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* The purpose of tiis preliminary report is to provide a geologic
map and a background of general knowledge to serve as a basis for
~ special investigations. They involve study of landslides which affect
~urban development, ground water as a potential source for city use and
a general plan for city zoning. Much of the basic data for these
special investigations is contained in the following report and
attached map. The basic data need to be interpreted and certain
additional information must still be collected,

This report and riap are preliminary. At a later date when the
results of laboratory tests on selected samples are available the
report will be revised for publication. Another topographic map,
prepared from aerial photographs taken in 1948, will be used as a base
on which to represent the geology.

Location and Topography

The area mapped 1s a part of the upper La Paz Valley situated
between the Altiplano on the west and the Kastern Andes. La Paz, the
administrative capitel of Bolivia, is located in the central part of
the map. A total of somewhat more than 100 square kilometars are
shown on the &attached map.

The topography in the vicinity of the map has been well, and
often glowingly, described in many books and publications. To the
traveler approaching overland from the west, the deep valley in which
La Paz is situated makes a profound impression because the valley
cannot be seen until the margin is reached., A deep and narrow gash
cut 600 meters or more into the Altiplano in front of the Eastern
Andes and parallel to the trend of the range is indeed unusual., The
expectable would be to see the Altiplano extend as a piedmont to the
mountain front as it does north of the La Paz area.

The Altiplano is a high plain between the Eastern Andes of
Bolivia and Peru and the Western Andes of Chile and Peru. 1In the
vicinity of La Paz the Altiplano is a mature surface that slopes
upward toward the Eastern Andes. In the southwestern part of the map
it hes an altitucée of approximatlt 4040 meters and in the northwestern
part more than 4300 meters. Between the Choqueyapu and Chuquiaguillo
Rivers in the northern part of the map is a remnent of the Altiplano
which was once continuous with the plsin of the western side,

The La Paz River and its tributaries, the Choqueyapu, Chuquiagui-
1lo and Irpsavi Rivers have incised the Altiplano to depths ranging
from 200 to 800 meters. Clearly definable terraces with steeply
Inclined gradients in the direction of the stream flow are present
along the lower margins of the major rivers. Vestiges of higher
terraces, alluvial cones, mud flows and landslide blocks break the
monotony of an evenly sloping profile from the edze of the Altiplano
to the rivers.

At Pinca Aranjue 3 in the southe&st corner of the map is a
northwest trending ridge through which the La Paz River flows in a
narrow and steep sicded canyon. Between Finca Aranjuez and Alto de
Sopocachi is a smell expanse of weak sedimentary rocks that have been
sculptured into spires, pinnacles and other spectacular erosion forms.
This intricately eroced area, called "Bad Lands" in Bolivian
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literature after slimilar topographic features defineg gn the western
part of the United States of America, extends westward into the

Achocalla Valley.

Previous Work

Only a few of the more signifiéant contributions to the

" geological literature of the La Paz Valley are ineluded in the

bibliography of this report. Most of the previous investigators
conld spend but a few days in the area and they had no maps on which
tg .rccord their findings4 Nevertheless, many keen and penetrating
observations were made. Some of the hastily concluded concepts have
been varified by this rore detailed survey.

Comway (6) was in and near La Paz for several months. On a trip
down the La Paz River on his way to climb Mt. Illimani, he recognized
the mud flow which origineted inm the Achocolln Vallcy. Heuthal (4)
considered the upper part of the Le Paz Formation to be early
Pleistoccne, In his rcport on ground water for the city of L& Paz,
Felsch (7) indicated that the Lo Paz Formationm might be late Tertiary.
Troll (11) spent several years in Bolivia during which timec he

»

_extensively investigated Tertiary and Pleistocene deposits and meade
“at last two topographic maps. Unfortumately his geologic map of the
La Poz area was destroyed before it could be published, so he tried

to explain his concepts of the geology by more lemgthy discussion.
Troll recognized three periods of glacilation. The till which Troll
considered to represent the first period of glaciation is called
Calvario Till im this report. He also recognized the mud flow which
originated im the Achocalla Valley.

Berry's (5) suggestion that the last major deformation of the
Andes may have taken place in the early Pleistocene hes been verified
by this more detailed investigation., Ahlfeldts (1 - 2) reports on
the area are a resume and compilation of previously published
information dealing with the origin of the La Paz Valley. He
included many of his own observatioas relating to struetural history.
All mayor differcnces betwecn his published comments and those
contained in this report were reconciled after Ahlfeld spent two days
in the ficld with the author.

Method of Investigation

Stratigrcphic scetlons were measured with a stadis rod in meny
parts of the area of the map and a few beyond its borders. After
sufficiegt information had been assembled to diffcrentiate mapable
units, the units werce delineated on ecerial photographs. The
delincations on the photographs were transfcrred to the base map by
use of a skctchmaster., 48 the aerial photographs do not cover the
entire area of the map, a part of the geology was placed on it

_directly.

Definitions

Many kinds of maps of La Paz and vieinity have been printed. A4
wide discrepancyin names and in spellings of namcs of streams and
localities is notcd on them. Some rivers not only have several
different nemes, but also have speclfic mames for certein stretches
of their courses. A4S an c¢xample, the Irpavi Valley has five names
from its mouth to its origim in the Easterm fLndes, With few
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¢xcertions, nuris anc srcllincs as anzcearing on the ctteched base map
©are uscd in the rcport cven though they disagrec with later maps.
-hmong some of the terms that need clarification arc the fol lowing:

% 1, Aranjuez Constriction rcfers to the decp and narrow valley at
“Finca framjucz where the L2 Paz River has cut a gorge transversc to
the structural alignment of thc oldest rocks in the arca. -

2, Upper La Pez Valley is used to refer to the drainage system
located above the constriction in the valley 2ot Pince Aranjuez. The
lower La Paz Valley or the La Paz gorge is below the constriction at
Finca [ranjucr .

3, "Aranjucz Ridgce" is the name given to the partly exposed
Prc-Tertiary alignment of hills that are crossed by the La Paz River
at Finca jLranjuez. The ridge coincides with an alignment of
deformatiom called Lranjucz structure,

4, Kenko Structurc rcfers to the northwest—-southeast trending
zone of faultinmg and folding that is wcll cxposed below the Altiplano
near Kenko.

5, "Basin" is uscd in reference to 2 structural depression.

6, Chocayapu - Choqueyapu. Local critics have felt so strongly
about the spelling of this werd that Choqueyapu is used evem though
<1t does not agree with the spelling found on the attached map.

7, Buildings shown on the map as Colegio Militar are now the
University of San Andres, In the text refcrence is made to the
University instcad of Cclegio Militar,

Basc Map

For this report the topographic map pu blishcd in Germeny by
Troll, Finsterwalder and Biersack in 1935 is used as a base om which
to represcnt the geology. Field work for the base map was done
betwecn 1927 and 1929 so it is out of date in its recpresentation of
cultural fecaturcs. 4lso, the altitudes shown on the map do not agree
with the more accurate lecvels of later surveys., However, the map has
several advantages. It is a fairly good portrayal of the
configuration of the valley; it eovers the arca of primary interest;
and it is a convenient size on which to show the relevant geologye.

Acknowledgment

So meny people have aided in this work that all of them cannot
be mentioned. They are sincerely thamked for their help. A few must
be mentioned by neémes Dr. Federicq Lhlfeld, former Chief Geologist,
Direcciomn (Pencral de Minas y Petroleo de Bolivia, spent two days in
the field with the author and contributed meny construc{ive opinions.
Jorge Mufioz Reyes, Professor of Geology at the San /Lndres University,
reviewed the geological map in the field and made his large geological
library available for reference; references included copies of
reports on site investigations by Prof. Mufioz made in the vicinity of
La Paz during the lugt two deccades., Messers Humberto Lozada, Jorge
Crespo and Arturo Zalles, engineers of the Municipalidad, took the
author on many tours of inspection during which they pointed out
problems affecting city levelopment and explained their approach to
solving them. Gregorio G. Ortcga V., enginecring student at San
Andres University, wes a helpful guide and interpreter. Mario Rada,
chauffecur, almost intuitively understood where and when the author
wanted to be picked up ot the end of the many walking tours.

-3 -



Thc Spanish version was carcfully read by Juan Luis Gutierrez

© granier, the mayor of L& Paz, through whosc efforts the project was
initiated. It wes elso roviewed by Prof. Jorge Mulloz Reyes, Dr.
Pederico ihlfeld, Jorge Crespo rnd Humberto Lozade., Rene Paz Prado,
architect for the city of L& Paz, and Reul Valdez, Municipality water
supply enginecr mede significeant suggestions. 41l the critics made -
constructive comments thit have helped to make the report more easily
umderstandable and recadable,



DESCRIPTIVE GrOLOGY

As used here, descriptive éwOlODJ is an explanetion of the units
of rock that have been delineated on the attached map., The
explanation includcs statcments about thelir age, thickness, lateral
continuity, composition, vproverties and otner features distinguishing
one unit from another.

Pre-Tertiary Rocks Undifferentiated

Pre-Tertiary rocks are shales, sandstones and conglomerates. A
direct neasurement was not made, but the exposure in the mapped area
is estimated as representing a total thickness of about 1000 meters,
Individual beds range in thickness from about 20 to 150 meters.
Althought it would be possible to do so, the varlous lithologlc units
have not been separately mapped.

The rocks are strongly folded and faultcd. Just off the
southern edge of the map one conglomerate bed is over-turned to the
southwest. In gencral the crests of the folds and the alignment of
the faults trend northwest. The 4ranjuez ridge and structure
separates two sub basins: the Choqueyapu sub basin to the north and
the Achocalla sub basin to the south. The ridge is believed to
continue northwestward as a structural trend much beyond Alto de
Sopocachi beneath the younger sediments.s

The Pre-Tertiary rocks are by far the oldest in the area mapped,
Primarily on the basis of regional correlations, previous workers
estimated their age as middle Paleozoic or late Mesozolc. Some rocks
of the Upper Puca Formation (ahlfeld,2) may be prescnt, but in the
absence of more definitive information they are here collectively
callcd Pre-Tortiary. PFossil evidence that would help detecrmine a more
precisc age has not been found. For the purpose of this report, the
age of these rocks is not very important. Howcver, it is important
to understand the larger strueture of these rocks becausc thelr
configuration controls the outline of the major part of the La Paz
Busin. This control, in turn, also detcrmines much of the
localization of ground watcr.

Tcrtiary Rocks

Earliecr workers divided the Tertiary rocks of the area into the
Lower and Upper La Paz Formations .and placed the boundary between
them necar the basc of the promincnt ash bed. 4s a till is present
below the velcanic ash bed, rocks that have been previously assigned
to the latc Tertiary and called "Upper La Paz Formation" are
Quaternary in age. Thoercfore the term "Upper La Paz Formation" will
not be used in this report. Howecver, La Paz Formation is rcetalned to
name the entirc scqucence of poorly consolidatcd sediments of Tertiary
age thet unconformably overlie the Prc-Tertiary rockss

La Paz Formation

The La Paz Formation underlies the centirc area of the map north
of the ALranjuez Rldgo. It eonsists in lensing and discontinuous beds
of poorly consolidatcd sand, silt, gPaV01 clay and some thin scams
of lignitc, Individual bcds range 1r thickness from a feathcr edge
to about 20 metcrs. In this investigation many partial sections have
becn measured. From thesc measurcd sections it is cstimated that the
total thickncss is inexcess of 600 meters. Most of the beds are
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¥ gray; a few lcnscs of tan and red sand are found in the vicinity of

Obrc juvs and San Jorge. Individual beds cannot be traced more than
about one kilometer.

In exposures west of Pico de Pampajsi the upper beds of the La
Paz Formation“are coarse, In lithology and texture they resemble the
Pleistocene deposits. East of the mapped area in the Irpavi Valley
where the Pleistocene volcanic ash marker beds is absent, the contact
between the Tertlary and the Pleistocene is gradational and, for
mapping purposes, would fall within a zone of sediments more than 785
meters thick. Though gravel beds are present in the La Paz Formation
in the western part of the mapped area, they are thin and the -
proportion of fine grained material is much greater than in the
eastern part. The upper boundary of the formation was drawn at the
base of the volcanic ash bed except in the one locality where a till
underlies the ash marker bed.

Many normal faults of displacements ranging from a few meters to
about 100 meters &rs present. The general direction of these faults
is parallel to the structural lines of the Pre-~Tertiary rocks.
However, a large fold and zone of faulting observed near Kenko (see
Fig. 1) has a strike somewhat more westward than that of the older
structural trend, Some of the larger faults are exposed in the
upper Chuquiaguillo Vallcy, west of Pico Pampajsi and in the
Patapatani arca., Many smaller faults can be observed along the
Choqueyapu and Horcohahuira rivers for approximately one kilometer
upstrecam from Obrajcs, On the attached map only the larger faults
are shown.,

A late Tertiary age for these rocks is accepted on the basis of
the following: 1., a report by Posnansky (9) in which he mentioned
finding two Pliocene vertebratc fosgils in a brick quarry in Miraflo-
res and a recent find of similar fossils by Braniaa (3), 2. the
correlation of the La Paz formation with other similar basins
containing known Tertiary scdiments, made by previous workers, some
of whom are listed in the attached abbreviated bibliography and 3.
beeause there appeared to be econtinuous deposition from the Tertiary
into the Pleistocene.

Quaternary Rocks

Quaternary rocks in this area are unconsolidated clays, silts,
synds, gravels, tills, onc ash member and, locally, lenses of
lignitic peat. In origin most of these sediments are associated with
glaciation., With some exceptions, they are 1, mixed debris left by
the glaciers, 2, sorted stream deposits laid down in front of
advancing glaciers, 3, sorted stream deposits laid down in front of
retreating glacicrs. The ash member, a significant horizon marker,
obviously is not rclatcd to glaciation,

Patapatani Till

The Patapateni Till is an unsortcd mixture of large boulders,
gravel, silt and clay. It is well indurated and oxidized throughout
the total thickness of the eXposure, Secven meters are well exposed
along the north.ecdge of the map on the east valley wall of the
Choqueyapu River but the total thickness is estimated to be about
twenty meters. The typo locallty of .thd Bagapataﬂl Till iIs on thoA
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first ridge about 400 meters north of the exposure shown on the map
and 75 meters above the road leading to the Milluni mine - Chacaltya
area, Patapatani is the local name unwittingly given the topography
formed by the terminal moraines of the Choqueyapu Valley. In the
Aymara Indian Jdanguage it means "One thing over another'.

The base of the Patapatani Till marks the separation between the
Tertiary rocks and the Fleistocene deposits. Becausc the lower part
of the till 1s concealsd by colluvial deposits, a good description of
the contact with the La Taz Formation cannot be given., In the
Choqueyapu Valley downstrecam from thne type locality where the rocks
are better exposcd, this till is not present and no obvious criteria
were found that could be uscd to separate thc Tertiary from the
Pleistoccne., It 1is possible that coarse grained scdiments mapped as
part of the uppcr La Taz Formation arc an outwash facics of thc
Patapatani Till. This till is thought to rcpresent the time
equivalent of the first Pleistocene Glacial Stage in North America
and Europe.

Volcanic Ash and Gravels

This unit is composed of two distinct lithologies. The lower
part 1s a volcanic ash and the upper part is a well sortcd gravel
with some sand and clay. The ash member is conspicuously exposed in
the upper parts of the walls of the Chuquiaguillo and Choqueyapu
Valleys and, as a distinctive marker bed, below the brow of the
Altiplano from E1l Alto to Alto de Sopocachi.

The volcanic ash is white in the lower 2/3 and pink in the upper
1/3. The lower part contains a few scatteref pebbles of rounded
granits, hard shale and quartzite, while the upper part is generally
a clean ash, In some places the ash 1s very soft and friable; in
other localities it is ledge forming and comparatively hard. Though
the ash 1s soft, it 1s somewhat more resistant to erosion than the
coarse unconsolidated material above and below 1it; for this reason
it crops out in more localities than the beds above &nd below it.

In thickness it ranges from about two meters to 12 mecters.

The upper part of the unit is composed of well sorted white
granite gravel and some sand and clay. The exposure west of the
Cemctery is the only locality wherce thin bods of rceworked ash were
observed. Few of the .well rounded pebbles are larger than 5 cm, in
diameter, Individual beds range in thickness from a few inches to
ebout 2 meters &nd are well graded. In the valley wall above the
Cemetery is a bed about one meter thick that 1s composed meinly of
flat pebbles that give the appearance of having becen formed on the
shore of a lake. The part of thc unit above the ash member ranges in
thickness from about one half meter to 25 meters,

Calvario Till

The Calvario Till is composcd of a mixture of clay, silt, sand,
gravel and boulders. It contains many fragments of & hard purple
shale; these fragments give the unit-‘as a hole a purple cast which
ean be seen better from a2 distance than on the outcrop. In most
places the upper helf of the till is oxidiaed. It ranges in
thickness from a feather edge to about 85 meters.

The Calvario Till is present above the Volcanic Ash and Gravel
unit north of a line drawn betwesn Alto de Potosi and Finca
Chuquiaguillo., On the ridge between the rallroad tracks leading to
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the Yungas and Calvario del Norte obserbation station the till is
well exposed and characteristically develdped. This exposure, where
the t1ll is 33 meters thick, was selected as tne type locality. The
name was taken from the observation staetion.

The structure that was mentioned in the part of this report
dealing with the La Paz formation involved this till and the
intervening older heds. Deformation younger than that represented by
“the Calvario Till could not be found. For this reason it is surmised
that the last period of active faulting and folding took place after
the Calvario Till had been deposited.

White Granite Gravel

In the northwestern part of the areca where the Acueducto de
Milluni descends the wall of the Choqueyapu Valley, thc white to gray
granite gravel unit is best developed in its most distinctive form.
There it 1s somposcd mainly of remarkably well rounded white to gray
granite gravel of streem origin derived from the arca around Caca Aca
(Huayna Potosli) and the hec lwaters of the Choqueyapu River, The
individual pebbles raengc in size from particles so small s to be
hardly recognizablec 2s granite to boulders about 1/2 meter in '
“diameter. By far the greater number of pebbles arc from 5 to 15 cms.
in diametcr,

Within the mapped area, the White Granite Gravel ranges in
thickness from about 50 to over 100 meters. It 1s exposcd high on
the west wall of the Choquecyapu Valley from Alto de Sopocachi to the
north boundary of the map, in the Palomera arca betwecen the
Choqueyapu and Chuquiaguillo Valleys and north of FPico Pampajsi.

Northward from the acqueduct locality near the edge of the map,
the gravel thins rapidly; though the unit is there composed of about
1/2 sand and clay, it i1s still distinctive for its content of white
to gray granite gravel. Southward from the acqueduct locality the
preponderance of white granite gravel decreases. In the valley above
the Cemetery scveral lensing beds of lignitic peat are present.
Beyond Alto de Sopocachi quartzites, gray slates and sandstones are
so abundant that the prescnce of white granite is no longur a
distinguishing feature. Howcver, the unit as a whole can still be
differentiated, though the position of the upper boundary is obscure.

Milluni Till

The Milluni Till is a mixturc of silt, clay, sand gravel, and
boulde¢rs. It contains morc large quertzite boulders than the older
tills, It is distinguishecd from the other tills by stratigraphic
position rather than by composition. Locally an Ampervious red to
gray and black soil zone¢ has been developed on top of the till.

The Milluni Till is found in the northw.stern part of the mapped
area, Its greatcst devclopment is beyond the limit of the map along
the road to Milluni and Chacaltaya. It ranges in thickness from a
feather edge to perhaps over 100 metcrs,

The thickest cxposcd section of the Milluni Till is high on the
west side of the Choqueyapu Valley where the Acueducto de Milluni
decends toward the river. Though partial exposurcs are much better
along the railroad tracks 1in the vicinity of Alto de Lime, the one
adjacent to the aqueduct was selccted as the type scection because it
is thicker and beeausc the lower contact with the White Granite Gravel
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“is quite distinct. Thu nemc 1s takon from the name of the aqueduct
;;and road leading to Milluni.

. Outwash Gravels of the Altiplano

: The OutwasheGravels of the altiplano arc coarse stream gravels
~with some silt and clay., These were deposited in part in front of
the Milluni Till =nd, as the Milluni icc retrcated, on top of the
Milluni Til1l, in fairly wcll defined broad and narrow channcls. In
the area mapped this unit ranges in thickness from a feather edge to
more than 70 mcters,

The term "gravels of the Lltiplano" is found in the geological
literaturc of Bolivia, It 1s rcstricted in this report to include
only those watcr laycd materials that were deposited in front and on
top of the Milluni Till. The word "outwash" is used as a modifier
becausc it gp well describes that -ueh of the material was deposited
by stream weter in front of the ice,

Exposures in the vicinity of L1lto de Potosi and north of the
Palomera area arc cxamplcs of sediments deposited in front of the
Milluni Glacier. Scdiments prcesent in the northwest corner of the
map were depositcd in chenncels cut into the Milluni Till as the
glacier retrecatcd., Near E1l 4lto at the southern terminus of the
Milluni Till a gravel lense about 4 mcters thick is present within
the till. Though it was not possible to trace the gravel bed
definitly into the Outwash Gravel of the Altiplano, the gravel bed
is interpreted as represcnting deposition in front of the Milluni
Glacier during a minor retreat of the ice and illustratcs partial
contemporaneous deposition of the two units,

Pampa jsi Terrace Gravel

The Pampajsi Terracc Gravel is composed of coarse gravel and
very little sand and clay, The gravel pebbles are rounded to
subrounded and consist of quartzite, slate, sandstone and granite.
The average diametcrs of the pebbles are about 3 inches, The unit
ranges in thickness from a fcather cdge to about 50 meters. Along
the southern edgc of the terrace the gravel appears to be thicker
than 50 meters; this is attributed to the steeply inclined surface
upon which the gravel was deposited.

Irpavi Terrace Gravel

In all rcspceets obscrved, the Irpavi Terrace Gravel is similar
to the Pampajsi Terrace Gravel excapt that it 1s located at a lower
- altitude. The gravel ranges in thickness from & feather edge on the
inner part of the terrace to about 30 meters on the outer edge. The
terrace is found in only two places; one on the east side of Tampajsi
Terrace and the other on the west side.

Choquecyapu Moraine

The Choqucyapu Moraine 1s an unsorted and unconsolidated mixture
of sand, silt, clay, gravel and boulders. Located in the upper
Choqueyapu Valluy where it once filled ‘the valley to a depth of over
200 meters, it 1s a classicel example of a terminal morainc. The
Same symbol is uscd to identify the morainic material that is found
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in thc¢ upper Chugquiaguillo Valley. The moraince in the Chuquicguillo
valley 1is thought to have becn deposited at the same time as the onc
in the¢ Choqueyapu Vallcy, but it was never as large or wcell
developed.

. Miraflores Tcerrace Gravel

The Miraflorces Terrace Gravel is o white to gray granite gravel
with a discontinuous clay bed in the middle. It contains soms rocks
of other composition but they arc in the smaller fraction and
supcrficially inconspicuous. Thce whitc to gray granitc wes derived
from two xinas of sourcc.s. (1c source was from large bodrock
exposures in the upper part of the Choqueyapu Valley and also from
some smaller exposures in the headwaters of the Chuquiaguillo Valley.
The second source was from reworking of the White Granite Gravel and
other units containing smaller amounts of the granite.

The Miraflores Terrace Gravel forms the prominent terrace on
which much of the city of La Paz has been constructed. Troll (11)
used the term Miraflores Terrace to define the well developed
topographlc feature in the borough of Miraflores. As used in this
report, the term Miraflores Terrace Gravel refers to the material
rather than the topographic surface,

The lower part is a coarsely bedded white granite gravel with
some clay and sand. Some boulders as large as 1/2 meter in diameter
lie along definite planes of stratification. The sand and clay
along with the smaller pebbles have been so tightly packed and
somewhat cecmented that the material will quite safely stand in
vertical cliffs. Of courss, some sloughing takes place from the
face of such vertical cliffs, but other kinds of failurc was not
observed in thc matceriel itself, It was obscrved that where the
material bencath the gravel was weakened by water saturation or
undercutting that the gravel failcd for lack of support. Thls part
of the unit rangecs in thickness from a feathcer cdge to 20 m.

The middle part of the unit is a discontinuous and lensing clay
bed that in some places contains thin layers of gravel, It is well
exposcvd south of the Hipodromo on the ridge butween the Choqueyapu
and Horcohahuira rivers. It ranges in thickness from a feather
edge to about 8 metcrs.

The uppsr part of the unit is a granitc gravel with about 50
perccnt clay, silt und send that renges from a feathcr edge to 18
meters. It too contains some¢ large boulders. This part of the unit
is not as resistant to crosion as the lower part. In many places
cliff faces must bc protected by walls to control sloughing and
slumping.

Recent Deposits

Reccent deposits arc scedimcnts that in large part have been
formed since thc lest retrcat of the icc. The distinction of time
of formetion is arbitrorily drawn as some of the duposits were in
their first stagcs of formation in the latc Plcistocenc. The
significant fact about the Recent deposits is that their formation
repréescnts processcs of ¢rosion which arc active today.
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Lacustrine Deposits

&“LacuSUﬂnu Dceposits contain pcat, clay, silt, sand and gravel. They
“ arc found «t thrce levels which represent deposits in three diffoerent
- lakes tnat are not differcntiated on the map.

The lakce deposits highest in altitude are up stream from the
Choqueyapu Moreine., Thoe dceposits arce bedded peat, sand, clay and
grevel. This leke wos in existcencce along enough to cut a well marked
beach into the confining Choqueyapu Moraine,

The next lower lake deposits are found north of Finca Aranjuez
in the southcast corncr of the map. The scdiments arc well bedded
and evenly sortcd sands and gravels that in part overlic an older mud
flow and in part overlic prc-Tertiary rocks. In a few places the
slight inclination of thc bedding gives the appearance of a delta
deposit from which the bottomsct and foresct beds have been removed.

The lowcst lake deposits are found in the same locality at a
lower altitude, They include sand, silt, clay and gravel., Thesc
deposits may rcpresent 2 lower stagc of the same lake that was
mentioned in the previous paragraph.

Landslides

This unit includes individual and multiple blocks of sediments
that have moved down slope. In places the dislocated blocks moved
down slope in combination with mud flows.

These downward displaced blocks are clearly a surface phenomena.
For this reason, in this rcport, the word "fault" is reserved for
dcep scated scparations and the words "slip plane" is used to refer
to the plance along which the landslides moved. None of the landslides
observed moved as an unfractured single block. Many separate slip
planes are prescnt and movement was, and is, differential along these
planss; more fractures arc found in the lower part of the slides than
in thc uppsr parts.

It was recognized that tnc landslides are not all of the same
age. An age would bc difficult to assign with certainty to a
lendslide that has movad intcrmitently since the last advance of the
ice. An cxample of this is the landslide between the University
region and the borough of Miraflorcs. This landslide first moved
down slope about the time the elay bed of the Miraflores unit was
deposited. Onc part of the block has long been stable, but, as the
Choqueyapu River decpened its channel, the outer surface of the
stable block failed, and still fails, in a scries of smaller
landslides,

Mud Flows

Mud Flows arc a hetcrogencous mixturc of clays, silts, sands,
gravels and recognizablce blocks of parts of bedded sediments and
tills. They include any or all of the mcoterials that are found in
place higher up the slope of the valley. All of the mud flows
obscrved were found to conform to present tributary valleys.

The mud flow which innundated the stadium of "Club Strongest™
in Sopocachi is rccognized, but not differentiated from the larger
landslide ared shown on the mep. This mud flow, which took place in
1953, is obviously much youngcr than the onc underlying the lake
deponits in the vicinity of Finca Aranjuez, Differentiation as to
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age was not shown bccausc some of the arcas arc too small to bg
indicated on a map of this scalc.

. Colluvium

Colluvium as represcented on this map includcs two kinds of
deposits that had somewhat diffcrent origins. One kind 1s composed-
primarily of fairly well sorted gravels and the other is a mixturc of
all the material found on the slope above. This lattcr is properly
termed "slope wash".

The sorted gravels of this unit arc found just below the brow of
the Altiplano in ice-abandoned cirques extending from Alto de
Sopocachi to the northern 1limit of the map and also along the
railroad to the Yungas in the Chuquiaguillo Valley. On the margins
of many of the cirques thesc sorted gravels are mingled
indistinguishably from slope wash. This concealing blanket of
gravels was derived from local matcrial highcr up the slope and
sorted by meltwaters from the small snow and ice fields that occupied
parts of the sides of the maln valleys when thc level of the rivers
was higher than it is today. The blanket ranges in thickness from a
feather edge to morc than 20 meters.

Slope wash, the othcr part of this unit, is found in all parts
of the mapped area, It is also composed of locally derived materials
from up slopes However, 1in this cuse, gravity playcd a morc dominant
role in deposition than water. It is this part of the unit that
cannot always be distinguished from landslides and mud flows because
the forces that formed them wers in part the same.

Alluvial Fan Deposits

Alluvial Fan Deposits are meinly coarse gravel in the upper part
of the fans, gravel and sand in the middle part, and sand ond silt in the
lower part. Thce matericls are derived from the upper parts of the
valleys and in composition rcflect the parent lithology.

In the Chijini district the Alluvial PFan Deposits include some
small landslide blocks. The fan forming process was in part
contemporaneous with the sliding of thesc blocks of sediments.
Alluviel fan material is found to underlic and also overlie some of
the blocks. For this reason the landslide blocks were mapped with
the Alluvial Fan Deposits.

In the Purapura district some gravcels that might be stream
terrace deposits were included with the Alluvial Fan Deposits.
Alluvial Fan Deposits are promincnt features of the two principal
river yalleys of La Paz because thc Miraflores Terrace forms a base
‘on which the matcecrial can bc sprcad out by the intermitent streams,

Reccnt Torrace Gravels

Recent Terrace Gravels include gravel, .sand, silt, and clay.
These were deposited by the major streams before the last
entrenchment took place. In some arces these gravels form clearly
distinguishable levels between the Recunt Flood Plain Deposits and
the Miraflores Terrace; in other arcas the contact is indistinct and
the line separating them wes drawn arbitrerily,.
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Recent Floodplaln Deposits

Those doposits arc malnly gravel, but locally contcin somsc sand,
silt, and clay. Thuy mark the cpproximatce upper limit of materials

that arc moved during timus of high water of the rivers.
Channclizing the lower parts of the main streams has alded grcatly in

. stabilizing thesc materials.
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GEOLOGICAL HISTORY

Geologic history is & rucord of the cvents of natural pysical
forcecs that acted upon the land in producing the configu ation of
the landscapce 4s we scc it today. Likc every other history, the
.more ancient the record, the more vague and unreliable does the
information become. 1In geologic history much of the older record. is
either lost by erosion or has been concealed by younger deposits.

Events in Pre-Tertiary Time

The Pre-Tertiary rocks were not studied in detail. To unravel
the major events of their history requires a comprehensive study of
a much larger area than the La Paz Basin. They are treated by
Ahlfeld in his "Geology of Bolivia' (2).

The Pre-Tertiary rocks shown on the map are an interbedded
sequence of shales and conglomerates that appear to represent
alternate continental and marine deposition that took place long
before the Andean Mountains existed, After deposition of the
sequence, the rocks were uplifted, folded and faulted. In the
ensuing erosion cycle the area was again reduced to a near level
plain. ©No direct evidence was observed in the area studied that
would indicate subsequent invasion of marine waters of thick
accumulation of continental deposits. However, the red sandstone
and gypsum series exposcd in the upper Choqueyapu and Irpavi Valleys
beyond the northern and eastern boundary of the map are deposits
that may be much younger than those shown on the map. Assuming a
long period of erosion following the first deformation of the
Pre-Tertiary rocks, the next period of significant deformation did
not take place until early Tertiary time before the oldest beds of
the La Paz Formation were dernsited,

Tertiary Period

The outline of the present Andecs began to take shape sometime
during the Tertiary period prior to the derosition of the La Paz
Formation when therc was largc scale tcctonic movement that produced
three major topographic and geologic provinces. These provinces
are: 1, the Wostern Andes, 2, the Central Altiplano, and 3, the
Eastern Andes,

One might think of thcse provincus as a rising block that was
squeezed from two sides (sce Fig. 2). The edges of the block, where
pressure was applied, would bc crumpled, distorted and higher while
the central part would be comparatively undeformed. 1In the analogy,
the distortcd edges would be comparable to the Eastern and Western
fndes and the central part of thce Altiplano.

Little is known about the history of the Western Andes because
much of the arca was latcr covercd by volcanic material. The central
Altiplano, though it was a comparatively stable block, was warped
Into broad gentle anticlines and synelines, Closcr to the Eastern
Andses the warpings become morc sharply defincd, closer together and
bloken by faults. Thc Eastern Andes were very strongly folded,
faulted, fracturcd, and in many placcs, overthrust,

Between the more stablc part of the contral Lltiplano and the
intensely deformcd Eastern wndes, the uplift produced long and narrow
basins and ridgcs about parallcl to the trend of the present day
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‘Andcs. The La P2z Basin is but onc of scveral such basins thet were

formcd in Bolivia cnd Puru,

' Ls the mounteins began to risc, matericls croded from them were

_depositcd in the forcland deoprissionse Streams hcecading in the rising

- Eastern .ndes, flowed westwird. They deposited most of their coarse

g'gediments ncar the mountains cnd the finer ones farther west. rmven

i~in so short & distance a2s between the Finca ‘de Chuquiaguillo and

¢ galvario del Norte this gradation from coarsc to fine is remarkably
evident,

Filling of the forcland structural basins was in part
contcmporancous with the development of the basins. Some of the
foreland basins were¢ completcly filled, and sediments derived from
the castern mountains spillcd over into basins still farther west.
This happened becausc the forelend baslns were not decpened at a pace

~equal to the amount of scdiment that was supplicd from the more
rapidly rising eastesrn mountains, ' Two such basins can bc scen from
the constriction ot Finca aAranjucz. In this place the Aranjuez Ridge
seperates the basins.The northwest basin is decper and contains more
Tertiary material than the basin to thce southwest. Thuesc basins are
secondary dcpression in a larger syncline. 4nother still smaller
depression is indicated farthcr south.

- The term "La Paz Basin" is uscd to define the large deprcssed
arca along the westcrn front of the Eastern Lndes in which late
Tertiary scdiments werc depositeds In the same latitude but beyond
the edge of the attached map, 'ts castern boundary is betwecn km. 7
and 8 on the Yungas Road, and its western boundary near Viacha., 1Its
northern boundary may have bcen Lakc Titicaca and its southern
boundary south of Calamiarca. Three divisions within the La Paz Basin
are recognized., They are thc Choqueyapu Sub-basin on the northwest side
of aranjuez Ridge, the Achocella Sub-basin on the southwest side of
nsranjuez Ridge and en obscure third unnamed sub-basin south of the
Kenko structurec.

When the La Paz Formation was being deposited, the climate was
milder than it is today. Evidence for this statement is bascd also
on the rescent cxcavation of vertcbrate fossils found above the
abandoned reilroad wcst of the fLranjucz Ridge., The fossil was
identified by Branisa (3) as Plohophorops sp un., family Daedicuridae,
an extint variety of giant armadillo, Vertebrates of this kind could
thrive only in & warmer and moister environment.

Though the La Paz Basin in its entircty was probably never
covercd by water, small fresh watecr lakes did exist. In places these
lakes hed fairly well defined shore lines. Adjacent to some of the
lakes and along the rivers, vegetation was supported. However, no
evidence was uncovered to verify that forests of large trees existed.

Following the deposition of the La Paz Formation, there may have
been regional uplift. Certainly there was a climatic change which
altered the charactcer of the scdiments from water layed deposits to
ice and ice¢ associatced deposits. '

gueternary Period

The Quatcrnary Pcriod refers to the entire time span from the
end of the Tertidry Pcriod to *he nrcscent. For convcenience the
Quatcrnary Period is further subdivided -into the Pleistoccno and
Recent Epochs. The Pleistocenc Epoch, commonly callcd the "Ice Lge",
refers to the timec when glacicrs advanced and rctrceated over parts
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of thc larger contincnts ol the world. The Rocent'Epoch rcfers to
the evcats which took placo aince the last major rctrcat of the icc.

. Pleistocone Epoch

Probably morc 1s known about tho chronology of the Pleistocene
Epoch than eny of thu procceding poriods of guologlc timc. The span
of timec covercd is ghorter and more of the record in terms of
deposits 1s proscrveds, In Burasia and Nortn smcrica these deposits
have been studicd in some detaill because so much of the works of man
exists on them and becaus. so much agricultural produce is grown on
them, In Bolivia too, much of thc¢ agriculture 1is practiced on
either the sediments that were deposited during thc Pleistocene
Epoch or on soils that were in largce pert formsd during that tiwme,

Within the boundary of the attachcd map is a fairly complete
record of four advances and four rctreats of the ice. In a general
way they can bc corrclatid with the advances and retreats in Burasic
and North /merica, 4 ncw terminology, based on observations made in
the vicinity of La Paz, will be uscd in this report for the
chronology of the Plcistocene in Bolivia.

First Glacizsl Stagce:

The first major advance of the icc in the eastern ifndes of
Bolivia is reprcscnted by the Patapatani Till. Only the upper part
of this till is cxposcd in the small locality whers it was found.
Though the contact bctween the lCatapatani Till and the La Paz
Formation was not scen, the unexposcd interval is less than 20
meters.,

Lixe the glacicrs of thc two succseding stages, the Patapatani
was a pledmont glacier. It mey have extended as far as ALlto de Lima
from the mountain front. During the time of the existance of the
Patapatani Glacicr a valley weas prescnt at about the place where the
Choqueyapu of today has its hcadwaters in the mountain front.
However, that valley was not as dcep «as thc prescnt day valley,
During the cxistence of the Patapatani Glacier the Eastern Andes
were not so high as they were during a later stage, though they may
have beecn as rugged as they now arc. The white granite that today
is well exposed 15 to 20 km. up the Choqucyapu Valley beyond the
limit of the map was just being inciscd. The purple shale which
constitutus the diagnostic inclusion in the Calvario Till was also
Jjust being exposcd,

Westward, beyond Llto de¢ Lima, water from the Patapatani Glacier
deposited a shecet of outwash gravel. 4s the outwash gravel cannot
be distinguished with certainty, it was wmapped with the Tertiary
deposits.

First Intcrglacial Stage:

Materials of the first interglacial stage are rbpruscnted by
the volcanic ash and the overlying gravel.

after the retreat of the Patapatani Glacier, a period of erosion
followed that removed most of the till and its water deposited
fecies. The surfacc was cxposcd long- enough to oxidize the
Patapatani Till. Upon this crclcd surface the volcanic ash wes
depositcd,
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The precisc location of the cruptive volcanos that contributcd
the volcanic ash is not known. However, the sourcc was probably the
western [ndes in an arca which has long buen intermittently active
volcanically. The ash fall covercd quite uniformly a land surface
£hat looked very much like the wltiplano docs today.

The contact betwecn the volcanic ash and the overlying gravcl
is slightly undulating. Sharp incisions that would mark the coursec
of a stream channel cut into the ash were not observed. The strcams
which depositcd the overlying gravel werc aggrading and scoured the
surface very littlc. The gravel may represent outwash developed in
front of the Calvario Glacler as it began to spread westward from
the mountains.

Second Glacial Stage:

The second glacial stage 1s represented by the Calvario Till.
The hard maroon shule on the western flank of Mt. Chacaltaya was
broadly cxposed and much of the till wes derived from that locality.
Farther up the valley now occupied by the Choqueyapu River, white
grenite was plucked by the glacier and carried towards the iAltiplano.

Presumably the Celverio Glacier was not as well developed south
of the Chuquiaguillo River as it was to the north. Till of this age
is not recognizably proscis in tne rampajsl arva, but gravel that
represents the outwash stream phase is thought to exist in the thick
gravel sequence thers ecxposed. During its retreat the surface of
the Calvario Till was rather evenly planed by water., If a soill was
developed on the till, it was later removed., In most places the
upper 1/3 to 1/2 of thc till was oxidized.

Second Interglacial Stage:

The Second Interglacial stage is represented by the White
Granite Gravel. Some time between the retrcat of the Calvario Till
and the earlier deposition of the White Granite Gravel, the Eastern
Lindes and the basin of La Paz wcre again structurally deformed. As
during previous periods of deformation, the mountains were more
intensely disturbed tnan the plains areas, It was at the end of
this period of deformation that the Eastern indes probatly reached
their grectest hcight.

Faulting and folding, more or less parallel to the mountains,
took place 1in the La Paz Basin, Generally the western part was
uplifted in a series of encchelon faults ranging in displacement
from a few meters up to 100 meters or more, Locally, as near Finca
do Chuquiaguillo, somc blocks were down faulted in the form of a

raben.

® Just off the western limit of the mep in the Kenko area,
Terticry and early Fleistocene deposits of the Achocalla sub-Basin
were broadly folded npward. The west central part of the fold was
broken by scveral faults. This line of faulting extended southward
down thc La Paz gorge. Displacement of this faulting in the La Paz
gorge noer Mallasilla is rore than 200 meters.,

The landscepe of thc plains fronting the mountains did not
long remain a scries of block faulted hills, low anticlines and
;gnclines. With the grcatcr uplift of the Andes, streams became

re active. In this gcnceral vicinity they carried their sedlments
of predominontly coarse white granite gravel to the depressions,
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filled the depressions and aided in planing the projecting foult
blocks and folded hills, By the c¢nd of the second interglacial
stage the surface was again a broad plain inclined to the west.

Third Glacial Stage:

The third glacial stage is represented by the Milluni Till.

The Milluni Glacier spread out over a broad plain inclined to the
west. 1solated remnants of its deposits are found about 10 km.
beyond the western 1limit of the map. In front of the ice a well
defined outwash plain was deposited.

During the third glacial stage the La Paz River had cut its
valley headward to perhaps below the present location of Mallasillsa,
Meltwater from the southern part of the Milluni Glacier may have
gone down the La Paz Vallny.

Third Interglacial Stage:

The third intsrglacial stage is represented by the OQutwash
Gravels of the Altiplano, the Pampajsi Terrace Gravel and the Irpavi
Terrace Gravel,

The gravel deposited in front of the ice during the maximum
extent of the Milluni Glacier is, of course, in part contemporaneous
with the till. However, as the Milluni Glacier retreated, gravel
was deposited in broad channels, and in narrow channels within the
till, and in its westernmost extent, was a blanket that almost
entirely covered the distal extremitiecs of the till.

The headward working La Paz River and its tributaries soon
incised the plain on which the Qutwash Gravels of the Altiplano were
deposited., It is probable that glaciers remained in the higher
mountains through out the third interglacial stage. Water from
these glaciers contributed to the headward working La Paz river
system. Above Finca Aranjuez many large tributaries flowed more or
less directly westward from the mountains. In each case these
rivers had, and still have, their origins in valley glaciers that
occupied the higher altitudes.

Early in the erosion cycle, the Irpavi River contributed most
of the water entering the La Paz gorge. It 1is quite likely that the
Pampa jsi Terrace Gravel is a deposit formed by an early Irpavi River
when it flowed in a broad arc that crossed over Tembladerani and
Achocalla, As the Choqueyapu worked headward, it began to capture

more and more of the water from the Milluni area., It became
the dominant stream and cdaflected the course of the older Irpavi.
After the deflection, the Irpavi Terrace Gravel was deposited and
the Aranjuez constriction was deeply incised in its present position.
All the valleys that are present today were well established by the
end of the third Interglecial stage.

Fourth or Velley Glacial Stage:

The fourth glacial stage 1s represented by the Choqueyapu
Moraine, the moraine in the upper Chuquiaguillo Valley that has also
been called Choqueyapu, and the Miraflores Terrace Gravel.

Glaciers of the fourth or last glacial stage were not as large
as those of previous stages. They occupied the valleys of existing
streams and only locally did the ice sprcad over the plains in front
of the Eastern Andes. There were two major advances of the valley
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glaciers., Associlatcd with thoum were scveral minor fluctuations. The
principle activity during the stagce was crosion and down cutting of
the La Paz Basin,

As there is acceptable evidoncce that during the fourth or valley

glacial stage therc were at least two major advances of the valley
glacicr, this stage will bec trectcd under three subheadings: 1, the
first substage, 2, the first interglacial substagc and 3, the second
substage.

First substage: The matcerial shown on the map as Choqueyapu Moraine
probably represcnts the deposits left by two separate valley glaciers
that had a stationary front at approximately the same place in the
Choqueyapu Valley. There 1s no apparent distinction between the
nature of the material of the two moraines. The upper or older
moraine is found above the 4000 meter contour while the lower or
younger moraine is below the 4000 mater contour., The Choqueyapu
Valley is markedly narrower above these moraines than it is ‘below
tnem., That two valley glaciers had their termini at about the same
place 1s indicated by two lines of evidence that are more clearly
revealed in the Choqueyapu Valley than elsewhere.

The first line of evidence 1s th® preésence of two allgnments of
kettle lakes at different levels. The lower alignment is shown on
the map while the higher one, which is about 100 meters above the
lower, 1is just off the edge of the map on the north side of the
valley. The second line of evidence is the presence of terraces,
spurs with topographic closures and prominent shoulders on ridges
that project into the valley. Terraces are illustrated by the level
in the Llo jeta and Picos de Sopocachi district in the southwestern
part of the map. Other terraces exist, but cannot be recognized on
a map of this scale because the contours cannot show them very well.
Spurs with topographic closure are illustrated on the valley slope
above Purapurani, north of Purapura, below the railroad leading to
Alto de Lima. Shoulders high or ridges that project into the main
valleys are prominent up stream from the confluence of the
Horcohahuira and Choqueyapu Rivers,

If a line is projected down the Choqueyapu Valley from the
higher alignment of keetle lakes on a gradient somewhat less than
that of the Miraflores Terrace, the line traces along the spurs with
topographic closure, shoulders on ridges and terraces at the level
of the one at Llojeta., This combination of data is accepted as
evidence for the existance of the first valley glacier.

When the first valley glacier advanced to 1ts stationary front,
the floodplain of the Choqueyapu River was wide. In the Purapurani
area it extended from approximately the 4000 meter contour interval
on one side to the same interval on the other, a distance of about
2 kilometers. Farther south in the Llojeta area it may have been
twice as wide. Meltwaters from the glacier widened the valley. Some
of the material observed on the Llojeta flat is what remains of the
outwash material from the main glacier,

At the time of the maximum development of the first valley
glacier, small glacicrs and ice fields were formed in the short
ravines along the western side of the Choqueyapu Valley. The largest
of these was in the Apumalla Valley. Glacicers and snow fields of the
~ short tributary ravines which enter the Choqueyapu Valley at nearly
right angles were not connected with each other or the Choqueyapu
Glacier.
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First Intcrglacicl Substage: During the intervel betwoen the retreat
of the first valley glacicr and the advance of the sccond one, tho
rivers deepened thelr vallcys, The vallcys were cxcavated from the
level of Llojota to the Miraflores Terrace, a depth of about 300
meters., With this entrenchment and the formation of stecp valley
walls, landslides and mud flows became a common form of erosion.

It was during this substagc that the Aranjuez Ridge was deeply
entrencheds The 4ranjucz Ridgc was not & great barrier to streams
after the beginning of the Pleistocecne. Once the coursc through the
ridge was cstablished, thc material carried by the rivers ceasily cut
the bedrock without cven developing strong rapids.

Second Substages The second advance of the vallcy glacier is
represented by part of the material mappcd as Choqueyapu Morailne and
the Miraflores Tcrrace Gravel,

When the ice of the second vallcy glacicr reached its maximum
development, small glaclers and ice fieclds may again have exlsted
along the western side of the Choqueyapu Valley and in short ravines
that enter the main valley ot right anglcs.

The ice of the second falley glacier may have advanced farther
down the valley than is indicated by the Choqueyapu Moraine. If it
did advancc farthor south, it soon retrecated to the locality
represented on the map by tk= moraine, A temporary advance would
explain two large errctic boulders that were observed in the vicinity
of Obrajes.

Ls the Miraflores Terrace Gravel is not found up stream beyond
the front of the Choqueyapu Moraine, it 1s considered to be the
outwash facies of the moraine, The lower gravel member of the
Miraflores Terrace was deposited by stream water mainly derived from
ice shortly before the sccond Choqueyapu Glacier reached its
stationary point. Continuous deposition of the gravel was interrupted
by a2 landslide &nd mud flow. 4 large block of rock was loesened in
the area between Calvario del Norte and Cerro Killi Killi. associated
with theloosening and downward displacement of the slide block were
several mud flows. The mud flows are represented by the discontinuous
clay member in the Miraflores Terrace Gravel. The top of the mud
flows were truncated by the succeceding deposition of the upper member
of the Miraflorcs Terrace Gravel. The upper member was deposited as
the second valley glacier began to retrecat. With the rotreat of the
glacier, the Recent Epoch or 4th interglacial stage began.

Recent Epoch

The Recent Hpoch is represcnted by Lacustrine Deposits, Landslides,
Mud Flows, Colluvium, (4lluvial Fan Deposits, Recent Flood Plain
Deposits and by erosion. Erosion took place in many ways. It was
during this epoch that thc river channels were excavated from the
Miraflores Terrace levcl to thelr present positlon. For convenience
In discussion, the various deposits are grouped as follows: 1. Lacustrine
Deposits, 2. Deposits and Erosion Processes occuring on Valley
Slopes, and 3. Terraces.

Loagustrine Deposits:

As representcd by sediments in the upper Choqucyapu Valley and
in the La Paz Vealley above the aranjucz constriction, threc lakes
existed during the Reccnt Epoch.
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The lake highest topographically was located up stream from the
Choqueyapu Moraine. It owecd its existence to the presence of the
moraine. Sediments of this lake were deposited shortly after the
second valley glacier retrcatceds. 4S5 a lake 1t was not in existence
very long. Soon the impoundsd water overtopped the moraine and cut a
channel through the till. The channcl it cut is the prescnt course
of the Choqueyapu River., However, the lake was in cxistence long
enough to cut & wcll rierled beach 1indé into tho till.Into this body
of water werc carricd fine and coursc grained sediments. Part of
the time the margins were marshy cnd supported vegutation,

The lakes that occupied ths area upstream from the Aranjuez
constriction werc causvd by the impounding of the La Paz River when
a mud flow damned the stream below thne constriction. For a snort
time thc lake stood at an- altitude of about 3360 meters. Once shore
line scdiments were more cxtcnsive than those still preserved on the
north cast side of ths Lranjuez ridge, but thcy have since been
removed by erosion.. There is e¢vidence of a later but smaller mud
flow below iLranjuez. It impounded the La Paz River long enough to
allow accumulation of the lower lake scdiments at an altitude
slightly above the 3250 meter contour. Part of thuse lower lake
sediments may, of coursec, have been depositcd when the higher lake
was 1in existencc.

The mud flow which causcd the higher lake a2bove Aranjuez was
by far the largest one that affccted the area, This mud flow had
its origin in the upper part of the .chocalla Valley. It deposited
its debris down the La Paz gorge for a distance of over 24
kilometers. When it stopped flowing, it had filled the La Paz gorge
below the i[ranjucz constriction to a depth of nearly 100 meters.

The filling of the valley dammed the La Paz River above the Aranjuez
constriction and formecd & tcemporary lake that extended from the
constriction to the vicinity of San Jorge. The natural reservoir
was soon filled. In a short time the dam was breached. The upper
La Paz River quickly eroded a channcl through the mud flow and
established & slightly altercd course from what it previously had.
This mud flow which made the lake took place in the early part of
the Recent Hpoch before the rccording of local historical legends.

While the leke was in existence, many of the landslide blocks
on the hills below Obrajcs were developed and moved part way down the
slope. Water from the lake saturatcd materials adjacent to the
shore. 4s the lake probablw rcceded rapidly once the mud flow was
breached, it left high unstablc btanks. Tiese banks of water-leden
sediments soon failed for lack of support that nhad bcen supplied by
the lake water. PFaillure took place in the form of mud flows and
landslidcs.

Deposits and Brosion Proc.ss.s Odccurring on Vallcy Slopes:

These deposits include Landslides, Mud Flows, Colluvium, and
4lluvial Fen Deposits. In many ways these dcposits are relatcd to
cach other. They are thce result of processcs that take vlace when
a valley has been decply cut into weak material. The processvs occur
primarily on valley slopes and contribute to valley widening. The
proccsses began to take place soon after the present stream courscs
were established. They have been going on at an evcr accelerated
rate because the valleys of these youthful strcams arec being
continuously morec deeply incised.
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4ll of the landslide arcas shown on the map have been active in
the Recent Epoch. Many of them have been temporarily arrested.

Most of the landslides in the La Paz area arce complex. Their
present features are the result of several periods of movement.
They have caused minor changcs in the direction of river channels.,
From the historical record it has been established that they are
most active at the end of rainy seasons.

Wazamoer, the Spanlsh word for porridge, is an apt term for
describing mud flows in actior., The mud flow of largest areal '
extent shown on the map is cast of the Hlpodromo across the
Ho>cohahuira River. It covers the upper part of the Miraflores
Terrace.

{1luvial fans were formed on the Miraflores and other terraces.
They were formed in such places because thcre is a sharp decrease in
the gradient of the tributary streams as they flow out from the

short and steep side valleys onto the terraces or other level areas..

During rains the tributary streams have high velocities up stream
and can carry large quantities of material. When the stream arrives
at the more level ground, its velocity 1is reduced and material is
deposited. The coarser and heavier matcrial 1s deposited near the
point of gradient change and the finer material is dropped farther
out. The shape of the fan is made as the depositing streams wander
back and forth in an arc below the point of gradlent change.,

Colluvial material moves down steep and moderate slopes and
covers the exposures of previous erosion scars., By this process
particles such as iIndividual stones, soil or tussocks of vegetation
move down slope under force of gravity. Downward migration takes
place during the dry season as wbll as during the wet season.
During the wet season the weight of water accelerates the downward
movement of soll and tussocks. These slopes characteristically
have the appearance of a wide stairway with treads of varying width
and risera of irregular hight. The stairway effect 1s the result of
separations that takes place parallel to the slope along the risers
at the two margins of the individual treads. The amount of downward
displacement of the individual blocks or tréads can be measured and
ranges in movement from one to 20 centemeters or more, In the dry
season, individual stones move down as the enclosing soll shrinks
and no longer holds the stones tightly.

Valley Terraces:

These deposits include Recent Terrace Gravels and Recent Flood-
plain Deposits.

The erosion process of downward cutting by streams was
accompanied by lateral cutting that resulted in the formation of
terraces. Terracce development in the Recent Epoch has not been
strong because most of the encrgy of the strecams was directed to
decpening of the channels rather than valley widening. However,
where the channels were temporarily constricted or deflected and
meandering started, the streams depositcd materials in such a form
as to be classes as terraces. These are sediments that were
deposited by the streams in their flood plains., When the base .level
was lowered, the streams incised their flood plain leaving deposits
above them in the form of terraces, )

An example of the e¢ffect of deflection on the formation of
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terraces is illustrated by the level on which Obrajes 1s situated.
Just above the confluunce of the Choqueyapu and Horcohahuira Rivers
they flow southward. Below their conflucnce they flow southeast. 1In
carly Rceccent time the channel beclow the confluonce was farther
northwest over Obrajes. It was held there by the Tembladerani
landslide. The strcam cut into the landslide debris at the bend 1n
the channel wherc the water was deflected southeastward. Erosion on
the west side shifted the position of the channel. At the same time
that the position of the channcl was being changed, it was also being
deepened. Becausc the channel "slipped" to the westward, the material
it left on the slope inclined toward the stream is called a slip-off
terrace.

Recent Floodplain Deposits are mainly the materials being
carried down stream today., In places these materials are clearly
distinguishable from the Recent Terraces by low but sharp banks. In
other rlaces, where the strecams are actively eroding the bottom of
their channels, these deposits are no wider than the stream at low
water stage and their thickness is moasured in centimeter rather
than meters, The significant thing about these materials is that
they are transitory. an individual stone found on one place beside
the stream today may be found one or more kilometers down stream
after the next high water stage of the rivers.



#PPLISD GEOLOGY

Several other terms in currcent litcrature could be uscd as a
title to describe the content of the last part of this rcport. The
word "economic" was abcndoned because it implics and relates to
mineral rusources. "Bnginecering", another good term, was discarded
becaue in common usagc, it implics geology with referunce to
structurc¢s such as dams, roads, tunnels, and othcr similar works
that arec made by cnginecrs. The word "applied" is c¢mployed in the
s.nso of its dictionary definition, "using and adapting abstract
principles and thcory in connection with concrete problems".

So far this rcport has dealt with facts describing the rocks,
some thoorics concerning their origin and a few principles or laws
rolating to geologic processcs., What follows will be a general
discussion about thec resources, problems and planning in the upper
La Paz Valley.

Ground Watcr

In every community water is a resource, This may not be
recognized in places wheore there 1s an abundant supply of good water
and the only problcm is one c¢. providing the engineering works to
make it available. However, in areas where the usable water supply
is small, it 1s often the factor limiting the magnitude of the
activity, bc the activity city cxpansion, industrial growth or
irrigation for agricultural purposcs,

Although the city of La Paz has by no means exhausted the water
resources of its environs, the larger watcr supply necessary for
futurc development of the city requircs the construction of
additional facilities to supply more water. These new facilities
will cost more than installations in the past beccause the water
must come from grcater distances or from thc ground. To meet the
requirements imposed by a growing population and an expanding
Industry necessitatus extensive and intensive studies of all
potential water supply sources, To be complcte, the entirc
hydrologic cycle should be studied. In this area a complete study
would also include measurcvmonts of the water ylelded by the
retreating glaciers.

Limited studies of surface water have been carried on by
engineers of the La Faz Municipality for several decades. They are
less expensive to make than are studies of ground water. There are
fow wells in the area, Water from the ground is now pumped from two
wells in Calacoto. Wells in other localities have been used, but
the quantity of water yielded was po low they have been abandoned.
One well noar Finca Calconi above Miraflores was abandoncd because
of the high content of bacteria. With such meager data available
the gencvral geologic map can serve only as a guide to the
localization of the search for ground water. By interpretation the
map can indicate where watcer might or might not be found, but valid
predictions of quantity and cuality of water cannot be mado.

Water bearing units of the mappced arca are parts of, 1, Recent
Térrace Gravels, 2, Miraflores Tcrrace Gravel, 3, Llluvial Fans,

4, the La Paz Formation, and 5, the White Granite Gravel., Some of -
these units warrant more extensive exploratory drilling than othcrs.
L8 used here, cxploratory drilling means drilling in favorable

localities with the intent of proving or disproving the presence of

- 24 -



sufficient potable water to serve as a basis for deciding whether the
aquifer should be developed.

In the Calacoto area the Recent Terrace Gravels have yielded
sufficient water to wclls for the needs of individual dwellings, but
the majority of the homes are supplied from a city distribution
system which derives its water from surface streams. The composition
of the Recent Terrace Gravels in other areas is thought to be too’
dense and too small in extent to investigate in more detail.

Springs issue from the basc and from the top of the clay member
of the Miraflores Terrace Gravel in several locations. The largest
spring obsecrved is on the northcast side of the curve of the road
in the Choqueyapu Vellcey southwest of the Hipodromo. Other springs
exist in the landslide areca across the Choqucyapu River from the
University and along the Horcohahuira River below Finca Caiconi.
Using thesc obscrvations as a crude basis, it is cstimated that wells
would yield sufficient water for individual domestic use, but not
sufficient for the larger quantitics necded by the city.

Water is probably presecnt in the distal extremities of all
alluvial fans during & part of the year. 4lluvial fans deriving
water from springs will yicld water as long as the springs flow.
L1luvial fans deriving water only from rains and from the
intermittent streams that form the fans will yield no water during
dry seasons, The two localities where additional investigations
might be made are in the vicinity of Finca Caiconi and Chijini.
Though the chemical content was well within allowable specified
limitations, the Caiconi district was abandoned as a source of
potable water because the bacteria content was high in samples taken
from springs issuing near the base of a large fen. Nevertheless,
the district could be investigated farther as it 1s probable that
the high bacteria content 1is the result of surficial contamination:
introduced not far above the point of issue of the springs. In the
course of exploring to determine the quantity of water, it is quite
likely that the source of contamination would be found. If the
quantity of water proves sufficient for consistent large yields, it
might be economically feasible to eliminate or control the
contamination responsible frar high bacteria content. The coarse
deposits of the alluviel fun areca of Chijinl between the San Pedro
and Apumalla Rivers might yield a constant flow of water as the
source is from pcrmancnt springs in the White Granite Gravel.

Evidence that the La Paz Formatlon would be e large yleld
producing eguifer was not observed. Producing wells might be
developed from the coarsc sediments in the eastern part of the arca,
However, the sediments in thc western part of the area are considered
too fine grained to yield water rapidly and thorcfore do not warrcent
more than cursory examination,

The White Granite Gravel 1s the most significant aquifer in the
vicinity and should bc more thoroughly investigated because avallable
evidence indicatcs it will yield large quantities of potable water.
Many facts relativc to the White Granite Gravel; such as water
transmissibllity and thickness of the water table are, of course,
not known. However, the unit 1s composcd of poorly compacted
coarse material so there is space betwecn the rocks which, in the
lower part of the unit, 1s probably filled with water. Porosity,
the ratio of the volume of interstices of the material to the
volume of its mass, may be as high as 10 or 15 percent.

That the White Granitc Gravel contains large quantities of
water is not questioncd. 411 the springs in tho west valley wall



of the Choqueytpu River from acusducto de inilluni to Llto do
Sopocachli flow from the lowcr part of the unit. Though the springs
fluctuate in volumc somewhat, they flow the entirc year, and
contribute to the flow of *he Choqueyapu River. (s is indicated by
the prescence of springs at different clcvations on the valley wall,
water reaches the surface from several zones within the White
Granite Gravel. The unit in this areca conteins many discontinuous
lenses of silt, clecy and lignitic pcat. These lenses are less
permoable than thc rest of the unit cond therefore probably cause
temporary local perched water tables. (See Fig. 34) The perched
water tables cause surfacing at differcnt clevations where the
valley wall intcersects the confining lcnses. In some places water
may percolatc through or around the less pcrmeable lenses, but
little enters the Calvario Till whioh acts as a baffle to any
significant further downward migration.

The source of the spring water from 4lto de¢ Sopocachl to Alto
de Lima 1s primarily from rainfall occuring on the 4ltiplano.

Soil on the 4Hltiplano westward from the edge of the valley is very
thin and there is little run=off; much of the water falling as rain
sinks lnto the ground and becomes a part of the ground water table.
The area of recharge for the springs extends two or three kilometers
west from the brow of the valley to the Kenko Structure. Water
falllng on the west side of the Kenko Structure that becomes part of
the ground water table agaln emerges ot the surface as springs in
the north cnd west side of the Achocalla Valley.

Some of the water yiclded as springs from flto de Lima to
ficueducto de Milluni may originate closer {o the mountain front
where the White Granitec Gravol is ncar the surface. This is &
surmlse that can be proved by determining the position of the water
table. The determination can be made only when wells are available
for study.

Small springs, more rroperly called zones of seepage, were
observed on the north side of many of the valleys in the Palomera
arca. The fact that no seepage zoncs were obscrved on the south
side of these strcam valleys indicates that the water contalned in
the White Granitg Gravel has a southward gredlent and originates
farther nortd ifh: the Lltiplano. 4t least some of the water
surfacing as springs in the lower part of the alluvial fons near
Finca Caiconi is from this sourcc. The water probably moves from
the White Granitec Gravel to thce alluvial fans where they cross the
Calvario Till and lower formations and then appears at the lower
part of the fans,

Surficial Barth Movement Problems

In the city of La Paz and vicinity, mud flows, landslides and
loosely compacted man-made fill arcas have given risc to problems
involving surficial earth movements. Froblems associated with mud
flows and landslides have existed in this valley since the founding
of the city. There is, for example, the historical record by two
priests about Hanco- Hanco, & community of 2,000 located between
Llo jeta and Kenko (Sanjines, 10). This v111age, including a1l the
inhabitants and dwelling structures, was completely wiped away by a
large, mud flow on 4pril 2, 1582 leaving no evidence of its former
exlstdnce, Landslide failures have not been quite so destructive
because the movement is slower, Failurces caused by settlement over
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Landslides are cleerly ncar surfacc phenomena. With proper
equipment their boundarics below the surface can be determined. In
almost svery landslide that has been studicd, water has been found
to be a major fazctor contributing to failure., In one scnse this
isolation of ons contributing factor to failure is fortunate bcoause
of all the constitucnts of 2 landslide, watcer is the only onc of them
that can, under favorablc conditions, be partly eliminated or
controlled.

"Water in a landslide contributcs to movement or failure in two
ways. First,undcr certain conditions of composition in landslides
that have already started, water adsorbed by cley minerals along the
slip plains mey cause them to cxpand and become plastic, thereby -
making 1t easier for thc mass to move downward under force of
gravity. Second, and much more important, water adds to the weight
of the unstablc block. In some landslidcs that have been studied
in detail water accounts for 25 percont or more of the weight
contained in the unstable mass.

In general, the most effective method of controlling landslides
has been to take out a part ol the contained water., It would be an
illusion to think that all the water can be drained from a landslide.
However, if enough waeter is climinated and no more is permitted
entrance, the loss of the water will help to keep the landslide mass
on the side of stability.

Methods used to control the entrance and to eliminate part of
the water in landslides are surface drainage wlhich deflects the
water from the unstable area and by internal drdinage. Controlling
the entrance of surface water by draincge deflection canals has not
been very effective where the method wes tried. This may not be an
accurate appriaisal becausec, so far, there has been no good way in
which to measure the effectiveness. The fact remains that where
the method has been tried, subsequent failure took place. Of course,
surface drainage may have helped, but it was not enough to.prevent
fallure. One kind of internal drainege is by nearly horizantal :
holes drilled into the landslide and the other by vertical bore holes,
Where near horizontal bore holes are uscd, the water flows from the
penetrated area under force of gravity. The same result can be
obtalined by tunnels. Vertical drains functlon by pumping the water
to the surface and discharging it beyond the landslide or by
drainage into deceper strata which will accept the water from the
landslide area.

Before internal drainage of a landslide by internal drainage
is attempted, the arca should be studied in detail, It is advisable
if possible, to locatc the areas within the landslide that contaln
most of the water, where the slip plains are located, what the source
of the water might be, and whether strata below the landslide are
porous and dry enough to accept water rapidly. Often landslides
eontain 1large inclusions of .aighly porous material that are
concealed reservoirs. Other surface failure areas rcceive water from
underground sources. By this method the attempt is made to drain the
water from (1) the concealed reservoirs, (2) the underground sources
before the water reaches the unstable material, (3) the body of the
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landslide to aid in e¢liminating weight.

The cngineering part of the horizontal drain ricthod consists of
drilling near horizontel holcs into the landslide., After the
sgarched for plaosc in the landslidec has boen penctrated, a
perforated pipe 1s inserted in the bore hole. The perforatea pipe
Serves as a drainage hole that will not casily become scalcd if
the flow of water is modcraﬁiy strong. Vertical bore holcs _
drilled for the purposc of investigation can sometimes also secrve
as drains providing the rocks beclow the landslide will accept
waeter. If it 1s dederminca from exploratory drilling that the
same holes can serve also as drains, perforated pipe necds to be
inscrted to allow cntrance of watcer and also prcvent the hole from
closing. However, small diemeter hole¢s are usually mads for
exploration and, because of the small size, they may not crain
sufficient quantities of water to be e¢ffcetive in landslide control.
Thereforc, it may be necessary to drill addition&l holes of larger
diameter,

Mapping has revealed facts about all the landslides. Only the
landslide area between the University region and the Borough of
Miraflores will be briefly mentioned herc. The arca of failure is
compleXx because it contains threce distinct parts. The eastern
ridge, commonly called Laikakota, 1is an arrc¢sted landslide block
which scttled in its prescat position shortly beforc the clay
member of the Miraflores Terrace Gravel was deposited. A4S a whole
the original block is no longcer subject to movement, but the side
exposed to undercutting by the Choqueyapu River periodically fails
for lack of support and beccause of saturation. The part of the
landslide area cextending northward to Ccrro Killi-Kiiii is
intermittcently active. It fails bceceausc springs 1n the upper part
continually supply weter to the matcrial which is inherently
unstable. Construction that rcmoved some of the matcrial in the
lower part of this segment has contributed to unbalancing the mass.
Further, open sewers which follow some of the slip plains of the
landslide contribute to failurc by adding water. The part of the
landslide near the University represents failure over a man made f£ill
area., Water of the San Pedro River is conducted through the fill in
a concrete culvert, (Sce Fig 3B) If the fill was placed over the
valley using the same fill techniques as was observed in other parts
of the city, the material was not well compacted, Failure may
therefore be in part due to suttlement resulting from compaction,

It is also quite probable that water from the Miraflores Terrace
Gravel secps into the fill and contributes to failure.

Settlement over Fill fAreas

Without a good rccord of the construction histary of the city,
it is difficult, in some places, to detcrmince whaet material is man
made fill and what is not. By meferring to oldcr meps and talking
with engincers of the Municipalidad and re¢sidents, it has been
possible to isolate some of the filled arces.

_ If material placcd as a fill is not carefully compacted, it
will settle with the lars of time. Wherc structurc such as a housc
is contructcd on fill and settlement is uniform, the structure will
not be affceted, though service facllities leading to it may be
severcd, Failurc of structurcs on fill usually ocurrs because
settlcecment in one part of thc fill is grecatcr than in another part,
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Lnother cause for failure is that part of the structure has
foundeation on fill which settles and another part has foundation on
bedrock which docs not settle.

Froblems of failure arising from settlement of fill material
can best be averted by compacting the metcrial carefully when the
material is plaeecd. This, of course, is of no help to the homeowner
whose housc is failing. Such existing problems can only be answered
by investigating each failure area and, on the basis of the findings,
follow spceific recommcndations. From previous expcrience, 1t might
also be added, that, corrvcting failures over deep fill arcas are
expensive. Therc is no easy or cheap method.

Mud Flows

Aside from steting that mud flows occur during the latter pert
of a rainy scason there 1s, in this arca, no good way of predicting
in which yezr they will take placc 2and in what valley. Along certain
stretches of thce Bolivian R.R. (8) mud flows have been studied in
some detail, Methods for protecting the railroad have been devised.
For almost every mud flow the method is one whereby the flow is
diverted rather than stoppecd.

On the basis of existing knowledge the best procedurc to be
followed in city planning is to avoid construction in areas where
mud flows occur. Suech arcaes where construction should be avoided
are in stream valleys and on alluvial fans bclow the point of
gradient change. The site of the stadium of "Club Strongest" is
but one¢ such locality below the brow of the Alto where development
should be restricted,

Civy Plarfining

Comments on the relationship between city plaenning and geology
arc not entirely appropriatc for this rcport. However, they arc
appended in abbreviatcd form because so many people have asked for
thems More will bc said about this subject in the later ruport
dealing with & planning mep for the city.

To begin w1th one point should be made uttcrly clear. It is
not the function of the geologist to writc the terms of zoning
regulations, It is within his province to desoeribc the material and
terrain in such terms and detail that they are clear to an
intelligent and comprchending plenning engineer. \

Records of geologlCcl investigations as an aid to city planning
date back to the Middle Agcs. Thesc investigations were not
dignificd by thc term geological, but the results they produccd were
maps and reports that containcd much gcological information. Today
somc of the larger cities in Burope and New York in North America
have permancnt gcological staffs. Thc dutlcs of thesc geologlsts
are many; among othcr things they: 1, continually rcvise and bring
up to date gcological meps of the city, 2, kcep records of excavations
and borings, 3, advice about propecrties of materianls, 4, arc consulted
by planning enginccrs on zoning as it rclates to foundation
conditions and rcquirements,

Some olosely related physical factors that must be considered
in city plenning are gcology, topography and water supply. The
attached map can provide somec of the information needed if it is
interpretcd. Three major classcs of sitcs are quickly discerned.
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Those erc locatlons where ground conditions arc: 1, favorable for
construction, 2, unfivorable for construction, but can be corrcvcted
and 3, unfavorablce for construction cnd can not be corrected.

With some qu~lificatione, fovorablc sitcs for construction arec
gunerally roprescntec by the arca of the Miraflores Terracc Gravel,
thoe Pempajsi Torroce Gravel, Grovels of the altiplano, and for
cortain kinds of smtller structurce, the Milluni Till.

To the cless of sites that arc unfovorable, but that can be
corrected arc parts of the crces of some of the landslides and
colluvium. Correcctive mcasurcs tnnt nced to be applied are mainly
those¢ of draining wetcr from the unstable matcerizl and preventing
entrance of additioncl water., Corrcctive measurcs of this kind must
be applicd on a large sc2le bisils rather than by singlc houso or
factory sitc.

The third class of sites that urc unfavorable for construction
also include perts of 1-andslide and colluvial arcas., The topogrephic
factor enters into consicsration here becausc, no matter how good the
foundation conditions, construction on slopcs with an inclination of
more than about sixtucn degrecs 1s undesirable,

"Fight with thc Rivers"

"My fi_nt with the rivers", was the expression usc¢d by onc of
the engineers of thce Municinalidad to explain broadly the many
strueturcs he had designcd and constructed to control strcam crosione.
Streams flowing throu.h the city of La Paz arc actively cutting down
their channcls and sapping thelr banks. 4s they deepen their
channcls the valley walls become steoper and are subject to failure.
Long ago this process of strcam erosion was rccognized by the
enginecr from whosc rcmark the 1little quotation was taken. KErosion
control is being attocmptcd by canalization of scgments of the
streamst courses and by construction of a scries of small check dams.

Canalization of the streams can be quitc successfully epplied
where both sides of the valley have material in situ. pxamples of
such conditions arc found up stream along the Choqueyapu River from
Obrajes to the lrndslide areca near the University, and below Obra jes
to the confluence of the Choqusyapu and Irpavi Rivers. Canalization
will not be cffective for very long if it is attempted along parts of
the valley where onec or both sides of the stream: is composed of
landslide matericl. 4s an cxample, the landslide west of Obrajos
will destroy any unreinforccd structure if it again moves as it did
in 1945, and it 1s quitc probable that the landslide west of Obrajes
will move again.

Satisfactory locations for small check dams are similar to those
for canalization. Check dams are being constructed in the rivers
that flow through La P&z not only to check the flow of water, but
also, by retarding the strcam loads in the reservoirs, to build up
the flood plain. In the first cycle of construction the top of the
downstream dam has cbout the same altitude as the foundation of the
next dam up stream, Over a period of ycars the height of the -dams
will be increased. Upon completion, the total height of each dam
will be about 6 or 7 meters, 4 small rise in stream flow fills all
the small reservoirs and the streams then flow over their retarded
deposits, 4s the height of the dams is increased, the dcposdts
retained in one rcescrvoir act as a retaining wall in front of the
next higher dam.
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In the ohcck dem system of control the last dam down stroam is
ths key structurc. Should the last dam down stream fell, the ones
upstream from it would also fail soom aftcrward. Failurc upstream
from the kecy structurc would take place becausc the deposits
containcd in the rescrvoir behind the last dam downstream would
quickly bce carricd away by the stream, thereby climinating the
rectaining wall influence of the deposits in front of the ncxt dam
upstrecam. PFallurc would take place for lack of support of the
downstream facc of the dam. .l1so, scour caused by the greater drop,
would undermine it from the down Stream side. If failure of the
key structire should take place carly in 2 long rainy season when
it 1s impossible to make repairs, it is pprobable that almost all of
the dams upstrcam would also fail,

The hard and wsll consolidated conglomerates in the Aranjuez
constriction 1s the beust location for the key structure. There may,
of coursc, be leakags from the dam at this site, but leakagc is of
no importance to the purpose of these dams so long as it does not
contribute to failure. The key dam is now being constructed in
this location.

Deposits held in thc lower part of the reservoirs of the check
dams might be called decd storage as they will remain, but the upper
part of the deposits will be transitory. When the reservoirs have
been filled, the load the streams will carry past any given point
along the system will be about the same as it was before the
structures were placed. This means that cley, silt, sand, gravel
and aven boulders carricd by the water will wear all dam and canal
surfaccs they contact, E£ven before the entirc system has been
completed maintenance of the spillways and the canals will be
necessary. To preserve the structures and to keep them functioning
*properly will require systematic inspection and continual repair of
the worn surfaces - truly an incessant "fight with the rivers®.-
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