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2. Introduction G.C. Bratt

In February '57 it appeared that permission to enter
Pakistan would not be granted to the I.C. Karakoram expedition
so members bezan searching for an alternative area in South
America. in unmapped area containing unclimbed peaks was
sought and found in the NUDO D& APOLOBAMBA on the Bolivian-
Peruvian border. However permission to enter Pakistan was finally
gralted and the Apolobamba idea dropped.

Karly in '58 organisation of an expedition to carry
out a survey and geological studies in the Apolobamba region during
the summer of '59, was begun by Bratt, Hopkins and Melbourne.
Requests for support were made to and granted by the I.C. Exploration
Board, the Mount Everest Foundation, the Royal Geographical Society
and the Club Andino Boliviano.

In June '58 notices calling for students to join the
expedition were displayed around the College. A11 applicants
were interviewed by a panel consisting of Prof H.H. Read, Asst.
Prof.A. Stephehson, Mr. P.F. Taylor, 11 wncmbers of the ixplorsation
Board, together with Mr. R. Garnet (I.C. Union President),

G.C. Bratt and W.H. Melbourne. The team chosen was - Bratt, Lwart,
Garrard, Jenkinson, Melbourne and Smith.

After selection of the members of the party the work of
preparation began in carnest under the control of W.H. Melbourne.
Bratt could do little more than advise during most of the prep-
aratory stages as he was then in Patagonia.

The food and equipment packcd in tea.chests was dispatched
from London on May 4th to travel by sea to Arica and then rail to
La Paz. Fwart left London on June 2nd as he was to work with
Dr. G. Francis', British Museum expedition in Peru before joining
the I.C., party at Cojata on July 1lhth. Bratt and Melbourne
left London on July 7th and the rest of the party followed after
their examinations on July 20th. The size of the party was increased

in La Paz when two Bolivians, Caraffa and Vanancio joined.
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The plan of the expedition was originally as follows =
the party would assemble in La Paz on July 14th and drive by
truck (arranged by Sr. Farwig of the C.A.B.) the 200 miles to
Pelechtuco Pass picking up Ewart en route. Ewart and Garrard
with Vanancio were then to work alone for the first month doing
a geological traverse to Tambopata. The rest of the party
(Bratt, Caraffa, Jenkinson, Melbourne and Smith) were to carry
out a survey of, make geological investigations in and climb the
principal peaks of the unmapped area bounded by the Sorals to the
nath and the Matchu Satchi Coochi ridge to the south. In the
latter part of the trip the party would unite to complete the work
in this unmapped area.

The expeditiore plans were considerably modified by
unforseen circumstances, particularly the strike by Italian sca-
men on June 9th. All members were booked to travel on Italia
line ships and so had at the last moment to seek alternative
passages. The field work had also to be curtailed because of
changes in schedule of the Italia ships on which the return passages
were booked, dwart was so delayed that he cancelled his arrange-
ments with Dr. Francis and because of the uncertainty of the date
of arrival of Garrard, Jenltinson and Smith, the rest of the party
left La Paz four days ahead of them.

The plans of Bwart and Garrard were modified to include an
investigation of thc Cojata, Trapiche and Poto regions and the
Tambopata traverse was cut short at Sina becausc the geology was
unrewarding. The rest of the party worked from the east instead
of the west as intended, of the hypothetical 'Soral' valley
(indicoted by a dotted creek on the existing map) end extcnded
their cctivities to valleys both north and south of the intended
boundaries.

Although the field work of the expedition was limitced to six
weeks 1t managed to accomplish - a plane table and geological survey
of 150 square miles of unmapped country, a geological surwvey of the
country between Cololo and Sina, the ascent of fourtecn virgin
peaks of about 18,000 ft, some useful meteorological and glaciolog-
ical observations and a collection of plants and lichiens for the

British Muscum.



2. Personnel

G.C. Bratt

The members of the expedition, their colleges, position

on the expedition and their responsibilities during preparations

are given below:=-
G.C. Bratt
W.H. Melbourne
A, Bwart

J.W, Jenkinson
AW, Smith
P, Garrard
J. Macleay

R.C.S.
C&G
R.S.M.

C&G
R.S.M.
R.C.S.
C& G

Leader and Surveyor
Organising Secretary, Surveyor

Geologist, Geology, visas
permission

Surveyor Equipment
Geologist Food and First Aid
Geologist Travel arrangements

Reserve

As none of the first six members withdrew, Maclgay did

not join the expedition in the field.

The party was further strengthened in Bolivia by the

inclusion of Carlos Caraffa a climber from the C.A.B. and

Vanancio, a Bolivian porter ( see section 5).

Smith, Bratt, Jenkinson, Melbourne, Ewart, Garrard.
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On the 31st a seventh peak was bagged and the party moved
to Camp 5 at the head of the Rio Sanches Cgachu. From theyre it
was hoped to climb the eastern Sorals and survey the area.
reconnaissance by Bratt and Jen<inson indicated that the party
would have to set up camps to the north of the Sorals if they were
to be climbed. The party then svent six days climbing the five
summits of the eastern Sorals and completed the survey cof the
Rio Sanchzs Caachu and 2 valley to the north.

On the 1lth August the party returned to Camp 3 and
began the survey and reconnaissance of the Palomani basin.

A camp (camp 9) for the climbing of the western Sorals was sot
up on 12th August. Between the 11th and 19th the whole party
operated in the¢ Palomani basin adding two more peaks to the
list and completed the geoclogical and topographical surveys
of the region.

On the thh August the party split once again. Smith
and Ewart set out on an abortive attempt on the Katantika
peak,

Bratt and Melboume completed glacionlogical and survay
work in the Pelechuco Pass: Jenkinson and Vanoancio carried
surplus gear to Suches and Garrard moved off to complete
gevlogical work between Suches and Cololo.

The party was reunited again on 23rd August at Suches.
Because of shipping arrangements it had been intended that only
lelbourne, swart and Garrard should return to La Paz, the other
three would remain in the field for o further 10 days. idowever
shipping schedules had altered again, a rush evacuation had to

be made and the whole party rcturned to La Paz on August 25th.



5. Club Andino Boliviano Co-operation G.C. Bratt

The president of the Club Andino Boliviano (C.A.B.)

Senor G. Farwig was contacted early in 1959 to obtain information
on local conditions. Since members of the C.A.B. had been with
the German party to the Ap-lobamba region they were able to

give the expedition valuable information on access to the ren
and availability of transport within it. But the C.A.3.
assistance did not end at this. They offered to

a) mcke a trip to the region prior to the arrival of the

expedition in Bolivia to arrange for mules.

b) provide motor transport to and from the area

¢) make contact with the expedition during pﬁ?‘stay

in the field

d) arrange for some of their members to accompany the

expedition.

This woncderful offer was accepted and carried out to the
letter. One young climber Carlos Caraffa accompanied and climbed
with the expedition from July 13th -~ 29th and a porter Vanancio
(an employee of & member of the C.A.B.) was employed as a porter
during the whole of the field work. Both gave invaluable assistance
to the expedition.

Both Sr. Farwig and his wife gave up ntuch time to
entertaining the expedition while it was in La Paz and their help
as interpreters made buying of food, arrangement of passages etc.
much easier.

Thus the work of the expedition was greatly reduced and
its success partly due to the efforts of the C.A.B. and particularly

Sr. Farwig.
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INTRODUCT TON

1 (i) AREA AITD BASE MAP

The Apolobamba area was partially surveyed and mapped in 1911-13
on a scale of 1:250,000 by the Peru-Bolivia Border Commission under
the auspices of the Royal Geographical Society.

The area falls naturally into three topographical regions.

The mountains proper, with peaks rising to over 19,000 feet above S.L.,
Torm an arcuate range which is convex northwards. They provide the
watershed betweecn stremms draining S.W. to L. Titicaca and 7,E. to the
kmnazon Basin. Much of this mountsin ares lies under permanent snow.

In the West, from Poto to Pinuni, are prominent hills and
escarpments of sandstone.

The central part of the arca consists of an extremely flat, high
level plainy known as the tpampa', which is sharply demarcated from
the sandstone scarps to the west. The eastern bhorder of the pampa,
however, passes through a transitional zone of foothills befnre the
mountains are reached. These foothills form a 3 - 4 mile wide kelt of
rolling, grass-covered country end comnrise the thick, unsorted,
morainic deposits of a picdmont glacier.

1 (ii) PREVIQOUS WCORK

a departure from normal procedure is made by discussing previous
seologlcal work in the area at the end, rather than at the heginning [
‘
of this report. Only a cursory reading of l,f\TeT.--fell's)‘E report was under- i
taen hefore enmbarking on the expedition and it mav he fairly stated |
that the area was entored "hlind" and with no pre-conceived ideas
of the structure or stratigraphy.

® ?Geology of the Lake Titicaca region, Peru and Bolivia" by ¥.D. Mewell
Gzolorical Soc. of America Memoir 36.
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1 (iii) FIELD METHODS

The Expedition was in the field for Jjust over five wecks, from
July 17 to August 23, and during this period a total area of approx.
370 sduare miles was exanined by the three geclogists. The arean

cxanined is enclosed by lines drawn between Poto in the IT. West,
Pinuni in the S. , the eastern ond of L. Cololo and the Soral Este
rea% in the east, and Sina Pass in the north. A traverse was made
down 8ina Valley almost to the village of Sina. (lfap 1).

oxposure varied considerably within the three topographic regions.
Th: saondstone scarps in the west were well-cxposed on stecp faces,
but on gentler slopes were gener:1lly covered with soil and moraine.

The central arees surrounding and including the pampa were covered by

o continuous blanket of moraine and lake deposits. Best exposure was
frund in the mountain region, although here again morainc tended to
clothe some of the gentler slopes and valley bottoms whilst the highest
parts were clad by snow and 1ce.

Because of the monotony of tho rock type (hardened shale and
quartzite) and the absence of fossils (only thre-, poorly-preserved
Yruchiopods were found during the whole period) an enrly decision was
made to concentrate on structural mapping. In the field, the oft-
cxperienced difficulty of distinguishing bedding from cleavage was
usnally to be resolved by the presence of thin silty laminacs; or by the
refraction of cleavage through bads of different composition.

Linear structures comprised: a) cleuvage-bedding intersections
n) minor f£old aves c) "rodding" in the argillaccous rrcks d) boudins

o) slickensides.
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The "rods" were thought initially to be fragnents of more
silicoous sediment which had been 'rolled' by Told movements.
Perhaps they represent hinges of minor folds. Boudins had besn pro-
duced by the stretching of quartz veins and of quartzite beds, in both
cases these being enclosed by less competent shaly material.e A related
feature was the disruption of tHin beds ~f sandstonc in the alternating
shale~sandstone faciles.

Readings were occasionally taken of the ubiquitous anartz
veining and of joints (Stercogram K). I!any joint-rendings were made
in the extreme cast (sub-areas 13 - 15), from which it has been found
thaet glacier flow directions depend largely on the jointing of the
rock. (I - 8 faults probably provide an additionzl control).
1 (iv) TIHE MAPS

Planar clements and faults arc indicated on Map 1, overturned
bads being shown by @ hooked arrow. This overturning is bascd mainly

the criterion of bedding being steeper than cleavage and was confirmed

by current bedding S. of Ananca. Two gencral cases invalidate this
criterion ~ the sagging nosc of a rccumbent fold (i.e. a downfacing
structure) and the developmcnt of a sccond Told cleavage in inverted
baeds. o evidence was found Tor either of thoese cases. Axial

traces on Map 1 arce based partly on field observation »nd partly on

the evidence of dip arrows. To distinction has been drawn betwenn
slaty and fracture clecavages.

Twenty-two sub-areas heve hean established for stereographic
alysisy since 1t is found that by such sub-division the variations

in cleavage dip »nd strike msav be explained.
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SUCCESSICGT VD LITHOLOGY

2 (1) SEDIMEITARY ROCKS

Broadly speaking, a Quartzite Series in the cast is separated
hy a central Argillaceous Series from a Sandstons Series in the weste.
Thz rocks are found to bacome younger westwords. 4 tentative succession
has been established and is given in Table 1.

In the Soral Anticline and to the S.W. of the szucarani Glacier,
the rock is dominantly a fine-grained grey quartzite in beds of 1 - 20
"eet thick, separated by subordinate argillaceous material in beds

gerorally less than 4 feet thick. The gquartzite is fine-srained,

TABIE J.
hock tvpe or formation Digtribution by Sub-arcas
(Upper white sandstone South 19, W20 above thrust
(Purple shale and mudstone Central 19
54 DSTOE (Purple Quartzite 19, hoth sides of thrust-20
SERIES (Lower white sandstone E20 below thrust, 21, 22.
(Alternating shales & thin I're Pinuni, S.W. of Suches
( sandstns. village
Unconfornity ?
Hubbly grey micaceous sst. West 16 Port
#RGILLsCEOUS (Alternating sholes and thin ssts. D16, w17, 718,¥5,8.77
SERIES (Grey cleaved mudstones and 243,4,WC,18,W9,W10

poor slatcs

e

flaggy siltstone
lternating cuartzite and sub- 13,14 ,15.
ordinate shale

(Fine~-gr. sgt., grey quartzite, E9, E10,11,12,1.
CUARTZITE (

STRTIES (A1t

nassive and locally micaceous. The shaly rocks have becn given a
foirly good clcavage which is mechanical (fracture clesvage) in some
cases and true slaty cleanvage in others. (Threoughout the whole area

tudied, cleavage wns in gencrzl on the horderline between fracture

2

cleavage and true slaty cleavage. The term "poor slate" will he used
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to signify a hard, fairly compect rock which is slightly tougher than
the rock type designated "clesved mudstone.)

In the region of L. Chucuyo Grande and extending to the E. end
of L. tuches, argillaceous nmaterial is less abundant than on the Soral
Ridze 2nd the rocks are dark grey siltstones, often laminated and flaggy;
and fine-grained grey quartzites. Probably to be correlated with
thece are the blue and grey fine-grained sandstones of the northern part
of 3ina Valley (sub-azrea 1). These, too, are occasionally laminated.

Pessing westwards along both northern and southern shores of L. Suches,
the grey quartzites becorie interbedded with argillaceous material

'and the beds of the former decrease in thickness and interval as the

beds of the latter increase, 3By the time the lerge N-S valley on the

N. Bhore has been reached, the lithological facies has changed completelyr
and comprises grey, well-cleaved mudstones with only rare indications

of bedding in the form of occasional thin silty bands. The latter appear
as thin, lighter-grey laminations up to % inch wide.

In similar fashion, the Tine-grained sandstones of the lower vart
of ina valley are succeeded by dark-grey and blue-grey cleaved nud-
stones and poor slates. These have a very extensive outcrop, being
found in the upper narts of both Sina and Trapiche valleys, on 3ina
Fass itself, in the broad arez between Sina Pass and L. Cochahuma;
and in the eastern halves of the two FE-W valleys south of the Pass
and extending over the col to the Palomani Lakes. The passage by alter-
nation is not seen.

In the central part of the more southern B-W valley south of

88, a dif“erent lithological facies is seen. This congsists of

U
r_l
o
]
[y
22
[6)]




/5

dark-grey cleaved mudstones with interbedded thin sandstones (2" - 6"),
the latter occurring at intervals of 18" - 24", The lithological facies
2nd structure (Chevron folding) here are strongly reminiscent of those
found in the Culm ¥easures 2long the N. Devon coast of S.W. England.
in 2ddition to the area mentioned, the alternating shale-thin sand-
atone facles outcrovs at seversl other widely-spaced localities.
Thus 1t is found at the eastern end of L. Cololo, below the thrust
about 2 wiles north of L. Suches, around the small laske to the S.%W. of
snenea and underlying the Lower White Sandstone both near Pinuni
ond about 2% miles S.E. of Suches village . (OCn lithological grounds,
thiore 1s no reasson to distinguish the alternsting facies beneath
trie L. “hite Sandstone from similar facies elsewhere. However, the fiel
Junctions in the former occurrences were zalways conformable and since
*n unconformity beneath the Sandstone Series is vostulated on the
basig of differing fold styles, the alternating sequences mentioned
nroboably belong to the younger series.)

& yellow-spotted green tuff was found in the U.,%W. corner of sub-
crea 6 interbedded with dark-grey voor slate.

ibout 13 miles north of the lake shore, canning a hill on the
western side of the valley which leads from L. Cololo to Pelechuco,
a 12 ft. thick outcrop of pillow lavas was seen. This was conposed
of a purvlish, fine-grained igneous rock, individusl pillows being
from 1 - 6 ft, in diameter. The lava rested on a laminated, current-
bedded tuff up to 2 ft. in thickness from which a rhynchonéllid was
obtained. Underlying beds displayed the Shale-thin sandstone facies.

1 mile W.S.W. of the pillew-lava exposure, the Shale-thin
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sandstone sedimentary facies passes conformnably upwards into at least
500 ft. of rubbly, grey-brown micaceous sandstone. Perhaps this
way be tentatively correlated with a thin formation of purple-brown
candaetone found + mile from the northern shore of L. Suches in sub-area 7.
The Lawer White Sandstone is exposed in the prominent N.E.-facing
scarn between the western ends of L. Suches and L. Colelo. it least
35C¢ ft. (true thicknese) are seen herc. Approx, 8 miles to the W.3.W.
it azain comes to the surface, rising abrupntly from the pampa to form
three isolated 300 f£t. hills. The formation is found, too, along the
lower sloves of the N-5 ridge to the %W. of Rio Trapiche. Lithologically,
15 is 2 mediun to coarse-gralned seandstone varying in colour from
white to light brown or grey. 1t may be flaggy, or massively-bedded,
is usually well-jointed and haos usually suffered much leaching so that
iron-staining exhibits all gradations up to a rich red-brown colour.
¥any of the larger grains are exceptionally well rounded. A formation
of “urnle uartzite rests conformably on the L.White Sandstone and is
nost extensively developed in the northern part of the range of hills
~outh of Pampa Blanca. 1t is also exrosed on both sides of the N-5 frac-
ture to the ¥. of Rio Trapiche and may also occur about 2 miles N.E. of
Caillora. The rock is pale-purple in colour, fine-grained and well-
beddéd. Current-bedding, @s in the case of the L. White Sandstone,
shows the sequence to beﬁoorrect way up.
retween the Purple Quartzite and the Upvner White Sandstone, a
5¢ ft. (winimum) bed of well-cleaved Purple Shale is found in the hills
to the 5. of Pampa Blanca.

The U. White Sandstone is lithologically very sinilar to the

L. "hite BSandstone, being fine to coarse-grained, hard, sometimes
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blocky and with variable amounts of iron-staining. It outcrops in
the southern part of the hills 3. of Pampa Blanca and above the frac-
ture to the W. of Rio> Trapiche. 1t is at least 300 ft. thick.

The observation of ripnle marks, current bedding and Chondrites
iroregsions (radial grooves nroduccd by worms), the last being no
lesa abundant than those wroduced on tidal flats at the present day,
~uzrest that the Lower "hite Sandstone was deposited in very shallow
ster., In addition, the extrerme paucity of fossils (only one brachiopod

was found) further sugeests rapid deposition of sediment and/or leaching,

and with the roundness of the larger sand grains combines to give a mental
nicture of shallow-water off-shore deposition with occasional influxes
of wind blown desert sand,

2 (ii) IWNTRUSIVE IGNEQUS ROCKS

Two igneons intrusions werc found. The first was a small,

hizhly-weathered, Holerite &vke in 3ina valley 2 miles north of Sina

I
=
W

g3, It was narallel to tho regional strike and approximately

vertice-. 1.

he cecond intrusion was a pear-shaned bos= 2 mile . of L.
Cochrhuna. 1t had deflected the cleavage and bedding of the slaty
country rock. It~ dimensions were 1 x 1% niles. In thin section
the rock is seen to be a nuch-altered diorite. _ little lead mineral-

isntion occurs in joints.

2 (iii) WVINTRLLIS!TION

L notcworthy feature of the mountain area is the occurrence of
guertz veins in every rock type. Within the cuartzite and alternating

cuartzite - thin slate faciles, thesc veins are controlled largely by
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joint plenes and are also frequently found between separate boudins
whers boudinage is developed. In addition, quartz "sweat-out" has con-
tributed largely to the production of Ptygmatic folds seen, for example,
2% the T. end of L. Suches. In argillaceous rocks, quartz is to be seen
between and parallel to cleavage folia (often sharing the secandary
deformation of these folia) and in irregularly sub-parallel joints.
Un occasion, a fairly thick (un to 1 ft.) quartz vein itself displayed
boudinage,

‘'n iron-rich carbonate frequently occurs with the quartz, impart-
inz a brown stain to that nmineral. OSmall amounts of chalcopyrite
and pyrite may =2lso be assoclated; whilst in a very few instances a
greenish nicaceous wmincral (ohlorite?)was found.

3iderite, in the form of a fresh unaltered mineral, or altering
to brown iron oxides may occur with quartz as noted above. In other
lecalitics it was the dominant vein filling and in yet others it wes
found centirely on its own. .t a locality 8. of Sina Pase, siderite
foried the 10 ft. core of a vein bordered by two feet of quartz and
thie hanging and foot walls.

The only veins studied of economic importance were those of a
disused zold mine (the San ..ntonio Mine). Four principal vein sets
are scen, of which threo are barren. The Tfourth has an average width
o7 14" and contains, in addition to native gold, a little chalcopyrite,
salena end pyrite. falachite is scecondary after the chalconyrite,
e host quartz is either white or a waxy grey. .fter being mined
by hond, the quartz is crushed in a2 srall mill and the fragments panned.

It anmears that the sulphide-bearing part of the vein has been intruded



into a reonening of a previous quartz veiln.

Pyrrhotite was the only mineral found which was not related to
the =ilicification. In this occurrence referred to, the pyrrhotite
took the form of a discontinuous band of minute cryvstals in the bedding-
planes of a poor slate found north of the Soral ridge. It was probably
2 late-stage replacement along the bedding nlanes.

+t Suches Mine, a low grade gZold deposit has been worked inter-
nittently since 1700 when it waes first worked Ly the Spaniards. The
zold is disseninated in a very thick deposit of zlacial moraine
(perhaps 500 - 600 ft. thick) derived from the mountains to the east.

L]

Darker bands in the moraine (representing a more argillaceous source)
are the richest in gold. 3Bismuth, lead and silver occur to a much lesser
extent. Initial concentration of the gold is effected by washing the
moraine through a channel which has bassl riffles. The concentrate
is then panned.

The remeining mineral occurrence of note was & band of massive

N

haematite and limonite found in the Sandstone Series nile N,™, of
Finca ‘urora. TUnfortunately no positive outcrops were found; but
the float covered an area of 200 vds. x 30 yds., parallel to the

strike of the sandstones.

2 (iv) ¥TT ¥ORPHISM

. very low rrade of metamorphism is shown by the rocks to the
cazt of L. Buches spnd in the L. Chucuyo Grande arca. The fine-grained
siltastones have been compacted and have produced chlorite on a swall
scale to become impure micaceous quartzites. Cleavage at the same
tirie beocomes less pronounced. 3Siliceous rocks exhibit low degrees of

recrystallisation. The most noticeable feature is the migration of
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quartz into "sweat-out" veins, which are found in moat rock typcs and
nich also serve to indicate that some of the argillaceous rock facies
were pore siliceous than others.
It is not known whether the slight increase in mctanorphic grade
tc the east is to be related to stronger folding preseures or to a

combination of these with greatcr depth of burial.

PUEYSIC. L GROLOGY

3 (i) TOrCIRPHY /ND 3TRUCTURE

Only in tre western sandstone creas could torogranhy be used as
[}

= succesaful aid to interpretins the structurc of the rocke. The
Sandstone 3eries to the 3. of Pampa Blanca outcrops in a bold, H-facing
escarnment.  Further south, between Tranichce and rinuni along the western
edee of the pampa, this same series forms o prominent HN-5 range of hills
which zain hcight westwards to rerch apnrox., 4950 metres (15,3%00'")
whilst at the southernmost cnd of this range three isolated hills risc
sharvly from the pampa at the confluence of Rio Trapiche =2nd Rio 3uches.
They ark fold axcs within the Sendstone Scries. The sandstonce then
dip eastwards beneath the pampa and for about 7 miles not a single
cxposure of solid rock is found. In this intervening distance the
vanpa continues for about 6 miles and then grades upwards into rolling
crasey hills of the Moraine Belt. Between the western ends of Lakes
sucheg and Cololo, the Sandstone Seriles reappears to form a well-
rarked W.E.-fecing scarp which reaches 440C . (14,500ft.).

In the mountaincus area to the east, topozravhy is no longer such

2 good puide to the structure. On the large scale, the wotershed of the
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quertz into "sweat-out" veins, which are found in most rock typces and
which also serve to indicate that some of the argillaccous rock facies
—ere oore siliceous than others.

It is not known whether the slight increase in mctanorphic zrade
tc the east is to be related to stronger folding pressurcs or to a

combination of these with c¢reatcr depth of burial.

PEYSTIC. L SFOLOGY

3 (1) TCECIR PHY [ ND STRUCTURE

Only in tre weateorn sondstone c~rcas could townogranhy be used as
= guccegaful 2id to interpretin- the structurc of the rocks. The
Sandstone Series to the 3. of Pamna Blanca outcrops in a bold, HN~facing
cecarnment. PFurther south, between Tranichc and -inuni 2long the western
]

cdoe of the pampa, this same series forms o orominent -5 ronge of hills

5,300")

-

which 7ain height westwards to resch apnrox. 495C metres (
vhilst at the southernmost cnd of this range three isolated hills risc
sharnly from thc pampa at the confluence of Rio Trapiche and Rio 3uches.
They mark fold axcs within the Scndstone Series. The sandstonce then
dip eastwards beneath the pampa and for about 7 milcs not a single
cxrosure of solid rock is found. In this intervening distance the

vampa continues for about 6 miles and then gradcs upwards into rolling

2

crassy hills of the Moraine Belt. Between the western ends of Lakes

o

Juchergs and Cololo, the Sandstone Series reapnears to form a well-
rarked N.E.-fecing scarp which reaches 440C =, (14,500ft.).
In the mountainous arca to the east, toporravhy is no longer such

2 good guide to the structure. On the largn scale, the wotershed of the
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sountains runs for vnart of its course in a2 N. .-3.B. dircction parellel
to the regional trend of the rocks. The Qoral, Palomani and latchu Such:
Coochi ridres also take this alignment, as do tho combined ice fields
of the lizucarani snd Test Soral glaciers. 1t is noticeablce that the
rivers arc either parallel to the regional strike, e.g. Rio sSanches-—
cuchu, or at right angles to it, e.o. Rio Soral. Similarly, the
rivers to the S.%, of the watcershed arc narkedly sub-parallel in their
unscr recches, 211 flowing “.5.7. & structural control is postulated
for the origin of Lakcs Suches and Cololo (Section 4(ii)). It is
suggested that antiforms of the sccond folding wers more casily ex-—
nloited by glaciere than the corresponding synforms.

(n the small scale, structures which have exocrted a control
upon topogravhy are cleavage, bedding and jointing, Thesc three features
are voriously affected by frost sction #nd sonetimes one, sometines
snother determines the trend of a particular peal or valley, often
=ithout visible chonge of sedirent.

5 (ii1)  GL.LCILL TOPOGRLPHY

Feasurcments of the flow dircctions of cxisting zleciers show them

to be largely controlled by the jointing of the underlying rock. .
further control is nrobably to be found in the -8 faulting displayed

in sore arcas. The glacicrs src fced frow scveral ice fields, whosc
altitudes vary, on averaze, between 17,000 -nd 13,500 feet. South-
flowine glacicrs from any given ridge generally extend 1-2000 feot

lover than the corresvonding N-floving ones. The absence of a central
21ll-supplying ice-ficld probably accounts for the disconcerted action

of the glaciers for some were retreating whilst others were advancing,



hoth these rovewents having a rate of 1" - 2" ner day.

The overall picture in recent geological tine is onc of retreat.
The Loraine 3¢lt, which was laid down by glaciers issuling frow their
valleys =nd coalescing over a wide srea (i.c. a piednont zlacier),
‘3 now fully clothed by vegetation; and grase 1s besinning to sprout
o1 tho hummocky moraines within the valleys theiselves. The glacicr
»hich has withdrown frow L. Cslijon to .noenea has left in its wake a
crriecn of crescentic terminal rvoraines with intoervening lakes and later
svonmeg, whilet lateral woreince forn ridees on the sides of the valley
%t succcssively lower lovels, L sinilarly-formed foetnre 1s o wmorailnic
rid:s¢ about 500 ft. above the northern shorcline of L. Suches just

~

under 2 dles from the W.R. corner of the lake. It is parallel to
tho lak: and indicatos tho hoight of glacier which produccd and supportad
it.

Sina vallcy, running northwerds fror the wat.rshed of vina Parcs,
Jispleyoed many glacial features., 1t was U-ghaned in cross-section
and rcnsibly straight for a distence of #bout 10 miles. The flat-
lying valley floor doscoended in throeoe onronounced stens to the north
(Fig. 2). Cnc of the flat stretches me T have been the site of a small
12k hold back by o land slip. Tho threoo steps, however, probably
tnd o glacial origin, for which the cormionly-held thcory invokes
corric-nction by residual fragments of the valley glacicr. In the lower
r¢zches, Rio Sina meandercd arong intcrlockings spurs produced in 10 - 20!
of alluviwm and norainc. This valley-in-valley form nodificd the UW-

tancd crose-scetion (Pis. 1).

Sgyrauetrical folding ~t the eastern onds of Lakes Suches and Cololo
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3 (iv) ILORAINE

Two studied sections may be considered typical of the moraine
as a whole. Near Suches Mine, individual fragments in the unsorted
deposit showed all gradations from boulders of 2 cubic yards volume.
down to fine rock flouy, Sandstones of various types were the most
abundant rocks - coarse, medium or fine grained, usually blue in
colour and often veined with straight or ptygmatic quartz veins.
Quartzite was the next most abundant rock type, followed by vein
quartz and then shaly rocks and phyllite. In general, the boulders
were well rounded. Their matrix consisted of clay minerals and
rock flour and contained gold, bismuth, lead and silver.

Two miles N. of Finca Aurora, the followihg section (Pig. 4)
was drawn. About 15 inches of white, non-pebbly clay is underlain
by 7 feet of unsorted moraine which contains blue sandstone and
poor slate, grey quartzite and vein quartz. Overlying the clay is
some 4 feet of poorly-stratified pebbly moraine, which is succeeded
upward by about 8 feet of unsorted moraine. These last two sub-
divisions contain pebbles of khaki, blue and blue-black siltstone,
micaceous siltstone, laminated sandstone and fine-grained grey
quartzite.

3 (v) SOILS AND WEATHERING

The rainfall of the Northern Altiplano of Bolivia varies from
16 - 27" per annum. Daytime temperatures of up to 60 - 70o drop
sharply at night, often to below zero. Hence frost action is a
prominent weathering agent and, depending on the cleavage and joint-

ing of the rock, produces angular blocks (snndstone) and flakes or
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pencils (shale). Extensive scree slopes were often to be found,
e.g. along parts of the Sina valley where they reached 150 - 200!
above the wvalley floor.

Depending upon the amount of iron in the sediment, usually
in the form of pyrite, the shaly rocks gave Light grey or khaki to
brown soils. Occasionally a markedly blue soil was seen. Soils
derived from the sandstone series were generally little different
from the colour of the massive-rock, i.e. grades from light to rich-
brown. Leaching has played a part in the weathering of these rocks
and iron had been withdrawn from the centre of jointed blocks to be
deposited as a stain on joint and bedding faces. 'Boxstones' were
seen at a few localities. Selective erosion by wind action had
picked~out the less-cemented parfs of the leached sandstones.

Light grey~brown, stony soils on the moraine supported a
cover of coarse grass.

Spheroidal weathering had affected the pillow lavas and
dolerite dyke to a small extent.
3 (vi) DRAINAGE

The watershed separating the inland drainage region of L.
Titiecaca in the S, from the Amazon Basin to the N.E. follows a curve
which is convex northwards. It runs ffom Pelechuco Pass northwards
to the Soral Ridge, thence N.W. to Chupi Orco and W. to Calijon
over the Sina Pass.

Streams and rivers were everywhere small in volume, largely
because of the Season (Southern Winter). In the Summer months,
rivers are swollen by melt-waters and the pampa becomes one large

marsh, only crossed with difficulty.




)
The drainage of the pampa follows its southern slope and

eventually the rivers combine to flow through a steep-sided wvalley;
the western side, of sandstone, is approx. 100 feet high; the
eastern side which forms part of the Moraine Belt is less steep.
Thereafter the river continues to L. Titicaca.

3 (vii) LAKES AT THE PRESENT DAY

Two convenient catagories may be distinguished: lakes on
solid rock and lakes on moraine,

Of the former group, the lakes to the N.E. of and including L.
Suches may be taken as examples. L. Chucuyo Grande is fed by

numerous melt-water streams from the surrounding ice-cemp. It occupieq

a rock basin, steep-sided in many places, from which it overflows

to L. Chucuyo Chico in a waterfall. Probably the lower lake was
once deeper and rather larger, at a time when the W. Soral glacier
had greater lateral extent. The former outlet would be down the
Pucar Kollo valley immediately south of San Antonio mine. Two
shallow, almost circular rock basin lakes occur E.N.E. of L. Suches.
The lower of these is an indirect result of the glacial plucking
mentioned in Section 3 (ii).

Lake Suches itself is long and probably quite deep. It rests
in a glaciated valley, of which the eastern third is of solid rock
and blunt-ended. To the west, the valley-sides slope gradually down-
wards, decreasing from over 1,000 feet to less than 50 feet-at the
mouth of the lake, where moraine has entirely blanketed the solid rock.
The outlet is shallow, boulder strewn and about 50 yards wide.

Practically identical conditions characterize L. Cololo,




Draining into the western part of L. Suches 1is a string of
for Paternoster lakes (termed the "Palomani Lakes"). Their waters
rest on the flat stretches of a stepped, glaciated valley (Cp. Sina
Valley).

The second category of lakes - those on moraine ~ is exempli-
fied by an unnamed lake on Pampa Blanca which drains west through
Poto, Its basin is wide, shelving and shallow. Many of these
"over-sized puddles" are to be found in the wide expanse of the
Moraine Belt, but they are usually inconstant and readily dry-up
in the (Southern) Winter months of July to November.

3 (viiil) FORMER LAKES

One of the most difficult problems encountered concerned
the origin of the "pampa", that extremely flat tract of country,
poorly-drained by small streams, which has an areal extent of
about 200 square miles. From nezsr Trapiche in the north, it slopes
very gently S.S5.E. to beyond Ucha Ucha, a distance of approx. 30
miles, The maximum width of 10 miles opposite L. Cololo decrease”
southwards until the western boundary of s0lid rock meets the eastern
boundary of moraine; and here the entire drainage of the pampa in
the form of a shallow river flows through a steep-sided valley.

Almost certainly the flatness and low slope (1 in 160 or 3°935!)
can be attributed in one way or another to water. Aggradation by
fluvial sediments had been the dominant process in recent geological
time, but it is possible that a degraded topography (i.e. a2 marine

planation surface) underlies the panpa,



The first stage of formation, as suggested here, requires a
great enlargement of the mountain ice cap and the smothering of
existing topography beneath a thick blanket of moraine. On the
partial retreat of the ice, it is considered that an extensive lake
remained, impounded by solid rock and moraine in the south and by
piedmont ice in the north. Outwash streams would thus have no
opportunity of eroding the unconsoclidated sediment. They would be
compelled to drop their load in the lake, tending to build a
flattish floor. The fact that streams of the area begin to meander
before reaching the pampa accor#s with this conception of a local
base~level.

When the lake eventually drained (to the South) the great extent
and relative flatness of its basin did not permit a rapid erosion.
Rather did it slow down the streams and induce greater meandering.
Establishment of a vegetation cover of wiry grass and marsh plants
further holds the soil and probably contributes to aggradation by
catching wind-blown dust.

The following stream section (Fig. 5) was sketched 12 miles
S.E. of Suches village. It shows lake deposits of fine grey clays

above and below a central, discontinuous pebble deposit. This

last probably represents an o0ld watercourse. The two thin clay-
and-pezt bands presumably indicate one-time marshy conditions.

In the field, the flat tops of a number of the moraine ridges
was thought to indicate deposition below, but near, water-level.
If this were the case, a subsequent lowering of lake-level would

have to occur almost to the level of the present pampa,
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STRUCTURAL GEQLOGY

4 (i) THE SANDSTONE SERIES (Stereogram J)

Pressures from a dominantly E~W direction have produced a
series of amticlines and synelines in the Sandstone Series. These
folds are symmetrical, open, with rounded hinges and vertical
axial planes; and with a wave-length (in the Pinuni area) of approx.
3 miles (Section J-K). To the south of Pampa Blanca the usual axial
trace direction of N-S changes to run W.N.,W.-E,S.E. Here, the U.White
Sandstone, forming the S. part of the range of hills, dips gently S5.W.
and is underl=in by Purple Shale and then by Purple Quartzite. Since
the cleavage of the Purple Shale d&ps gently towards the N.N.E.,
it is suggested that the escarpment which overlooks Pampa Blanca
forms the short, southern limb of an asymmetrical fold which has
been pushed from the N.N.E.

A prominent N-S striking fracture, some £ mile to 1% miles
west of Rio Trapiche, is well exposed in the valley immediately to
the west of Finca Aurora. The plane of the fracture dips to the
west and is marked by a finely-ground, grey, flinty rock, underlain
by a wide sheared-zone. Above the dislocation,beds dip gently

eastwards and consist of an alternating series of fine-grained and

coarse-grained white sandstones passing upwards into purple sandstones.
Immediately below the fradture, to the east, is a well-bedded coarse
whitec sandstone inclined stecply westwards, whilst further to the

east the dip decreases and the white sandstone appears t0 be under-

lain by purple sandstone, Another strongly-sheared flinty rock to



the S,W. of Traniche stock farm probably indicates the northward
continuation of the fracture.

An B-W fault with downthrow to the south is found in the
szandstone scrrp to the E. of the pampa.

The folds in the Sandstone Series =2re quite different from
fold styles seen further east in the mountains. This mny indicate
different reaction to the same pressures. (No angular unconformity
or basal conglomerate was seen in the field between the sandstones
and underlying shales, but it is @momble that the shales immediately
beneath the sandstones are also part of the Younger Series:) The
fold styles are sufficiently different to warrant the assumption of
an unconformity, whilst if the N-S fracture is indeed a thrust, as
was thought in the ficld, dominant pressures must have been from
the west and hence completely opposite in direction to pressures
in the eastern area.

4 (ii) THE QUARTZITE AND ARGILLACEOUS SERIES

In the eastern mountainous area, folding pressures came from
the N.E., and have produced styles of folding which depend to a
large extent on the lithology of the rocks concerned. The sandy
and quartzitic rocks of sub-arens 11 - 15 and 1 reacted to the stroasg
compression by producing folds which often have very steep limbs,
In general they are symmetrical or slightly overturned and the
cleavage dips between 50° and 90° to the N.E. (Sections A-B, E-F).
Further to the S.W., a8 argillaceous rocks becomc increasingly
dominant, the fold style changes in sympathy. The poor slates of

Sina Pass are isoclinally folded (Section A-B); whilst alternating
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shales and thin s~ondstones =t Loke Bololo exhibit asymuetrical folds,
agnin overturned from the W.E. (Section G-H), In both thesc arens,
cleavage dips 30° - 50° to the N.E. In sub-uress 4,5,6 and 8,

where the rock tync is nlmost exclusively clecaved mudstone and

poor sl~te, the vorintion in clcavage dip is taken a stage further.
In thesc arens it 1s very low and dips at less than 30° to the N.E.
(Section @-D).

The verination just noted indicates that the direction of
ensiest relief ( the a stress axis) woe upwards in the east, but
that further west it inclined incrensingly over to the S.W. as the
compressive forces acted on more argillaceous rocks. Put in another
woys the dip of the cleavage decrenses progressively from E. to W.

The varistion in clesvege strike, as oppesed to the dip
variation, is not considered to be an effect of the primary folding.
Rather is 1t due to a2 second phase of folding much weaker than and
ot right-nnglcs to the first, i.e. precssures acting in a W.W.-S.E.
direction. Thus in sub-ares 2, the cleavage has the regionzl
strike of 150°, To thz north, in sub-anre= 1, the strike swings to
1409, whilst to the south, in sub-~rea 3, it swings in the opnosite
direction to 160°. The linear structures change their plunge direc-
tion in sub-nre~ 2, dipving away from it on both sides. This cul-
mination indicates = gentle warp of the controlling cleavage planes
about an axial plane striking 060°. slthough the Sina Pass and
S3ina Valley areas have been taken as an exemple, the same pattern -
of regular devistion from the rcgional cleavage strike accomprnied

by corresponding culminations and depressions in the plunge of
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-»uch rore quartz veining than further north. The presence in this area
of a greater nurber of silty bands in the rock ray explain this
feature. The quartz probably nigrated ("sweat-out") in response to
the extrene pressures of folding. Between the Pass and L. Calijon,
no indications of bedding were to be found in the poor slaty rocks.
The dip here is very low (less than 30° to the W.E.) and the strike
very variable,

Conzonly in the areas just described and in other areas where
slaty rocks are developed, the cleavage folla have been sharply
bent by subsequent roverents. The deforration shows itself as small-
scale angular corrugations, the axes of which were neasured in the
field as linear strustures. Such lineations are found to be approx-
imately parallel to the calculated 2xis of the local fold and nay
therefore represent a late phase of the first folding.

4 (ii) B. SO0UTH QOF SINA PLi33. THE "PALOMANT TAKES". (Stereograr 3)

Grey cleaved 1udstones outcrop in the eastern parts of sub-
areas 5 and 6, whilst the Shale-thin Ssndstone facies is found in
the central ond western parts, especially in the centre of the
southern-rost E-W valley. In both sreas the cleavage dips at a low
angle, usually below 30° and its strike is very variable. At the
western end of the possible E.N.E.-Y.3.W, fault, a 10 ft. thick
breccia of gquartz and siderite separates overlying beds striking 276°
from underlying beds with a strike of 3520. This fact, plus the
juxtanosition of flat-lying and ruch steeper cleavage along the
boundary between sub-areas 3 and 5 sugrests that a NW.E.-S.W.
structural break occurs here. It is not shown on the map.

The prominent ehevron foldins (with lirb-length approx. 40')



found in the central nmart of the valley and along the eastern
side of Trepiche Valley has been affected by the second folding, so
that the saxial plasnes, which were probably at one tire horizontal,
now dip sently to the S.E. Likewise the linear structures have becn
affected and show » variety of plunge directions although rost
plunge either to the S.EB. (down the dip of the axial plane) or to the NV
To the S.E. of the Falonani Lakes, a N-S thrust which dips east-
wards ot 40-50° is seen as s well-marked fracture in the valley
side. This frecture runs disgonelly up the eastern valley wall to
the south nnd can be traced further south to within % nile of the
N. Shore of L. Suches - a total distance of about 3% miles. In the
extrere west of sub-ares 8, at the headwaters of the strean drain-
ing south to L. Suches, the thrust is warked by a 15 foot vein of
iron-stained quartz which dips eastwards at 550. It is here down-
thrown to the south by a small fault striking 212°, which also
displaces n previous fault striking parallel to the thrust at 190°,
The outcrop of the thrust in the roraine-covered area is
rerked by a line of iron-stained quartz boulders. Opposite the
circular Palorani Lake in the north, 2 second fracture breaks off
from the first, whilst two converging lines of gquartz boulders in
the south indicate the southern 1linit of this splinter thrust. in
extensive, but isolated, outcrop of breccin S.%W. of the circular
lake may represent yet another snlinter-thrust.

4(ii) C. RASTERY END OF L.SUCHES. NORTHERN AND SOUTHERN SHORES
(Stereogranm C)

The grey quar®zites and siltstones of the eastern parts of

sub-areas 9 and 10 are folded into asyrmetrical anticlines and synclines
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The long lirb of the anticline dips B. to E.N.E. at lOO—BOO, whilst
the chort linb dips steeply to the W.S.W., or is vertical, or dips
steeply to the E. (overturned) (Section E-I'). The cleavage usually
dips =zbout 30° to the E, changing its strike between the two sub-
areas.

The asyrmetrical style of folding continues along the southern
shore of L.Suches, prohably as far as Caljiapata, but on the northern
shore the fold style is difficult to determine until the nost
eastern ¥-S valley is reached. Here, the dip of the bedding
(at locslities where readings were made) was always greater than
the dip of the cleavage, indicating.that the beds were overturned.
Likewise, in the valley to the west, bedding was always steeper
than cleavage, both dipping to the E.N.E. Two interpretations are
possible: 1) That the structure of the two valleys i1s that of the
inverted limb of a large recumbent fold; 2) That the folding is a
continuation of the fold style further eagt (i.e. asymietrical folds)
wodified by a slightly greater fold wavelength and a flatter
cleavage dip (Section 0-D). In this interpretation, field readings
wust have been confined ~lmost entirely to the steeper, overturned
limbs. It is not considered that the rocks are isoclinally-folded
since there exists a large angle between bedding and cleavage.

The thrust vnlane in the west dips beneath the asyriietrical
folding and probably lessens in dip to the east. It separates
steenly-dipning, overturned beds above from underlying beds whose
structure is not completely known but appears to be asyrmetrical

and similar to the folding at Sina Pass.
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Nothing is known about the noverment on the thrust plane, but
it is sugzested here thot only =~ smnll tronslation has occurred:
the grey amd blue-grey cleaved udstones of sub-area 8 "tie-in"
neatly with sirilar rocks at Sine Pass when traced along the regional
strike, whilst 2 sub-thrust facies of alternating shale and thin

sondstone "tieg-in"™ ®with 2 siniler facies in sub-area 6.

4 (ii) D. PELECHUCO PASS AND L.COLOLO (Stereograr D)

On Pelechuco Pass, a series of grey quartzites with inter-
calated shales is found, sirdilor to the facies observed near the
eastern end of L.Suches. This series is flanked to the east, down
Pelechuco Valley, =nd to the west by overlying drrk-grey to black
shale, whose cleavage hes the regional strike. The structure of
the Pass is thus a brond N.¥.-S.E. trending anticline. The fold is
roughly sycmetrical in the S5.BE., but is asyrmmetrical in the N.¥.,
its short limb dipning steeply to the S.Y., or vertical, or even
slightly overturned.

At the enstern end of L.Cololo, aasymretrical folds whose
2xirl traces strike 155° are overturned frori the N.E. The cleavage
dips on average 30°- 50° to the N.E. It is interesting to note
that the gently-dipping linb of the anticlines has been pushed
beyond the horizontal, so that it now dips to the S.V. The practical
effect of this arrangement is that heds become progressively younger
to the west., (Section G-H). TFurther to the west, the long anti-
clinal limbs are inclined to the .E. The wavelength of folding in
this region varies between 300 y~rds ~nd one mile and is thus smaller

than that of folds further north (Pelechuco Pass and L.Suches).
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4 (ii) F®. THE SORLL RIDGE 4D RIO SANCHES-CUCHU VALLEY (Stereogram )

The Soral ridge is situated on the crest of o broad and open
anticline (terried the Soral inticline) which is corposed of grey
quertzite with lesser aiounts of interbedded poor slate. The N.E.
limb dips at 300—400, flattening to become horizontal, whilst the
5.%. 1limb is inclined at about 50° near the cusp-like hinge, decrecasir.
in dip on thc fl=snk. The fold-forrm does not appear to continue in
depth. Probably the style of folding is concentric: bedding plane
sliv> would be facilitated by the presencs of shaly beds, which
would receive a fracture cleavasge dipping to the N.E. and to the S.W.
on respective fold limbs. Such an explanation would account for the
two clustcrs of cleavage poles on the Stereogram. The Soral Anticline
is known to extend for at least 8 miles and probably goes well
beyond these limits.

S.W. of the fzucarani gl-cier in Sub-2rea 14, two N-5 faults
run parallel to the valleys which contain themn. A N.N.W.-S5.3.E.
fault parallels the glacier edge and a well-marked W.N.W.-E.N.E.
fault cuts the ridge betwecen the two valley faults, probably connect$§
with a similar fracture to the west and perhoans with another on the
N.E. side of the glescier in the Rio Sanches-Cuchu Valley. The beds
in sub-2rea 14 dip at low mngles and are variable in strike, nuch
of this being due no doubt to the faulting. Their poles, however,
(Stereogram E) nre only slightly displaced from the great circle on
which lic the bedding plsane poles of the Sorel anticline. Thus they
probably represent the foulted hinge of a similar structure

(enticline).
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4 (i4i1) P. NORTH AYD W.W. OF MATCHU SUCKI COOCHI (Stercogram F)

This arca, covered by sub-srens 11 ~nd 13, extends from the
lorger N-S fault in the c2st to the snall lake (L.Chucuyo Chico)
south of L.Chucuyo Grande. It includes the large glaciated valley
lerding S.W. from the snout of the W. Soral glacier.

The N-3 fault forming the boundoary between sub-areas 14 and 13
seporated flat-lying beds on the emst from ateeply-dipping, '
tightly=folded beds on the west (Section E~F )« Very similar,
tight folding is seen along the valley below the W.Sorasl glacier, the
limbs of these folds dipping 600—90O and sometimes being overturned
frort the N.Z. Cleavege dins steeply at 60°-70° to the N.E. Intense
folding pressures have probably accentuated the orginal sand-shale
scdimentary alternation by causing quartz to wmigrate into the
quartzitic beds. These vary from 2" to 12" in thickness 2nd
frequently display ptygmatic folding.

A prominent fracture (?thrust ) in the eastern valley wall
cute N.N.E. =2cross the valley and could be traced S.S.W. for
about 1% miles.,

The bedding-plane poles of sub-area 11 (Stereogram F) do not
readily fell on =2 great circle which also contains the cleavage poles.
Perhaps 1t is significant that a small circle drawn 60° from an
axis plunging 100/3020 links these poles better. Such a small
circle, if it truly represents the style of folding, would indicate
_conical folding, with the possibility of an unseen unconformity; and
the position of the axis would suggest that the deformation took place
during the first fold phase. Insufficient data - of planar and linear

structures - are available to decide this issue.



4 {(i1) G. LAGO CHUCUYO GRANDE AREA  (Stereogram G)

Once again, insufficient structural data are available for
analysing this region, which is perhaps one of the most complex in
the area. It is seen from Map 1 that the cleavage strikes of sub-
areas 15 and 13 converge here and in fact the cleavage strike of sub-
area 12 is intermediate between the two. Linear structures in
general plunge N.N.W., some at angles greater than 30°. Bedding
planes dip mainly towards the north, i.e. between 2700-36OO~O9O°;
the most noteworthy being the steeply-dipping beds which are inclined
towards W.N.W. The latter are unrepresented in sub-area 11, but a
few are found to the S.%W. in sub-areas 9 and 10.

4 (ii) H. ANANEA T0 TRAPICHE STOCK FARM (Stereogram H)

Only two undoubted readings of bedding were obtained in sub-

area 18, The first, at the edge of the intrusion near L.Cochahuma,
had been affected by the emplacement of that body; the other, S.W.
of Ananea, was in a shale-thin sandstone facies and the presence of
well-developed current-bedding showed overturning from the north.
The widely-present black, cleaved mudstones of the area - phyllitic
south of Ananea - bore a cleavage with variable dip and strike.
The strike was 140° S.W. of L.Calijon, with N.W. dip; 070° in the
vicinity of L.Calijon, with dip to the S,S.E.; and 075° south of
Ananea, with a northerly dip. The relation of the last two groups
to the structure of the area is not known,

4 (ii) I. SUMMARY AND CONCLUSIONS

A first phase of movements, producing a N.E.-dipping cleavage

and folds which are overturned from the N.E., has affected the whole

of the eastern part of the area studied. In the extreme east, quart~*te
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with subsidiary poor slates have been deformed in a concentric

manner (Soral Anticline). Tracing across the strike to the 7. and 5...
folds become asymmetrical, become tighter and become overturned, so
that the cleavage dip decreases progressively towards the west.

The fold style is now similar. The ultimate of this deformation is
the production of chevron folds, with horizontal axial planes and a
low-dipping cleavage.

The paradox of finding the most deformed structures furthest
away from the generating pressures is explained by considering the
lithology. The rocks become stratigraphically younger to the wesc
and in this direction the proportion of argillaceous matter in Tth=a
sediment gradually increases. Concomitantly, the proportion of
arenaceous material and hence of beds which can act compctentiy ¢
folding pressures decreases. The direction of easiest relief (the
a stress axis) is stesply upwards in the east, but becomes more and
more inclined to the S.W. further west. Whether this last feoturc
is entirely due to the lithological variation is not known: +he
western parts may have been nearer the surface during their folding
than the castern parts.

Two probable thrusts, an inferred structural break (which ray
be yet another thrust) and scveral high-angle faults affect the
folded rocks.

Movements at some later date, but again from the N.E., have
caused a corrugation of cleavage folia about axial planes to whicl
the local a direction is perpendicular.

The second fold movements were much less intense than the firzs+t




and at right-angles to them, acting in a direction N.W.-S5.E. It
is not known from which of these two directions the main pressure
came: overturned beds at Lnanea show pressures from the N.N.W.
which may be those referred to; whilst the beds in sub-areas

9, 10 and 12 which dip steeply to the W.N.W. and N.W. may show the
oppesite.

The second folding warped the first-fold cleavage, especially
where the latter was low-dipping. This cleavage shows regular
undulations (in plan) along its strike from Sina Valley in the
north to L.Cclolo in the south. Associated linear structures show
corresponding culminations and depressions over axial traces trend-
ing approx. N.E.-3.V,

The Sandstone Series probably lies unconformably on the
srgillaceous Series., It has been folded into open anticlines and
synclines, which plunge south, by E-W pressures. If the froacture
to the west of Rio Trapiche is really a thrust, dominant prescure

came from the west.

DESCRIPTION OF ROCK SLIDES

5 (1) CLEAVED SILTSTONE (Rock Slide 1)

Mineral grains are almost exclusively of quartz., wi'r rare
grains of fresh oligoclase. The quartz generally gives unstrained
extinction. Boundaries between individual particles are sutured
and often granulated. Occasional large patches of iron-ore are
presumably granulated pyrite crystals. #Mica flakes, usually showing

a bent extinction, ocecur in two directions, of which one is murh
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more pronounced. The mica has been largely altered to chlorite.
Groundmass of fine grained clay minerals.
5 (ii) QUARTZITE (Rock Slide 2)

Mineral grains almost exclusively of quartz. At least 90%
of these grains give 2 strained extinction and many have trains of
small bubbles, suggesting derivation from igneous and/or metamorphic
rocks., Occasional patches of iron-staining are found. Shreds of
mica oceur between the grains as a groundmass and often are "“eating
into" the grain margins.

5 (1i1) SANDSTONE  (Rock Slide 3)

Large, well rounded quartz grains up to 1 mm. in diameter are
conspicuous in both the slide and hand specimen. They may be frac-
tured on a rectangular pattern, some show strained extinction,
whilst a number have curved trains of small bubble inclusions.
Smaller, sub-rounded to sub-angular quartz grains surround the
larger grains. liany have bubble inclusions and more than 50% give a
strained extinction. Rare grains of rounded detrital tourmaline
occur. oSub-angular particles of chert are often coated with iron-
oxide. Sub~rounded to well-rounded grains of iron-ore occur. In
one part of the slide, a mosaic of gquartz and chert is found and
also a vein of chert.

The groundmass of this slide comprises original sedimentary
mica and also authigenic mica, the latter especially noticeable as

a fringe to the large rounded quartz grains.
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5 )  LLTERED DIOCRITE (Rock Slide 4)

ooary essential minerals

Iron ore abundant in anhedral grains up to smm. diameter.
Oligoclase - large, fairly euhedral crystals up to 2um. x lmm.,
often closely lamellar-twinned. Only a trace of zoning

was seen.

Orthoclase - may be present, but thc only marginal felspar
with refrazctive index less than that of Canada 3alsam
cantained crystals of epidote.

Amphibtle - non-pleochroic, length slow with Z-C on average 149,
Polarisation colours grey and yellow, up to sensitive
violes. Optically ncgative. The crystals are rather
ragged and show no sood cross-—-scctions, but one 8-sided
section SQggcsts derivation from a pyroxenc. Some of
the 2mnhibcle may be tremolite.

Primary accessory minerals

patite - fairly abundant in rounded and elongate sections,
latter showing basal fracture, often with the development
of sericite and chlorite slong it. Usually associated with
felspar.
Quartz ~ a few large patches with an appearance of being later
227 the rest of the rock. Some sre very strained.

Secondary minerals

Chlorite - abundant and almost completely replacing the
amphibole. .nomalous nurple-plum coloured polarisation

colours. Fleochroic.
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GEOLOGICAL HISTORY & SEQUENCE OF EVENTS

6 (i) FOSSIL DATING

Only three fossils were discovered:

a) A small inarticulate brachiopod found in iron-stained poor
slates at the S.W. edge of the circular lake immediatnly 3. of
Sina Pass.

b) A rhyncwrellid found 1" from the base of the laminated tuff
underlying the pillow lavas.

c) A cavity in sandstone 1 mile S.W. of Trapiche Stock Farm.
The cavity was heavily crusted with iron-oxide and was
thought to represent a leached brachiopod.

Dr. D.V. Ager reports that all three specimens are quite indeterminatec.

It is suggested that the Quartzite Series and Argillaceous Series

are a good deal older than the Sandstone Series. Consequently, they

will be referred to as the Older Series and the latter group as the

Younger Series.

6 (ii) PFOLDING, THRUSTING AND FAULTING OF THE OLDER SERIES

At least three phases of movement have affected the Older Series.

During the first phase, pressures from the N.E. produced folds striking
150°. This direction has remained as the overall regional strike. Latef
movements (2nd folding) were almost at right angles to this first trend |
and were produced by pressures in a 150°-330° direction.

The third movements, which resulted in deformation of the earlier,z
first-fold cleavage, came once again from the N.E. Possibly they

belong to a late stage of the first folding, but it is at least probable
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that they were subsequent to the N.W,-3.E. pressures (2nd folding)

and verhaps associated with the formation of the Palomani Lakes'

Thrust (whigh strikes 0030) and the folding of the Younger Series
(whose axial planes strike 173°). Paulting, which displaces the
Palomani Lakes' Thrust, may be considered as a result of fold-pressure

relaxation.

6 (iii) FOLDING, THRUSTING AND FAULTING OF THE YOUNGER SERIES

Dominant pressures acted in an E.-W. direction., The writer
believes these to have come from the east, possibly the movements
which produced the Palomani Lakes' Thrust. However, his colleague
found a westerly-dipping thrust to the west of Rio Trapiche, which
would suggest movement in the opposite direction. The E.-W. fault
N. of L.Cololo, which cuts the Younger Series, is a normel, high-
angle dip fault with downthrow to the south.

6 (iv) IGNEQUS INTRUSIVE ACTIVITY

A pear-shaped diorite boss lies to the S.W. of L.Cochahuma.
Hend specimens of this purplish~-coloured rock appear to be “airly
fresh, but in thin section it is seen that the rock has been
sufficiently metamorphosed to warrant the title of a low (chlorite)-
osrade edpidiorite. Basic plagioclase has been transformed to epidote
plus 2 more albitic plagioplase, whilst the ferromagnesian minerals
are largely made-ever to chlorite and epidate.

The projected strike of the thrust west of Rio Trapiche inter-
sects this intrusion. Thus the igneous rock was probably injected
along this or 2 closely parallel plane of weakness at the time of

thrust movement.



34-n

The dolerite dyke of Sina Valley presumably post-dates the first
folding since it is intruded parallel to the first-fold cleavage.

5 (v) GLACIOLOGICAL AND GEOMORHOLOGICAL HISTORY

In N. Bolivia and S. Peru, several veriods of profound erosion
and peneplanation have been established by a number of workers
(e.g. Newell), The most prominent surface thus produced, the "Puna"
surface, dates from late Tertiary time, although in the Bolivian
Altiplano a post-Puno (Miocene?)peneplanation merges with the later
feature to produce the regional Puna surface.

The Puna surface is described as a "post-mature" erosional
feature produced by sub-amerial agencies. It truncates both of the
opposed thrust sets which converge on the Titicaca Basin and is
itself warped beneath this basin and there cut by several high-angle
faults,

The present height of the Andean arch is thought to result from

“te Pliocene to Recent epeirogenesis. IMany interesting theories
speculate on this very recent upheaval and the former existence of a
number of large and apparently prosperous civilisations in a region
#hich 1s now inhospitable and unrewarding.

In the Nudo de Apo3¥nbamba, it is possible that the pampa re-
nresents a remnant of an erosion surface above which the mountains
3tood as monadnocks. Certainly the formation of a piedmont glacier
'mplies a more subdued terrain at the foot of the mountain range.
lowever, the only coarse clastic deposits found were those of the
noraines themselves; which are presumably of Pleistocene to Recent

2ge and therefore post—-uplift. Thus considerable modification of the



Yo

original topogravrhy has obscured any evidence of the pre-Pleistocerc
nature of the sub-pampa surface.
The pampa lake is here considered to be late-Pleistocene; and
the Moraine Belt to result from Pleistocene to Recent accumulation.,
The present drainage system of the mountains is probably 1ittlc
different from its pre-Pleistocene form. Similarly, it is likely the’
the sub-pampa surface was drained by S~flowing streams gs at presentv.
It is not known when the pampa lake finally disappeared.
Newell (op. cit.) indicates a contraction of his ancestral Lake
Biﬁlivian in early Pleistocene times to occupy the central area of tac
Titicaca Basin; and a further drop in level of L.Titicaca in post-

early Pleistocene times. Both of these effects are considered to be

too early to influence the pampa lake.

6 (vi) SEQUENCE OF EVENTS

12. Continuation of glacier retreat. Draining of pampa lake.

Initiation of pampa drainage. Formation of present day btoprc-

graphy.

11, Retreat of glaciers (Late Pleist?). Formation of pampa lake.
Initiation of drainage of mountain areas,

10. Heavy glaciation (Pleistocene?). Blanketing of the topography
by thick moraine and outwash deposits.

9. Fairly rapid epeirogenic uplift to altitudes affected by the
Pleistocene glaciation. (Uplift prob. continued later to
altitudes affected by normal mountain glaciation, i.e. above the

normal snow line).
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BErosion of the region to a fairly mature topography by marine
and/or sub-acrial agencies. The mountains remained upstanding
above the general erosion level,
Intrusion of the diorite boss along a plane of weakness (Thrust
plane?). The diorite is quite strongly altered and is therefore
likely to be partially contemporaneous with the 3rd Folding (6).
The dolerite dyke could be of any age younger than the lst
folding (2).
3rd. folding in an E.-W. direction affected the Sandstone Series,
probably produced the Palomani Lakes' Thrust, probably crumpled
the 1st Fold cleavage and produced more quartz sweat-out veilns.
These movements possibly produced the westerly dipping thrust
W. of Rio Trapiche. Pressure relaxation resulted in several
tension (normal) faults.
Submergencé&gnd resumption of merine conditions. Shallow water
sandstones deposited (L.White Sandstone) probably underlain by
shaly rocks with thin sandstones. Very well rounded quartz
grazins from a desert environment are inchded in the L.White
Sandstone, .+~ Purple shales, a nurplish sandstone and
more White Sandstone form younger members of this sedimentary
sequence.
Stratigraphical break:

LD . (7
UpllftAand erosion; T Older Series.
Second folding of Older Series by pressures from N.W,-S.E.
Folding less pronounced than lst folding. No 2nd fold

cleavage.
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2 Pirst folding of Older Series by pressurcs from N.E. Development
of fracture - and slaty-cleavage and of quartz sweat-out veilns.
1. Scdimentation of the Quartzite and Argillaceous Series under non-
terrestrial conditions. Rare development of current-bedding in
the gquartzitcs may denote shallow water deposition. On the
other hand a similarity has becn notecd between these Series and
the Culm facies of N.Devon. The latter is thought to represent
a geosynclinal deposit. It may be significant that small occur-
rences of a poor coal have becn reported from near Pelechuco.

The absence of coarse sediment is noteworthy.

T. . PREVIOUS WORK

Reference: N.D. Newell "The Geology of the Lake Titicaca region,
Peru and Bolivia". Geological Society of America
Memoir 36. (1949).
7 (1) Newell's work was confined to the Peruvian site of the
frontier in the Nudo de Apolobamba, although a traverse was made, in
conjunction with Dr. Federico Ahlfeld, along the frontier from Cojata
to Trapiche Stock Farm, thence to Poto. Newell's report includes
obscrvations by Ahlfcld on adjacent Bolivian areas.

The prcsent work agrees with Newell in most respects, differing
here and there only in points of detail. A major divergence of
opinion concerns thc rocks to the west of Rio Trapiche, which he has
mapped as being partly Devonian and partly Cretaceous (Vilquechico
Formation). We found no rocks of the Older Series along this ridge

above the level of the pampa.
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Moreover, our observations of the Sandstcne Series do not
coincide with his description of the Vilquechico Formation ("Dark
olive-grey siliceous shale with several beds of white quartzite"),
but rather with the descriptions of the Cotacucho Group ("Pink and red
massive sandstone overlain and underlain by red gypsiferous shales;

contains a persistent sandstonec unit of probable eolian origin").

(Munani PFormation 800 metres
U. Cretaceous (Vilquechico Formation 680 m.
(Cotacucho Group 1100 m.

From Newecll's map and sections, his Suches Thrust appears to
emerge at a low angle along a line joilning the centres of Lakes
Cololo and Suches; and then to intersect the ridge to the W. of Rio
Trapiche, thus bringing Devonian rocks to rest on Cretaceous.
The Palomani Lakes' Thrust corresponds readily to the eastern outcrop
of Newell's Suches Thrust. It is unlikely, however, to intersect the
ridge to the W. of Finca Aurora. In addition, rocks of the Argillaceous
Series are found beneath the thrust (although this last fact could find
an cxplanation if the thrust were only just beginning to have movement
and was still confined to Devonian beds).

A better suggestion invokes two thrusts as shown diagrammatically

in Fign 60

PAMPA MOUNTAIN AREA
Rio Trapiche . Palomani Lakes'’
~ : RN Thrust
RN =< : \\\
~ L}
N

FIG. ©




8. CONCLUDING REMARKS

In the foregoing pages, the geology of the Nudo de Apolobamba
has been treated from a structural aspect. This was perhaps the only
way in which useful progress could be made., It should be emphasised,
however, that the principal concern of the field work was production
of a reconnaissance geological map om}ly and so as a consequence the
geologists covered as large an area as possible, thereby diluting
that density of field readings which is so necessary for a structural
analysis,

More work needs to be done in the area before the existence of
a second folding (N.W.-S.E. pressures) is finally established. In
addition, the junction between Older and Younger Series west of Rio
Trapiche could bear re-~examination; and finally it would be more
profitable to measure the axial planes of cleavage "rucks" rather

than their axes,



35

7 Survey Report W.H. Melbourne

Introduction

The survey of the Nudo do Apolobambs received an
excellent start from the work of the Peru-Bolivia Border
Commission Survey conducted under the auspices of the Royal
Geographical Soclety.

For this border survey an accurate bage line was measur-
ed near Poto, the latitude and longitude determined, and a
triangulation carried from Lago Titicsca northwards over the
Pagso de Sini 2nd seversl hundred miles throush the jungle to
the Brazili-=n border.

During the triangulation over the pampa to the Paso de
Sina about =z dozen prominent points hzid o~en located by inter-
gsection in the main Apolobamba group. After some initial
difficulties it was possible to relocatec four of these inter-
sected points and use them a2+ the base Tor the detalled top-
ographical survey carried ont by this expedition. It was in
fact possible to recognise 11 the intersected points, zlthouszh
only four =znd snbsecuently a fifth were points sufficiently
well defined to use accurately, $ne other being rounded snow
domes or flat topped peaks with » possibility of two or more
intersection points. During the plane tzble survey these
pointe were used and rechecked against each other many times,
and 2lwzys with no greater error then *+ 5 metres in either
azimuth or elevation. Thig error being the extreme limit
of the accuracy of the plane table was accented as satisiactory.
Had it not been possible to use these intersected pointa then

1t would have been necessary to wagte congiderable time

carrying a triangulation from two of the border survey canirns

near West Suches and Trspiche.
The apparent good start given to the survey by the

border survey also very nearly caused 2 disastgrouns mistake.

During the border survey an attempt had been made (obviously



36

from a long distance) to fill in a litile of the detail on both
sides of the main mountain group, and the Rio Sanches-Cuchu on
the east side had been marked as being the main river draining
the centre of the mountains. However it was later discovered
that the Rio Sanches-Cuchu finishes just below Soral #ste pealr,
and 80% of the high mountain group, including the two large
glacigr icefielcds drain westwerds to the Rio Suches and not
eastwards. The watershed in effect being the three mile wice
glacier between [zucarant and Soral Oeste.

Surveving Fouinment

The arec to be gurveyel covared opproxiretely 150 square
miles, all of which was mountainess eanc glaciated and nearly all
over 14,000 ft. Becancze of this the choice of survey gear was
limited to what could be carried on top of food zand alpine type
equipnment. Ap~rt from several pricematic compasses and baronetric

evels used by giher mcabers the foilowing is a 1ist of the
instruvments (Qoaned D the Roval Geogranhical Society) and used irn
the fic

R Pl b
theogolite

Wavls wcrox :
mera, Tfivting the thac
3

]

1

124 o 2ED oealite

1 28" x 12" wlaane toole (and wlidade)

1 lighteiceght tripod (fitiing botl the olane table and
theo 22 f.e,

fbhney ci-moineter

prisima cerpiss foill filled)
varometric level

1CO ft stael taope

sicde rusc ard book of Zog and

b b

A trouxh crmuass would have been an extremely valuansle

addition and :ire gaver when usiag the plance table. It 25 alsu

eyors are in the

~

worth mentionirg here “hat 1if two or nore csurs
field then it is also cussencial to have a teipod for both the
theodolite and ti: plone table. With the only tripod monopolised
by the pnlane tablie a corsiderable number of opportunities to use
the photo thendclits were uvnfortunately lost.

Bxcept Iur thie photo theodolite which will boe dealt with

separately, on’yv tv. Tipitruments werce slightly unnatisfactory.



The alidade sights were Tar too short for use in a mountainous
area, and the string sight across the top is qguite useless if
the wind is at all strong. It suggzgested that an alidade ou a
one foot base should have sights at least five inches high.

The prismatic compasses were o0il filled, andéd the presence of air
bubbles were a source of constant annoyvance and inaccuracy.

The camera used on the theodolite for Thz photo theodolite
work was in &n experimental stage and as such had many faults.
The camera was a 247 x 241 Zeigs Ikon Nettar with a 75 cm.
focal length lens, fixed in the open position to a basge plate.
The purely m=chanical faulis were easily overcowme aithough
nothing could be donz wchov: such faults as the lens system being

not sufficiently ridgidly attached to tlhie camera base. The

difficulty cane about dising the ca’ibratiou; which unforcunately

had to be carried out in the field in windy aad austy conditions,
Four V grooves had Deein cut in the frame at the back of the
camera next To the I .m, cad a piece of groant persper had bren
supplied with tro inired cirozs lines for the jpurpose of calibration.
The cross lines wrere ton taick and did not aatch the grooves

in the frame and it was impossible to hold “he pergpex in place
and traverse the theodolite at the sume tire; lience using the

cross lines was in any case this method of cnlibration

is inaccurate .n The nore corr:st mtshod of callbrat

using the grooves in the freae became equally iraccurate due to th
light fntensity being insufficient asar The cuces o see tae
grooves. A calibration of sorts wzs erveantunlly carriad ouv, but

which will heve *o be corrected from vhotoprenios iiich have beaen

taken of known points. Tnz sinplest way of overcoulng the
calibration problem s UH “ix short pcifers o thz Iramz in

place of the grouvves. Z¢ wouldd thien be possible o see these
with a light grovnd glass plate (no*t perspex) and the polters would
also appear on the negabive in the cane way as the grooves.

Sur-eyin- Torhnionss

The weather repcrts availabie on the aren (and the dAndes

icy

(&
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in general) caused some concern in London 2s to the techniques
which could be used. It was initially thought that most of

the survey would have to be carried out using the photo thcecodolite,
taking stereo pairs wherever possible; and that the plane table
would only be of use at low altitudes. This fortunately

proved to be incorrect and it was possible to carry out a plane
table survey of the entire area; the highest station being
established on the summit of Matchu Suchi Coochi at 5679 metres
(18,633 ft). It is granted *o previous forcasters of frost-
bite and polar cold that at times it was extremely uncomfortable
to operate the plane table, but rarely impossible. There had
been several warnings of cloud blotting out the area by midday
on most days, and this was found out to be only too true in any
of the valleys running north or east to the Amazon jungle low-
lands and the Rio Beni. This was inconvenient, but being more
or less regular it was possible when in these areas to time
schedules so as to survey early in the morning and to shift camp
or do computations in the afternoon.

The photo theodolite was used to photograph the snouts -y
glaciers for glaciological purposes. On five of the highest survey
stations ihe photo theodolite was used to take a circular sweep
of 12 photographs at 300 intervals for future reference rather than
to be used on the map which was completed on the planc table.

On two occasions it was possible to mount the theodolite on a

calirn without the trivod, but 211 the other high stations were on
ice, necessitating the use of a tripod. A pack frame was useful
on several occasions in soft snow to use as a base for the tripod.

No time was spent developinz a technigne of taking stereo
pairs as this became unecessary for the mappins. However it
was noted that mapping using the stereo pair method is very
difficult in such a mountainous area. The greatest difficulty
being in establishing base lines and in particular one with a
possibility of seeing a useful area from either end. Because of

this the stereo pair method is not at all atractive on the type of
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survey undertalien on this expedition,; and also the weeks or
months of plotting work required on return does little to
reconmiiend it. The stereo pair mcthod also has the disacvantage
of not producing the map in the field, which is a valus
consideration in a completely unmapped anc uncexp.ored area.

The plane table survey was carrizsd ocut on a scale of
1:50,000. The rost important factor in ti~ wiane table surveying
technigue was to establish stations ac high az posscible, Troim
high survey stations it was easier To jet en accurave fix and the
field of view was much greater, hsnce recucir the numbzsr oFf
stations required. Cver Torty place tonle =stcltlions were
established and three over 5450 ~. (18,000 10). Cv ectablishing
a station site the plane teoble was zet uwp ond levelad using the
climoneter base, then approxivately or’ent:
compass and finally oriented uging a “hiee point I, It was
usually possible to check the taree noint fir with at least ftwo
other known poinc®s. The al
from at leas®t two of the known »oiun’s with th. ~limoncher Lond
occasionally the theodelitz) and using Ihe Hou? JLST.CC weasurad
from the plaae tablie shecst.

drad by dinter-

S

The 150 metre interval contouring woas ot

secting and obtaining rpot Lecights »f preirnenl Lanad waslm,

and the contouring dore on the nap Ly inter--lation: usiag “his
method it wne prossible to keep the contouring accuracy o wlthia

+ . . - . . .
- 20 metres in the horizontal pleag (nlthous: the staticas wore

. . + . . ' - PRI
located within = 5 metres) and heighis quatnd on the 1. are with-
Lo+
in - 10 metres.

General

The first relinloe = - fobhlie fw oo ontcd chol poow
the main glacier east ol Matchu Sasal Gooohil, Loie woe ofter tho
first series of ascents of thz Mntclu Suchi Coocld groun during

FA

which four good intersecticn volnts »7 the Paru-olivis horder
. N ey T 1 2

survey were definatzly relccnted. Previous o thiz 1t had

tn relocate taere cid curvey points with

¢}

been almost impossibl

S+ A L E o v T DR a3 A
titude of *ho stotlon vras the:n aztercins.
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any certainty. The details of the four points ( and later the

fifth) used from the border survey are as follows:

Matchu Suchi Coochi Lat. 14045'48”, Long 69%11 1391
Height 5679m (18633 ft)
Rock Spike S.E. of Lat 14° 43131 TLong 69° 14'19"
Palomani Tranca Height 5626 m (18460 ft)
Soral Oeste Let. 14 42141 Long 69° 10'42n

Height 5641 m (13508 ft)

Soral #ste Lat.14° L431291' Long 69° 9'14"
Height S471 m (17949 ft)

Palomani Grande Lat.14° LovsL4Y  Tong 60°%14 1 52m
Height 5769 m (18926 ft)

Of these points all except the Rock Spike were ice pecks,
and although these were sharp points the actual ice summit could
have moved two or three metres since the original border survey.

From the first station the survey was carried all around
the large southern glacicr between Agnca ani and Matchu Svchi
Coochi. From hcere the survey continued over the [ acier dewn
the Sanches-cuchu valley to Peclechuco and northwards behind
the Soral Este peak. On returning to the western side again a
base was established at the San Antonioc hut and from there the
northern glacicers and peaks around Chipi Orco 2nd behind Soral
Qeste were surveyed,and alsc the lower valleys were surveyed
down to Lago Suches. The last survey trip was iade over a pass
and down the valley west of latchu Suchi Cooechi, round the

Pelechuco Hiaracha and down the Pelechuco Pass towards Katantica.
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8 Glaciological Observations G.C. Bratt

It was known from the R.G.S. border survey report (1)
and from Bowman (2) that large gliciers existed in the border
range but neither the location nor any det:zils concerning them
existed. 1t wag planned that the glaciers of the Apolobamba
region should be accurately mapped anm! as many as possible
visited so that their st.te of advance or recession and their
general characteristics noted.

The glacler positions are shown in the accompanying
map (see pocket) which is a tracing from 2 plane table survey
conducted by Melbourne.

Because of other work and the distances involved only
a few glaciers could be visited more than once gso that rates
of movement are only known for a few glaciers. The results
obtained are given in Table I. (For glacier locztion see map

in pocket)
TABLE T
Rates of Glacial Front Movement
Glacier Rate Ins/day Period of measurement
days
Py 2 Advance ) 36
P 1 n )
2

M 11 1" g
2 14 v
09 1% n 2
T3 north front 1% n )

central " static ) 21

south " 2 retreat )

The rates are small but are significant as the fronts
of many glaciers are reaching past old terminal moraines and

covering plants which are at least 10 years old. Thus the
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advances must be something more than a seasonal fluctuation.

The fact that all the glaciers are not acting concertedly (sce

table II) is due no doubt, to the

snow field sup

nlying the glaciers.

i
RO

existance of a central

A very noticeable feature of the glaciers in this region

is the difference in the altitudes of the snouts
and south facing glaciers (see table II)
glaciers from any given ridgereach 1 - 2000 ft lowex

mountain side than those on the northern slopes c.g.

Sapchi Coochi

ridge.

of the north

The south facing
down the

Matchu

The type of glacier is also distinctly

different - the southern glaciers descend steeply over a broad

area which the northern glaciers are almost always

glawgiers.

There are several apparently anomalous

small corric

glacicers but

cach of these has some peculiar feature as shown below:~ /P444)

TABLE TT
Glacier Flow Alt of Mo'on of
No, Axls Snout Snout
“Mag. ft.
Bglechuco Pass
Pl 200 15,500 Advancing
P, 205 15,600 "
P3 180 15,350 Retreating
P, 220 14,900  Advancing
Matchu Samnchi Coochi
M, 360 17,650 Retreating
M2 360 17,100 Advancing
M3 360 16,900 i
M4 30 17,300 -
M5 360 17, 8¢6¢ -

South Wall of

Pelec@yggrPasg

Ol 220

16,000 -

Approx. Anprox Av.Grad.
Ht. of length I - Degrees
supplying ft.
snowfield _
18,000 7,800 18
18,000 6.7CO 20
18,000 5,700 25
15,300 74300 25
18,000 1,000 19

" 3,000 17

" 5,700 21

i 2,000 19

i 6ao 19
17,200 1,000 5



TABLE II (Contd.)

Glacier Flow
No. Axis
Mag.

Soral hLste

Sl 130
52 300
S3 180
S, 180
85 180
Nl 90
N2 Glacial
N3 50
N4 30
Nether Soral kst

Bl -

B‘2 -

Glaciers between Suches

Wy 240
w‘2 220
W, (a) 270
. (b) 270
W, 300
Puina Valley
Ll 55
L‘2 55
Palomani Basin
Cl 130
02 90
C3 90
Cy, (a) 4o
(p) 50
c 90

Alt of
Snout
Tt.

15,000
15,000
15,650
15,650
15,200
15,650
16,700
26,250

e
15 100
15,400

16,650
16,400
16,700
16,600
16,350

15,150
15,500

16,700
17,000
17,100
17,700
17,600
17,100

Mion of
Snout

Advancing

"
?

Static

Crrrie but no glacier

Advancing

Advancing

Approx.
Ht. of

supply
snowficld

18,500
17,500
18,000
18,000
17,500
16,500

18,000
17,700

16,000

i

Approx
length
ft.

3,200
5,700
3,600
3,200
3,200
1,000

1,500
2,000

2,400
300

¥alley and Pelechuco_Pass

Retrcating

Advancing

Retreating

"

18,000
18,500
18,500
18,500
18,500

18,500
17,600

16,500
18,500
in 0
1 20
19,000
19,000

3,600
4,200
4,100
4,100
3,600

4,000
2,000

3,600
1,500
5,200
3,000
4,000
5,000

43

Av.Grad.
i1 Degree

48
2L
33
33
35
40

41
35

20
64

2l
26
24
2k
31

39
45

26
b5
20
23
19
21
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TABLE IT (Contd)

Glacier flow Alt.of Mudion of Approx. Aprox Av.Grad.
No. éxis Snout Snout Ht.of length in Depree
Mag. ft. suovply ft.
snowfleld

Palomani Basin (Contd)

Ce 160 16,400  Retreating 19,700 16,000 8
67 180 16,850 - 18,500 8,000 13
Cg 220 16,600 - 17,800 10,000
9 260 16,500  Advancing 18,500 15,600
o (a) 270 14,900 i 17,900 5, 000 11

(p) 270 16,800 Retreating 17,900 5,000 11

West Soral

T, - 16,500 - 18,500 -
T, - 15,800 - i -
T3 305 15,900 %dvancipg & M 12,000 12
Jetreating
Chupi Orco
Ry - 17,100 - - - -
R, - 16,900 - - - -
Ry 120 14,750 - 19,700 20,000 15
Katantika
Ky 10 16,100 - 17.000 - -
K, 20 15,800 - 17,000 - -
K3 10 16,100 - 18,000 2,800 34
Azucarani
Ay 10 135,600 Retreating 18,000 3,000 39

Cont. From P42
Glacier N1 - This desccnds to a vary low level but flows due

east and appears to result from a ridge which first catches the
vapour laden air rising from the jungles around Qvesvra
glggig£_£l~ Although at the snout the ice is flowing . .o. this
glacier is fed from south facing snow slopes of the western Soral

reaks.



The snow cover on south facing slopes was always
considerably deeper and less consolidated than on the northern
slopes. Melting on north and south facing snows is also quita
different in character. On the southern slopes the melting
was so slight so as to produce no change in appearance (except on
some days there was a thin coating of ice flakes which blew about
in the wind). On northern slopes there were two different types
of formation arising from the action of the sun. The first type
consisted of a series of parallel grooves sdout 1" across and
facing the approxiaate noon position of the sun. The second
type of formation consisted of sets of pinnacles with the lower
side about 1 ft. high and the upper side about 3" high. A
face covered with these pinnacles appeared to have a set of terraces
on it and gave much help when moving on these slopes.

The cause of the great differnces between north and
south facing snow slopes may be understood if one considers the
extreme sun positions (mid-summer, mid-winter)and the weather
conditions prevailing at these times. If a typical ridge e.g.
the Soral Este ridge is considered (see fig.l for an approximate

representation) the view factors for radiant heating will be.

Mid-Winter Mid-summer
Southern Slopes 0.49 0.97
Northern Slopes 0.95 0.96

These values indicate that in winter the melting on the northern
slopes should be almost twice as grcat as, and in summer egqual to,
the melting on the southern slopes (provided radiation is the
principal method of hecat transfer). Usually during winter the
sky is clear but the summer is cloudy and most of the snow
falls occur then so that ablatior’ would be expected to be
controlled by winter conditions with the markedly greater melting
on the northern slopes.

That melting is largely controlled by radiation is
illustrated by the fact that on a day when the air temperature

remained sce” . * zero all day a new bright tin 1id wmelted down
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between 1" and 4" (it slanted) in 6 hars.

The effect of this preferential heating is particularly
well illustrated on the ridge forming the southern boundary of
the Pelechuco Pass and also on the ridge directly north of Soral
iste. On the northern side of both these ridges there is no
glaciation but on the southern sides glaciers descend to 16,000

and 15,000 ft. respectively.

F76. /.
(@) ~ ®)

37%° 7°

- A

/40 a.//uomma/e ra/ra:enﬁﬁon a/ 7%& Son aarqu on AAKe fa:/ -S'Ofw/ naf;e
@) NMal- Winrsr (/Jho) () M- Somanes [Z)c.ceméc’)
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Some detailed notes on conditions at the various glacier
spounts visited will now be given.
Pelechuco Pass Glacier Pl - The snout of this glacier
nas advanced so far that it is pushing into an ice carcdmoraine

left by a previous retreat On the western edge the moraine
is covering up well established grass patches. The ice which
is pushing forward is fairly thin and is actually thicker at
the snout than 20ft. back. This suggests that the advance
ray be near to its maximum and will soon be followed by
retreat,

Glacier P. - The snout of this glacier is very steep

2l

(60-700) and quite free from debris. Between the snoutX end

the nearest moraine(dry) there is a distance of 40 yds. completely
free from plant growth. The front is in most places moving for-
ward and pushing up heaps of boulders.

Glacier PE - This zlacier has wide (100 yds) ice covered

moraines along its edges =ud alseo Z77 7l1s in front of the clean
ice front. The clean ice front is overhanging ( »» 20°) and
appears to fall off as leaves of ice 1-6fttkick into a saall

lake. The outlet stream of the lake has cut down about

15 ft through an old terminal moraine and has exposed an excellent

varve systenl.

GldCJQ{‘Pq ~ The srout of this glacier is an icefall and
judging by the amount of debris it is fairly active The
ice near the sunout is less than 50 ft thick. It can seem to
be advancing cince there are pushed up moraines on its Western edge
and lichen and moss covered rocks are being shifted.

Matchu Saschi Coochi Glaciers

Glacier M3 - This glacier was pushing moraine over a

moss and grass patch which could not have been less than 10 years

0ld (estimated from the gsrowth in prospecting pits of known age).
A measurecmsnt of the rate of wmovement of the base of the glacier
was made and this was found to agree with the rate of advance of

the front (5" in 9 days) suggesting that the glacier is sliding as
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a block down the valley. The moveunent of the glacier Vbase was
obtained by measuring the displacement of an icicle suspended
from the roof of an ice cavern. The front of this glacier was
quite vertical. The lower parts of the Blacier consisted of
separate or almost separate blocks.

gli&iﬁﬁ_ﬁg‘ The snoutkd of this glacicr appears to be
an almost separate block (as was glacier 3) but with the
difference that the block is in a much more advanced state of
melting. The front is advancing in most places but in a few
places the lobes have becomc thin and are rotting back from
their most advanced position. There are well established clumps
of plants only 10 yds from the clean ice front. There is a
great deal of plant debris in the moraines and the main drainage
stream has algae in it ewen underneath the ice.

Glxier Mq - This glacier has recently passed through an
advance stage pushing up an 18' moraine but has now retreated
up to 2 ft behind this.

Eastern Soral Glaciers S. ~ The glacier appears to have

2
thickened on the western edge aad is scourins the side of an old

. . ; . o} L .
high moraine. The snout is steep (45°) and pushing on a dry nmoraine.

Glaciers between Suches Valley and Pelechuco Pass

The first three of these glaciers show many similar
features. All have steep snouts and western cdges and appear
to have just passed through an advancing stagec but are now
retreating. The fourth has an ice-fall front of thin ice
(¢50ft) showing considerable activity. On the western edge the
ice comes below the cliff and has caught up with an older ice
covered moraine.

Puina Valley Glacier L. - Although at the snout this

1
gacicer is flowing northwards it is fed via a very steep ice-fall

from the south facing snows of the western Sorals. The snout is
quite smooth and shows no effects of the ice fall. On the
eastern cdge a small lobe appears to be advancing but else-

where there are large ice cored moraines in front of the snout

with the drainage streams between.
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Palonani Basin Glacicrs

Glacier C6 - The front of this glacier consists of vertical
cliffs but they are rotten and collapsing everywhere. On both
edges there are large ice corsd moraines. On the western
¢dge there is an isolated ice lobe tip 10 yds from the ice edge
and very necar the closest moraine. On the castern cdge there
is an isolated ice pinnacle (10 ft high) which is 20 yds in front
of the ice and 10 yds in front of small dry morainc. It seens
that fairly rccently the glacier has advanced markedly then
retrcated lcaving the stranded pinnacle. Since then there has
been another swmaller advance, This glacier and also glacierCg

have the peculiar feature that within a mile of the snout and with-
out any apparent change in bed slope a system of transverse

e glaciey . . :
crevasses develop anukfépldly become a sgries of knifec edge ridges.

Glacier 09- This glacier appeared to be advancing very
rapidly all along its front. Large boulders and gravel were being
pushed along and in one place had pushed up into a ridge 15 ft high

and 20 ft broad. There was a coatinuous roll of material down

the forward slope of these moraines on to old grass clumps in front.

Glacier Cloéa) - This glacier is pushing up big noraines
on its northern cdge and the discharge stream is thick with rock
debris. On the southern edge a previous advance (recent) has
stranded ice 100 ft in front of the present snout.

Glacier ClO(b) - This glacier has pushed a hugh lobe of

ice almost at right angles to its front so that it passes about
100 yds in front of glacier 10(a). The lobe is now in a state of
decay.

West Soral Glacier T3 - This glacier has threec wain
sources (a) end rock peak of West Sorals (b) the main ice ridge of

()
the west Sorals and the snow basin between Azucarani and the

Matchu Sebchi Coochi peaks. It is probably that the northern
side of the front/sﬁgplied from (a), the southern side of the
front from (b) and that the ice from (c) never reaches the trus

front but ends in a false front about 1% miles further east. As
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noted before the N edge is advancing while the southern cdge is
retreating fairly rapidly.

Azucarani Glacier A, - The snout of this glacier although

1
flowing north is fed from the snow basin on the south of Azucarani.

There is an ice-fall 100 yds from the snout but there is no
undulations at the snout. There are hugh ice covered moraines
extending 60 yds from the ice front.

Glacial Moraines

All the glaciers visited showced very high lateral
moraines which contained unweathered debris and very little plant
COVEr, Most of these moraines were of the order of 500 ft above
the present level of the glacicer. Mostly they consisted of
fairly uniformly fine ground rock but those near the Azucarani
glacier were a chaos of large and small rocks and mud. In many
valleys the floor consists of fairly uniformly sized pebbles
and the advancing glaciers push very regular moraines. In one
place where there was a succession of small terminal moraines it
was extimated that the glacier pushed up 3" of moraine for
every yard of advance. Further investigation on this aspect
would be useful since it could give information on the position
of the ice front immediately preceding any particular advance.

Cornices - Although high winds were experienced during the
trip and locals state the the winds increase even further in
September practically no true wind cornices were observed. How-
ever a type of cornice forms due to thec action of the sun. On
ridges which are heavily glaciated on the southern side but not,
or only slightly, on the northern side a passage or trench often
20 yds across develops between the rock and the snow crest.

References: - (1) Peru-Bolivia Boundary Commission
1911 ~ 1913

(2) Andes of SouthemPeru. I.Bowman
American Geog.Soc. 1916



9 Meteorological Observations G.C. Bratt

Although they would have been valuable no comprehensive
series of meteorological mcasurements was planned. It was
intended merely to measure maximum and minimum temperatures and make
general observations of wind direction, snowfall etc.

For temperature measurements two max. and min. thermometers
were borrowed from the R.G.S. These thermometers were of a very
old style with separate bulbs and stems for measurement of each
extreme. When unpacked in Bolivia the columns of both mercury
and alcohol were broken and great difficulty was experienced in
re-uniting them. In fact only the minimum thermometers could
be made to operate satisfactorily.

The readings taken from one minimum thermometer together
with the altitude of measurement and general weather conditions
arehtggﬁiitig below. The positions of the camps is shown on
map T The heights given are barometric heights (Tommen's)
with correctiors from survey results. The winds have been
classified as very weak (VW) through to very strong (VS), as

no reliable indicators were available for gauging Beaufort numbers.
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Date, Camp. Altitudc Min. Srnow.
i, Temp. :
 July -
lg - - - West(s) 1" l2-Apm.
1 2 16,450 18  East(w) -
19 3 15,650 26 West(w) -
20 3 |} 2é n ( g ) —
21 3 " 18 - (s) -
22 4 17,000 26 Esst(w) -
23 4 i 22 «” 1 -
24 4 " 20  TWeet " -
o A it 28 . ¢4 " -
2 4|: n lG . n ] -
2 n 2 n e —
2 ﬁ n l4- " n —
29 4 ! 1 * (s) -
30 A " 16 " (ve) -
31 . 4‘ ] 18 i ( a ) -

Aug. ~
1 5 16,850 23  East(w) 2" 11-0pm.
2 5 " 22 Eagt(w-vs)2"all
3 5 n 18 West(u-vs)s"1-5pm,
4 5 n 17.5 West(w) Siight
5 6 14,500 29 Wect(u-s)2"3~5pm.
6 7 15,850 24  Bast(w) -

7 7 " 23 Bast(v) -
8 Z n 23 - -
9 14,900 21.5 East un- 1" 4-Tpm.
til Z2pm,.
then West.
’ . (W) .
10 8 15,250 27 Wcst(vs) " Over-
‘nizht.
11 3 15,550 28 ro(w) -

92

Cloud.

Obscuring HE.
Sorals.

Overcact all

day.

Clear morning
E.Sorals ob-
scured by Zpm

1

all day.
1/

n
(1]
r©

Vieibility 100
yds.at 14,700
i

day.Limited visi-

bility.
Cloudy morning
but clcar
evening after
SN0% .

1-% Clear morning

& cvening.
Hall & thunder
1-3.
Clecar wmorning
&oevening.
Clcar all da y .
Pecaks in nist
from 3pm.
&

Lov vlcocud gll
GaY e

Clcaring as
day procccded
C—| ,udy.,



Dﬁtc. Caup. Altitude

Aug.

12

1%
14

15

-
10
-

10
19

A8
o

N
ol

WWw W

e

5t

15,750

n
1

Vime Wind.  Snow.
Temp,
5
2L East (w) _
Ze We (‘-t (V-l‘—'S ) .
17 West (w) "
18 Slight custs -
Ol’l]_y' )
17 West{w-s) ~
~é*N-«NE(Vo) -
‘)qt( ) -
Bast (vw) .

18.5

Cleoud.

Tt et e

Pealks inm cloud
Dy LpMe
Clgaxr all day.
n [t 11
Tlectrical
storm vevond
Sorals,
Clear all day.
11 n o]
" 1 N
b 1" 1
Cloud on neakn

from 3.Deco
i p e

b oua coming

118

lower at

m—
1%

L

gpm. ITzom JJ'WGJ‘C*
O.upow av 3.
West{w) Light Glea™ 4n mori-
enow from 1ing.
: ; ».)O,w
West(w) 1 1¢0ﬂ_wClear in mern-
12.30pm, ing.
- la s 7 ey e
(w-s) % Clear in morn-



54

X This may not represent the true minimum temperature as the
indicator cannot move any lower. In an effort to move the
indicator from this position the alcohol thread was broken and
could not be re-united.

A number of points can be noticed from the tabulated
data : =

1) The minimum temperature seems to be little affected
by the altitude (except for August 17th) but appears to have
a cyclic rise and fall with a period of 3-4 days.

2) In the earlier part of the records the bad weather
appears to be associated with easterly winds but in the latter
vparts is definitely associated with westerly winds.

3) Only on one occassion (Aug.2nd) did snow begin falling
before noon.

Other information of interest is summarised below:-

1) Barometric changes never exceeded 200 ft (at 15,000 ft-
18,000 ft) during any one day.

2) Maximum noon shade temperatures never exceeded 650Fa

3) The temperature drops rapidly between 6p.m. and dark
(7.15p.m.) e.g. on 20th July the temperature drovped from 40°
to 27°F in this period and then only dropped a further 4° by
mid-night.

4) From local information it appears that the weather
experienced was exceptional in two respects - the snow falls
were unexpected and strong cold continuous winds were cxpected
by mid-Avgust but did not eventuate.

It is interesting to compare there observations with

those made by other expeditions in the same and nearby areas.
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1) The German expedition under H. Richter which visited
the Apolobamba at about the same time as this expedition in
1957 reported temperatures as low as -22°F,

2) The Italian expedition under R.Merendi which visited
the Apolobamba in 1958 claimed that the best climbing seadson was
from mid-May to mid-August, that the minimum temperatures reached
-22°F and the maximum day temperatures reached 770Fa

3) Bans Ertl who vi?iged the Cordillera Real in 1952-53
1

makes the following comment - "April, May and June are deemed
the best season for mountaineering in the Cordillera Real. Polar
cold condemns the winter months of July and August in South

America while in l:zptember and October the feared nevados (snow-

storms) often rage unexpectedly'’. The only temperature he quotes
is -15°F on July 16th at 18,870 ft.
(2)

4) Piero Ghiglione who visited the southern Peruvian
Andes (Ausangate, Cayangate) in 1952 express the opinion that
April till July and sometimes August are the best months for
climbing. He also says that 1952 was a bad year and gives the
lowest minimum temperature as -11°F on the 1kth August at 19,850 ft.
It seems from these notes that srtl has rather exaggerated
conditions and that considering the altitude the weather is
reasonably mild even until September.

Refeveince {‘\ H Evrtl. Movintain WL’V(GI (45 3

(2) P Ghighliohe X .
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Two main factors affected the expeditions climbing
.ctivllies in the Apolobamba region - the continuously fine
veather and the deev soft snow on south fucing slopes.

Details of the weather experienced =zre set out in
section 9, but some generzl comments are given below:-

Of the 42 days svent in the ares there were only 10
onn which snow fell but on no occasion was a2 climb affected by
these conditionsg. These snow falls were considered unseasonable
by Sr. Parwig (president of the C.A.B.), the only adverse
weather he expected was continuous strong cold winds in August.
*lthough in mid-August several days of high winds were
oxperienced, the predicted continuous winds did not appear to
hive been established before our demnarturec.

During daylight hours no extrz clothing (2bove sweater
“nd windproof) were nceded; nor were cold feet exverienced,
cxcept when standing still for long periods in the snov, althoug
feet were often wet all day. On one day of cold winds duvet
inckets and overtrousers were found necessary when surveying on
-n exposed ridge at 18,300 ft.

The snow surfaces on north and south facing slopes were
entirely different - on the north firm and 2t times icy while
on the south soft and vpowdery (see sections 8). The north fac-

ing glopes were not always smooth but often melted to give

% series of small terraces, greatly assisting movement. Trav-
e¢lling on south facing slopes invariably involved flogging a
track through deep (up to thigh deep in places) powder snow
Sometimes a thin crust made progress even more exasgsperating.
After a few encounters with thcecse conditions south facing

glopes were avoided whenever
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possible. Snow conditions did improve slightly between falls,
but fresh snow led to rencwed trouble even on north facing |
slopes.

The climbing activities can be conveniently divided
into three phases directed at IMatchu Sétchi Coochi from Camp 4,
the Soral fste ridge from Camp 7 and Soral Oeste from Camp 10.
A detailed account of all the ascents is not given; instead
a brief chronological list has been drawn up, supplemcnted with

a full personal description of the two most representative

climbs.

Climbing Itinery

July 21st Camp 4 established (for location of this and other
camps sec map P6S)

July 22nd Bratt and Smith traversed four peaks on the Matchu
S¢4chi Coochi ridge NW to SE and descendiéd down glacier
from a col BE of Matchu Sdbchi Coochi. Peak heights
5640, 5660, 5670, 5680 m.

Conditions: weather cloudless; lonzg stretches of deep
powder snow on the ridges made progress slow, in exposed
and north facing snows the sirface was g;gdenough to use
crampons.

Jenkinson and Melbourne climbed a peak NE of Matchu Sétchi
Coochi by way of a glacier and a steep ice face;

descended the Worth rock ridge. Pcak height 5640m.
Conditions: weather cloudless; frozen snow on ?Oo slope
required much step cutting

July 23rd Bratt and &mith attempted Soral Ocste via the West

Soral glacier but abandoned it after taking 4% hrs. to
travel 2 miles and arriving within 1 mileg of the ridge.
Conditions: deep powder snow and highly crcevassed

glacicer e¢dge made prosress extremely slow.

Jenkinson, Melbourne and Caraffa climbed Pelechuco

Huaracha via snow col., glacier ,snow couloir, and corniced



ridge; descent by the same route. Peak height 5680 m.
Conditions: Cloudless day; snow deep and powdery
requiring ;g;gi deep track flogging, snow gully in good
condition, finish up hard snow.

July 24th Bratt, Jenkinson, Melbourne, Smith ascended
Azucarni via glacier and WW ridge; descent by the same
route, Pecak height 5580 m.
Conditions: <cloudless day; patches of soft snow on
flat glacier caused sone trouble as did south facing
ridge slopes; frozen snow on ridge gave good progress
involving 2 steep ice pitches.

July 27th Bratt, Jenkinson and Caraffa traversed two more
peaks on the Matchu 8w chi Coochi ridge. These were
#E of the peak climbed on July 22nd. Peak heights
5610, 5600 m.
Conditions: clear weather, hard snow with a little powder
snow on the ridges.

July 28th Jenkinson and Melovourne climbed Matchu Suchi Coochi

via the descent route of July 22nd to establish a survey

station.
July 31st Bratt and Jenkinson climbed extreme NW pcak of
Matchu Suchi Coochi ridge via the e ridge; descended by

the same route. Peak height 5600 m.
Conditions: cloudless; snow hard, finish orn alternating
good and loose rock. Snow dome summit. Camp 5

established (16,900 ft)

Au ust lst - 2nd Bratt and Jenkinson made a reconnaissance
of the Sanchcs—@ggggd valley and the valley north -side of
Soral &Este. Because of deteriorating weather little was
seen

August 3rd Melbourne and Smith attempted Soral Oeste by the
edge of the West Boral glacier. Attempt abandoned when

% mile from ridge.



Aug Sth

Aug 6th

Aug 7th

o}
©

gonditions: weather clear early but deteriorating

towards midday, deep powdery snow made progress slow.

-

Camp 7 cstablished and Soral Hste climbing routes
reconnoitered.

Bratt, Jenkinson, Melbourne and Smith climbed neak
SE of Soral nste by ecast covrner thus avoiding pgewmdarmes
on NE ridge. Ridge to Soral idste was not possible in
the time available. Melbourne and Smith descended by the
N glacier a3 Bratt and Jen ngon traversed the peak to
the S& and descended by £ side of N& ridge. Peax heights
5880 and 5380 m.
Conditions: <clear sky; rock initially icy and generally
loose, snow very firm on ridge but tending to ball up on
crampons in places.

Bratt, Jeikinson, Melbourne and Smith ascended
Soral idste by the NE ridge. Mlelbcurne and Smith descended
the N glacier while Bratt and Jenkinson traverscd two more
peaks to the MW and descended directly from the last peak
by a gully to the cast. Peak heights 5470, 5430 and 5390 m.
Conditions: Weather initially fine, but deteriorated
to give gr 1 level cloud and snow. Snow conditions

same as previous day.

Aug 12th Camp |@ established

Aug 15th

Aug 16th

Fwart, Garrard and Melbourne climbed Soral O@ste
via the glacier and west ridge descending by the same
route. Peak height 5640 m,

Conditions: weat

rer cloudless; soft snow with a thin
crust made prozress slow bubt thce ridge was slightly bhetter.
Ewart, Garrard and Smith climbed the cond snow dometaed

of the Oeste Soral ridge. Peak height 5560 m.
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Conditions: clear day; deep soft snow uxcent near

the summit.

Bratt and Jenkinson climbed Chuctiyo Grande to establish a
survey station.

Augl9th 20th Ewart and Smith attempted to climb Katantika

via the West Soral glacier and the ridges beyond. The
attempt was abandoned because of a stolen food dump and
poor visibility.

Conditions: low cloud and lisht snow; deep powder snow
on the glacier.

Ascent of Pelechuco Huaracha 18,535 ft.

Melbourne, Caraffa and myself left Camp 4 at 7a.m. and
walked up the valley to its head, passing by the badly crevassed
section of the left hand glacier. Roping up, with Caraffa as
the middleman, we climbed oato the glacier at a point where it
swept underneath a hanging ice fall. Here a scoop in the ice led
up past shattered ice blocks which indicated the danger of passing
this way later in the day. Using the good frozen surface, which
toock us steeply up tvo the €ol between Hatchu Suchi Coochi and
its NE neighbour, we made good progress and soon had a fine view
of our objective across the interven ng glacicr. The best route
appeared to be across the SE flowing glacier and on to the ridge
some half a mile before the peal then traversing along over a
minor peak to Pelechuco Huarache. After an hour of exhausting

work ploughing our way through kanee decp snow we reacned rock

at the base of the ridge. Climbing over alternating snow and
loose rock on casy slopes we gained the ridge. However, we
here
S

were not to gain our suwmit directly from btheeridge.

The going was easy until within a guartcer of a mile of the summut
whun our prozress was barred by a sudden drop in the ridge.
An overhanr~ing buttress of loase rock dropped some hundred fect,

no abseil belays could be found, and we were forced to descend to
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the glacier, This discontinuity which had not been visible
from previously climbed peaks or the glacier below, caused us
to lose eight hundred feet of height.
Following along the edge of the glacier we reached a
scree on the eastern side of the mountain. From the top of
this partly snow covered, frozen scree, a snow gully led up
to the highest visible point on the ridge, which appeared to be
the top. Kicking steps in the soft surface we regained the
ridge in a rather exhausted condition but considerably higher
than we had left it some two hours before. Some fifty yards
further on we could see a pile of snow covered rock slabs which
we again took for the top. However, on reaching this spot the
true summit stood a further thirty feet above us, standing out
at the evd of some seventy yards of curving, corniced ridge, in
a pyramid of ice,
I led on a traverse about twenty feet below the cornice
while Mclbourne on the rope end made a photographic record of
the climb. Reaching the base of final pyramid, we found it
consisted of an arch of frozen-snow over a partly filled crevasse.
Icicles hung over the entrange and framed in the archway,Hunnacuni,
Cololo and the altiplano could be seen shimmering in the hot
sun. In the distance Illiampu, the nearest point of the Cordillera
Real, fifty miles away, was seen as a great yellow snow dome.
Twenty fecet of steps were cut up the ice and at lp.m. we
sat astride the summit.
The Soral #&ste Ridge

On the 6th August an attempt on the Soral fEste from its

south cast neighbour was dropped when it was seen that the long
ridgc was heavily corniced, crevassed and covered in soft snow.

On the previous day Bratt and Jenkinson had examined a gully
leading up to the north east ridge of Soral iste which avoided the
three gendarmes on the lower section of the ridge. Since the
snow ridge looked out of the question the gully and the north

east ridge were attempted.
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At 7.20 a.m. on August 7th, Bratt, Mc¢lbourne, Smith and
myself left our tents at camp 7 and by 8.00 werce roping up at
the foot of the gully, dMelbourne with Smith and Bratt with
myself. At the beginning of the gully the snow was deep and soft
and several abortive attempts were made to escape onto the rock.
A little further up Melbourne and Smith successfully found a
rock route, while Bratt leading our rope tried unsuccessfully
to use crampons on the verglas covered rock in the gully.
Mclbourne and Smith moved up a steep rock buttress to a rock
ledge then traversed south under a hanging block over 450 slabs
to reach casicr ledges$ lcading eventually to the ridge on the
summit side of the last large gendarmc, Following the othcr
two, Bratt and I decided after the first rock pitch, that perhaps
crampons weren't the ideal footwecar and lost fiftecen minutes to
the leading pair and didn't see¢ them agaln untii. we reached the
summit. It had taken ncarly two hours to get free of this
three hundred fect gully and we were glad to be on the easicr
going of the ridge.

The route we followecd along the ridge was rather broken
with shattered blocks, vertical buttresscs and two gendarmes, of
which one was turned on the east and the other traversed. With
never a sight of the summit we continued up and down for one and
a half hours until we came to the stecp ice ridge, rising sonc
two hundred feetv to the summit. It was a typical north facing
slope, ice hard and broken. After stopping to put on crampons,
we finally sat on the knife edge summit with Melbourne and Smith
at 11.45 a.i.

The weathef had up to now becen quite clcar, but the clouds
were beginning to boil up from thc east and were alrcady obscuring
neighbouring peaks.

All four of us descended to the north west across the ice
face (the ridge being far too broken), but after some three
hundred yards Melbougme and Smith stated a steeper descent.

Their object was to return rapidly to the valley and continue the
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geolozical and survey work. Bratt and myself after food and

rest continued north west along the ridge. Here as on the

Matchu Suchi Coochi ridges we found the same curious U shaped
trench between the rocks on the north and the glacial ice to
the south.

Moving sometiwmes on the ice ridge, somcetimes on the
rock, but more often in the trench we traversed over a second
peak and on down to a second col. On the way down we passed
a split ice pyramid on the east. When viewed from the west this
pyramid with its fifteen feet wide split had appeared as an
insurmountable obstacle.

Past this the ridge continued to the north as a shambles
of crevasses and huups so that we were forced to the deep soft
snow on the west of the ridge. After making a circuitous
crossing of a wide snow filled crevasse, during the crossing of
which Bratt lectured on the recovery of a half suffocated victim
single handed - rost likely to be Bratt, we came out again on
the eastern snow and rock. Here on the castern slopes the snow
lay in a hundred fect bed of 60° slope below whih there was a six
hundred feet drop to the glacier below. This went quite eacily
until about half the way across; we only had to contend with snow-
balling up uncer the crampons. But the nearer we got to our
peak the deeper and less stable the snow becane. Things really
began to worry us when the bottom of our steps, about two feect
below where our leogs disappeared into the snow, started pushing
out and vanishing rapidly over the drop below. Bratt, who
was leading, tried to carefully compact the snow before putting
all his weight on each step as by now his only belay was ny axe
buried in the sof® snow.

At last EBEratt reached a pile of tilted rock slabs frozen
to the ridge, but looking ready toslide at any moment into the
abyss below, and gained a rock platform ten feet wlow the summit.
The actual suuait consisted of a eap of rotten ice which

looked as though a few strokes of the amxe would send the whole
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structure crashing to the valley below. We were content with
our vlatform.

It was now 4.30 p.m. and the cloud had closed in completely
around us. After sme difference of opinion as to our route
of descent we decided to abseil down the gulley directly below
us. After dropping down some five hundred feet in six abseils
we rcached the glacicr. Jumping, running and sliding over the
snow and scree we reached the valley floor at 5.30. In the deepen~-
ing gloom and thickening mist we trudged back to c:mp in a snow
storm, reaching it at 6.30 and satisfied that we had climbed all

the pecaks on the Soral Kste ridge in the past two days.

Mountainecering History of the Nude de Apolobamba

The first rccorded information concerning the Apclobamba
is written in the feport of "The Peruvian Boundary Commission',
1911-1913, which records the work of fixing the principle pcaks in
the area as indisputable boundary marks. \1though they did not
enter the area with which we were concerned, their map proved
invaluable.

The first real mountainccring trip to the region was in
1957 when a German expedition climbed Huanacuni, Cololo, Chupi
Orco, Huclacalloc, and several subsidiary peaks. Their report
together with a map is published in the (so far uanscen) Deutsch
Osterrcichischen Alpenverein Jahrbuch 195@-58.

In 1958 an Italian expedition (C.A.I.) climbcd all the
peaks on the border together with Ananea and Calijon from north
of Chupi Orco to Palomani Tranca. Some confusion arisen because
of their use of Italian names but their information was most
useful to us. Their report is not published at the time of
writing.

Additional information was obtained concerning the existemnee
of Matchu Suchi Coochi from Dr. G. Francis tInvitation to the

Andes’ (Alpine Journal May 1953).
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11, Plant Collections G.C. Bratt

At the recuest of Dr. P.W. James of the Botany Det.
in the British Museum, a collection of plants, growing at
high altitudes, wags made. Thilis collection included some 30
species of lichens and =bout the same number of flowering
plants and grasces.

Lichens grow 2t 211 altitudes visited (up to 18,500 f4).
Flowering p»iants were absent above 16,000 ft. although mosses
and grasseg persisted to 17,500 ft.

Graseges, mogses and algae wpoear to be the first
colonizerg of the morairesg left by sglacial recegeion.

The lichens so far indentified includete

Psorama Svhintrinum (Mont.) Ny1l,

n Dimorphium Malme.

X Peltigera Polydactyla (Neck) Hoffm.
" Canina (L.) Willd.
" Spuria (Ach) D.C.

Cladonia Gracilis (L) Willd.

" Pyxidata (L) Pr.

X Newopogn Cibatas
" Auratiacoatia
" Sulpluyeus

X " Antarticus

X

These species =lso occur in Patagonia below 5,000 f+.
and s0 are not essentially high al titude types.
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12, Egquipment Details J.%W. Jenkinson

Organicetion of the expedition equipment waes begun in
April 1958 by K.J. Hopkins, wita the dreawiang up of a list of
poscible requiremeznts and several tentative euguirics to
cauiping goods menuiacturers. October saw the construction
of a nodified requirement list and correspondence wes opened
with some 40 firae regoroing their readinese to supnly and

the te

rig aveilable for goods purcaased by the expedition.
Our use of c<ertudin equipment alreaday 13 the I.C, Axploration

Board wase sancticned and asore deiinite arsangeuments madce with
specific firms.

In Decenber 15586 when the expedition was financially
sound, definite orcdere were sent out for major items. A
deiivery dead linc w.e set for the 2lst April when all
equipment was to ke &t hand for packing, the freight collection
date being let May. A11 Tirms were extremely cooperative
in achering to the stioulated date and cv:ery ditem hed arvived
by bthe time they were required for packing. Final cost of

equipment was closge to ..250.

WUTEH L HT LIST

This list excludes survey gear

Wnare the terme are not gi for a particular item,

1
purcinase was w2de .t the gquoted figure otf the firm without
nention of & reduction.

Humber of,
Ttem per person (6) Source or Firw Supplying, Terms

kindproof jaciet 1 Aguascutum Ltd. Reduction
overtrousaers 1 pr. ti 1

Boots 1 pr. Ballgg heron Shoee Co.ltad.

String Vests 1 Ftee.

Underpants 1 Persoral -

Shirts ’ 1 British Celluler Cloth- Free

ing Co. Ltd.
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Itenm Number of Source or Firm Supply- Terms
per person ing.
(6)
Breeches 1l pr. Personal -
Socks-Long 2 pr Wolsey Ltd. Nominal
it -short 1l pr ”b
~othzrs Personal -
Sweaters-thick 1 Wolsey Ltd. Nominal
sum
-thin 1 " "
Balaclava 1 Personal’ -
Gaidfiters 1l pr Personal -
Goggles 1l pr Personal
Watches 1 Smiths Ltd. Free
Duvet jacket and hood 1 fAlpcan
trousers 1
Gloves-balloon mitts 1l pr Personal -
silk inners 1l pr Personal -
ventile over- 1l pr Personal -
gloves
Icelandic Special 1 Thos.Black & Sons Ltd, Reduction
sleepigs bags
it i i inner l it i
Air mattress,bile 1 P.B. Cow & Co.Ltd. Reducticn
'Tourist!
Rucksack, B.B. Pennine 1 Brown Best Ltd. Reduction
Pack frames ex U.3. Army 1 + 2svares Zimmermanns
Kit bags ex W.D. 3 "
10' Slings nylon 2 Perscnal -
Karabiners 2 Personal -
Glacier Cream 1 Savory & Moore Ltd. Free
Medical kit 1 Personal, supvplies from Free
Boots
Repair kit 1 Personal -
Plasiic bags various British Visgucen Co.Litd. Free
& I1.C.1I. Free
Billies 1 Personal -
Frypan (as 1lid % plate) 1 Personal -
Knife, jack type, & 1l of each Personal -
spoon,
Tin openers, baby type 1 Perdonal -

Number of

Cups
Primus 1 pt silent
% pt roarer
Ontimus

3
3
1

Personal
Board
Personal
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Equipment List (Contd?}

Ttem Number of Source of Firm Supply-  Terms
ing
Torches and Spares 2 Everﬁhdy Co.Ltd. Free
Fuel bottles 8 Thos.Black & Sons.Ltd. Reducticn
Water buckcts % galls 3 i 1"
Various food contain-
ers are specified in
the food report
Meade type tents in
Ventile
sleeve entrance with 2 Thos.Black & Sons Ltd. Reduction
ventilations
zip without vents. 1 " n
B-Meade in millerain 1 Board -
+ flysheet
120 full weight nylon 2 Board -
climbing ropes
200 ft % weight nylon 2 Thos Black & Sons Ltd Reductionus
climbing ropes
%' hemp line 600ft 1
Full medical kit 1 Boots Pure Drug Co.Ltd. Free

The following is a more detailcd exposition on certain
major items of equipment, Personal items such as socks, etc.,
have been omitted as being more or less standard to mountaincers.

Windproof jackets and overtrousers werc manufactured from
rain-proofed Wincol. The jackets featured a full length zip and
were loose cnough to fit over duvet jackets. Under the conditions
encountered the pecrformance of jacket and trousers wuas entirely
satisfactory; hoods attached to the jacket and folding into a
small zipped pocket behind the neck, gave adequate protection
in driving snow and wind. One criticism was the external pockets
of the jacket, most of which had partly ripped away by the end of
the expedition. Patch pockets would be far more durable. Two
excetlent pockets, however, were incaporated inside the lapels.
Jacket, hood and trousers were lined throughout with nylon.

Fittimrs, for made top measure boots, were taken over two
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pairs of thick and one pair of thin socks, the boots in-
corporating 3-ply nylon insoles. In the field no one could
wear more than two pairs of thick socks and initially two
pairs of the boots were extremely tight across the toes. After
one or two weeks these particular pairs of boots and one other
pair became loose fitting around the heel resulting in excessive
wear of socks. Hook fastenings gave good service but several
top seams were beginning to come away after six wreks' weer.
Gaiters werc of tha clastic, hock fastening variety,

being held down on the boot by two hooks, one in the laces

the other in a cut in the boot strap. Only through slack laces
could snow and stones gain access. All gaiters were still

serviceable after six weeks in the field.

Overgloves in Ventile were littie used. Silk gloves
kept the fingers from getting too cold when manipulating the
theodolite in cold, windy weather.

Fuhl duvet gear weas taken in anticipation of survejyors
and geologists having to stard around working in cold windy
conditions. However, in no instance were duvet trousers and
hood reguired, duvet jacket and windproof overtrousers giving
protection against the ccldest wind encountercd.

To combat the low temperaturcs that have been repertad
to occur at night double sleeping bags were taxen togetaer
with hip length air matiresces. After a few days, inncr bags,
and in some cases the nmattressces, were discarded to save welght
and when a tempcrature of —20F was exvericnced, caunad on o

glacier, using @an Icelandic 3pecial bag and air mattress, nd

wearing no more clothing over a sweater and brecchies, no
comfort was felt, The short alr mattresscs weighed about two
pounds each and ai an c¢xperimznt the author wused a 1 inca thick

foamed polyurethanc sheet mcasuring 427 x 187, doubled back

at the hips to give exira insulation, This matiress was containecd

in an open ended plastic bag and weighcd threc--guarters of 2 vound.



70

Fitting between shoulder and hip and augmented with kit bag and
duvet jacket as a rest for the legs, it gave as good service as the
air mattresses and could not let one¢ down at inconvenient times.

Kit bags and pack frames were taken as the most com-
fortable and versatile mcans of load carrying available. A
larger quantity of kit bags could have been taken as the
muleteers declared that tea chests were not suitable for mules
to carry. The ideal would be to include sufficient lags in
each chest to carry the contents.

The one pint Primuses were fitted with silent burners
and worked satisfactorily throughout. A standard half pint
Optimus workcd satisfactorily at 16,500 ft. Meta: fuel was
taken as a primoer but was soon discarded for its causing build

up of unpleasant fumes in a confiined space; the far simpler
method of paraffin priming was adopted. A few minor troubles
were had with stoves such as lcaking pump valve washors, worn
pump washers, and the blocking of nipples through the use of
dirty fuel caused a continuous nuisance. A funnel incorporating
a filter is rcconmended. Soms notes on fuel consumption will
now be given.

For the majority of the time cooking was done in pairs
or four people on two stoves and fuel was coansumcd at the rate
of .orne pint per four man days or, on onc¢ occasion when attemp-
ing the [Last Soral peaks fuel was in short supply and for some
seven days the rate was a five man day per pint. However,
the fuel consumption is considerably increased when melting
SnoOwW, On the¢ once occasion when it was required to melt snow
and ice one pint lastcd for a three man day at 18,000 feet.
There is probably less tendency to heat water when camping on
snow duc¢ to the tedium of collecting and melting snow and this
latter figure may be subject to modification for prolonged
camping on snow at this altitude.

Tents were designed by the cxpedition along Meade lines,
the most interesting feature being 4 poles butting together in
internal sleeves. Tnitially only two tents were ordered, with

sleeve entrances and ventilators but later another tent incorp-



orating a zip entrance and no ventilators was ordered.
Made in Ventile L.%4 thetkuts give excellent service, although

the slecve entrance:, narrower than was specified, cause

joX

annoyance., 'he cut of the walls gave a barrel shape and the
design voluite of the tents was considerably increased. With
no ventilators and a zip entrance the air in tiis tent tended
to get rather stale but this wes cuitweighed by not having to
crawl in and out, the whole end zipping out. Upfortunatcly
closed
the zip wesized from top to botiom =and it was not pecssible to
have a tov opening for ventilation without unzipring the whole
entrance. In a wind it is doubtful whether this type of
entrance would be rain and caow proof and the design could
be improved by having 2 uormel flap entrince fitted with a
zip; (however zipe are linble to freeze up). It is felt,
that although esserticl for arctic conditions, a £l . cve
entrance is inconvenient for normal use. After camp 3, when
the millerain B-Meade with flysheet was discirded, the Ventile
Meades too.: thres men with rewsonable comiort when the
occasion demanded, A gketzch to sther with the original

specification in included in the raport.(ﬁu&ktwaiediolSak.
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13. Food Details AW, Smith

Criginal Betimeates

The original esticates of thc quantity of food that
would be required were based on a provieion of 2 1lb., ser on
per day. fhe total amount of food was to lust =zix men for
fifty deys, plus an extra allowance for two Bolivians who
were expected to be with us for part or all of the time.
Obviously such bulk cstimates couvld only be wade for thocse
items which would be in regular daily use, such as meat,
vegetables, sugar etc. The rewmeining items (jam, wmormite,
salt etc.) had to be ectimated on a weskly basis to cover a
period of seven weeks.

Table I ig a list of the originul estimates (i.e. food
taken on the expedition) together with the size of containers
used. The t~ble also ircludes a column of revisced food
ecstinates wiich is based on the field experience.,

The total weight of food amounted to apvroximately
500 lbu,'which woe leses than the original limit of 600 1b.
This defficiency could well be afforded since a fair propor-
tion of the food was in dehydrated form. However, with as
much weight as 500 lb. it was necessary to consider the
poscibility of purchasing certain goods in La Paz in order to
avoid the added cost of freightage to Bolivia. Inquiries
confirmed that prices in Bolivia would not be vastly different
from thoss in England, and it was therefore decided to buy

the following goode in La Paz:-

Item Weight
Sugar 112 1b.
Rice 20
Salt 5
Coffee 10
Cheese 6
Bacon 10
Jam 5
Flour 6

Tea 2
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TABLE I
Actually Revised
taken estimates
yit./ Total Wt./ Total Types of Size of
ITE Man/ VWt.for Man/ Wt.for Containers Contdnerg
M - Y G ;
Day 300i./ Day 300M./ Used Supplied
Days Days
Dehydrzted Ham 30z 51b Tins 11b
®  Minced Beef " 61b %0z 16 " "
" n Pork 1" 16 n "
Dried Peas ) 5 ) - Plastic bags
n Beans ) Liis ) 3 n
" Onions ) 30z 2 ) 2k "
" Carrots) 2% )30z = "
n Cabhage) Ly ) 34 "
" Potato Strips) | 2 ) 16 L
" " Powder ) ~°% 19 ) - Tins & Plastic 1loz
bottles
" Apples ) 2 ) - Pl:stic begs
" Apricots ) 20z 20 )30z 30 "
 Bilberries ) 5 ) - n
Bmerpency Ber 1502z 6 30z 10 Tin Foil 702
Ration
Corned Becf 3oz 42 - - Tins 70z
Soup Powder tpkt 96pkts “pkt 19 Foil packets 3%o0z
(100
pkts)
Lifeboat Biscuits 4oz 84 20z 63 Tins 71b
Powdered Milk 20z 30 30z 30 " 21b
Oatwmeal Blocks 20z 25 - - n 1002z
Dried Egg Powder loz 10 loz 10 Plastic bags
Sultcnas 10 - - n
Sweet Biscuits 2oz 20 - - Tins
Margarine loz 30 loz 27 " Soz
Dates 5 - ~ Paper wraps
Marmite ) 2% - ~ Tins
0xo ) 6 loz 7 Plastic jars
Toney ) 6 - ~ Tins 11b
Jam ) 20% 5 - - " 11b
Syrup ) 14 loz 20 " 11p
Pearut Paste) Ly - - Plastic Jars
Cheese ) 6 loz 6 Plastic bLags
Sauce ) 12 ) 1% Plastic jars
Curry Powder ) . 1 ) . 2 Tins 11b
Salty ) #oz 5 ) oz Plastic jors
Pepper ) ih J W Tins loz
Fudge Bar ek R Zoz 15 Tin Foil boz
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TABLE I Contd Actually Revised
_ taken estimates -
Item Wt/ Total Wt/ Total Types of Size of
Man/ Wt.for Man/ Wt.for Containers Containers
Day 300M,/ Day 300 M/ Used supplicad
Day Day
Kendal Mint Cake  Zoz 45 30z 30 Paper Wrap 305
Boiled Sweets loz 21 Yooz 12 Plastic Bags
Robinade oz 18 loz 20 Tins 1 2b,lon
L o=
Oats 2oz 20 30z 25 " 1%ozs
Tea 2 - - Cardboard Packets ;- 1Y
Sugar 3oz 112 8oz 112 Sack
Coffee Yoz 10 2oz 10 Paper packets 5 1b
Rice 20z 20 30z 55 Sack
Ovaltine loz 6 loz 10 Tins 2 1b
Bacon loz 10 loz 10 Sacl
Flour 2oz 6 20z 6 Paper bags inside
plastic bags
Miscellancous
Tohacco ) I-rsonal Screw-vac tins.
Cigarettes ) Tins
Pot scourers 6 -
Toilet paper 6 rolls -
Wet proof P 12 tins Tins
Boot Polish 12 tins Ting

The next step was to approach all the firms and

companies in an effort to find which of them could offer any
reductions from their normal listed prices. In this respect most
firms were very co-operative - not only economically, but also in
their advice on the vortability etc. of goods.(See Avpendix I). This
stage wzs reached by Deceviber 1958 and in ¥ .ny instencrs this was
necessary in order to all»w firms to arrange for the snecial
preparation and delivery -f th2ir goods to fit in with Thoir
normal production schedule.

Food begnn to arrive at Imperial College as early as

Febr v 1959, and bv April 10th (the deadline given to the firms)
all food was ready for paclking. This date nay seen cearly but it
must be remenbere” tr-- the food had to be froeightcel Lo Dolivis on

May 7th to allow Zor the expected delays in shipping =nd especially




the customs offices in Bolivia. This point should be borne
in mind by any proposed expedition -~ for delay at customs can
be considerable and could easily put all schedules behind.
Use of the Food in the Field

a) Containers - The different varieties of food taken

into the field proved to be more than adequate - especially for
the short period of six weeks - and any expedition entering

the field for a similar period could well afford to ke a

much simpler diet. This would have the desired effect of
greatly reducing the number of containers needed to be taken
into the field. At times it was found that up to 25k of the
weight of food biing carried was taken up by the weight of tin
containers alone. Some goods, such as margarine, must of
necessity remain in tins and two suggestions are made which
would help to reduce the weight of container; food ratio:-

i) Use the largest containers possible within the
practical limits »f the e¢xpedition. Margarine)for examnple,
was supplied in 8oz tins which lasted usually for two days
only. A 1 1b tin would have been bettcer.

ii) Use containers of aluminium or aluminium alloys
whenever possible. Firms rarely supply their goods in such
containers and it may therefore be necessary to personally
transfer the goods in London before freighting.

The possession of tin containcrs proved to be valuable,
however, on one occasion when the team had to leave base cawmp
for a fifteen day sortie. Because a few Indians frequented
the area near the base camp it became necessary to bury the bulk
of the food suppliy that was left behind. But for the tin
containers, this would have been virtually impossiblec.

b) Menus - During the first two or threce days above
15,00 ft. several members suffered from bad hcadaches and
vomitting with consequent loss of appetite. Within a week,
however, all appetites had regained their normal »roportions

and daily meals followed a fairly regular pattern:-
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Breakfast: Oats; scrambled egg;
1l rasher of baconj; 2 cups of
coffee

Mid-day (in 'field): 1 bar of kendal Mint Cake.

Upon return from Biscuits with Marmite or honey;
field: Robinade
Evening Meal: Soup; half a tin of Corned Beef;
vegetables or potato powder;
fruit or rice; Ovaltine.

There were no wide variations on this diet except for
the ra;e occasion when a vicuna (of the Llama family) was
caught, and steaks became the food of the day. In the second
half of the fie¢ld period, pancakes became a favourite addition
to the evenir- meal.

Several items on the food lig turned out to be out-
standing successes, the noteable ones being 1) Rum Flavoured
Pudge Bar (by Horlicks), 2) Dried Egg Powder, 3) fmergency
Bar Ration (Horl: -~lIs).

1) Rum Fﬁ§oured Fudge- was used as a mid-day snack on
climbing occasions. The only regret was that more had not been
taken.

2) Driecd Egg Powder - was used practically every morning
in the form of scrambled egg which was easy to prepare and very
palatable. The powder had the added advantage of being useful
for other dishes - e.g. pancakes.

3) <fmergency Bar Ration - The bar ration is a solid ;
concentrated preparation of mixed stew and is used in the field
by heating with a little water. (Lxtra water turns the stew into
soup. ) Its inclusion as an emergency bar is well worth while, for
in extreme emergencies it can be eaten dry - as proved by two
members on one occasion. One bar, wrapped in tin foil, weights
approximately 7 oz. and with the addition of potato powder or
boiled rice is enough to constitute a main meal for four men.

c) Cormments ~ A list of comments on some of the main
items used is given below.

1) Dchydrated Vegetables. On the whole these were worth
taking for the variety and volume they provided, but the
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quantity could have been greatly reduced. Pecas were dis-
liked generally - meinly because they cooked badly - and
different people had other dislikec. In order to avoid
the accumulation and wastage of all the unliked types of
vigetable, the various sorts were mixed together. This
had the advantage of reducing the number of bags needed and
therefore facilitated transportation.

Another disadvantage of the vegetables was that
they necded 40 minutes boiling before th:ey were palat.ble.
Thus considerable time and fuel is taken up in cooking the
vegetcbles clone. Some cooxing time can be soved by
soaking the vegetzbles for & or 5 hours beforehond, but
this in itself is an added inconveéenicence -~ especiclly when
camping on glaciers.

2) Cornzd Beef. Very well~-liked, but it is excecdingly
heavy and bulky. The ideal meat is thc dehydrated variety
(though the flevour was not liked by all) but unfortunately
tnis was unobteinable in Britain at the time of the expedi-
tion. An expedition not wishing to carry the excessive
weight of Corned Beef would be well adviscd to try and obtain
dehydrated meat and to rely to a much greater extent on

the Emergency Bar Ration (plus curry powder!)

3) Xendal Mint Cake. This item was relied upon rather too

heavily as a snack at mid-day, with the result that half

the members tired of it loug before the expedition was over.
It haos the value, however, of a2 high calorific content and
is difficult to replace by sonething of equal value, size
and weight, Tiec Rum Flavoured Fudge (Horlicks) bar would
be an ideal substitute, though it is twic: zs cxpensive.
Chiocolatc (if beought locally) would also mrke a good change;
considerable trcuble has been cexperienced in taking choco-
lrte from England through tropical climates.

4) Datecs. Too sticky to carry about.
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5) QOatmeal Blocks. Hardly worth carrying due to their weight.

6) Tea. Could well do without it for further simplicity of
food list.

7) Jam, Honey ©nd Peanut Paste. These are entirely luxury iteus

and cannot be tr-nsported once they have been opened (unless th .y
are transferred *o plastic jars).

8) Flour. Not absolutely essential, but proved to be a good
stand-by.

9) Sauce, Curry Powder and Pepper. Well worth including for

their value in livening up the meals.

10) Dehydrated Potato Strips. Although bulkier than potato

powder, the strips have the advantage of making excellent chips
which make a pleasant change. The powder, on the other hand,
may be prepared ¢ : potato mash in the evening and then fried for
breakfast on the following morning. For simplicity it would

be better to take one variety of potato only, and the potato

strips are to be preferred.

Two iirportant conclu.s.ions can be drawn from the experierce
gained in the field and they may be summarized as follows:-

a) The expedition could have easily survived on a much
simpler dict over the short period of 6 weeks - and longer if
necessary. A simple diet facilitates r~king and handling of
food and consequi¢ntly gives greater mobility to an expedition.
Luxury itcas (jam, honey etc.) are better left behind.

b) Wherever possible all tin containers should be

avoided and substituted by strong polythene bags and gacks.

For an exredition requiring high mobility over a short
period (up to three weeks), the following list is given as an
indication of the bare essentials which would suffice - providing

the participants were not fussy over change of dict:i~



Item twantity per
Man-day

Various dechydrated meats 4 oz
and fmergency Bar

Soup powder 1

Curry powder ) %

Salt )

Powdered Milk 3

Rice L

Oats 12

Sugar 8

Rum, Fudge 3

e .

T
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APPENDIX I
ITEM

Dehydr=ted Ham

n Minced Beef
" " Pork
Corned Beef §
Oxo
Dried Peas )
" Beans )
" Onicns )
t Carrots )
)

n Cabbage
" Potato Strips)
" Ap.les )
i Bilberries )

Dehydrated Pot~to Powder)
Robhinade )

Margarine

Kendal Mint Cake

Emergency Brr Ration)
Rum Flavoured Fudge )

Boiled Sweets
Powdered IMilk
Onts

Iifeboat Biscuits)
Sweet Biscuits )

Oatmeal Blocks

Dried egg
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NORMAL RE-
TATL PRICE TuRMS
(1959)

FIRMS
APrrOACHED

Min. of &-ric.
Misheries ¥ ifood
Aberdcen

Thames House,

Queen St.Place,
E.C.b4.

Full price

Templeton Patents Lide,
Tatriore Flace,
Gosrore,

Nre. Nitchin, Herts.

J.& J. Colman
Ltd., Harrow
Works,Norwich.

Full price

Ven den Berghs
Ltd.,43 Fetter
Lane, &.C.h4,
Geo. Romney Ltd.
Waterside,
Kendal, Weston.,
Horlicks Ltd.,
Slough, Bucks.,
Pazcalls Ltd.,
Mitcham,Surrey.
Glaxo Labora-
tories Ltd.,
Greenford,iliddx.
Scotts Porridge
Oats,
Parr and Co. Ltd.,
Cariiele.
Huntley &
Palmers

Felton & Crepin

Ltd.,15 Coopers &/- per 1lb. Full price

o = -
sow, B.C,Z,




Honey

Syrup

Sauce
Ovaltine

Coffee
Bacon
Cheese
Sugar
Rice
Jan
Flour
Tea
Salt

Dried Apriconts

Dates
Curry Powder

Pepper
Pot Scourers

Cigarettes )
Tobacco )

Wet Pruf )
Boot Polish)

Soup Bowder

Peanut Faste

Sultanas

Chivers & Sons Ltd.,

Orchard Factory,

Histon, Cambridge.

Tate & Lyle Ltd.,
21, Mincing Lane,
London, &.C.3

Obatined retail in
La Paz, Bolivia

Bought Locally

W.D. & H.O.
Tills Ltd.,

Bedminster, Biistnd

Kiwi Polish Co.(pty)

Ltd. London, we5

a-Bought TLocally
b-Batchelors Soups

Ltd. Sheifleld 6.

Justrelian Dried Fruit

Board,
Ocean House,
London, .C. 3

“
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2/3% per 1b) Full

5/3

3/1.04

ull price

=
e
o
o
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14, Travel and Transport Arrangements. P. Garrard

Three factors had an important effect on the travel
arrangcnents - digtance to Bolivia, college excminations
and the Italian scomens' strike. Because of the time
requirec¢ to reach Bolivia and the timing of colliege
examinations it was necessary for the party to split and a
rather complicated itinerary used. The secamens' strike
and the highly unsatisfactory negotiations with the Italia
Line could have wrecked the expedition.

Ewart who wus to work/Miggitish liuseum expedition
in Peru for a few weeks before joining the main party was
to travel by ship to Rio then by air to La Paz. Bratt
and Melbourne were to chase the baggage by travelling by
ship to Arica, Garrard, Jenkinson and Smith, whose
examinations did not finish until Jyne 19th, were to use the
same route as Ewart. Final bookings were made on March
19th through Sewell and Crowther (Travel Agents). These
arrangements are detailed in Table 1. From La Paz
to the mountains the transport was to be truck arranged
by Sr. G. Farwig of the C.A.B.

. These simple arrangements were thrown completely
out of gear when on June 9th the Italian seamen
struck; all Itslia Line vescels in port at the time stayed
there, those at sea coitinued only as far as the next port.

Ewart found himself stranded in Daker (W. Africa)
and had to stay there for 9 days before being flown by
Italia Line to Rio d¢ Janeiro,. These flights came only
under the stress of a demonstration by the passengers.
Likewise, Bratt and lelbourne were in Cennes without a ship.
Their position was in some ways worsc than that.of Ewart,
beccuse Italia Line accepted no responsibility for pass-
engers who were not en route and it was entirely by their

own efforts that they found berths on board the M"Brotoone?
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sailing from Marseilles to Rio. Smith, Jenkinson and Garrard,
were still in London. From here, again with no assistance
from Italia Line, berths were secured on theHighland Brigade®
sailing from Tilbury to Rio. It should be noted here that the
Travel Agency knew about the strike a week or so before they
told the party. The first information was a letter received
fron Dakar on June 17th. It may be asked why a British ship
was not used in the firat instance. The answer to this lies
firstly in the chariness of Pacific Steam Navigation Co. to
commit themselves to a fixed schedule, and secondly in the

fact that Italia Line give a 10#% reduction on the total fares
for passengers traveling on both outward and return journeys.
This reduction they agreed to grant, even with the transfer of
passages to the "H. Brigade',

Because of this delayed arrival in Rio, Bwart was not
able to obtain a flight WBooking for 5 days. A further two
days was spent at Corumba, because of bad weather, and a week
at Santa Cruz dodging the bullets of revolutionaries put hi%
arrival in La Paz into early July - much too late to join the
British Museum expedition. Nine days later, Bratt and Melbourne
flew in from Rio, having experienced similar difficulties in
obtaining a flight, whilst to complete the picture the third
party found that their flights from Rio were on the 1lth, not
10th,; and that only two of these were available. On returning
from Sao Paulo, it was learnt that the flights were now on the
14th.

It is no exaggration to say that travelling arrange-
ments to, from and in the mountains were more closely fulfilled
than any in the more civilised world. Trouble was experienced,
however, with the procurerent of mules. On 14th July, Melbourne
and Caraffa arrived in Pelechuco, to be told that no animals
were to be had there. For the whole of the next day the village
was engaged in fiesta, but later during the day it was intimated
that five might possibly be available the next morning. At

9.00 a.m. none hod been brought and it was not until 1,00 p.m.
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on the 16th that seven mules were eventually hired.

On 28th July, Sr. Farwig arrived at Suches with mail
etc. The Italia Line strike had finished and the new schedule
showed vessles cnlling at Arica on August 27th and September 15th.
On the strength cof this information and in order to forfeit as
little as possible of our working time, it was decided that
fwart, Melbourne and Garrard, who wished to be in London by the
first week in October, should transfer to the "Reina del Mar®
(P.S.N.C.,) leaving Arica on August _lst. The others would return
on September 15th on an Italia Line ship.

On 24th August, Sr. Farwig made his second visit, this
time with the nuews that Italia Line schedule was again altered
so that the September 15th vessEL.now sailed on September 29th.
Clearly it was out of the question to catch this. Moreover, the
transfer to "Reina del Mar™ was effectively stopped by Italia
Line:~- 1) not honouring an agreement with P.S.N.C. ~llowing
free transfer of " ss-nes (they asked 10% cancellation fee),

2) demanding the forfeiture of their Return Fare reduction and
3) as a consequence making the fare on '"Reina del Mar™ a further
130 dollars (£46) per person to pay. Sr. Farwig had booked

six berths on the "A. Vespucci” to be confirmed by telegram.

The journey down from the mountains was made on August 25th
seven days before planned. .

This was not the end of the trouble. Italia Line
informed the party of August 27th that only First Class berths
were available, Despite this, the party decided to fly to
ILima on the chance of getting aboard and at 7.30a.m. on August
31st we were at the doors of the Italia ILine officcs in Lima.

The effect of these vacillations on the part of Italia
Line is almost incnlculable, The plane-~table survey was not
even commenced in one arca because of lack of time, Ewart was
unable to go to Macusani; whilst over £350 of unforeseen
expenditure included flights to Lima, telegrams ctc. Luckily
all members of the party arrived in La Paz close to the original

schedule.
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The inconveniences caused uw were communicted to
Italia Line offices in Lorndon ;uite soon after boarding the
vessel.

The party arrived in Barcelona on September 25th and

reached London on the nig - of the 27th.



June

July

17
18
20

23

2k

25
26

n

10

11

14

15

Planned  Actual Planned

Actual

G. Bratt &

A.Ewart - —_—

W .Melbourne

dep.London dep.London
emb, emb.
Barcelona Barcelona

dep.
London
Dakar Daka:
emb.
Cannes
arr.Rio
Rio=-
Corumba
Corumba-
La Paz

Dalzar~Rio

Rio-
Corumba

Corumba-
Santa Crusz

Santa Cruz-
La Poz

)

Yarr.
YCallao
)

arr,
Arica

dep.
London

arr,
Cannes

Canncs=-
Marseilles

dep.
Marseilles

arr.Rio
Rio-
Agquiduana
Aquiduana-
Corumba
Corumba-
St. Cruz

St. Cruz-
La Paz

86
Plannecd Actual

A.Smith, J.Jenkinson,

P.Garrard

dep.
London
dep.
London
emb.
Barcelona
arr.Rio
Suntos/S.Paulo
arr.Rio
S,Paulo~-Rio
Rio
St. Cruz
5t. Cruz-
La Paz
Rio-
Corumba
Corumba-

La Paz
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II Iransport

Arrangements for finding a cargo vescei were loft
to Sewell and Crowther's Freight departament in Bishopsgate
and from them wce reccived much help with regard to Customs
requirements and formalitices, but it was extremely diffi-
cult to pin them down to giving a definite date of sailing
and, morc importantly, arrival in 8. America. To ilius~-
trate thie, the following is a guotation from a letter
received:

"The 8.8, "Santanter" is expected to szil from

Loadon on May 7th arriving Arica Junc 9th .....

e+ This should give time for Customs' clearance

and arrival at La Paz before July 10th."

(My underlinings)

In fect, the Santander did not sail on May 7th, but later;
arnd in the end the freight woe shipped on board the
"Kenuta' (P.S.N.C.) which 1l:ft Liverpool May 7th and
arrived Arica Juyne llth.

During the last few days of April, food and equip-
ment was packed into tea chests of volume five and three
cubic feat, which werv then steel-banded for safety. This
scems to have been @ quite successful method, for only one
mishap occurréd en route, resulting in the losg of about
ten smzll tins of corned beef. There were in the end
5 crates of cquipment, camping, surveying «and personal;
and 10 of food, Thesge last comprised five food dumps
and contained carefully worked-out quantities of differcnt
types of foods. Easily-spilled articles such as dehy-
drated vegetables were weighed into polythene bags which
were further packed into tims. T'inal gross weights
varied between 50 and 80 1lb. and on two adjacent sides
was stencilled the name of the expedition, its destination
and port of arrival, "En transito para Bolivia®, a con-
secutive numbcering «nd net and gross weights. Tpe chests

were collected on May l1lst.
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Customs' requiremsnts (in additon to the labelling
above) comprised a list of the contents of each chest with the
value of each article.

Certain dutiable articles, namely cigarettes and toabacco,
boots and duvet equipment were to be held in bond until the cargo
vessel sailed; and the Port of London Authority Wharehouse in
Cutler Street agrced over the 'phone to serve as a temporary
store until,P.3.N.C, decided upon the house for their vessel.
However, when the duvcts arrived at London airport they were
rejected by P.L.,A. for over a week. Lventually they were taken
and it was possible for Ewart to takc his own suit (and boots)
and repack them for collection as he passed through Newhaven.

It was emphasised that this was not normal procedure,

There was some doubt as to whether the Bolivian Govern-
ment would charge an import deposit on the photo-theodolite
and other surveying cquipment and for such a possibility and also
to cover freighting costs from Arica to La Paz a debit account
was arranged in ingland. However the Government granted duty-fraoe
entry of equipment.

On arrival at Arica on June 11th the freight became the
responsibility of Velho and Co., agents to Sewell and Crowther.
They were to guide it thrugh Customs and then hand it to *“he
British Embassy in La Paz for storage until our arrival. One
month was not sufficient, however, for this. Blame rests on
the Customs who, in a country of low wages and inflationary
currency are loth to exert themselves in the absence of a money
incentive. The continual prodding by the British Embassy
eventually relcased the ifreight on July 21lth.

Freight is carrird by the "Tia weight or measurcment!,
i.e. 20 ¢t or L0 cu.ft. whichever is the greater. Since 40 cu. i
of tinncd food approxiuates to one ton, most of the crates were
judged by volunc. The ~stimated rcost calculoted from the

charges of:-
Focdstuffs ZL5/-per ton

M-odical stcres )
- - e =
Touinient b 40/ -per ton
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came to the region of 40 whereas the bill presented to us
amounted to aimest double this -égg; The difference arises
from charges by the agents for their own services and for those
of sub-agents. This point should not be overlooked in future
estimates.

A fTinal point regarding nules may usefully be made.
The cost of hiring these¢ was 20,000 Bolivianos (12/-) per mule
per day and 10,000 Bolivianos (6/-) for the services of a
nuleteer, The size of tea chest, which held about 60 1b., had
been chosen with the possibility in mind of our hawing to carry
them on pack~frames. This was a very awkuard size for the
mules, which were not equipped with proper saddles. The "answer
lies in taking sufficient empty kit bags in the top of each chest

to hold the contents and then repacking in these.
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15, Notes on Political Formalities A, Ewart

During the preliminary organisation in November 1956,
both the British Council and the British Foreign Office
(Latin-Americen Dept.) were approached with the propocsed
plans and arrangemeunts of the BExpedition. Unfortunctely,
the British Courcil have no office in Bolivia, and so cculd
not be of any direct heip. The Foreign Office, however,
undertook to obtain formal permission from both the Boli-
vian and Peruvian Governments for the Expedition to visit
and undertake scientific work on their common border.
Formel permission was duly granted, from Bolivia in Feb-
ruary and Peru in April. In addition, permission from the
Bolivian Governiiznt to enter the stores and eguipment free
from Customs' durties and toxes, was also obtained.

The permission in each case was obtained by the Fireign
Office through the respcctive Embes ies in La Paz and
Liama,

In addition to the above formal permission, normal
tourist visas for Bolivia and Peru were required by e=ach
member of the Expedition. Fyrther tronsit visas were
required for Brazil and Chiide, as the travel arrangements

my

involved travel through these countries. lle visas were

obtained from the appropriate Consulates in london.




91

16. Medical Revort AW, Spith

Preparation

It was decided early in tne rexpedition planning
that a medical offic or would not béahecessary, This
step avoided the experce of taking an otherwise recdundant
member, but also neant that the team had to be prepored to
cope with all possgible ailuments or accidents, Two members
had already receivec treining in IPirst Ai@ ond the reraining

A

four members toolk & course of gix lecturcs in First Al

at the Royal School of PHires, Thus it was hoped that
should any menber breax a limb or receive a bad wound,
then any of the remainirg members could attend to him until

he could receive -proper medical treatment.

Enquiries made at the various enmb.ssies aund travel
agency revealed that the follow1nﬁ injections were advis-

cble: -
. T.4.B. (Cholera and para typhoid)

N+

Small 00X .

. Yellow Tever.

\N

These were tnken by every neaber who hzd 1:0% been previonsly
innoculated.

Besides this preparation for major accidents, one
had to safeguard ag. inst all types of minor aillments wuaich,
if left untreated, could have become cerious,. n this
respect we¢ had a good deul of guidance from uvr. G. Zudd
wiio accompanied the 1957 Karakoram expedition.

The intention was to split the expedition into
mobile, sclf-contained uaits which wou’ @ return tc 2~ bage
camp at intervals. Do o this purpose it w s dectdol to
issue each ncamber with n ewall percons . > -dical kit and to
keep another medical kit for vid:r necds a

The Imperial College M.0O., Dr. Cray, wnis asked fer advice «

]

to those items which would be egeential for the trip, and

with thir and other inforwation., a provicional list of
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medical equipment was compiled. An approach was then made
to Boots Pure Drug Co.Ltd., Nottingham, who are to be thanked
considerably for providing advice and information on the
form in which theo items would best be taken. This added
information prodiced a final list of equipment which was gen-
erously donated by Boots.

POTAL MEDICAT, KIT:

6 x 30 Alimex tablets for indigestion

3 Magnet insect deterrent powder

10 x 100 Soluble Asprrin tablets

1 x 100 Quinalbarbitone tablets. gr %

5 x 100 Phthalysulphathia®ole tablets 0.5 g.
for dysentary.

8 tins Gee's Linctus pastilles for coughs & sore
throats

8 fl.oz Gee's Linctus liquid

6 tins Strepsil lozenges for high altitude cough
and sore throat

100 Tablets of Calcipen - V 125 mgm (oral
Penicillin)

12 largc size Burnol cream - a general antiseptic &
acroflavine for burns

6 x 100 Halazone tablets for sterilising water

2 bottles Viso Eyec drops

100 Cascara tablets gr 2 - laxative

12 tubes Mylol cream - an insect repellent

100 Chloroquine Phosphate tablets 0.25 g -
an antimalarial

5 x 100 Plurivite tablets - vitamin pills

3 tins Mycota powder ~ for ahtletes foot

3 tubes " cream - " " n

12 Emergoplast 3¥%ix 42"

12 " Likitx 2"

1 First-Aid case No.h4

L Vic B.P.C. Crepc Bandage 5" wide

12 Compressed Absorbant Wool % oz.

6 No.1l4 Medium plain Wound Dressing

6 No.1l3 Small " " "

3 . Traingular Bandages 51" x 35"

18 Absorbent Gauge % yd.

3 Regaid Elastic Adhesive Bandage 3" x 3 yds.

L " Zinc Oxide Adhesive Plaster

5 yds x %" wide

Regaid Zinc Oxide Adhesive Plaster
5 yds x 1" wide

1 Clinical Thermometer - /2 minute

rno
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In addition to this list, the following itecms (kindly

donated by I.C.I., Ltd. (Pharmaceuticals Division) werc taken:-

8 tubes Savlon antiseptic lozenges (throat &
mouth infections)

10 phials Crystalline Penicillin (Ma Salt) for
septic wounds

6 tubes Cetavlex antiseptic cream

From this total list, the following items were selected to
constitute the personal medical kit for cach member of the

expedition and were issued before leaving England:-

100 Aspirin tablets

15 Fuinalbarbitone tablets

60 Pthalysfsulphathiazole tablets

1 tin Gee's linctus pastilles

1 tin Strepsils

1 tube Burnol cream

100 Halazone tablets

15 Cascara tablets

1 tube Mylol cream

100 Plurivite tablets

1 " Bmergoplast 3% x 4k

2 " 1% x 2

1 Compressed Absorbent Wool - /2 oz.
1 No 14 Medium plain wool dressing
1 No 13 Small n it "

1 Absorbent gauze

1 Regaid Zinc Oxidec adhesive plaster 5 vd= <« L7
1 Phial of crystalline Penicillin
1 Tube Savlon lozengses

1 Tuhe Cetavlex crcam

1 Tube glacier cream

Use of the Medical Kit

a) Personal Kit - The effects of reaching the height of

15,000" within 48 hours from sea level were felt by c¢very member,
Everybody suffered from violent headaches during the first two

or three nights, but some relief was found by taking two or

three aspirins and occasiorally a tablet of quinafggtone before
retiring. Three members also suffered from vomitting, but

this only lasted for the first day. Within three days the
"worst effects had passed, although there wre onc or two lingering
headaches up to 7 days afterwards.

A more permanent fecature caused by the altitude was the
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breathlessness which ev=rybody felt g&uring exertion. Even
at the cnd of the six week field period, this effect was still
present - though slightly reduced.

From the start of the field period every member began
a regular course of two vitamin tablets pcr day. This was more
of & precaution mcasure, since the diet was fairly well balancecd
to begin with. If a harsher diet of more simple food had been
in use for longer periods, ( as recommended in the food report,)
then the vitamin pills would have been of much greater necessity.

The sudden change to the expedition diet of dehydrated
goods is thought to be responsible for the nine day lack of
defaecation experienced by onc¢ member. Ultimately, and with the
aid of two cascara tablets, his condition returned to normal.
Apart from this there was only one item in the diet which had
important physiological effects. This was the Dbacon fat which
was used in increasing cuantitics towards the end of the field
period for frying pancakes and potatoes. At one point it was
used heavily for four successive days and on the fifth morning
one member,- vomitted the whole of the previous evening's meal -
apparently completely undigested. During the following 36 hours
he also suffered from acute diarrhoea nd furhér slight vomitting.
Two other members had diarrhoea on the 7th day and also suffered
from very bad indigestion. It was found later that indigestion
was a faitﬁy common complaint after eating a lost of food cooked
in fat.

Throughout the exvedtion almost every member was affected
by minor cuts - received mainly by slipping on scree slopes,
Such cuts were treated, where necessary, with either Burnol or
Cetavlex cream, and within a few days the cuts were healed,
This was very satisfactory, for it had prewiously been a common
experience for cu’s to remain open for excessively long periods -
due possibly to the cold at high altitude,

Sore throats were developed by two members of the tean,
as a combined result of the very dry air and Qust which was

disturbed when camping on glacial wmoraines. Strepsil lozenges
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were taken regularly during the day and after three days the
soreness had disappeared. At night the Gee's Linctus lozenges wer:

preferred since they also provided a certain inducement to

sleep.

Apart from the first few days during acclimatisation,
insomnia was mostc uncommon - even though night temperatures
were below freer’ng point. Only when the temperature reached bel~

0°F was sleep disturbed, but this only happencd on one occasion.

The Halawone water sterilising tablets were frequaontly
used when eamping in the valleys. This was because the water
had often to be cbtained from rather stagnant, boggy areas which
could otherwise have been quite harmful

b) Barc Camp Medical Kit - Fortunately no members of th

expedition sufferod from any major ailment or accident, and thus
no call was made upon such items as Penicillin, antimnlnorials etec.
Several of the remaining items were used on odd occasions as the
need occurred. Viso eye drops, for example, were used to give
relief to one member whose eyes became very sore as the result of
being in a snow storm without goggles. On another occasion,
the Mycotn powder was nceded for the treatment of 'athletes foot'.
The insect repellent crecam - Mylol - was found to be unnecessary
in the mountains, but it was used frequently in the tropical arc.=
during the journey to Bolivia.

By and large, the expedition was very fortunate in

keeping healthy and fit during the whole field period.
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17 Expedition Conclusions W.H., Melbourne

It is now ncarly six months after the expedition
returned to England and it is posgible to review some of its
activities.

A preliminary report wag put out three weeks after
arrival in London and about twenty copies hove been sent out
ir. the past four months.

g far morec detailed investigztion of the geological
structure has been made 2nd also some thin sections of rock
specimens have been studied and the results givern in this
report.

The m3p made from the plane table survey has been
Fedrawn by cartographers of the Royal Geographic:zl Society
nd 1s to be publighed in the Society's Journal.

Over two dozen known articles, with photographs, have
Hecn published about the expedition 1n the press of 2t least
51z countries. About five feature length articles have been
published in newspapers and the Geogr:iphical iagazine i@
publishing four colour, and six monochrome photographs with an
article. An article is also to be published in the Royal
Geographical Society's Journal along with the map. Two talks
have been given on the B.B.C. and one on the A.B.C., 2lso the
whole expedition appeared on Lima television.

Nine lcctures have been given by the members of the
expedition including a main evening lecture to the Royal
Geographicnl Societys: there are three more lectures scheduled
for the immediate future.

All the firms who suvnplied us with food and equipment
~wve been thanked ond reports made on their products, and a
lecture has been given to the sti1ff a2t Acusnscutum.

The Italia Line shipsing company refused to make any

compensation for the incredible rudeness, .inconvenience, and
over £150 cogt which the Italian seamen's strike caused the
expedition., It is most strongly advised that they are totally

unreliable for an cxpedition to trust.
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The members of the expedition have partially split
to other p-rts of the world. Bratt has returned te Hobart,
Australis to work with the Electrolitic Zinc Company. Iwart
ig completing his Ph.D in Mining Geology =nd will then be
workin- oversens. Garrard is in his final year at tpe

Tniversity, =2nd hopes to taike a Jjob on the Geological Survey

of Ewgt africa. Jenkinson is now working with the Shell
Conpzny ingfngland. Melbourne is just finishing his Ph.D.
and is shortly to drive a Land Rover down Africa and up the
americas before returning to Australiza. Smith is at present
doing +he field work for his Ph.D. in Mining Geology, north
of Delhi in India, =znd will be returning to the Imperial
217 For about two more years.



18, PINANCTAL STATEMENT. W.H.Melbourne.

INCOME,
Imperial College Exploration Board Grant. £1,000, -. -,
Mount Everest Foundation Grant., 1,350 wo =
Personal Contributions. 300 =o =,
B.B.C., Broadcasts., 6.18. 9.
£2,666.18, 9,
EXPENDITURE,
(a) In England.
Travel., London to La Paz return for six. £1,235. T« 3o
Equipment. Anoraks and Overtrousers. 6l. 9. =,
Boots, six pairs. 42, 6. 0.
Duvet Jackets and trousers,six. 63¢ = =
Lilos, six. 7.16. 1.
Sleeping bags, four.fuel cans 2b.18. 2.
and canvas buckets,
Nylon rope. 5, 6. 2,
Overboots, 6., B. DB
Meade tents, three specially made. B56s ¢ =0
Rucksacks small,kit bags,primus 30,17.10.

bparts,nylon cord,overgloves,
pegs,sweaters,candles, ,hemp rope,
nylon innersoles,

(all greatly reduced)

Freight., T.ondon to La Paz return,equipment 119, 5. 8.
and food

Film. 35mm.colour and 120 monochrome, 57.19.11,

I\ﬂ:aps. 3.150 -q

FOOd. 760 7 Do

Insurance. Royal Geographical Society surveying 29.13. =,
instuments and repair, and cameras

Visa's. 36 la =

Preliminary report. ' 22419, -,

Final report. 15.11. 6,

Photographic prints, map copying,map slides, 18.18. 8.
and figures for reports.

Miscellaneous. Stamps,local travel,first aid, 20.13. 5.

drawing matls. lecturing exp.
Returned to Imperial College Exploration Board. 9. 8. 3.
Petty cash in hand.(later to be returned to 20.17. 4.
I.C, Exploration Board.)

Continued on next page



FINANCIAL STATEMENT CONT,

(b) Abroad.

Travel. Including air fair from La Paz to
Lima for six.

Mail and Telegrams,

Food.

Accomadation.

Tyres and petrol for Club Andino Boliviano

truck.

Bank charges.

Visas.,

Mules and porterage,

Miscellaneous, excess baggage entertaining
the Club Andino Boliviano.

189, 6.

15, 6.
104, 6.
115, 7.

95413,

4,11,
8.19.
34,18,
2;’. Yo

8.

6.

£2,656,18,

As o reference for future expeditions it is to be
noted that the travelling expences would have been
about £150 less if the Italia Line had been able
to fulfil it's committments. The bulk of this being
caused by the air flight from La Paz to Lima, as
the Italia Line failed to notify us of a change in

sailing schedule,



(A.)

(B.)

FINAL REPORT OF THE
1959 IMPERIAL COLLEGE APOLOBAMBA EXPEDITION
NOTES ON SCANNED COPY

EXHIBITS
There are 7 Exhibits included with the original report, as follows:

(1.) Ridge Map of the Nudo de Apolobamba (Scale 1/ 50,000).
The Nudo de Apolobamba (Scale 1/125,000).
Compiled from the Royal Geographical Society Peru — Bolivia Boundary
Commission 1911-13 and the Imperial College Apolobamba Survey 1959.
(3.) The Nudo de Apolobamba (Scale 1/ 50,000).
Surveyed by W. H. Melbourne.
(4.) Map Showing Glaciers in the Nudo de Apolobamba Based on the Plane
Table Survey by W. Melbourne.
(5.) Sections Across the Nudo de Apolobamba (Scale 1/ 50,000).
(6.) Geological Map of the Nudo de Apolobamba (Scale 1/ 100,000).
(7.) Stereographic Analysis.

Exhibit (1.) is bound into the original report after page 64 and is included in this
document after page 64. Exhibits (2.) to (7.) are in a pocket inside the back cover
of the original report, but they are too large for scanning and are not included in
this document. Copies of the title portions of Exhibits (2.) to (7.) are included
after this page for reference purposes.

SCANNING

This document was scanned by Robert Lloyd, a member of the Imperial College
Exploration Board, at the request of Nigel Wheatley, Honorary Secretary of the
Board. The scanner used was a Plustek OpticBook 3600.

12 May 2009
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