00 hours 

fine snow between 16.00 and 18.00 h. 

H u v y  so in whole 24 hours - 38 cm 

Heavy m 

Heavy sn from 19.00 yesterday 
until 8.00 hours today 

The buomcccr not registering 
any more - calculate the pressure 
according t o  difference In height 
of h e  altimeter 
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BASE C A W  

ALT 

m 

4825 

4835 

48>> 

4860 

4865 

4875 

4885 

4880 

4860 

4885 

4865 

4930 

4955 

4952 

4980 

4976 

4968 

4952 

4962 

4940 

4925 

4938 

4920 

4962 

4950 

4912 

VIV1 

d. 

30 

30 

30 

31 

31 

1 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

8 

8 

8 

P U S .  

mb 

536.4 

535.8 

534.5 

534.1 

533.8 

533.2 

532.5 

532.8 

534.1 

532.5 

533.8 

534.7 

533.0 

533.2 

531.4 

531.7 

532.2 

533.2 

532.6 

534.0 

535.0 

534.2 

535.3 

532.6 

533.4 

535.9 

Month 

[rmc 

8.00 

l>.OO 

22.00 

8.00 

15.00 

7.00 

15.00 

21.00 

8.00 

15.00 

21.00 

8.00 

15.00 

21.00 

8.00 

15.00 

20.30 

8.00 

15.00 

20.00 

8.15 

15.15 

21.00 

8.00 

15.00 

21.00 

8.00 

15.00 

21.00 

RH 
".P. 

4014.3 

ah 

-2.5 

17.0 

-7.0 

3.0 

10.0 

-4.0 

5.0 

-4.0 

0.0 

4.0 

-3.0 

0.5 

2.0 

-5.0 

3.3 

2.5 

-1.5 

1.5 

-1.5 

-3.0 

-2.0 

0.0 

-5.0 

-4.0 

3.0 

-4.0 

1.0 

1.8 

-5.0 

TEMPERATURE 

1-8.0 

1-14.0 
'3.01 

(1)' 

1-11.0 
12.01 

1-9.0 

I - ~ O . ~  

'C 

d/w 

8813.0 
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8 5 s n s  > 
c c c c  

C 6 5 c 

l ~ z l l l z ~ z l L O * " Y ~ l L O L O " Y " Y L O l " Y " Y " Y " Y ~ z ~ k  ", "Y LO 

I N - I  I I - - - I N - - N t m N N - ~ I - N ~ e + - - -  
% 

.= 

z w  
B u 
5 
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8 F 
i5 2 

n n n n n n n  n n n 
n ; ; p p p p ; : g  x z z g  n. 

a o C C C C C  e c o  

"l 
0 

u 

? 

2 4  

5 

- ~ z - - n z z n n ~ z z z ~ o m v o z z z n n o v n - -  

I ~ I  I $ ~ A ~ ~ ~ C B $ , ~ ~ ~ I I I ~ I A ~ I ~ E I ~ ~ I B  
, ~ ~ a a a , ~ a a , , , , , l ~ ~ I ~ ~ ~ ~ a I a ~ I ~  V) .A (I) (I) (I) U r n  ,, 
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I E B B B I ~ E I ~ ~ ~ ~ ~ ~  n n n a n  n n  n n a n  8 ,  . ~ g g . - - ~  2 5 ,  1 1  



Tab. 2 continued (7) 

GENERAL OBSERVATIONS 

Little cloud on K2 

Ah short sl  shower 

N sl shower 

In until short time ago 

N another 3 cm sn 

A few flakes of snow 

Snowed briefly 

N 2 cm sn 



Tab. 2 continued (8) 
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n ; r r M r  M M M  I. * * a *  a a a  
C r r r r  c " " " . A  

1 1 ~ ~ 1 1 1 1 1 1 1 m 1 1 1 I z z z ~ ~ m m I  I W B W Z  

0 ~ 0 ~ ~ ~ ~ 9 9 ~ ~ ~ 0 ~ 9  9  9997sc?;22222wa0 r - m w  2 z - - m m v , O 2 p -  
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- RH 
v. p. 

PREC. 

cm type 

scu 

Cu 

cu 

- 

scu 

CLOUDS 

dir .  

s c u S W  

N W  

S  
- 

c r S W 4  

c u S W 7  

- 

s c u S W 2  
- 

s c u m 6  

c u S W 2  

W  

speed 

1 

- 
1  

1  
- 

1  

- 0 1 S s r  

- 0 1 E s r  

- 0 2 E s r  

2  

- 
- 0 1 N s r  

- 0 2 N s r  

- 0 1 N s r  

- 0 1 S s r  

- 0 Z E s r  

- 0 1 E s r  

1  

- 0 1 E s r  

- 0 1 S s r  

- 

- 0 Z E s r  

1  

ATMOS' 
STATE 

pg 
pg 

sr 

sr 

0.10 

8 

8 

5 

3 

0 

0  

s S W 3 1 W  

s S W 8 1 W  

7 

dir. 

S  

S  

E  

S  

NE 
I N  

- 

E  

E  

GENERAL OBSERVATIONS 

N R 

Aft violent storm w i d  hghtning 
and ran 

N m d N R  

Aft violent storm 

N frost 

r Linlc bur continuous wcarhcr 

mainly clur 

Aft sand - storm and wd 
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3, Critical examination and processing of the data 

All the processing of the meteorological data of the Italian expedition to the 
Karakorum is based on the original diary of Prof. Desio, which contains the meteo- 
rological observations taken by himself daily at base camp o r  assisted by Cirillo 
Floreanini. At first sight the diary looks incomplete and as if the data are conflicting, 
the tables give a lot of data and information, but the inaccuracies and uncertainties 
completely justified by difficult and unfavourable environmental conditions, such 
as the terrain and difficulty for movement. 

The data for cloud-cover, wind and clouds were quite good and complete even 
if they weren't taken regularly or  every day. 

The question of temperature was a little more complicated; in fact daily 
maximus and minimums weren't measured because soon after the arrival of the 
expedition at camp on June 3rd, the maximum-minimum thermometer ceased 
to work properly. Thus for the daily averages in the absence of maximums and 
minimums, he contented himself with taking the averages of the temperatures 
at 08.00 and 20.00 hours. The measurements were taken three times a day, usually 
at 08.00, 15.00 and 20.00 hours. 

Given the systematic nature of the observations it has been possible to make 
up daily tables with values and measurements at the above mentioned hours and 
therefore to make the possible comparisons, averages for ten day periods and 
months and to note the variations during the day as well as the behaviour of the 
daily averages. This holds for both the temperature and pressure, as well as for 
cloud type and direction, cloud-cover and wind speed and direction. 

Only in a few cases it was possible to obtain the relative humidity and water 
vapour pressure from the temperatures recorded with the wet and dry bulb ther- 
mometer; in fact the observations available were few and imprecise, and that was 
because even in normal conditions it is not easy to take these measurements. Thus 
an attempt was made to include the above-mentioned measurements in a syste- 
matic research, but this was abandoned because of the poverty of data, and which 
was often of uncertain value. 

There were considerable difficulties to be faced with regard to atmospheric 
Pressure; first among these was to establish the average pressure at base camp. In 
fact the barometer didn't work well and the scale was to limited, and the altimeter 
underwent variations in height owing to changes in pressure. 

Thus the data recorded in the place of pressures were altitude, in metres, and 
from these as will be seen shortly the atmospheric pressure was obtained in milli- 
bars on the bases of the average pressure, calculated in the following way. 



94 METEOROLOGICAL OBSERVATIONS 

Given that the average pressure and altitude of Concordia (563 mb and 
4530 m) the station previous to the base camp, are valid, from the <(Smithsonian 
Meteorological Tables. one gets the gradient A h to 1 mb, at O" (at the height of 
5430 m) = 14mlmb. 

If we assume a height of 4941 m for the base camp, which is contained in 
Prof. Desio's diary and obtained by him from the average of 25 altimetric measures 
(June 4th -June 11th) and if we proceed in the same way as above, the gradient 
A h to 1 mb, at 0 (at a height of 4941 m)  gives a result of 15.4 mlmb. 

By taking the difference between the two heights, that of Concordia and that 
of the base camp, there is a difference in height of 410 m. The average value 
between the two heights is 14,7 mlmb obtained that is by the average of the two 
preceding gradients. 

If we suppose that the average temperature, in the period June 4th -June llth, 
the two, is -5*C, the average of A h between the two heights gives a result of 14.5 
mlmb, still based on the ((Smithsonian Meteorological Tables.. 

If we divide the difference in height between Concordia and the base camp by 
the gradient just found we get 

410 m x 1 mblm = 28.3 mb 
14.5 

28.3 mb which are substracted from 563 mb of Concordia since at greater heights 
pressure diminishes and vice-versa, and since 28.3 mb is the value corresponding 
to the difference in height between Concordia and the base camp: 

(563,0 - 28,3) mb = 534.7 mb. 

This result in the average pressure at base camp calculated by means of the 
~Smithsonian Meteorological tables. and the data in the diary. 

NOTE: If with such a pressure one wishes to obtain the height of the base camp, 
one can proceed in the following way. 

a) to 534.7 mb correspond 5104 m; this with the altimetric formula without correc- 
tlons. 

h - h l =  RT' I Po og - 
g '  P 

T o  these metres it will be necessary to add all the other metres obtained by 
the correction of the average temperature (between that at sea level and that at  
base camp), of  the relative humidity (calculated at about 50%), of gravity and 
latitude. 
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5104 m 
+ o m (corrective average temperature + 20' - 20' = 0'; annual av. temp.) 

2 

+ 15 m (corrective relative humidity) 
+ 5 m (corrective gravity) 
+ o m (corrective latitude) 

5124 m (altitude of base camp calculated with av. temp. = 0") 

b) If one now takes an average temperature of -10" (that is the average temperature 
at base-camp is -35": -35' + 15" on gets: 5104 x 0.037 = 188,9 m, t o  be 

2 
substracted from 5104 since lower pressures correspond to higher temperatures 
(hot air is lighter) and vice-versa. 

5104.0 m 

-188.9 m (corrective average temperature) 

- 20.0 m (other corrective factors) 
- 

4935.1 m (but this altitude isn't possible, since one an exclude an average 
temperature of -70'). 

c) Assuming a resposable average temperature like -50, the resulting altitude is about 
5000 m. 

It can be deduced from all these considerations that the altitudine of the base 
camp was about 5000 m, as was supposed by Desio, in the draft of this book ((La 
conquista del K2, seconda cima del mondo.. 

Let us now determine the pressures at the base camp during the expedition's 
stay. As has already been said, in the diary measures of altitude are found in place 
of those of pressure. Leaving out the data included in the period from May 26th 
to June 3rd in which it was necessary to operate differently, all the values of the 
heights from June 4th to August 6th have been taken. 

It was a case of three surveys of altitudes a day, values which were added up 
and then divided by the total number of surveys. An average was thus obtained 
of 176 surveys. Each one of the 176 heights was substracted from this average 
4929,67 m to obtain positive values, and negative values when the resulting average 
was lower than the height to be substracted. 

All these differences were divided by the gradient 15.4 mlmb ( A h to 1 mb at 
0" at a height of 4941 m) obtaining the corresponding millibars to substract or add 
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to the value 534.7 mb (the average pressure calculated at base camp) according to 
whether the heights were higher or  lower than the average. In this way pressure 
values were determined at base camp in the period June 4th - August 6th. 

The preceding data (May 26th -June 3rd) have been affected by a systematic 
error bacause of which it was necessary to modify them and carry them to values 
nearer to the 176 following ones by the following procedure. The difference was 
determined between the average of this series of values and that obtained from 
the 25 following ones. The difference (78.18 m) was added to each datum of the 
first series thus obtaining values homogeneous with the measurements taken in the 
following months. One then proceeded in the way described below. Curves were 
obtained from all these values which had been calculated, on which different equa- 
lizations were performed: 121 for the ten day period tables; 13431 and then the 
medians for the other tables until a homogeneous curve was obtained, according 
to the scheme drawn up by F. Vercelli. 

Only snow precipitations were considered since at such a height they don't 
fall in any other form. 

*Light shower,, Msleetm or ((desultory snow)) have been estimated in the order 
of 0.5 cm or 1.5 cm, but the values are merely indicative if one takes into account 
the ablation which has already been mentioned and the continual wind which was 
always present during the whole period of the expedition's stay at base camp. 
The ablation shown in the month of June wasn't recorded in the following month, 
but for reasons already given above, it has been hypothesized. 

T o  transform the wind scale used at base camp including calm (shown by a 
bar in the original data) up to grade 4, reference has been made to the usual Beau- 
fort scale, mahng grades 1 - 2 - 3 of this scale include grade 1 of the scale used at 
base camp, 4 - 5 - 6 include grade 2 etc. Thus the average velocity of the 4 
groups on the Beaufort scale, that is 2 - 5 - 8 - 11, correspond to the grades of the 
expedition scale in the following way: 
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Two periods were under consideration both for wind (frequency of  direction 
and velocity) and clouds (frequency of direction and type): the first from May 
26th -June 3Oth, the second from July 1st - August 6th. 

Expedition 
Scale 

1 

2 

3 

4 

m/sec 

1.8 + 3.3 = 2.55 
2 

7.5 + 9.8 = 8.65 
2 

15.3 + 18.2 = 16.75 
2 

25.2 + 29.0 = 27.10 
2 

Beaufort 
Scale 

2 

5 

8 

11 

krnlh 

7 + 12 = 9.5 
2 

2 7 + 3 5  =31.0 
2 

55 + 65 _ = 60.0 
2 

91+104 =97.5 
2 
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mb 

- 
532.0 

I 

I l l  31 1 10 11 20 I 1 1  30 1 I0 11 20 111 31 I l l  
- uv -JUNE I JULY AUGUST - 

Fig. 3 1 - AVERAGE D W Y  PRESSURES AND MEDIAN 
Ordinates: pressure in mb, Abscissae: days - decades - months 

Actual average daily pressures are shown without any equalization (thin line) and the 
median of the behaviour (thick line) obtained by the equalization 1/20 - 118 - 115 - 114 - 115 - 118 - 1120 
of the values already equalized according to the equalization 1/12 - 114 - 113 - 114 - 1112. 

Fig. 32 - EQUALIZED AVERAGE DAILY PRESSURES 
Ordinates: pressure in rnb, Abscissae: days - decades - months 

The curve is obtained from the above-mentioned values of the average daily pressures which 
have been thus equalized 1/12 - 114 - 113 - 114 - 1/12; such a curve has been included because 
it shows a 5-6 day period of the average daily pressures (see p. 118). 

mb 

512.0 

V 

1 1 1  31 I 20 I l l  30 1 10 11 20 I11 31 1 
JULY I AUGUST- 
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1 5 3 5 . 5  EQUALIZED 

Fig. 33 - AVERAGE PRESSURES O F  TEN DAY PERIODS, ACTUAL A N D  EQUALIZED, 
CALCULATED FROM THE DAILY AVERAGES AND FROM 'I'HE AVERAGES 
AT 08.00, 15.00 AND 20.00 HOURS 
Ordinates: pressure in mb, Abscissae: decades - months 

In the upper part of the figure are shown the curves of the actual average pressures of 
ten day periods; in the lower part the average pressures of ten day periods are equalized 114 - 112 - 114, 
taken from the daily averages (thick line) and from the averages at 08.00, 15.00 and 20.00 hours. 



loo METEOROLOGICAL OBSERVATIONS 

Cloud-cover 

20.00 HOURS 

F%. 34 - AVERAGE CLOUD-COVER OF TEN DAY PERIODS, ACTUAL AND EQUALIZED, 
CALCULATED FROM THE DAILY AVERAGES AND FROM THE AVERAGES 
AT 08.00, 15.00 AND 20.00 HOURS 
Ordinates: cloud-cover in tenths. Abscissae: decades - months 

The curves shown are those representing the actual average cloud-cover of ten day periods 
(upper part of the figure), and equalized (lower part of the figure), calculated from the daily averages 
and from the averages at 08.00, 15.00 and 20.00 hours. 
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- MAY I JUNE I JULY I AUGUST- 

Fig. 3J - ACTUAL AVERAGE TEMPERATURES OF TEN DAY PERlODS CALCULATED FROM 
THE DAILY AVERAGES AND FROM THOSE AT 08.00, 15.00 AND 20.00 HOURS 
Ordinates: temperature in "C, Abscissae: decades - months 

In the upper part of the figure the average temperatures often day periods are shown, calculated 
from the averages at 08.00, 15.00 and 20.00 hours. In the lower part the average temperatures 

m+M 8+20 m+M+8+20 of ten day periods are shown, calculated from the daily averages 7, ,- and ,, 
L L L 

representing the averages obtained from halving the sum of the maximum and minimum 
temperatures and halving the sum of the temperatures at 08.00, 15.00 and 20.00 hours (see 
P P  93-119 and N.B. tab. 8 p. 114). 
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Fig. 36 - EQUALIZED AVERAGE TEMPERATURES OF TEN DAY PERIODS CALCULATED 
FROM THE AVERAGES AT 08.00, 15.00 AND 20.00 HOURS 

- HAY JUNE JULY AUGUST - 

Fig. 37 - EQUALIZED AVERAGE TEMPERATURES OF TEN DAY PERIODS CALCULATE* 
FROM THE DALLY AVERAGES 
Ordinates: temperature in "C, Abscissae: decades - months 

The figure shows the average temperatures of ten day periods equalized 114 - 112 - 
calculated from the daily averages and from those at 08.00, 15.00 and 20.00 hours. 
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Fig. 38 - AVERAGE DALLY TEMPERATURES AND PRESSURES EQUALIZED ACCORDING 
TO THE MEAN AXIS 
Ordinates: right: pressure in mb, left: temperature in "C 
Abscissae: days - decades - months 

The figure shows the average daily pressures, equalized according to 1/12 - 114 - 113 - 114 - 1/12 
(thick line) compared with the average daily pressures equalized in the same way (thin line), 
and according to the median of these (broken line) after Vercelli's scheme shown on p. 96 (n. 4) .  

Fig, 39 - AVERAGE DAILY TEMPERATURES AND CLOUD-COVER EQUALIZED 
ACCORDING T O  THE MEAN AXIS 
Ordinates: right: cloud-cover in tenths, left: temperature in "C 
Abscissae: days - decades - months 

The average daily temperatures equalized 1/12 - 114 - 113 - 114 - 1/12 (thick line) are compared 
with the average daily cloud-cover equalized in the same way (thin line). 
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Fig. 40 - AVERAGE DAILY PRESSURES AND CLOUD-COVER EQUALIZED ACCORDING 
T O  THE MEAN AXIS 
Ordinates: right: cloud-cover in tenths left: pressure in m b  
Abscissae: days - decades - months 

The average daily pressures equalized 1/12 - 114 - 113 - 114 - 1/12 (thick line) are compared 
with the average daily cloud-cover equalized in the same way (thin line). 

534.0 

111 31 1 10 1 1  20 111 30 1 10 1 1  20 111 31 1 
L MY 1 JUNE I JULY AUGUST - 

Fig. 41 - AVERAGE DAILY TEMPERATURES, CLOUD-COVER AND PRESSURES 
EQUALIZED ACCORDLNG T O  THE MEAN AXIS 
Ordinates: right: cloud-cover in tenths and pressure in mb left: temperature in "C 
Abscissae: days - decades - months 

lie thick line shows the average daily pressures compared with the average daily cloud-cover 
(broken line) and with the average daily temperatures (thin line). ' lhe three curves under 
consideration are equalized according to the mean axis. 
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Fig, 42 - FREQUENCY IN 010 O F  WIND DIRECTION AND SPEED DURlNG 
THE PERIOD 2615 - 3016 

On the left the wind direction frequency (in 0'0) is shown. On the right the wind speed 
frequency (in %) for the first period (May 26 -June 30). 

Under the scale of wind direction frequency (in 0'0) can be seen the frequency of the calm 
days at the base camp when no wind direction was noted. 

The diagram for wind speed can be read by applying the wind speed scale used at the base 
camp to the abscissae (see p. 81) and the frequency (in 010) to  the ordinates. 

Fig. 43 - FREQUENCY IN 010 OF WIND DIRECTION AND SPEED DURING 
THE PERIOD 117 - 618 

Wind speed frequency (in 010) is shown on the left, and wind direction frequency (in %) 
during the second period (July 1 - August 6) is shown on the right. 

Under the scale of wind direction frequency (in %) we can see the frequency of calm days. 
The diagram for wind speed can be read by applying the wind speed scale used at the base camp 
to the abscissae (see p. 81) and the frequency (in 010) to the ordinates. 
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Fig. 44 - FREQUENCY I N  010 O F  CLOUD DIRECTION AND TYPE DURING 
THE PERlOD MAY 26 - JUNE 30 

I c - f  
( c l e a r  and f o g )  

E 
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c r  I 

c r - c u  i 
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I -CU  

CU 
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f 
I 

Fig. 45 - FREQUENCY I N  OIO O F  CLOUD DIRECTION A N D  TYPE DUFUNG 
THE PERIODJLnY 1 - AUGUST 6 

The frequencies (in %) of cloud direction are shown on the left while those of cloud type 
are shown on the right, for the two periods under consideration. 

Below the frequency scale (in %) of cloud direction is shown the frequency of  clear and 
foggy weather. For the diagrams of cloud type the frequency values (in O/O) are on the abscissae 
while the clouds, from highest to  lowest, are on  the ordinates. 
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Fig. 46 - THE AVERAGE PRESSURE, TEMPERATURE, CLOUD-COVER AND 
PRECIPITATIONS O F  SNOW OVER TEN DAY PERIODS 
Ordinates: right: cloud-cover (tenths) and pressure (mb) 

left: temperature "C and height (cm) 
Abscissae: decades - months 

The curves for the three parameters (temperature, pressure and cloud-cover) have been 
uniformly equalized 114 - 112 - 114 and are clearly shown in the diagram. 

For the precipitations of snow it was preferred, for reasons of continuity with the diagrams 
which follow, to charge the mode of representation. 

c f rn cn a m s .  
stat.  

Fig. 47 - FREQUENCY LN O/o OF ATMOSPHERIC STATE DURING THE PERIOD 
MAY 26 -JUNE 30 AND PERIODJULY 1 - AUGUST 6 

The first period is on the left, the second is on the right. The frequency of the atmospheric 
state is represented (in 010) by placing the frequency in the ordinates and the atmospheric state 
on the abscissae (with the symbols c = clear, f = fog, sn = snow, cm = calm). 
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Fig. 48 - AVERAGE DAILY PRECIPITATIONS O F  S N O W  AND ABLATION 
Daily precipitations and ablation are shown. The  altitude, in cm., of the precipitations and 

ablation, is shown on the ordinates. 
"Heights indicates the thickness of the precipitations of  snow and of the ablation. The follo- 

wing figure has been drawn up  from the values of this one. 

Fig 49 - AVERAGE PRECIPITATIONS O F  S N O W  A N D  RELATION OVER TEN 
DAY PERlODS 

The average precipitations of snow and ablation over ten day periods are recorded on the 
ordinates. The ten day periods and months are on the abscissae. The broken outline indicates! 
as stated on pp. 96-122, a hypothesized ablation. 
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Tab. 3 FREQUENCY OF WIND SPEED (1) 

Period I (2615 - 3016) Period LI (117 - 618) 

SPEED 

SW 

W 

NW 

CALM 

- 
(1) The comments concerning the tables 3-10 are on the pages 116-117 
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Tab. 5 FREQUENCY OF CLOUD TYPE 

Period I (2615 - 3016) Period I1 (117 - 618) 

cr-CU 

s-cu 

n b 

Tab. 6 FREQUENCY OF CLOUD DIRECTION 

Period I (2615 - 3016) Period 11 (117 - 618) - 
DIR. 

- 
N 

NE 

E 

SE 

s 

SW 

W 

NW 

- 
sr.nb - 



Tab. 7 METEOROLOGICAL DATA AT 0.8.00, 15.00 AND 20.00 HOURS 

V/VI  

g. 

26 

27 

28 

29 

30 

31 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

08.W 

532.8 

533.5 

533.5 

536.1 

536.4 

534.1 

533.2 

534.1 

533.9 

534.7 

531.4 

533.2 

535.0 

532.6 

534.9 

535.7 

535.0 

534.0 

532.7 

532.6 

531.7 

535.3 

536.3 

538.0 

538.0 

537.4 

537.3 

534.4 

PRESSURE 

15.00 

532.2 

533.2 

534.0 

536.1 

535.8 

533.8 

532.5 

532.5 

533.2 

533.0 

531.7 

532.6 

534.2 

533.4 

534.5 

534.4 

532.7 

532.7 

531.7 

531.5 

532.6 

534.4 

536.0 

537.4 

537.6 

537.5 

537.5 

534.0 

08.00 

-3.0 

1.0 

-7.0 

-1.0 

-2.5 

3.0 

-4.0 

0.0 

0.5 

3.3 

1.5 

-2.0 

-4.0 

1.0 

0.5 

0.8 

-3.0 

1.5 

-1.5 

-1.5 

-4.0 

-3.0 

-1.0 

2.0 

1.0 

2.0 

-1.8 

-2.0 

mb 

20.00 

534.1 

532.8 

534.1 

536.1 

534.5 

534.1 

532.8 

533.8 

534.1 

533.2 

532.2 

534.0 

535.3 

535.9 

535.3 

534.7 

534.7 

534.0 

532.7 

531.9 

534.0 

536.0 

537.3 

537.4 

538.1 

537.3 

536.7 

530.4 

TEMPERATURE 

15.00 

1.0 

-1.0 

3.0 

17.0 

17.0 

10.0 

5.0 

4.0 

2.0 

2.5 

-1.5 

0.0 

3.0 

1.8 

5.5 

0.5 

7.0 

3.0 

-2.5 

-3.5 

-3.0 

-2.0 

0,5 

1.0 

1.5 

2.0 

2.0 

0.0 

CLOUD 

08.00 

0 

2 

0 

0 

0 

1 

0 

0 

0 

1 

8 

8 

8 

2 

1 

8 

4 

2 

3 

5 

10 

3 

3 

3 

2 

7 

10 

10 

OC 

20.00 

-9.0 

-10.00 

-5.0 

-4.0 

-7.0 

-12.0 

-4.0 

-3.0 

-5.0 

-1.5 

-3.0 

-5.0 

-4.0 

-5.0 

-4.0 

-5.0 

-3.0 

-4.0 

-6.0 

-5.0 

-9.0 

-6.0 

-6.0 

-3.5 

-2.0 

-3.0 

-3.0 

-4.0 

COVER 

15.00 

1 

2 

1 

0 

0 

4 

3 

1 

0 

4 

8 

7 

4 

4 

3 

10 

5 

8 

10 

9 

7 

6 

5 

9 

10 

5 

5 

10 

08-00 

- 

- 
- 
- 

CU 

- 
- 
- 

cu 

s cu 

s 

cr 

crcu 

scu 

cr 

cr 

cu 

s 

s 

s c u  

crcu 

cr s 

crcu 

scu  

s 

s 

0.10 

20.00 

5 

1 

2 

0 

0 

1 

1 

1 

0 

10 

9 

6 

7 

1 

0 

10 

2 

10 

5 

8 

5 

5 

1 

1 

7 

10 

5 

10 

CLOUD 

15.00 

CU 

Cu 

- 

S 

s cu 

s c u  

crcu 

cu 

s cu 

cu 

crcu 

crcu 
- 

cu 

s c u  

s 

s 

scu  

scu  

s cu 

s cu 

s cu 

s c u  

s c u  

s 

CLOUD 

08.00 

- 

NW 
- 

w 

- 
- 

W 

W 

W 

W 

SW 

SW 

NW 

SW 

W 

SW 

SE 

W 

NW 
W 

W 

SW 

SW 

SW 

SW 

TYPE 

20.00 

Scu 

CU 

cu 

- 

s 

s 

- 

s 

s cu 

crcu 

cu 
- 

scu  

cr 

cr 

s 

s 

scu  

s cu 

cr 
- 

s cu 

s 

scu  

s 

15.00 

W 
N W  

w 

N 

N 

NW 

W 

W 

W 

NW 

SW 
- 

SW 

SW 

S 

SW 

W 

S 

W 

W 
- 

SW 

SW 

SW 

08.00 

- 

1 

- 1 -  

- 1 -  

- 

1 

2 

1 

1 

1 

1 

- 

1 

2 

I 

1 

1 

1 

2 

1 

3 

DIRECTION 

20.00 

W 

- S W 1  

- 

- 
- 

- 
- 
- 

N E  
- 
- 

N 

S 
- 

SW 

SW 

W 

W 
- 

SW 

SW 

SW 

08.00 

- 

s 
1 N E  

E 

S 
- 

- 
- 

N 
W 

W 

W 

N 
- 2 1 - S N  

N 
- 

S 

S 

S 

S 

S 

S 

SW 

SW 

S 

WIND SPEED 

15.00 

1 

1 

- 

- 1 -  

1 

- 1 -  

2 

3 

1 

1 

1 

1 

2 

2 

2 

1-2 

2 

1 

I 

- 

1 

2 

20.00 

2 

1 

- 
- 

- 

- 1 -  
- 

1 

- 
- 

2 

1 

1 

- 

2 

- 

1 

1 

1 

- 1 2 - S S -  

1 

I 

1 

WLND DIR. 

15.00 

SE 
S 

- 
- 

s 

S w  

SW 
- 

NW 

W 

W 

N E  

S 

SW 

S 

SW 

S 

S 

S 

SW 

S 

- 

SW 

S 

20.00 

S 
S w  

SE 

- 

- 
- 
N 
- 

SE 
- 
- 

N 

N 

S 
- 

S 
- 

S 

N 

S 

SW 

S 

S 
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Tab. 9 TEN DAY AVERAGE 

Tab. 10 MONTHLY AVERAGES (JUNE-JULY) AND AVERAGES FOR THE PEFUODE SPENT AT BASE CAMP 
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COMMENTS CONCERNING THE TABLES 

Tab. 1 - COORDINATES AND ALTITUDE I PRESSURE 1 TEMPERATURE 1 PRECIPITATION 

Tab. 2 - ORIGINAL METEOROLOGICAL DATA TAKEN DURING THE EXPEDITION 

Tab. 3 - FREQUENCY AND WIND SPEED 

Tab. 4 - FREQUENCY O F  WLND DIRECTION 

For the wind speed frequency and the wind direction frequency, two periods are under 
consideration (see p. 97). In the first period 36 measurements were taken at 08.00,36 at 15.00 and 36 
at 20.00 hours, while in the second 35 were taken. In total 108 measurements were taken in the 
first period and 105 in the second. An absolute frequency is shown (number of measurements 
referred to the 36 totals in the first period and the 35 in the second). There is also a relative 
frequency in O/o. 

In the third column, for both the first and the second periods, the sums of the absolute 
frequencies at the various times are shown, thus representing the absolute average daily frequencies 
during both periods. 

In the fourth column, again referring to wind velocity and direction for both periods, 
we can see the totals of the relative frequencies in O/o, obtained from the following ratio: 
sum of the absolute frequencies: total number of readings = x : 100 (x = sum of relative frequencies). 

Such values represent the relative average daily frequencies in O/O for the two periods. 
Figs. 42-43 p.105 are obtained from the values recorded in tabs. 3-4 p.109. 

Tab. j - FREQUENCY OF CLOUD TYPE 

Tab. 6 - FREQUENCY O D  CLOUD DIRECTION 

Two periods are also considered for cloud type and direction (see p.97). As far as concerns 
the absolute and relative frequencies and the sums of  the absolute and relative frequencies, the 
same considerations apply as those give in the explanations for tabs. 3-4 p. 109. 

Cloud type has been shown, beginning with the highest and going down to the lowest 
(from cirrus at cumulus). The frequencies of clear and foggy weather are separated by a line. 
For obvious reasons, neither cloud type or direction were recorded on these days. 

Fig. 44-45 p. 106 have been obtained from the contained in tabs. 5-6 p. 110. 
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Tab. 7 - METEOROLOGICAL DATA AT 08.00, 15.00 AND 20.00 HOURS (pp. 111-113) 
This table shows meteorological data, systematically collected at 08.00, 15.00 and 20.00 hours, 

for pressure (mb), temperature ("C), cloud-cover (tenths), cloud type and direction and wind 
speed and direction. 

The bar under the headings .cloud type and direction. means that the sky was clear or 
occluded, while under the headings .wind speed and direction. it signifies a calm day. 

The values of the pressures and temperatures marked with a dot have been added by means 
of extrapolations and logical considerations obtained by comparing data and situations met during 
the present analytical study. 

On page 113 (Tab. 7(2)) the average pressure, temperature, cloud-cover and wind speed for 
ten day periods have been shown separately for reasons of greater clarity. 

Tab. 8 - AVERAGES OF PRESSURE, TEMPERATURE, CLOUD-COVER AND WIND 
SPEED, BOTH DAILY AND OVER TEN DAY PERIODS 

The values of the daily and ten day averages of the pressure, temperature, cloud-cover and 
wind speed are shown. 

For the temperature (see pp. 93-119) the averages obtained from half the sum of the maximum 
and minimum temperatures and those at 08.00 and 20.00 hours are considered (see also tab. 8 p. 114). 

Tab. 9 - AVERAGE FOR TEN DAY PERIODS 

Tab, l o  - MONTHLY AVERAGES (JUNE -JULY) AND AVERAGES FOR THE PERIOD 
SPENT AT BASE CAMP 

In table 9 are shown the ten day averages from which all the figures of the day averages are 
derived (fig. 19 - 20 - 21 - 22 - 23 - 32). 

The following table (tab. 10) is drawn up from the values in the above mentioned table 
(tab. 9) showing the monthly averages forJune and July, the total average for the two months and for 
the 8 ten day periods under consideration in the present study. These represent, in their entirety, 
the whole period spent by the expedition at the base camp: May 26 - August 6. 
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4. Results of the study 

4.1. ATMOSPHEFUC PRESSURE 

The average daily atmospheric pressure (fig. 31) ranges between a minimum 
of 531.8 mb and a maximum of 537.9 mb. Daily changes in pressure, however, 
varied between slightly wider limits, as can be seen in tab. 7, where one can see 
minimums of 530.4 mb and maximums of 538.1 mb. 

In fig. 32 one sees the repetition of high and hence low pressures at periods 
of 5-6 days, while if one considers the median of the daily average pressures (fig. 31) 
one notes an increase of the median up to the end of the second decade ofJune 
folowed by a steady drop until halfway through the third decade ofJuly; at this 
point the median tends to g o  up. 

If we refer to the average pressures of ten day periods calculated from the 
daily averages and from the averages of 08.00, 15.00 and 20.00 hours (fig. 33) 
one can see that the curves for 08.00 hours, 15.00 hours and the median are 
almost parallel. The curve for 20.00 hours, on the other hand, has a behaviour 
all of its own: it generally gives high pressure values compared with those 
of other times, resulting from the fact that towards evening the weather in 
the base camp area often cleared up which gave those on the expedition 
cause to hope that there might be suitable clear weather for carrying on the ascent 
to the summit. 

They would be disappointed promptly at 9.00 hours the following day, and 
this is shown in fig. 33 where we can see that the curve gives lower values than 
those at 20.00 hours except in the period between the third decade of June and 
the first of July. 

Fig. 34 shows average cloud-cover over ten day periods, and confirms what 
has already been said: the sky became clear towards evening after having been corn- 
pletely overcast at 15.00 hours. In fig. 38-41 the average daily temperature, pressure 
and cloud-cover have been compared, and one sees how the cloud-cover was 
always rather high even when the pressure increased as, for example, during the 
second and third decades of  June, while the temperature (fig. 41) was 
constantly rising after a drop from halfway through the second decade ofJune 
until halfway through the next one, coinciding with the rise in atmospheric 
pressure. During the whole of the expedition's stay at base-camp, the atmospheric 
pressure kept around an average of 534.6 mb (tab. 10). 
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Unlike the pressure, the temperature gives curves at 08.00 and 20.00 hours 
which are parallel to the median. 

In fig. 35-37 one can see three median curves: m + M  (thick line), 8 + 20 
2 2 

(thin line) and m + M  + 8 + 20 (broken line), this one being the average between 
2 

the first two which is then taken into consideration for the following diagrams. 

The curve for 15.00 hours shows, in the second decade ofJune, a drop which 
is not found at 08.00 and 20.00 hours. The  continual rise in temperature between 
the third decade of June and the first decade of June should be stressed, which 
reaches and exceeds O°C, and then continues to rise fairly consistently. 

The temperature values for 15.00 hours are the highest, as this time was when 
the temperature was highest. Sometimes, of course, the temperature at this time 
is not the highest of the day, because of atmospheric disturbances, sudden 
storms or winds. Temperature and cloud-cover (fig. 39) behave normally: as 
long as the temperature remains a few degrees below zero the cloud cover is 
dense, then halfway through the first decade of July the temperature rises above 
zero and begins to increase, while the cloud-cover decrease. 

Temperature and pressure, as already been seen, are illustrated in fig. 38 and 
it is interesting to note how the diagram can be divided into three parts: the first, 
which lasts until halfway through the second decade ofJune, shows a simultaneous 
drop in temperature and rise in pressure which increases, in the second part, until 
halfway through the first decade ofJuly, while the temperature, although always 
low, gives signs of going up. Finally there is a third part in which the temperature 
is above 0°C and the pressure tends to have values as low as an average daily mi- 
nimum of 534.4 mb. So in the months of July and August, temperatures above 
0°C correpond to low pressures, while fairly low temperatures and dense 
cloud-cover correspond to high pressures. 

If one takes fig. 41 into consideration where the three parameters (temperature, 
pressure and cloud-cover) are compared, the three parts described above become 
even more meaningful and clear: 

1st part - pressure vises while the temperature goes further and further 
below zero and the cloud-cover increases, creating unfavourable meteorological 
conditions. 

Zndpalt - period of high pressure with dropping temperature and a constant 
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cloud-cover, despite two decreases; the weather, then, was even more unfavourable 
to the expedition. 

3rd part - the pressure goes down and the temperature does the opposite, 
while the cloud-cover drops to even lower values. In this periods (at the end 
of the third decade in July), K' was conquered by A. Compagnoni and L. 
Lacedelli. 

The average temperature at the base camp during the period May 26th to Au- 
gust 6th was about -W.4, with maximums of 17" and minimums of -2W, always 
bearing in mind the great changes in temperature during the day. 

The behaviour of the cloud-cover has already been described and compared in 
the course of the preceding chapter. It should be stressed again that the cloud-cover 
decreased in the evening; towards 20.00 h the sky became clear and the stars could 
often be seen. 

In the morning the cloud-cover was still limited to a few small clouds around 
K' but then this increased until there was maximum cloud-cover at 15.00 h, coin- 
ciding with precipitation and strong winds (fig. 34). 

There was a constant wind at the base camp, although it was of limited ve- 
locity, because the camp was protected, as opposed to the surrounding peaks which 
were exposed to the wind. During the period of the expedition's stay at the base 
camp the prevailing winds are s and sw (tab. 4 and fig. 42-43), and this can be 
explained by the mountainous contours of the area. 

As for the clouds there is a clear difference between the two periods: in the 
first (May 26th -June 30th) the clouds are mainly s and sw while in the second 
period (July 1st - August 6th) they are almost exclusively sw which has a frequency 
of 600'0 (tab. 6 and fig. 44-45). 

With regard to cloud-type, strato-cumulus is the most frequent, and are 
mainly sw in the second period. Cloud type and direction were obvously not 
noted on misty or calm days, of which there were about 30% in both periods 
(tab. 5 and fig. 44-45). Wind speed was limited to grade 1 on the scale used at 
the camp, and has the following values in terms of km/h during the months of 
June an July. 
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As can be seen, the wind was strongest at 15.00 h, while at 20.00 h it was 
lighter. If one now compares the average for June and July on one  hand and 
the average for the eight decades on the other (that is for the whole period of 
the expedition's stay at the base-camp) one gets in terms of kmlh. 

(vis tab. 10 from the above cited values have been taken). 
The windiest decade was the first decade ofJuly in which winds reached an 

average velocity at 08.00 h of 9.5 kmlh, at 15.00 h of 16.2 kmlh and at 20.00 h of 7.6 
kmlh (tab. 9). 

Maximum wind speed was on stormy days and in particular on June 5 and 22 
July 10 when they reached and exceeded speeds of 90 kmlh (tab. 7). 

20.00 h 

5.7 kmlh 

7.6 kmlh 

15.00 h 

12.4 kmlh 

12.4 kmlh 

Month 

June 

July 

Period 

June-July 

8 decades 

There was twenty days in June on which it snowed while during the following 
month and until August 6th there were 23, thus giving frequencies of 55,5% 
and 67,5% (fig. 47). There were few totally clear days, while calm and foggy 
ones exceeded 30%. 
The almost daily precipitations of snow had maximums in the third decade of 
June, as can be seen in fig. 46, accompanied by an increase in cloud-cover, pressure 
and temperature. Even if there were a lot of precipitations of snow, they were 
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not very severe on the whole. O n  average daily snowfalls did not amount to 
2 cm (fig. 46-48). 

As has already been said, the ablation was such that the moraine under the 
snow on which the tents were pitched reappeared in the month ofJuly. In the direct 
light of the sun, the greater power of absorbation of heat by the rocks made the 
ablation even more active. 

Thus the level of the parts exposed to the sun was reduced in height, as oppo- 
sed to those parts in the shade of the tents, which didn't melt so that, in the course 
of three or  four days, the tents would end up on a snowy base which was more 
than half a metre higher than the surrounding land. Thus it was continuosly ne- 
cessary to move them. 

Even if the ablation in the month of July was not noted in the diary, it was 
decided to equate it with the precipitation. That is, all the snow which fell during 
the day on the night melted or  was blown away by the wind in a few hours 
(fig. 49); in fact, although there were many precipitations, they never formed a 
substantial layer of snow. 
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11I. GEODETIC AND TOPOGRAPHIC SURVEY 
O F  DESIO'S 1954 EXPEDITION (1) 

1. Introduction 

The region explored by the expedition is not completely without cartographic 
coverage. Preceding mountaineering-geographic expeditions as well as the Indian 
and subsequently Pakistan Survey Service have already made more or  less accurate 
partial surveys. For this reason, care was taken to prepare a working programme 
that, though not of a purely geodetic and topographic nature, would be something 
more than a simple and rapid graphic survey. The  instrumentation was, therefore, 
chosen and prepared to offer the largest operational facilities: the execution of 
expeditious astronomic stations, small local triangulations, graphic and stereo- 
photogrammetric surveys, barometric and thermobarometric height determi- 
nations. 

2. Working programme 

The working programme established by the leader ofthe expedition considered: 
- A 1:100,000 scale graphic survey of the Stak and Turmik valleys; 
- A 1:100,000 scale stereophotogrammetric survey of the Kuthia glacier basin; 
- A 1:10,000 scale stereophotogrammetric survey of the Chogo Lungma, Biafo 
and Baltoro glacier fronts for the determination of possible glacial retreats; 
- A 1:5,000 scale stereophotogrammetric survey of the K2 massif; 
- A 1:50,000 or  1:100,000 scale stereophotogrammetric and graphic survey of the 
following zones: 

- Lower-central part of the Chogo Lungma glacier; 
- Various lateral basins of the Baltoro glacier not surveyed during the preceding 
expeditions and required to interconnect the various surveys made during the 
Baltoro, Siachen glaciers and Shaksgam valley explorations. 

In view of the fact that the extent of the above working programme covered 

(1) By Francesco Lombardi. The  English translation was kindly revised by the Gen .  Mario 
Carla of the Italian Military Geographic Institute. 
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zones lying at a considerable distance from each other and requiring long and fie- 
quent transfers, it was decided to include both a Pakistani surveyor and two ope- 
rators of the Italian Military Geographic Institute, one to be employed essentially 
for geodetic and barometric height measurements, the other to attend to direct 
stereophotogrammetric surveying. It was, however, understood that besides their 
specific tasks, both of them should be prepared to integrate their work, so as to be 
minterchangeable.. Unfortunately, a few weeks before leaving Italy, it was decided 
for contingent reasons to send only one operator. Obviously, this resulted not 
only in the reduction of the programme, but also in the need to modify in the 
field the operational procedure studied at the beginning, apart from considerations 
regarding the important loss of reciprocal help and comfort that can often be a 
determining factor for the desired success of the work in such impervious and iso- 
lated zones. It was, however, my good fortune to enjoy the collaboration of Prof. 
A. Marussi, the expedition's geophysicist, to whom I should like here to express 
my most sincere thanks. In spite of the serious limitations mentioned above, we 
succeeded in carrying out a considerable part of the programme, i.e.: 

1) Stereophotogrammetric survey, on a 1:40,000 scale, of the Kuthia and 
Goropha valleys and the upper Stak valley; 

2) Expeditious graphic survey, on a 1:158,400 scale, (1" equal to 2.5 miles), 
of the lower Stak valley and the Askore and Turmik valleys made by the Pakistani 
surveyor Badsha Jan; 

3 )  Stereophotogrammetric survey, on a 1:12,500 scale, of the K 2  massif li- 
mited to the east, south and west slopes; 

4) Stereophotogrammetric survey, on a 1:25,000 scale, of the areas of the 
upper Godwin Austin and upper Baltoro glaciers; 

5) Expeditious graphic survey of the Liligo glacier by the surveyor Badsha 
Jan. 

The above-mentioned works involved the setting up of two expeditious astro- 
nomical stations, in close collaboration with Prof. Marussi, as well as several ther- 
mobarometric height determinations covering zones not directly concerning the 
survey. These will be described in the report relating to the geophysical work (1). 

(1) A list of the maps of the same areas published previously is reported in the I section o f  this 
book at the pages 46-60. 
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3. Instruments 

The instrumental equipment was supplied by the Italian Military Geographic 
Institute with the exception of the Thommen precision altimeter (property of the 
expedition) and the instruments of the Pakistani surveyor (consisting of a plane 
table with an alidade and a pocket altimeter). This instrumentation included: 
- 2 Wild T2 theodolites (Nos. 9886-10639) with astronomical equipments; 
- 1 Nardin chronometer, cup type, for sidereal time (No. 3315); 
- 6 pocket Nardin half chronometers for sidereal time (Nos. 200849-200850- 

201302-201316-201342-607897); 
- 1 pocket Nardin half chronometer for mean time (No. 607919); 
- 1 Second-Counter to 1150th of a second (No. 7100); 
- 1 Second-Counter to 1110th of a second (No. 2112); 
- 4 Centigrade thermometers; 
- 2 Paulin barometers; 
- 1 Radio receiving set: for long and medium waves, RCA Type AR 8510; 
- 1 Radio receiving set for medium and short waves Mod. Hallicrafters S.72; 
- 1 Zellewegher crank generating set; 
- 2 Zeiss 13x18 plate type cameras; 
- 2 Wild 2 meter subtense bars; 
- 2 Vertical staffs with centimeter scale; 
- 2 Ghertz lm monostatic range finders; 
- 1 Zeiss Alpina diopter (No. 48); 
- 2 Thermobarometers Type I.G.M.; 
- 2 Assman, type psychrometers; 
- 2 Sets of centigrade thermometers for thermobarometry: 

1st Set: Fues No 1853 from 78.0" to 84.0" 

Fues No  1854 from 81.8" to 88.2" 

Fues No 3217 from 83.2" to 90.4" 

Fues No 3204 from 89.4" to 96.4" 

Fues No  3211 from 95.2" to 102.2" 

2nd Set: Fues No 3207 from 77.4" to 84.2" 

Fues No  1855 from 81.8" to 88.2" 

Fues No  3206 from 85.4" to 92.4" 

Janar No  1689 from 88.2" to 95.0" 

Fues w. No. from 94.8" to 102.2" 
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A third set comprising five 1:50 centrigrade thermometers made by the Milan 
firm FITBEA was not used because the glass, even though artificially aged, did not 
ensure satisfactory stability; 
- 2 Thommen pocket altimeters; 
- 1 Thommen altimeters for geodetic work (No. 26320), provided by Prof. Desio, 
chief of the expedition; 
- Various accessories such as equipment for developing and printing photograms, 
surveying sunshade, transportation equipment for materials and instruments, etc. 

4. Collection of Geodetic elements 

The ellipsoidal coordinates and trigonometric heights of the official triangu- 
lation points to be used as control points were taken from .Synopsis of the Re- 
sults of the Great Trigonometrical Survey of Indiao, published in 1880. They were 
previously transferred by the isotransitive method from the Everest ellipsoid to 
the international one and then transformed on the Gauss plane (using the Army 
Map Service tables) by assuming as the origin meridian the value +75" from Green- 
wich; however, the plane coordinates in fact refer to the meridian +74"57'32", 82, 
because the value of the starting longitude was altered by a constant quantity 
equal to +2'27", 18 (as a result of the new value of  the longitude of the point 
of origin of the Indian net: Madras, definition 1877). This value was assumed 
also for calculation of the plane coordinates of the astronomical stations (I). 

5. Operational procedures 

As already mentioned, despite the serious limitations caused by the work 
now being entrusted to one single person, the idea of making a survey somewhat 
more precise than a simple graphic survey was not abandoned. It was therefore 
decided to adopt the stereophotogrammetric method, except for the work to be 
carried out by Bashad Jan, the Pakistani surveyor. In addition to its great simplicity 
and practicality, this method offers one really outstanding advantage over the direct 
method in that it largely disengages the surveyor from the landforms, avoiding 
long stays in inhospitable zones and also eliminating the need to reach points 
of difficult access. 

A further advantage lies in the fact that after adequate concatenation has 
been assured between the stations and the corresponding control points on the 

(1) Geodetic data have been collected by geographer engineer Piero Bencini, of the Italian 
Military Geografic Institute. 
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ground, the survey will be perfectly homogeneous: the ground description can then 
be taken care of even down to the smallest details at leisure in the office, thus 
ensuring the best rendering of real conditions. 

The most exacting part of the work, apart from the determination of the 
end points of the bases, was the choice of the places where the bases should be set 
up and their size and orientation according to the landscape to be surveyed. 

It is possible, even with a limited but well chosen number of bases, to survey 
a considerable portion of the ground and to largely reduce the dead zones. 

Whenever possible one  of the end points of the base lines was established 
by intersection from trigonometric points of the official net or  from points deter- 
mined by preceding expeditions (as in the Baltoro case). 

In addition, considerable care was always taken to intersect and measure 
zenithally from both end points of the base other points within the stereoscopic 
zone of the exposure and also within zones likely to be included in order to ensure 
the perfect dimensioning of the optical model and, at the same time, the connection 
of the survey. 

In those cases where determination by intersection was not possible, the 
astronomical azimuth of the base line was used, preferably by observation of  
the pole-star (in some exceptional cases, of the sun too) and by collimating 
points already triangulated from preceding photogrammetric bases or, in more 
favourable cases, connecting the new station with one or  more already determined 
stations. 

With this procedure and despite the uncertainty of collimation to peaks 
devoid of signals or presenting themselves in widely differing forms in relation 
to the point of observation, it was possible to ensure satisfactory planimetric 
and altimetric returns from the various stations, facilitated also by the optimum 
performance of the stereocartograph set Santoni Model LII, used at home to plot 
the stereograms. 

6. Stereophotogrammetric survey on a 1 : 40,000 scale, in the Kuthia, Coropha 
and upper Stak valleys 

The purpose of the topographic survey made in this zone was to document 
the morphologic characteristics of the Kuthia glacier. 

It is a known fact that this glacier, having recently started to expand, had 
completely invaded the bottom of the valley by 1953, advancing by about 10 km in 
only three months so as to obstruct the underlying Stak valley. 

The phenomenon was interesting if only because of this fact (it completely 
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changed the features of the valley, previously a richly wooded area with meadows 
and farmland), but it also deserved cartographic documentation because, in view 
of the existing prominent morainic formations upstream, a periodic recurrence 
could not be excluded. 

In addition, the local authorities, seriously concerned for the safety of the 
villages immediately downstream of the glacier, asked for a map of the zone to 
be made which could enable them to keep the progress of the glacier itself 
under observation. 

The survey was also extended to cover the Goropha valley and the upper 
Stak valley up to the homonymous pass, bringing in the Turmik valley. This 
survey was accompanied by a hasty reconnaissance together with Prof. Marussi, 
at the Goropha-la on the ridge separating the Goropha valley from the valley 
containing the Chogo Lungma glacier. It was unfortunately impossible to make any 
measurements on this col, the bearers having deserted in mass because of the 
difficulties of the ascent, leaving us without the necessary instrumentation. It was, 
however, very useful to have for the first time the opportunity to ascertain 
the existence of a direct passage between the Indus and Chogo Lungma valleys, 
since until then this had only been possible by a round about route taking 
several days. In fact, even though the ascent of this col is rather steep from the 
Stak slope, the other side (Chogo Lungma basin) rises gently and is easy to walk up. 

Entering the Stak valley it was immediately clear that the cartographic re- 
presentation of the zone (see sheets 43 I and 43M, of the .Survey of Pakistan Map. 
on a 1:253,440 scale) was completely fictitious. The very ridge line originating from 
the southern slopes of the Haramosh (7397 m) and forming the western limit 
of the Stak valley basin, though recently surveyed, appeared to  be too poorly 
defined to  allow the use of the most salient points as control points. The 
only way o u t  was to  make use of  those few trigonometric points which, 
though established within a limited sector, were the only elements of a certain 
reliability. 

As will be outlined in another part of the report, two astronomic stations 
were set up in the Stak valley. The positions of the trigonometric points and 
the astronomic stations are show on Tab. 1.1. 
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Tab. I 1  

Altogether 19 stereophotogrammetric stations were set up in this zone in less 
than two months (3rd June to 29th July). However, only 15 were utilized for the 
survey because stations Nos. 3, 16 and 17 concerned zones already covered by 
preceding stations, while station No.  9 was set up  only to determine the speed 
of the Kuthia glacier. Their location is shown in the accompanying 1: 50,000 map 
([Kuthia and Goropha valleys)). 

Elevation 

6684 

7397 

6070 "' 

6050 

632 1 

3923 "' 

3787"' 

No.  Denomination 

121 PK. 57/43 I 
(Thanmari) 

122 PK. 58/43 I 
(Haramosh) 

123 PK. 59/43 I 
(Korangkar) 

124 PK. 60143 I 
(Shinka Mashkila) 

1 PK. 1/43 M 
(Paraber) 

Astronomic station 
Camp III 

Astronomic station 
Camp IV 

(1) Elevation resulting from the stereophotogrammetric survey. 

(2) The  plane coordinates are obtained from the transformation o f  the astronomic coordinates; 
for the trigonometric observations, see page 138. 

Coordinates 
NIE 

3,968,373.2 1 
500,481.56 

3,966,181.31 
494,420.59 

3,961,126.81 
499,437.72 

3,957,956.55 
500,690.54 

3,968,987.68 
508,865.54 

3,957,692.28 "' 
510,523.71 

3,960,500.80 "' 
504,765.63 
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Close to the Kulankae camp a short base was measured by means of a traverse, 
making use of a Wild T2 theodolite and two horizontal 2m Wild subtense bars, 
and then trigonometrically developed, on a calculated baseline of 1013, 54 m re- 
presenting the photogrammetric base. 

A large pyramid of stones was erected at each end of the base to allow the 
intersection from easily determinable points. In fact, from this base located at a 
relatively low height, it was possible to see only three trigonometric stations. 

During the survey, for this reason, the left end of this base was intersected 
from the astronomic stations of camps I.U and IV as well as from points Bas, 
A12 and A13. 

In addition, before leaving this locality, a resection station was set up on the 
extreme left (Aol) sighting to the trigonometric stations 121, 122 and 123 as well 
as to the above-mentioned points. 

The height of Aol was trigonometrically determined from the ends of the 
stereophotogrammetric base No.  13, resulting in 3239m; we made use of the same 
point also for checking the result obtained by trigonometrically transferring the 
thermobarometric height of the Kulankae obtained from numerous observations 
and resulting in 3232 m. However, for reason of homogeneity, the survey was based 
on the first value and not on the average value from the two sources. 

In conclusion the positional elements of the station are as follows: 

The astronomic azimuth of the base is 2056'26". 

STATION NO. 2 

This station was only utilized to plot the front of the Kuthia glacier. The 
placing of the stereograms was carried out using some ground details already deter- 
mined from other stations and pointed azimuthally and zenithally from both extre- 
mes of the base. 

STATIONS NO. 4-5-6-7 

These stations were set up in the locality of Shoman; the relative position 
of the single bases can be taken from the following diagram, in which the letter 
indicates the left-hand ends and the letter q B n  the right-hand ends. 
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T o  ensure the homogeneity of the different bases, in addition to making some 
of the base end points coincide, for example BOG with b7 and with B05, point 

&, was connected by traverse with AoS and Bo7, and point &, with BO4 and with 
the astronomic station SA. Each base was parallactically measured with a Wild 
theodolite and Wild subtense bar, except for base N o .  6 which was calculated by 
solving the  triangle AO6-AO7-BO7, whose  known  side was the  base N o .  7 

(A07-Bo7). 

Fig. 50 - Connection .rcbeme between the stereopbotogramm~tric .rtations e.wecuted in Srboman local~g 
for the drawing oftbe upper Stak vallty. 

In this way it was possible to calculate the position of the above-mentioned 
points by polar coordinates starting from b 6 ,  on which a resection was made 
collimating to the trigonometric stations 1, 121, 122 and 124. As a check, a resection 
point was established at the astronomic station SA. From a comparison of the 
coordinates obtained directly and those obtained by traversing from AO6, the dif- 
ferences were 8m for Y and 33m for X. Given the uncertainty of the collimation 
to the trigonometric points, such a result may be considered more than satisfactory 
also with regard to the survey scale. 

A similar procedure was utilized for the altimetric determination; in fact, 
having determined the height of the point Ao6 by collimations to the trigonometric 
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points 1, 121, 122 and 124, it was possible to determine the height of the remaining 
points indirectly. As a check, the determination of the elevation of Bo6 was obtained 
by collimation to the same trigonometric points and the two results were in perfect 
agreement. 

Before leaving this locality, a cairn, consisting of a pyramid made of unce- 
mented stones about 2m high, was erected on each point. 

The planimetric and altimetric data of the above-mentioned stations are shown 
on Tab. 12. 

Tab. 12 

The definition of these stations enabled us to consider the general control 
net of the zone as complete; in fact, the remaining stations were mostly utilized 
for net densification. However, their determination was carried out by reference 
to the preceding stereophotogrammetric stations or  even by direct ((plotting with 
the stereocartograph, when they were indubitably localizable on the stereograms 
(see the accompanying tables). An exception is point Bo8 which, for control pur- 
pose, was determined both ways, trigonometrically from the points 121-123-124 
and from the net points AO7 and Ao5) and with the stereocartograph from base 
No. 6. The results obtained by both methods appear to be in perfect agreement. 
The coordinates and height defined trigonometrically have the following values: 

X = 3,960,292 Y = 504,140 Q = 4071 

7. Astronomic stations 

As mentioned above, two astronomic stations of the expedition were set up, 
which are described in detail in the special report on the geophysical work (I). 

( I )  Mamssi A. (1964) - Gtophysi~ of ~ h c  Korakorum. "Desio's Italian Expeditions to the Karakorum 
(K') and Hindu Kush Scientific Reports.. U. 
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Here, we shall briefly describe the procedure employed for obtaining the el- 
lipsoidal coordinates of the stations trigonometrically together with brief consi- 
derations regarding the comparison with the corresponding astronomic coor- 
dinates. 

ASTRONOMIC STATION AT PHOTOGRAMMETRIC CAMP UI. The plane coordinates of the 
station were obtained in two ways: 

1" - By resection made at the station by collimating the trigonometric points 1, 
121, 122 amd 123, resulting in: X = 3,957,321 Y = 511,310. 

2' - Transferring by traverse the coordinates from the left point b6 of the 
photogrammetric base to the astronomic station with the following results: 

x = 3,957,354 Y = 511,318 (1). 

By trasforming these values the following ellipsoidal coordinates hare been 
obtained: Ve = 35"45'34".5 A e  = 75"05'03".5. 

ASTRONOMIC STATION AT PHOTOGRAMMETRIC CAMP IV. O n  this station it was not 
possible to  execute the resection owing to the insufficient number of visible 
trigonometric points. Therefore its plane coordinates were obtained by traverse 
from the coordinates of photogrammetric vertex BOB, resulting in: X = 3,960,246 
Y = 504,643. 

The  transformation of these values resulted in the following ellipsoidal 
coordinates: Ve = 35"47'08".6 A, = 75"00137".8 which, when compared with 
the astronomic coordinates: Ve = 35"47'16".8 A ,  = 75"00142".7 show a 
difference in V of + 8".2 and in A of + 4".9 originating from the same causes 
mentioned previously. 

As a check the astronomic azimuth of the origin, common to both the astro- 
nomic station and point BOB, was calculated: a comparison of the two values shows 
a difference of lo", more than acceptable in works of this kind. 

The elevations of the above-mentioned astronomic stations are given on 
Table 11. 

8. Stereophotogrammetric surveys in the Turmik valley 

During transfer from the Stak valley to the K2 base-camp, taking advantage 
of some days of rest or even interrupting the trek for the time strictly necessary, 
9 stereophotogrammetric shots were made in the Turmik valley. Owing to the 

(1) The  plane coordinates obtained through direct transformation o f  the astronomic coordinates 
are given in Table 11, page 131. 
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limited number of shots taken in relation to the extension of the zone crossed, 
it was not possible, when plotting, to draw even a hastily executed complete map. 

However, the stereophotographic collection, oriented to and connected with 
astronomic azimuths or  by collimations to points of known position, could well 
be used for particular geographic or  morphologic studies to improve knowledge 
of a zone with virtually no cartography at all. In any case the stereophotograms, 
mentioned above, were utilized in the preparation of the 1:200,000 scale map for 
integrating and improving, especially with regard to the description of the terrain, 
the expeditious graphic survey made to 1:158,400 scale by the Pakistani surveyor 
Badsha Jan. 

The stereophotograms, and particularly Nos. 20, 21, 22 and 23 were taken 
at the head of the valley (No. 20 at the Stak pass itself); nos. 24, 25 and 26 
from a ridge dominating the Harimal village and the last two on the Ganto-la pass. 

The work was carried out as follows: 

STATION NO. 20. A reception point was determined by collimating the trigono- 
metric points 122, 123, 124 and point AO4. The height was obtained by zenithal 
collimation with the same points and proved equal to 4620 m. 

Auxiliary station 

Fig. 31 - In~monneclion betu~een Mtiom Nos. 20 and 21. 

From the end point different points of the panorama were intersected as 
well as a boulder, on which an auxiliary station was erected on the following day 
to connect stations Nos.  20 and 21. This subsidiary station was also used to de- 
termine the astronomic azimuth of points A20 and  A2, for orienting the relative 
bases. 
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STATION NO. 21. It is connected to point Azo through the auxiliary station as 
shown in the diagram. In addition, some salient points of the terrain appearing 
on the stereograms of this station are also found on those of station No.  20. 

STATIONS NO. 22 AND 23. Station No.  23 and consequently also Station No.  22, 
is connected to the north ridge of the Stak-la (plotted from Station No.  4) and 
to the end points of base No. 21, azimuthally and zenithally collimated. 

These two stations are interconnected as shown in Fig. 52. 

6 2 3  = A 2 2  

Fig. 52 - Interconnectionr between s~tions 22 and 23. 

STATIONS NO. 24, 25, 26. These three stations are located on the orographic left 
side of the Pakore gorge and precisely on the high ridge immediately dominating 
the Harimal village. 

The arrangement of the stations and their reciprocal connection are shown 
in the diagram (Fig. 53). 

Base No.  26 was oriented by means of an astronomic azimuth taken on 
point B26; the orientation of base No. 24 and also of base No.  25, was checked by 
transferring the azimuth of base No. 26 through the auxiliary station. 

STATIONS NO. 27 AND 28. These two stations were set up during a stop of a few 
hours on  the Ganto-la pass (4457 m). Because of  the limited time available 
it was not possible t o  determine the position of  the end points of the base. 
For this reason the photographs were not  utilized for the relief map, but  are t o  
be considered simply as photographic documentation. 
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9. Surveys in the Baltoro glacier valley 

In this region, in view of the short time at our disposal, we had to be content 
with a  minimum^ program: the already very advanced season and the gravimetric 
Rome-Karachi-Delhi connection due in a short time and requiring my colla- 
boration, meant that we were unable to complete the set programme. 

Auxiliary station 

Fig. 5 3  - Int~connet~ons between statiom NOJ. 24, 25 and 26. 

In about three weeks we made 17 stereophotogrammetric stations involving 
the K2 massif (east, south and west slopes), the Falchan Kangri (Broad Peak), the 
Chogolisa Kangri (Bride Peak, north slope), the Gasherbrum group (south slope) 
and the Conway saddle. These surveys, except for the K2 survey, should be con- 
sidered an integration of previous surveys made in 1909 and 1929 by the expeditions 
of the Duke of Abruzzi and the Duke of Spoleto respectively. Our new survey, 
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in fact, was based upon the control points determined during these two previous 
expeditions. Obviously, whenever possible, the trigonometric points fixed by the 
Indian triangulation were also collimated, but these points were rarely visible in 
sufficient number to ensure adequate determination of  the stations. O n  the other 
hand, we did not have sufficient time to  provide the control-points occurring for 
this particular need through a local triangulation. 

For this reason, only a few stations were determined through resection and their 
position on the drawing plane was established as a first approximation by the tra- 
cing paper method and then perfected with the stereocartograph, employing the 
dimensioning of the bases and the reciprocal orientation of the camera on the base 
ends (an operation carried out  with the utmost care) as well as the numerous azi- 
muthal and zenithal measurements of points defined on the available 1 : 75,000 map. 
This process was facilitated by suitable positioning of the stations studied so as to 
obtain considerable overlapping of stereoscopic zones; this, in turn, in the plotting 
phase ensured a good connection of the many different stations and the homo- 
geneity of the work. 

The work was carried out  in particular in the following manner. During the 
stop at Urdukas on the 17th August, stereophotogram No. 29 was taken and re- 
peated again under the same conditions (No. 47) on the 12th September; the pur- 
pose was to determine the glacier speed through the photogrammetric system. This 
consists essentially in taking a section of the glacier under identical conditions, but 
at different times to determine by plotting the movements of the same details of 
the glacier due to its flow. The relevant results are the object of a special note pu- 
blished in the volume on geophysics (1). 

The real survey began on the 22nd August, the day after our arrival at the 
K 2  base camp. 

STATION NO. 30. A few kilometers downstream from the confluence of the 
Savoia glacier with the Godwin Austen we laid out a base of 385.01 m oriented 
so as to cover the whole extension of the south slope of the K2.  A resection 
point was made at the left end of the base by collimating to the trigonometric 
points K2,  Bride LI, and Mitre, as well as to different points of the 1:75,000 
map, among others the Angelus and the Black Point. The height obtained from 
these collimations agreed with that resulting from the solution of  the triangle 
A30-B3,-,-K2, a circumstance guaranteeing the optimum approximation of the de- 
termination of the station. 

(1) A.  Marussi (1964). Op. cit. 
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The same method was utilized for determining the remaining stations, from 
No. 31 to No. 41, settled on the upper Goldwin Austen glacier, which flows at the 
foot of the eastern slope of the K2, the Skyang Kangri (Staircase), Skyang-la, the 
Vittorio Sella saddle and the northern slope of the Falchan Kangri; while station 
No.  42 was made on the upper Savoia glacier to survey the western K 2  slopes, the 
Angelus and the Black Point as well as the Savoia saddle. 

Having thus finished the survey around K 2  in 16 days, I decided to return 
o n  the 7th September to the Concordia cirque. Though the weather was not 
very promising I decided, having a few days off, t o  try to  collect some stereo- 
photograms of  the upper Baltoro. Thus, with the secret ambition of  reaching 
the Conway saddle and making the connection between the Baltoro reliefs and 
those of the Siachen basin, I went right up  to  the base of  Conway saddle. 
There I thought it best to employ the 9th day for working at the base of the saddle, 
also because a heavy snowfall during the night had covered the slope of the saddle 
with so much snow that the approach was rather dangerous. Unfortunately, the 
morning of the next day brought particularly bad weather so that I had to give 
up and return to Urdukas where I arrived during the night of the 11th day. 

I managed, however, to  take some photograms (No. 43,44 and 45) concerning 
the Chogolisa Kangri, Gasherbrum I and Conway saddle and in part also the 
Gasherbrum group. The above-mentioned photograms were plotted to 1:25,000 
scale reduced photomechanically to 1:50,000 scale and inserted into the available 
1:75,000 after enlargement of the latter to the same scale. 

The integral redrawing of the cartoons followed with a further photomechanic 
reduction to obtain the currently published 1:100,000 map. 

As far as the K 2  photograms are concerned, they were plotted it 1:12,500 scale 
and covered nearly 85% of the terrain shown in the relevant map; the remaining 
150/o, consisting of dead angles and the top of the north wall of the K2, are covered 
by panoramic photos and two photograms from the film taken from the airplane 
which show the zones that could not be plotted exploiting the stereophotogram- 
metric ground stations. The two photograms of the film (I), suitably spaced out 
to assure sufficient stereoscopy, were enlarged and transferred onto glass slides to 
allow placing on the stereocartograph. Since the focal distance of the camera was 
known, and it was possible to distinguish on the photograms certain details whose 
spatial position was already known thanks to the plotting, it was then possible to 
ensure the presentation of the dead-angle zones. Obviously, such a representation 

(1) The  film was shot by Mario Fantin, expedition's photographer, during the recognition flight 
around the K' with Prof. Desio. 
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was contained within the restricted limits compatible with the distortions resulting 
from the increasing distance of the details to be surveyed from those of known 
position. This is essentially the reason for limiting the representation of  the north 
wall to the top part only. 

The plotting of K2, to conclude, was made by tracing the altimetry of the 
surveyed terrain with contour lines for both the rocky parts and those covered by 
glaciers in order to prepare a relief map, when desired. 

10. Remarks concerning the longitude of the map of KZ 

The geographical coordinates of K2 indicated on Sheet 52 A of the Survey 
of India (1921) are: latitude 9 = 35"52'55", longitude A = 76"30'5lU. Earlier determi- 
nations (Sheet n. 21 of 1877) instead indicate: latitude 9 = 35"52'55", longitude 
A = 76°33'18". 

Comparison indicates a shift in longitude of 2'27".18 which is simply due 
to the definition of the origin meridian. Lombardi's determination is referred to the 
.old. meridian and can be transferred to the .new. one by subtracting the value 
2'27".18 from his value of the longitude. The latitude instead remains unaffected 
by this transformation. 
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STEREOPHOTOGRAM BLo6 - The Kuthio vaLIq, a rich o&darea with meadowj, ~mon) 
gkaciv by which it war complctc~ roumd in 1913, in about three months. 

On fbc orograpbir rigbt sidc are c u i h t  the tongue ofthc Kotsombrr gkrirr and (upstream) of the Nong one. 



STEREO )TOGRAM BLo6 :oropha ua lh  with thr homonymous glacier. 
The depression on the background is the Goropha pass through which one mtws in the basin of the Chogo Lungma glacir. 

It is visible the position of tbr stweophotogrammetrir stution B17. 

~TBRBOPHQTOGRAM lj23 - Tbe uppsr Turmik talky with the Suk-ka and thc &mophofogramm~m'r 
m'onr A21 and Aao. 



STEREOPHOTOGRAM BZ4 - View of the mirldk and upper Tuwnik v a l b  fiom the ~tcrcophotogrammm'c 
~tation B24, sited on the n'&e averhanging Harimat. 

On the bakground ir viribk the Etzramosh group and the position of A21 staron. 



~TEREOPHOTOGRAM B30 - Vicw of ~outhern sidc of K2: on the kft in the background b thc white pyramid 
ofringelxr, in thrfinground, b the BlasR Peak. 

STERR~PHQT~GRAM Aj7 - MCW 4th rrrrtnrr P ~ i d c  ukw j v m  tka ~Ayang-h, 
showing tbt position $tbt hrt canps. 





STEREOPHOTOGRAM B h 3  - The mountains between the Chogoliro Kangri and the lr'e glacier 
seen from tbt A h z z i  glacier. 

STEREOPHOTOGRAM - G a h a h m  group and itJ ~ o u t h m  gkacier, 



STEREOPHOTOGRAM - The moltntains between the Gasherbrum I and the Conway saddle (right side). 
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