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RESUMEN 

Los diferentes estilos de drenaje, en el Norte Grande de Chile, se clasifican en grandes grupos basados en un 
origen común. En todos los grupos se considera que la extrema aridez del clima ha producido todos los procesos 
fluviátilcs con lentitud. 

Los perfiles de los cauces largos que llegan a la costa desde la Cordillera de Los Andes difieren, según su 
posición geológica, su aporte de agua, su edad y su ajuste relativo al nivel marino actual. Los cauC:e5 que han 
producido una incisi6n de hasta 2.000 m son posteriores al comienzo del Mioceno Superior. El más complejo 
de los cursos de agua de esta categoría es el río Loa, que se ha formado mediante la unión de varios segmentos 
cuyos orígenes fueron independientes y complejos. 

Los valles. que descienden de los Andes y terminan en la depresión longirudinal , enán entre las principales 
quebradas de la catqoría anterior y son además una continuación de la superficie depositadonal occidental 
de la depresión. Aguas arriba, la parte oriental de la depresión es observable como una terraza alta con inci­
siones de quebradas de hasta 1.000 m de profundidad. Tales quebradas se originaron al mismo tiempo que sus 
contrapartes del grupo anterior, pero no han sufrido una conversión al nivel m:arino básico y. por lo tanto. su 
incisión es menor. Hacia las cabeceras, la erosión es activa en ambas categorías de cauces. 

En el sur de la región, existen largos cauces de poca pendiente sín ¡nicisión de quebradas. Tales cursos de 
agua actúan como niveles de base local hacia un pediplano regional. 

En las partes donde tales cauces se coneCtan con la costa, Caen al mar con una fuerte convexidad. Las por­
ciones superiores de los canaleS son del Mioceno Medio, de acuerdo con la edad del pediplano al cual controlan. 
Estos cauces han sufrido pocas modificaciones desde hace algunos millones de años, a excepción de la región 
inmediatamente vecina a la cOSta. La recesión hacia el este de los acantilados, durante la últim:a parte del Ter­
ciario, produjo un descenso relativo del nivel de base. cuyo efecto aún no se ha transmitido muy lejos tierra 
adentro. 

Los cauces de drenaje, que sólo se extienden sobre distancias cortas, son empinados y, en S\J mayor parte, 
convexos. La progr~siva recesión de: la linea de costa y la erosión de los acantilados hacia el este, h:an impedido 
la formación de tales cauces. Un solevantamiento de la costa plio-pleistocénico. a escala local, ha permitido 
que la degradaci6n subaérea af~cte los bordes de los acantilados, que alcanzan una altura máxima d~ 2.000 m. 

El drenaje interno es común. En la Alta Cordillera de los Andes, debido al yoJcanismo, existe un bloqueo 
de los cursos de agua y los tributaríos tien~n perfiles de agradación. Los cierres tectónicos son también comu­
nes:. Algunas de las cuencas internas mayores están actualmente fracturadas pero siguen actuando como nive­
les de base . Otras cuencas encerradas pierden agua a lo largo de las fallas. Frecuentemente se observan depre­
siones menores originadas por diferentes fenómenos, incluyendo la denación. 

El agua del drenaje era dirigida, antes, por los eventos tect6nicos. a cuencas cerradas, excepto en el sur, 
donde un nivel de base marino dio origen a una peniplanicie miocena. Los cauces que, en el norte, se conectan 
con el mar, se desarrollaron durante el Ncógeno. Estos cursos y aquellos posteriores, cercanos a la linea de 
costa, han establecido el proceso inicial de erosión hacia el nivel del mar. La inferencia es que el fallamiento 
y otros procesos geomorfológkos endóg~nos están, momentántamente, inactivos pero no exts(e ninguna nl7.ón 
fundamental para que ello Sta así. 
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ABSTRACT 

The various styles of drainage in northernmost Chile are categorized ¡mo broad groups which are based upon 
coromon origins. Withín all (he groups. (he extrcrncly arid dimate is consiJercd to havc rendcrcd all fluviatile 
processes fa be very slow. 

Long channcls which reach rhe coaSt from a sourct: in rhe Andes differ, in bcd profiJes, in a manner which 
depends upon thcir geological position. water supply. agc and adjustment to (he prescor marine level. Such 
channels, which have achieved an incision of as much as 2,000 m are Dor oldcr than early Upper Miocenc. The 
mast complex water course of rhis cattgory is rhar of (he Río Loa, which has formed through (he union of 
several segments which have had ¡ndependent and complex origins. 

Valleys descending the Andes and terminating in the longitudinal depression He betwcen the major canyons 
of the previous category, and they are continuous with tbe wcstern deposirional surface of the depression. 
Upstrcam the eastcrn surface of the depression can be followed as a high terrace with up {O 1,000 m of 
canyon incised ioto it. Such canyons originated at the same time as thejr longer eounterparts of the previous 
group, but have not suffered a conversion to a marine baselevel and are consequently less incised. Headward 
erosion is active in both this and the former category of channe1s. . 

In the south of the region tbere are long low gradient channe1s without canyon incision. Such watercourscs 
act as local baseJevels tO a regional pediplain. Where such channe1s conneet tO the coast they fall to the sea 
with a strong convexity. The upper portions of the channels are Middle Miocene in accordanCe with the 
known age of the pediplain which they control. They haVe undergone Httle modification in the past few 
million years except in the immediate coastal region. Cliff recession eastwards during tbe lattcr part of tbe Ter­
tiary caused a rclative lowering in the baseleveJ, the effect of which has not yet been transmitted far ¡nland. 

Drainage channeJs which only extend a short distance inland are steep and, for the most part, convexo 
Progressive recession of the shoreJine and erosion of the cHffs towards the east have inhibited the formation of 
such channe1s. Limited and local PliolPleistocene coastal uplift has permitted subaerial degradation to affeet a 
cliff edge which reaches a maximum height of elose to 2,000 m. 

Internal drainage is common. Volcanic blocking of water courses occurs in tbe High Andes, and the 
contributing streams have profiles of aggradation. Tectonic elosures are normal. Sorne of the larger internal 
basins are now breached bUI still aet as local baselevels. Other enclosed basins lose ground water by percolatíon 
along faults . Srnaller depressions frequently occur and have forrned from a variety of phenomena, ineluding 
deflation . 

Drainage water was formerly largely directed by tectonic events into enclosed basins, except in the south 
where a marine baseleve gave rise to a Miocene pediplain. Channels connecting to the sea in the nortb have 
developed within the Late Neogene, and tbese and later nearshore watercourses have established the initial 
process of erosion towards sea level. The inference is that faulting and other endogenic landforrning processes 
are momentarilly tranquil, but there is no fundamental reason why this should be so. 

INTRODUcrlON 

GENERAL PHYSIOGRAPHY 
3.000 m a.s.l., although ics surnmits usually lie 
about 2.000 m a.s.l. The western boundary of 
the range is an abrupt diff which falls either to 
a terraced Httoral selvedge or, more rarely, direct­
Iy to the sea. The eastern boundary of the coastal 
mountains interfingers with the alluvial surface of 
the Pampa del Tamarugal which is a depositional 
basin Iying topographically lower in its western 
tracts chan che Cordillera de la Costa. The Pampa 
in the norchern pan of che region is a single unit 
which rises eastward from its boundary with che 
coastal mountains up into the Andean flanks. In 

The area lying between 17°30' Lat. S and 26°30' 
La,. S, roughly ,hat par' of northern Chile be­
tween the towns of Arica and Taltal, is known 
locally as the Norte Grande and constitutes the 
heart of the Atacama Desert (Fig. 1). The regio n 
is divisible into three longitudinal (NS) ppysio­
graphic provinccs which, from wcst to cast, are 
,he Cordillera de la Costa, ,he Pampa del Tama­
rugal and ,he Andean block. 

The Cordillera de la Costa is a subdued, block 
faulted mouncain range which rises to more chan 
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C. MOTlimn 

che sourh, howc:vcr. the Pampa IS a compositl.: 
unir consisting of small. interconncctcd basins 
!ying betwecn longitudinal sierras . Thc Pampa and 
the Andes meet in che Precordillcra, a loosely-de­
fined transition zone at between 2.000-3.000 m 
a.sJ. Thc Andes propcr rist: aboye this level, with 
erosional and volcanic summits Iying at becween 
4.000 and nearly 7.000 m a.s.1. East of the main 
western cord iIIera of the Andes lies the Altiplano 
plateau. 

The geology of northern Chile has been broad­
Iy outlincd in the works oC Brüggen (1950); Zeil 
(I964); Muñoz (I956); Ruiz el al. (1965), and 
Cecioni (1970). In addition, the Instituto de In­
vestigaciones Geológicas has pubJished regional 
gcological maps. As a preamble te [he deveJop· 
ment of che regional drainage however, rhe Ceno­
zoic events have becn reccntly examined by Rur­
land (I 971) and Mortimer el al. (I974) . 

The central Andes began to form in the Cre­
caceous with uplift of the Mesozoic sedimenrs 
and volcanic rocks which had been depositcd pe­
ripheral ro rhe wesrern margin of rhe South 
American continent. A proto-Andean divide was 
escablished sorne distance wesr of che present 
Western Cordillera, during the late Cretaceous and 
rhe Paleogene, the erosion of the original mounrain 
mass produced vast thicknesses of molasse sedi­
ments in that arca now occupied by rhe Altiplano . 
The ultimate result of this erosion was the deve­
lopmenr of a Lower Tertiary regional erosion 
surface which is still locally preserved in the Cor· 
dillera de: la Costa, and as the sub-alluvial floor oí 
the Pampa del Tamaruga!. 

At rhe end of {he Paleogene che regional plana­
rion surface was faulted ro from the basis of che 
present topography. The Cordillera de la Costa was 
uplifred relative to the Pampa del Tarnarugal , and 
block faulring foerned enclosed basins within rhe 
coasral mounrains. During the Lower Mioc:ene the 
Pampa del Tamarugal began to fill wirh sedimenr 
derived from rhe uplifring Andean regio n ro [he 
east, and volcanic erupcions, which comme:nced ar 
rhis time and conrinued unril rhe present, covered 
the Andean area wirh rhyodacitic flows. These 
f10ws and intercalared sediments were deposited 
over eastward dipping reverse faults developed dur­
ing the Andean uplift. Consequently the superfi­
cial deposits were periodicaUy warped throughour 
che Neogene by movemenr along these srructureS. 
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The main phasc of aggradarion of the Pampa are3 

and the Anucan flanks ceased ar che close of the 
Middle Miocenc. Andesitic volcanism dominatcd 
(he geological cvenrs of the Andean region during 
the Lare Ncogene. 

In rhe coanal region the immediare ¡inoral arca 
subsided during the Pliocene and subsidence prob­
ably occurred rhroughour the Tcrtiary. This sub­
si den ce allowed marine abrasion to truncare the 
Cordillera de la Costa and to devcJop the high e1iff. 
Slighr positive movements have sinee produccd 
the rerraced selvcdge of norrht!T11 eh ¡le. 

Dtha changes within the Atacama Destre dur­
ing {he l'pper Miocene antl Plio-Plcisrocene have 
directly im'olved the evolution of [he presenr 
drainage characterisrics, and [hese evenrs form 
rhe subject of rhis paper. 

1 n srudying rhe channc1 and basin forms ie has 
becn possiblc ro take morphological informar ion 
from the 1,100.000 maps published by the Ins· 
tiruto Geográfico Milirar, alrhough a complere 
map coverage was nor available, particulary cast 
of 69°00' Long. w.. Aerial photographs of a scaJe 
not less [han 1:60.000 were, howevcr, available 
for rhe whole region, and sorne of these are repro­
duced as ilIusrrarions. 

CLIMA TIC SETTING 

Pares of norrhern Chile are very probably rhe 
drjesr places on earrh, although reliable long-term 
precipirarion records have nor beco kcpt . Rainfall 
rneasuremenrs over a period of 35 years in Arica 
rcvealed an annual average of 0,6 mm (Alemyda, 
1949); Fuenzalida (1966) reporrs an annu.1 aver­
age for rhe same town as 1,1 mm over rhe 20 years 
up ro 1960. Rainfall in creases wich disrance sourh 
and wirh alrirude. TaItal, siruared on [he coast at 
25°25' Lat. S, has suffered a 20 year average of 
25,1 mm p.a. (Fucnz.lida, 1966), whereas Almcy­
da (1949), revealed a short 10 year average annual 
precipitarion of 273 mm at General Lagos in the 
Andes easr of Arica. 

The extreme aridity means rhar planr growth 
is virtually absenr away from the river valleys and 
beJow abour 3.000 m. Precipitarion in [he Andes 
is comparatively high, bur rhe cold climare and 
the elevarion ensure that the vegetation is stunred . 
The coastal fog or "camanchaca", which is tht: 
resulc of a strong coastal al! cemperarure ¡nver-
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sion caust.xl by upwc:lling (old water 00 rhe case 
of [he nonhward·flowing lIumboldt Current, per~ 

mirs sorne vcgetation to survive 00 (he western 
edge of rhe coastal mountains. Thc lack of rain­
(aH also rncans [har almost all che drainage chan-

DRAINAGE EVOLUTlON. ATACAMA DESERT 

neis in (he mase arkl. wcstcrn pan of rhe Aracama 
Dcscrt havc an cphcrncral flow. Whcn rhey carry 
water. as chey do every fcw years, rhe water is 
cxotically dcrivcd from exceptionally hl.'avy pre­
cipitation in the high Andes. 

DRAINAGE DEVELOPMENT 

MAJOR TRANSVERSE VALLEYS WHICH REACH THE 

SEA FROM A SOURCE IN THE CORDILLERA OR 

PRECORDILLERA. 

Channels of rhis type are "quebradas" which afe 
spectacularly incised transversely across the longi­
tudinal topographic elements. AH bUl cne of rhese 
watercDurses cross rhe Cordillera de la Costa nonh 
of Pisagua (about 18°20' to 19°35' Lat. S). The 
southernmost and longest channel of this type is 
che Río Loa, whose mouth lies ar 21°25 ' Lar. S. 
The valleys are all ¡ncised into che Tertiary vol· 
canic and scdimentary rocks which mantle the 
Andean flanks and fiH [he Pampa del Tamarugal. 
Thc basal member of this fill, only secn in che 
Arica region I is an Upper Paleogene-Lowcr Neo­
gene conglomerarie sequence. che Azapa Forma­
tion (Salas et al., 1966). This is overlain by in­
tercalated continental sediments and ignimbrite 
f10ws of the Ox.y. Formation (Salas etal. 1966) . 
Further south. at abour the latirude of Iquique. 
che lateral equivalent of che Oxaya Formarion is 
che Altos de Pica Formarion (Galli and Dingman, 
1962). The uppermost member of che sequence is 
a grave! deposit which forms the depositional 
surface of much of the Pampa del Tamarugal. This 
widespread deposit is named in che irnmediate 
Arica regio n as che Diablo Formation (Tobar et al. , 
1968). Along the extreme western edge of the 
Pampa che Diablo Formation, and ¡ts lateral 
equivalents are often overlain by or interfinger 
with mud'S, diatomaceous earths and saline depos· 
its, all resulcing from a ponding cffcct created by 
[he barrier of the Cordillera de la Costa. The: upper 
conglomerates of the Pampa are locally replaced 
in rhe Andean region by a sequen ce of sedimcnts 
and ignimbrites which overHes disconformably [he 
Oxaya or Altos de Pica Formations, and is known 
in the Arica region as the Huaylas Formation (Sa· 
las el al., 1966). 

The agc of [he Terciary succession is locally 

known with SOrne preeision. Lower Mioeene ra· 
diometrie agcs have becn obtained from the Oxaya 
Formation and ¡es lateral equivalcnts (Salas el aL, 
1966; Mortirner et al., 1974), whereas Mortimer 
et al. have shown that che upperm05t conglom· 
eTatie members of the Pampa del Tamarugal were 
deposited prior to the carly Upper Miocene, pro· 
bably in the Middle Miocene. The conglomerares 
of che Diablo Formation, its lateral equivalents 
on the surfaee of the Pampa del Tamarugal, and 
che sedimencs in the underlying successions werc 
deposited as piedmont gravels at the foot of the 
eroding Andes . AlI the deep canyons incised into 
the Pampa or the Andean slopes must therefore 
have becn established after che early Upper Mioce­
ne when sheet depositional conditions changed to 
those of channel incision. 

The reasons for the initial esrabHshment of 
the channels are not cIear. Throughout che Lower 
and Middle Miocene the Pampa del Tamarugal 
was charactcrized by sheet deposition of coarse 
clastic sediments, this situatíon changed sometime 
after about 9 m.y . ago (Mortimer et al., 1974), 
and channel formarion began. The rwo possible 
causes of this fundamental change are a climaric 
change, a tectonic upheaval, or both. 

Tectonic steepening of the regional slope of 
the Andean f1anks took place throughout the Neo­
gene~ and a critical inclinarion favouring channel 
development may well have eventualIy becn a· 
chieved. 

There ¡s, howcver, sorne evidence to suggest 
char the tectonie influences were not paramount. 
During the sheet deposition phase there was mono· 
clínal warping of the superficial sediments Iying 
above fundamental bedrock structures. Sueh warp­
ing produced considerable local deformatíon of 
che eastern slopcs of rhe Pampa del Tamarugal. 
However, alrhough the local steepening of gra­
dient was very marked, several hundred meters of 
relief being gf>nerated in plaees, no channel de· 



vclopmcnt took place. lnstead, succeeding sheet 
dcposicion tendcd to Icvt.'I-off the itrt:gularity in 
the smooth depositional surface of the Pampa. 
Therefore progressive stecpeníng of the Andean 
front was only a conrríbutory facror te the ini­
ciation o( channd (ormarion. 

Thcre was very probably a climatic change 
which altered the erosional and depositional bal­
ance of the area. Although arid conditions are 
known to have existed in northern Chile through­
out much of the Cenozoic (Brüggen, 1950; Mor­
timer et al., 1974) it would be diffieult to envisage 
a more intensely arid di mate than the one which 
presently exists, and the deposition of shects o( 
coarse debris muse have requircd more rainfall 
than is provided by the presenr climate. The 
desiccation in the dimatic regime may have been 
temporarily reversed during the glacial phases of 
the Pleistoccnc, when the snowlinc in the Andes 
was lower (Hollingworth and GueSt, 1967; Damuth 
and Fairbridge, 1970), and mudflows, probably 
consequent on seasonal snowmelt. were transpor­
ted via the u q uebradas" to be deposited on the 
western edge of the Pampa del Tamarugal. Once 
established, the "quebradas" would tend to be 
self-pcrpetuating, and return to the carlier sheet 
deposition would not occur in spite of reversal in 
the trend of cJimatic change. 

The channel development was further inspired 
by a number of subsequent events reflected in 
the form and environment of cach river channel. 
The differences between che channels are signifi­
cant, and the channels are discussed in subgroups 
below. 

The "quebradas" Uuta, Azapa and Higuera. 

.The watereourses of chis subgroup reach the 
sea irnmediacely north o( Arica, where che Cor­
díllera de la Cosca is oot presento Unlike che other 
channels with which they are dassified, the Lluta, 
Azapa and Higuera valleys reaeh the sea without 
negotiating a eoastal barrier (Fig. 1). 

The headwarers of the Lluta .and Azapa are 
found within che high Andean arca, whcreas the 
Higuera heads high on the westcrn Andean flanks. 
The profiles of the "quebradas" Aupa and Higue­
ra are shown in figure 2. Topographic daca were 
nor available to allow a profíle of the Río Lluta 
valley co be constructed, bUl field observations 
confirm char the valley form is essentially similar 
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to chat of the channcl of thc Río Azapa. 
Although che profile for che Quebrada Azapa 

is ¡ncomplete (Fig. 2), the thalweg in the lowcr 
and middle courses is smooth and gently eOllt:ilve. 
Thc river is ¡nciscd abOllc 200 m imo [he dcpo· 
sitional surfaet.' of (he Pampa ncar ro rhe coast. 
and the ¡ncision ¡ncreases upscream [O ao olJser­
ved 1.500 m sorne 70 km ¡nland, althciugh the 
canyon depth rcaches approximately 200 m in 
crossing the Sierra de Huailillas axis. Further up­
stream, in che high Andes, the canyon dcpch de­
creases towards the headstrcams. The canyon sirles 
in this valley, as in most channds o( this rypc are 
normally inclined at over 45°, and are commonly 
vertical where che tithology of the canyon waJls 
is favourable. 

The Higuera canyon ¡s, like chat of the Azapa, 
incised about 200 m into the Pampa del Tanpru­
gal surface near ro [he coast (Fig. 2). Thc dis" 
section upstream, however does not exceed 400 m, 
and about 50 km from the roast the valley inci­
sion begins to decreasc. The valley floor is barely 
inciscd 75 km from the coast, altbough dissection 
¡ncreases upstream of here towards the source in 
the Pampa de Oxaya. The lower and middlc pares 
of the [halweg profile of the Quebrada Higuera 
are gently concave (upwards), but upsrream of 7S 
km from the coast the vallcy floor sreepens in 
gradient, and the profile in the upper valley is 
gently convexo 

The essential difference between the channel 
form of the Quebrada Azapa (and Lluta) and [har 
oí the Quebrada Higuera, is consi.dered to have 
resulted because the former channel crosses the 
Sierra de Huailillas-Pampa ac Oxaya ridge, taps 
water sources in the high Andes and has achi~ved 
a much longer profile. The Quebrada Higuera by 
contrast, is rescricred ro the Andean f1anks. 

Ir is considered that developmenc of a'lI [hree 
channels in this subgroup followed ccssation of the: 
sheet deposition. They were estabLished as Andcan 
flank strcams consequent upon the regional slopc 
and, since the barrier oí the Cordillera de la Costa 
is not prescnt immediatc1y no'rth of Arica, thcir 
mourhs were crowded towards the availablt: ma­
rine baselevel. Their f10w was, and ís, likc al! che 
other north Chilean rivc:ts, almost exclusi",cly cx­
Otie co the desert environment of che wcst<;rn and 
cenrral parrs of the country, bcing dcrivcd from 
rainfall and snowmelt in the uppermosr courses. 
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PLA TE l. Convergence of me quebradas Cunuones &nd Suca al Cuya, showing thc decp, stecp-sidcd vaUeys 
incised into the: .surrounding subdued topography of me: Pampa del Tamarugal and me: eastern c:dgc: 
oí the: Cordillera de la Costa. (Hyeon 26357). 

St~~p caoyon sides were therefore developed and 
tributary formarion was inhibiud. Efosion ar [he 
heads of che canyons eventualJy enabled che "que­
bradas" Llura and Azapa to brea eh che Sierra de 
Huailil1as-Pampa de Oxaya divide, and to consider­
ably lengthen their profiles. and augment their 
flow through che capture of drainage in che high 
Andean plateau. This capture may well ha ve beco 

assisted by overspill westwards of che drainage of 
che Tignamar basín, which was infilling with sedi· 
menc during che late Tertiary. The Andean plateau 
drainage had already been captured prior ro depo­
sirio n of the uppermosr part of rhe Huaylas For­
madon. since this formation ¡nfilles vaUeys cut 
through the Sierra de Huailillas-Pampa de Oxaya 
divide, implying a minimum Pliocene age for the 
initiarion of capture. 
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C. MOl"tim(.'T 

Thc Sierra de Iluailillas-Pampa de Oxaya di\'ide 
was furthcr rectonieally cmphasized after the river 
capture, and the ríos Llura and Azapa were abk 
ro maintain their channels antecedently ro (he 
positive movements, thcir canyons being eorre­
spondingly decpencd to thcir prcscnt spectacular 
depths. Water from the upper, captured high An­
dcan, parts of their courscs ensured that any irrcg­
ularitics in the river profiles was rapidly eradi­
cated. The capture created a new basclevcl for 
the Andean plateau drainage, and powerful head­
ward erosion, initiated along the Río Tignamar 
and the new upper reaches' of the Río Uuta, is 
still actively proceeding (PI. 2). 

The Quebrada Higuera never extended eastward 
of the stratovolcanic complex surmounting the 
Pampa de Oxaya divide, consequently ¡ts flow 
remained ephemeral and insufficient to allow rapid 
elimination of profile irregularities. The concavity 
of the uppermost part of the thalweg is very prob­
ably tecconically indueed, reflecting late Tertiary 
positive pulses which affected the Pampa de Oxa­
ya ridge (Salas et al., 1966). 

The "quebradas" Vítor, Garza, Camarones and 
Suca. 

The "quebradas" of this subgroup differ from 
(hose previously described in having their lower 
courses incised in the Cordillera de la Costa. The 
Quebrada Vitor is joined on the right flank of its 
lower reaches by the Quebrada Garza. The pro­
files of the two channels are similar, and that of 
the Quebrada Vitor is reproduced in figure 2. 
Maximum canyon depth of about 650 m in these 
two "quebradas", oecurs in their shared lower 
course immediatcly east of the coast. The same 
order of incision into the surrounding topography 
is maintained in both valleys as far upstream as 
their upper reaches, which lie in the Precordilleran 
region. The pro files are smoothly concave in their 
lower and middle courses, but sorne minor irregu­
larities are apparent in the uppermost parts of the 

valleys. 

The "quebradas" Camarones and Suca also 
have a shared near-shore canyon, incised about 
1.000 m into the eoastal mountains and the Pam­
pa del Tamarugal (PI. 1, Fig. 2). Upstream in 
the Quebrada Camarones, the thalweg profile re­
mains smoothly eoneave and the amount of inei­
sion ¡ncreases very slightly upstrcam. Rcliable data 
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in rhe cast are not available, but the hcadwat<:rs 
of [hese "quebradas" are in the Altiplano. The 
thalweg profiles of the Quebrada de Suca, rhough 
smoothly eoncave in its lower course, bccomes 
more irn.:gular in its upper portion. In the Que­
brada de Suca, the amount of incision into (he 
surrounding topography drops from 1.000 nI ncar 
rhe coast to about 500 m sorne 60 km inland. 
Further easr it increases in depth locally before 
shallowing towards the uppermost part of eh<-' 
channcl on the Andean flanks. 

In (his arca the Cordillera de la Costa acted 
as a barrier ro drainage from the east during rhe 
Neogene, as a result, the sedimentary fill of rhe 
Pampa del Tamarugal was deposited along the 
eastern edge of the coastal mountaiñs. As the 
level of the sediment rose, the western extension 
of the Pampa slowly encroached on the Cord i­
llera de la Costa. At the same time, eoasta! sub­
sidence led to truncarion of rhe Cordillera de la 
Costa by marine abrasion (Mortimer, 1973; Mor­
timer and Saric,1972) and a high cliff was formcd. 
Eventually, the sediment accumulation overtopped 
the coastal mountains and reached rhe eliff. Water 
draining from the east had previously found base­
level in the Pampa del Tamarugal, but foIlowing 
the overspill ro the west there was a rapid down­
eutting towards the newly-aequired marine base­
level, and rhe lower courses of this subgroup of 
ehannels were established. ChanneIs on the cordi­
llera flanks, established following the change in 
rcgime from sheet deposition to drainage ineision, 
became rapidly eonnected to the ncw ehanne1s 
across the Cordillera de la Costa, and the river 
profile ultimately became adjusted to the ncw sit­
uation. The thalweg profilcs of the "quebradas" 
differ. Most distinctive is the Quebrada Camaro­
nes, in which a deep incision is maintained well 
into the Andean range. This is the only channel 
in this subgroup ro head in the Altiplano region. 
The longer profile was probably achieved through 
capture of Andean drainage by headward erosion, 

in the same manner that the "quebradas" Lluta 
and Azapa wcrc lengthened. The resulting increas­
ed flow and longer profile permitted this "que­
brada" ro deepen more than similar channels head­
ing in the Andean flanks. In the uppcr pan of 
the Quebrada de Suca there is a strong eonvcxity 
which is also rcflecred as a flexure in (he topo­

graphy aboye the river. The monoelinal fkxurt· 
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of (he Tertiary succession. also apparently deform­
<d Ihe I()ng profile of the "quebrada". 

The "quebradas" Camiña and Retamilla 

Thc "quebradas" Camiña (or Tana) and Retamilla 
branch from [he Quebrada Tilivichc inland from 
Pisagua (Fig. 1); thcy are considcrcd [O havc csrah· 
lishcd thcír shared Quebrada Tiliviche section by 
ovcrspill of drainagc from (he Pampa del Tamaru­
gal in [he same manner as che subgroup of channds 
imm('diatcly to [he north . 80th "quebradas" show 
convexo irregular lower profiJes (Fig . 2). Same 
750 m of ¡ncision near (he coase gives way ups' 
(ream to virtual convergente with rhe dcpositio­
nal surfacl! of [he Pampa del Tamarugal sorne 
40 km ¡nland. Further upstream [he Pampa sur­
face and rhe thalweg profiles diverge. and are 
humpcd at the top of the Andean flank slopes. 
This is parciculary noticcable in che Quebrada Ca­

mma (or Tana). Although both channds hcad in 
che Altiplano. neicher shows the same degree of 
dissecrion as secn in che "quebradas" L1uta, Azapa 
or Camarones. 

Ir is considered char [he "quebradas" Camiña 
and RetamíJIa demonstrate an carlief stage in che 
c-stablishmcnt of a marine basdevel chan is secn in 
valleys (urther north. The convex upwards lowa 
pro file suggests either thar overspill oí che Pampa 
drainage across che Cordillera de la Costa is relati­
vdy rectnr or [har insufficicnt ftow in che quebra­
da systcms has inhibited (he thalweg profiles from 
achicving equilibrium witb the marine basdcvel. 
The virtual coincidence of che Pampa del Tama­
rugal depositional surface with che "quebrada" 
boltoms just inland from the Cordillera de la Cos­
ta shows that the Pampa at this level has only 
just ceased to be the base to which the upper 
parts of the river profiles were adjustcd. Thc up· 
per courses of the "quebradas" Camiña and Re· 
tamilla are: interpretcd as post-<leposition of sheet 
gravel and untiJ their linkage to (he sea by (he 
gorge across the coasral mountains, chey reached 
basclcvd in the Pampa del Tamarugal. They were 
able to erudc easrwards and caprure sorne of the 
channcls in the high Andes, but since the cffects 
of rhe new marine beselevd have not yet been 
transmitted upstream, the canyon ¡ncisicn into 
che Andcan flanks is much less rhan in orher 
"quebradas" which have similar capture charac· 
tcriSl ics. 

DRAINAGE EVOLUTlON, ATACAMA DESERT 

The humping of Ihe lopography above [he up­
permost pan of rhe canyon profik'S is considcrcd 
co be causco by similar tecton ic ac.:rivity co thar 
obscrved ncar the saurce of the Quebrada de Suca, 
and che distortion of th~ thalwt.'g pro files in che 
upper rcaches uf uoth lhc Retamilla <llld Call1ilia 
c<lnyons is prohably atributable to the same cauSe. 
The kniek point in the Quebrada Camiña thalweg 
profile is howevcr, sorne distance cast of the tec· 
ronie dislocarion of rhe Pampa surfacc, and ir is 
tempting to suggest that the koick point has mi· 
grared upstrcam of its original position . 

The Río Loa 

The Río Loa, some 400 km in length, follows 
a torruous route flowing south to Calama then 
wesr down the upper slopcs of the Pampa del 
Tamarugal, oonh to Quillagua, and finally west 
agajo io a gorge cut across che Cord ilJera de la 
Costa (Fig. 1). 

The deepest ¡ncision of the river into rhe sur~ 
rounding topography is about 700 m in the im~ 
mediate coastal area (fig. 2) . Further upstream 
the depth of the canyon decrcases. Upstream of 
Quillagua the depth of the canyon is never more 
than about 2S0 ro and generally much less. Jr 
was nor possible [O make a complete profiJe of 
che river because of che taek of topographic data 
east of about 69°00' Long. W. 

The available sectioo of the profiJe demoo· 
sttates a convexity in the canyon across the coastal 
mounrains downstream from Quillagua. Funher 
upsrream che degrce of convexity lesseos where 
the river channel lies on the wcstern border of 
the Pampa del Tamaruga!. Upstream of Oficina 
Maria Elena the river flows east·west across the 
Pampa del Tamarugal, and the pro file is gently 
cOn cave until the eastern border of tbe Pampa; 
here a number of humps are encoumered in the 
bed profile of both the Río Loa and its tributary 
the Río San Salvador. Further easr rhe bed profiJes 
are unknown, buc thece is ar Jease one more ma~ 
jor knick point jusc downscream from Calama. 

Brüggcn (l9S0) noced high terraces and salt 

deposits in che Quillagua arca uf the Pampa del 
Tamarugat, and suggested the forrner existen ce 
of an exrensive lake which originally included [he 
area of the present basins ol che Salar de Llamara 
and Salar Grnade. lIe concluded (hat the canyon 
of the Río Loa across the Cordillera de la Costa 
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FIG. l . ( .. = surnmit hights north and south of Loa mouth). 
Summit I~vds in [he Cordillera eJe 1:1. Costa adjacent tO che mouth of che Río Loa, comparcd with 
(he forrner level of che: Lago Soledad. The coastal eliff in chis regioo rcaches to ncar 2.000 m lud. 
~Iow Cerro Tolar south of [he river. 

forrned during (he PJcistocene, when rhe Lago So~ 
Jedad, ovc:rfilled wirh glacial me!twater, spilt Over 
rhe coastaJ mountains to (he sea and rapidly pro· 
duccd a decp channcl. 

The former presence of a semi-pcrmancnt lake 
in [he Quillagua regio o is indicated by rhe lime· 
stones and diatomaceous earths which form [he 
upper parr of the Pampa sedimentary accumula­
tion termed the Loa Formation (Hollingworth, 
1964) . However , saline and gypsiferous terraces of 
the former lake which lie aboye che Salar de lla­
mara rise aboue 250 m from wese to case in a 
distance of approxirnately 50 km (Fig . 3) . Further 
souch, ea se of che Oficina María Elena, che highcsc 
bcds of the Loa Formacion rise aboot 250 m in a 
30 km easC-west transit of che Pampa del Tamaru' 
gal. The terraces and the lacustrine sed iments are 
inferred to have been horizontal, and thercforc 
che Pampa del Tamarugal, at lease in this region, 
has undergone tectonk tilting to che west. The 
summit heights in the Cordillera de la Costa in this 
n:gion rise markedly towards the coast, and an 
impressive c1iff height of nearly 2.000 m occurs 
just south of the Río Loa mouth . Prior to the 
wcstward tiltiog, this ¡ncrease in summit heighe 
wcseward must havc beco accentuated (Fig. 3), 

This tilcing , which resulted from Neogcne subsi­
dence of che coastal rcgion coupled wieh tectonic 
rdicf gcneration near to che Andean ax is, displac­
(:\1 {he lake w3tcrs towards the sea . As a result, 
a marine hascle\!d was achicved, followed rapidly 

hy che drainagc of che Lago Socldad and later 
dcvelopment of the nearshore canyon . The con­
vex profile of this parc of che Río Loa suggcsrs 
that, Jike rhe lower courses of the "quebradas" 
Oimiña and Retamilla, the channel upscrcam is 
sriIl noC adjusted co a marine baselevel. "(oHing­
worth (1964) and Rutland (1971) eornment on 
an old mouch of the R(o Loa immediately north 
of the present river mouth. This is hereio <.:onsid­
ercd to be a small channel or basin infillcd by 
continental sedimenc truncated by che e1 iff rcces­
sion . Several similar features occur in the e1ifE­
top further norch , and all phenomena predace che 
origin of che Río Loa. 

As waters of Lago Soledad were displaced Co· 
wards the coast they were also displaced wcst­
ward into the previousJy empty eectonic hasin 
wichin che Cordillera de la Costa now occupied 
by che Salar Grande. The saline terraces of the 
Quillagua region indicate that che Lago Soledad 
was saturatcd with salt, and ir is suggested [har 
pure halite deposits in the Salar Grande were 
formed chrough complete evaporation oC decanted 
saline solucions, rather chan ftom a concinuuusly 
evaporaring arm of the Lago Soledad as 13rüggcn 
(1950) suggested. 

At Quillagua the channd of che Rl'O Loa is in­
cised into ehe surface of the Pampa dd Tamarugal 
byabout 100 m. Upstream, howevcr, [he ¡ncision 
decreascs, and at Oficina María Elena, 7 S km fur­
[ht.'r upstream, rhe river is in virtual co il1 (:i\kncc 
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PLATE 2. Prescnt-day headward erosion at General Alcérreca in tite upper Río Uuta seen as mass-movement collapse 
of th. valley walls, (Hyeon 9129), 

with che Pampa surface, where che ¡nfluence oí 
che marine baselevel has nor worked chis far ups­
[reamo 

The developmen' of ,ha, part of ,he Río Loa 
valley aligned NS along ,he edge of ,he Cordillera 
de la Costa (PI. 3) resul'ed from drainage of 
,he old lake. As ,he lake level fell subsequen' 
water delivered to che basins channelled itself 
along che JUDerion between che Pampa and che 
coastal mountains. This was both che lowest part 
oí rhe Pampa and che region where the water rabie 
was closest to che surface. 

Upstream oí Oficina María Elena che Río Loa 
descends che Pampean slopes from cast to west. 
The incision oí che valley into che Pampean slopes 
¡ncreases with altrtude, but do es nor exceed aboue 
200 m, and ,he 'halweg profile of ,he channel 
is very irregular. This pattern is mirrored in the 
Río San Salvador tributary channel. 

The diatomaceous earths and freshwater lime­
stones which form the upper part of the Loa For­
mation extend from the Quillagua area southwards 
and eastwards up the eastern slope of the Pampa 
del Tamarugal into the Calama basin. Dissection 
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of these sedimc:nts is marked. adjaccnc [O che 
Loa vallcy on the P'¿mpcan slopcs. lf the tacus' 
trine scdim~n(s werc deposited ncarly horizom:al­
Iy. [he 1.500 m of rclief bt::twecn the westcrn 
Pampa del Tamaruga l and rhe Calama basin must 
ha ve uccn largdy tt:ctoni<""3.lIy generated during 
rhe late Neogene. '[hey oeeupy a widc area of rhe 
Calama basin. but are here sub-horizontal, and 
mueh less diseeted than on the eastern slopes of 
¡he Pampa del Tamaruga!. Thomas (967) has 
mapped the Loa Formarion in the Calama basin, 
and ¡rs area of deposition narrows markedly to­
wards the west aboye the Pampean slope. 

Ir is proposed rhar the laeusrrine sedimcnts of 
rhe Loa Formation wcre originally deposited in a 
semi-pcrmanenr lake which eovered the Quillagua 
n.-gion of rhe Pampa del Tamarugal and locally 
extcnded at Icast as far easr as the westan edge 
of rhe Calama basin. The lake was later tecroni· 
cally differentiared ioro rwo areas, the Pampa and 
the Calama basins. Thereafter deposition contin­
ued independently in eaeh basin. Laeustrine se­
dimentation may not have oecurred in the CaJama 
basin until after irs relative uplift. 

Ir is considered rhat rudimentary overspill dra in­
age írom rhe Calama basin, combined with the 
consequent drainage on the tecronically crearcd 
Pampean slopes caused the dissecrion of the sedi­
ments already deposited in this latter region. The 
t\Vo largest channels which were developed became 
respcccively consriruent scctions of the Río Loa 
and ¡ts tributary. rhe Rlo San Salvador. The tcc­
tonically produced slope was steepened progres­
sively in the late Neogene, and the irregularities 
present in rhe Río Loa thalweg profile between 
Calama and Oficina María Elena are considered 
to reflecr both the repeated tecronie disturbance 
in this arca, as well as the short rime which this 
secrion of the river has had to grade its bed. 

The Calama basin (2 .500 10 3.000 m a.s.l.), 
drains through a narrow gap ro rhe west via the 
rivers Loa and San Salvador. Though these rivers 
cross rhe basín in steep sided gorges cut through 
che Loa Formarion, they are linle ¡ncised and can 
be interpreted as the result of recent re-establish­
ment oí a draínage conneetion rowards the west. 
This would have largely drained che lake in which 
che upper beds of the Loa Formacion accumulared . 

Water flowing eastward , in many streams from 
(he linc of voleanic eones Iying NE of (he Cal.ma 
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hasin, encounrcred rhe srru<:tural block of rh,: Sie­
rra de Moreno and was diverred south atollg lIu.· 
direction of the regional slope . This (ormCtl Ihe 
largesr single soucee of surface water cnrcring the 
basin, and it must have soon connected \Vilh the 
illcising strcams draining [hc calama basin towards 
rhe wesr, thereby becoming established as rhe up' 
per course of the Río Loa. Thc calama hasín 
however, remains locally a region of internCll tira in­
age, being fed by many small srrea.ms dcsccnding 
from the Andes. 

The Río Loa is hence considered to be a hercr­
ogencous channel whi<:h has resulted from the 
union oí severa l independently originaced sectiolls. 

VALLEYS WHICH HEAD IN THE CORDILLERA OH 

PRECORDILLERA AND TERMINATE IN THE LON· 

GITUDINAL DEPRESSION. 

There are a great many channds whi<:h head in 
rhe Altiplano or Andean flanks and terminate on 
the sunace oí rhe Pampa del Tamarugal ar alti­
tudes around 1.000 m a.s .1. Sueh canyons lie 
between and parallel to the major cross-curring 
warercourses, and they are similarly dceply inc¡sed 
into the surrounding topography. Profiles wcrc 
made of the "quebradas" Aroma, Tarapacá, Cha­
carilla and Guatacondo (Fig. 4), and these \Va­
tercourses can be taken as examples typj~al of 
the many other similar flank streams. AH of the 
specimen uquebradas" head on or near the Alti­
plano, and deseend to the Pampa del Tamarugal 
in profiles characterizoo by a smooth. gcnrlc con­
cavity in che lower and middle course . The upper 
courses are more irregular, and there is a lcvcllíng 
oí the long profile towards the headwaters to 
produce a marked eonvexity. The wcstcrn a nd 
central tracts of the Pampa. de) Tamarugal are 
continuous with the bed pro files oí the quebradas, 
and the streams are stiIJ aggrading the western areas 
of parts oí rhe Pampa del Tamarugal whilsr being 
the principal source oí grounwater within it. Up­
stream the depositional surface oí the Pampa be­
comes a high rerrace and the "quebradas" nccome 
more íncised into it with altitude, up to a maxi­
mum canyon depth of abouc 1.000 m. Thc al)lOllfH 

oí d issection de creases east of the Altiplano border 
as the plateau maintains an approximatc horizo n­
tality whereas the river profile coorinues lO risc . 

These canyons are considered to have iniliatcd 
afu:r the cessarion of sheet deposirion in rht" Pam-
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DRAINAGE EVOLUTION, ATACAMA OESEHT 

FIG. 4. Thalweg profilc:s uf Ihe: lJuchrada:o; JChOll(.'hill~ 
onto the Pampa del Tamarugal. togcther with 
profiles of [he lanltscapt.' above (he prcscnl 
valleys . 

pa del Tamarugal at che same lime, and in [he 
sarne manner, as che highcr sections of che majar 
traverse valleys. by a combinario" of c1imacic 
change and tecconie relief gencracion in, or after 
che Upper Miocenc. They differ from che upper 
scctions oí che traverse valleys only in IlOC having 
becn connectcd ro a marine baselevel and canse­
quently have becn downcut less chan, for exam­
pIe. che Azapa canyon. The "quebradas" Camiña 
and Retamilla discussed earliee. having only lately 
made a marine conncerion, have retained upper 
bed profiles whieh wcre developed in relation to 
a Pampean baselevel and whieh are therefore 
equivalent to the profiles of the watercourses dis­
cussed in this section. 

The smooth concave profiles of the lower eours­
es of the "quebradas" of this group indieate chat 
che channel form has here beco scabilized, licad­
ward erosion resulting in che capture of sorne of 
che Altiplano drainage. combined with the tce­
tonie iostability of che Andean front, has creaced 
sorne irreguJaritics in the upper bed profiles. Head­
ward erosioo and river capture withio the speci­
men channels is especially noticeable in the higher 
parts of che Quebrada Chacarilla where a small 
Altiplano drainage basin has beeo capped. The 
flattening of the upper bed pro file (Fig. 4) reflccts 
chis headward lengehening of che channel. Tecton­
¡cally induced irregularities are possibly besc re­
presented In the bed profile of the Quebrada 
Aroma (Fig. 4). The sharp jump in the profile. 
sorne 80 km from che "quebradas" mouth. proba­
bly resulted from rnovement along one of the 
cascward dipping reverse faulcs which affecc chis 
arca . 

THE SHALLOW VALLEYS OF THE SOUTHERN 

REGION . 

South of about Antofagasta che topography be­
tween the coast and [he PrecordilIera is composed 
of undulating alluviated plains above which rise 
the smoochly pc:dimentcd flanks of "sierras" and 
isolaced mauntains. Drainage lines away from lhe 
coast accur as washes in che f]oors of the inrcr­
connceted basins, Thc channels are not normally 
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PLATE 3. Approximately NS seclion of me Río Loa valley along the east edge of the Cordillera de la Costa at Qui­
llagua. 1be river transverscs diatomaceou$ earths and limestones of me Loa Fonnarion. (Hycon 6552). 

incised and ace as local baseIevels eo ehe aJluviaeed 
pediments which form pare oí a regional pediplain 
(PI. 4) . Only locally. in ,he watercourses in rhe 
Cordilleran flanks, is there any evidence oí canyon 
deveJopment and it is slight when compared with 
the deep channe1s íurther to the north . 

Sourh of Anrofagasra rhe Cord illera de la Costa 
acts as a barrier to easterly-derived sediment. and 
the ephemeral stream.s descending (he Andean 
flanks in shallow washes are directed northward 
eowards large areas ol satine accumulaeions in che 
Aguas Blancas arca. South of aboue Paposo how-

ever, a number oí long channds which are orient­
ed approximately WSW drain from the coase to 
rhe Precord ilIera. The profiles sryle of rhose 
streamcourses which reaeh only as far as the cen­
ual depression is ideneical to chat found in the 
upper courses of che ehannds of this group whieh 
conneet to che coast . The channels reaching che 
coast have equatable long profiles and [hose sec­
tions of che long profiles in {he "quebradas" Tal­
tal and Cachina (Fig. S) are representacive oi che 
watcrcoursc ol chis southern cegion . 

As can be secn from the profile of che upper 
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FIG. 5. Thalweg profilcs of both long and short que­
bradas near lO and ~uth of Antofagasta. 

Quebrada Taltal (Fig . S) the waurCQurses descend­
ing tbe Andean flanks do so with a smooth con­
cavity which achieves a minimum gradient of 
about 8 mJkm in rhe Pampa del Tamarugal. This 
is a vcry low gradient {oc Andean flank streams. 
Channels which conneet with [he coast have pro­
files which steepen markedly westwards away 
from the longitudinal depression and thcir lower 
profiles are marked by a strong convexity. There 
is sorne channd ¡ncision in che immediate near­
shore region. 

It ¡s clear from the tack oí ¡n(isian and from [he 
wide valleys of rhe watercourses in the central 
and eastern parts of the country. that the hydro­
logical system has aehievcd cquilibrium with che 
landscape. The regional pediplain (PI. 4) which 
dominates the landscape, and to which che graded 
ehan~els aet as baseJevel, is a nonhern extension 
of the Atacama PedipJain first recogniz.cd in the 
area around 27°00' Lat. S (Mortimer, 1973). The 
Atacama Pediplain devc10pcd prior to che clase 
of che Middle Miocene as a regional adjustment 
to a marine baselevel . The channcls of this group 
are therdore probably ancient, and have under­
gone linlc modificadon. except in thcir lower 
courses, during the past few mimon ycars. 

The longer channels must have maintaincd their 
contact wich the coast anteccdently d uring posi­
tive struccural moverncnts of che coastal moun­
tains relative to the" central depression. The man­
ncr jo which the profilcs steepen and the wide 
valleys becorne canyons towards che coasc indi­
cates ch,at the presenc marine baselevel does oot 
determine valley style very {ar ¡nland. 

Although the eoastal terraees provide indispu­
table evidence that slight relativc uplift oí che 
coast has recently taken place (PI. 5), the exist­
enee oí the high c1iff testifies chac the previous 
predominant eoastal movement was subsidence 
which permiued considerable cliff recession (Mor" 
timer, 1973; Mortimer and Saric, 1972). Thc ",rly 
hypothesis that the diff is a direct fault scarp 
(Brüggen, 1950) cannot be substantiated. It is 
concluded therefore, that che long draínage chan­
neIs originaJly graded towards a baselcvel sorne 
distance to che wes[ of che presenc shoreline and 
che change in effcctive baselcvel of [he river sys­
cem has not yec becn transmiued far inland. 
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PLATE ... The Quebrada Taltal, hardly inc:iscd ioto the pcdirnent coyer alluvium Iying on the Atac&ma Pcdiplain. 
(Hycon 8205). 

DRAINAGE CHANNELS RESTRICTED TO THE NEAR· 

COASTAREA . 

North of about Tocopilla the diff edge is occasion­
ally notched by hanging channel, which extend 
a few kilometers into the Cordillera de la Costa. 
South of Tocopilla the frequency of such channels 
¡ncreases and their mouths debouch near to sea 
level. Where chey cross a líttoral area of marine 
terraces these stream channels are often developed 
across piedmont fans. Further south channel 
length ¡ncreases, though the profiles of al1 the 

channels remain steep. and mase of them exhibit 
the convex profile characteristic of the western­
most sections of north Chilean rivers. Example 
profiles of such short channels as the "quebradas" 
Paposo and Matancilla can be seen in figure 5. 
plate 5. The channels are the ¡nitial expression of 
incipicnt erosion of the Cordillera de la Costa 
towards a marine beseleveL Coastal recession must 
previously have inhibited their formacion whereas 
recent coastal uplift has alIowed suba erial degra­
dation processes Ca have an effect on the conti­
nental margino The channels must receive thc:ir 
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PLATE 5. lbe cautal tenaces and abandoned eliff at Paposo. Tbc Quc:brada Paposo (Pig. S) is foJlowcd by the 
southwcstem branch of the road. The suong approximately nortb-south lineaban in the north oC tite 
photograph is the trace oí a pan of tbe Atacama Fault. (Hycon 24421). 

water from tare coastal showers smee the num­
ber and depth oí che valleys ¡ncreases to che south 
with rainfall though their ephemeral flow may 
perhaps be aided by groundwater percalarian from 
¡nland, and by fag condensatian. 

Two of che shore channds, Quebrada La Negra 
and Quebrada Caracoles Lie inland fram Ancofa­
gasta and delimit the Sierra del Ancla. The profiles 
(Fig. 5) ilIustrate the characteristic convex form, 

but the Quebrada Caracoles domes whcre ir crosses 
che Salar del Carmen (Aeacama) Faule. The Que­
brada La Negra, Iying sorne 15 km <o che sou,h 
crosses che same fault buc has noc, apparently, 
been affecced by ir. Westerly upthrow on che 
faul, has dis'urbed ,he profile of ,he Quebrada 
Caracoles, and che internal drainage of che Salar 
del Carmen regio n has devdoped as a resulc (PI. 
6). The drainage across the fault in che Quebrada 
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PLATE 6. The Salar del Cannen lO the east of the Atacama Fault. TIte Salar has fonned as a result of westerly 
uplift of the coastal block. The Quebrada Caracoles which once drained the salar area is followed 
w.stward by 'he road. (Hycon 8347). 

voJcanic and tectonic enclosure of original run-off. 
The superimposition during and since the Miocene 
of the andesitic strarovolcanoes has been particu­
larly important in moulding the present form of 
the enclosed basins in the Andean region. The 
eones and lava fIows have joined and interlocked 
ro produce or modify basins which have subse­
quently filled with water. The majority of the 

La Negra has, however. maintained itself antece­
dently to the structural changes. 

INTERNAL DRAINAGE 

Large parts of the northern Atacama Desert are 
areas of centripetal drainage. 

In the Cordilleran and Precordilleran areas, in­
ternal drainage basins have originated through thc 
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HI1A11E 7. Thc Salar de San Martin (or Carcore) in the hiJh Andes northeast ol Antofagasta. Thc salar has fonned 

foUowing the bloc:king-off oC drajnage by lava flows. The rislnl level of saline dcposits has p.rtially submcrgcd 
a reCent cinckr conc. Tbc Sllar is transversed by me Anrofagasu-Solivia railw&y. (Acroscrvice 27-2272). 

Des thus forrned are saline duc to evaporarion 
("'!l' Lago Chungara. Salar del Huasco. Salar de 
,San Martín (or Careote). Salar de Coposa and Salar 
dh' Ascotán (PI. 7), Often, however, Ihe lake 
¡position is not entirely a volcanic phenomenon. 

Mány lakes and sall flats are in the Alliplano 
Irmgian east of the structurally controlled front 
iDDgI' of Ihe Andes (Ihe Sierra de Huailillas'Pampa 
c1e.(j)Xaya-Sierra de Moreno-Cordillera de Domeyko 
:aJÜs) and prior to [he construction of the late Neo· 

gene yolcanic piJe, the drainage direerion was aften 
originalJy towards the cast and unconnected with 
the Pacific baselevel. The Altiplano area has, 
thrúughout the Tertiary, been a vasc area of cen­
tripetal accumulacion of sedimenr wich shifcing 
loci of standing water. It is this drainage which has 
been locdly tapped by the Slrong Slreams eroding 
headwards 00 che Andean flanks. 

Drainage cowards che aggrading ¡ncernal basins 
on che Altiplano is by streams occupying channels 
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PLATE lo Tbe manderina: R(o Lauca flOwlng south-cast in me Altiplano. (Hycon 7296. 

of low gradienr and litde hed incision, although 
strong erosion is taking place on volcano flanks. 
Sur.h streams are normally shon, although the 
ríos !.auca and Cosapilla are notably lo nger. Mu<h 
of the Altiplano region east of Arica is dramed 
by the Río !.auca, which flows SE for sorne 70 km 
across Chilea" territory in a sometimes meander­
ing, sometimes beaded generally shallow channel 
(PI. 8). After passing a considerable distante 
through Bolivia it terminates in the Salar de Coi­
pasa, a smaJl par! of which lies in Chile. The Río 
Cosapilla, which flows northward towards the Río 

Desaguadero and ultimately into Lago Poopo is 
another example of a lengthy stream finding an 
internal baselevel. Unfonunately there are no [0-

pographic data to provide profiles; however, be~ 

cause of the dominantly volcanic aspect of the 
Chilean Altiplano , the Cordilleran streams are 
almost certainly very young. 

Enclosed drainage hasins containing saline de­
posirs which lie west of the Altiplano are tectoni­
eaJly determined . Such basins are typified by the 
Salar de Atacama and the Salar de Punta Negra 
(Fig. 1) . Centripetal drainage in chis region must 
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h:l\\' 1>1.'1..'11 l':\[ahhsIH:tI \\'lIh Ihe rd:tll\ '" uplill III 

eh,,' Cordilh:ra lit.: l)(lIlH.'yko . :llltl tht.' (I.'suh "'"S thl' 

dc..'\ 'I.:lllplm:1H 01' dll' fwo lar~(:Sf S<lh 1;lkc:s in Chilt ... 

Thcst.' hasins colkl'[ th ... , run-off rmm [he An<kan 
flanks bNwccn 22° 30' and 25°UO' S, and han' 
prohahly 11<':1.:0 doing so sine!.: tht.' dosc of thl..' 
Paleog<.:nc whc:n [he srructural changes wcre (irsr 
effcclcd (MortinH:r et al., 1972) . 

Thc arca of the Pampa del Tamarugal is char­
acterized by drainage which has becn ponded since 
rhe uplift of [he coastal mountains ar rhe Palco­
gene/Ncogcne boundary (Morcimer et al., 1974). 
Thc Pampa cvolved as a huge internal drainagc 
basin, antl much of ir has only rcccntly achieved 
a marine hasclevel. Many arcas, howcvcr, continuc 
to collect exotic water and sediment from the 
Andes and act as a tegional bascJevel. lo the norrh­
ern pare ol the Pampa del Tamarugal the Salar 
de Pincados, Salar de Bcllavisra and the Salar de 
Llamara are large areas ol saline accumulation 
where rhe groundwater is ar or ncar surfacc (Fig, 
1), The Salar de Llamara overspills ¡nto the Río 
Loa and is probably already a fossil fcarure, 

Easr of Antofagasta, in (he Aguas Blancas dis­
rriet, rhe Salar de Navidad and the Salar Mar Muer­
to acr as baselevcls not only ro drainage from 
the immediace Andean region, but also from as 

------~--
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1':\1' Mlllth as Papl)!'oo (l:i!! , 1), Silll'l' In'I\\Tt'n I'aroso 

and ¡\!ltofagasl:! thl' draill;l!! ... · is tk'fln'Lnl Illmh· 
w:lrd hr rhc C.ordill ... ·ra tI<: la Costa . Th ... ·Sl · salaTS , 
aJ~lllg with the Sa):tr lid CarIlH.:n cast of Al1wfa ­
l!asta (PI. 6), wcrc prubably forl11l'd following larl' 

Neogcm' wcstcrly upthrow along rhe ,\[acama 
Faulr and associatL'C,! fault brcaks. 

Thc largest quantity of pure halirc is found in 
the Salar Grande rectonic basin just north of rhe 
coascal sccrion of che Río Loa discusscd prcvious­
Iy. Orher smaller cecconic basins in che northern 
pare of the Cordillera de la Costa are very numer­
ous, and each constirutcs ¡es own drainage sys­
tcm, Sorne such dt:prcssions havc a saline floor 
whereas orhcrs seem ro loose any water they re­
ccive rhrough pereoJarion aJong their boundary 
faults, Centrípetal drainage basins in the coasral 
mouneains are nor coromon south of Tocopilla 
possibly because rhe prcdominaotly unidirectional 
faulr seyle has noc pcrmitted enclosed basins to 
form, bur several smalJ dcprcssions occur ac che 
[oot of rhe Salar del Carmen fault. Such depres­
sions as these have Icd {O the formarion of riny 
playa basins. Small playas of very local signifi· 
cance, have forrned by aeolian action, local tec· 
conic or sedimencary events, and are common 
rhroughout che whole of rhe north of Chile. 

OVERVIEW 

Until recenrly the majoriey of the dt:sert has been 
isolated from a marine baselevel, and drainage 
rowards local basins has bcen prcdominant. Largc 
areas still have no drainage connection with che 
sea, and many other areas, although conneeted by 
channels eo a newly-established outlet to che sea, 
still function as local or regional baselevcls to 
erosion beeause the channels have nor adjusted 
their profilcs to the massive basclevel. 

The drainage lines eonnccting rhe longitudinal 
depression wich rhe sea, or the Cordillera wirh che 
longitudinal depression have, for che mose part, 
becn devdopcd within the latest Neogene. Chan­
neis of the souchernrnost area are of greater anciq­
uity,and cvcn these are nor adjusted to the present 
Sta leve!. The only watereourses to dernonstrate 
any high dl'gree of equilibrium with the present 
marine haseJcvcl are rhose in the extreme nonh 

which have eaptured some of the Altiplano drain· 
age, and the resulting ¡ncrease of flow has cnabled 
thcm [o more lully adjust their bed profiJes. Al! 
other srreams rcach ing the coast demostrate rheir 
inequilibrium with che prcsent baselevel by che 
convexiry of their lower profile, and many of 
rhem have irregular uppcr profiJes which reflece 
cectonie changes of the landscape and tht: ¡nabi­
lit y of downcutting ro rapidly eradieate such 
effeccs, 

The overall imprcssion is chac fluviacile crosion 
and channcl developmtnt have been largcly unable 
ro kcep pace wich orher, stronger geornorpholo­
gical influences, The structural imposition of the 
basic physiographic units during the Neogenc su­
perccded mast al a drainage panern whieh must 
havc existcd in the lowcr Tertiary, and rhe result­
ing tcctonic.: control rcmaincd dominant unril rhe 
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prcscnt. Other strong ¡"f1uences have becn volcan­
ic ourpourings in the hig~ Andes which havc 
modified the drainage panern. Coastal rcct."Ssion 
has also had a profound ¡"fluence on channel and 
other littorallandform development. The extreme­
Iy arid climate, has been another factor in inhibir­
ing rapid disseetion. 

The landscape and drainage style of the south­
ern area was largely esrablished before rhe close 
of the Miocene. The lack of Miocene planation 
in the far north is taken to indicare that in the 
upper Tertiary as now there was a southerly in­
crease in precipitatíon. Only relatively recently has 
there been any tendeney for new river systems to 

become established. The Cordillera de la Costa has 
beco breached in the north and drainage of the 
longitudinal depression and the Altiplano has 10-
cally been captured. Deep canyons have beeo cut 
across and peripheral lo the Pampa del Tamarugal. 
and ephemeral streams in lhe coastal area are 
bcginning to notch the diff to an extent which 
reflects the southward ¡ncrease of rainfall . How­
ever, the rate of dissection in the recent geological 
past is not considered to have been effected solely 
by climatie or teetonie ehanges, there has instcad 
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becn a Iessening in cffcct of influences which pn:­
viously inhibited channel formation. Coastal rcces­
sion scems to havc momcntarily halred along much 
of the coast. The production of vast shcc(s of 
ignimbritic lava seems (O be quiescen[, as docs the 
eruption of large volumes of andesieic lava and 
the formarion of stratovoJcanoes. The counrry is 
notoriously seismically active, but faule rnov~menr 
along the major western longitudinal breaks sccms 
to have waned during the Ncogenc, conscquently 
the effects of the slow fluviatile procc:sses are now 
becoming partially establishcd. 

The ultimare control of the physiography of 
the western continental margin of South America 
is the process of ' lithospheric pIate convergence 
which has led to ehe dcvelopment of the Andean 
cordilleras and their associated srructural and vol­
canle phenomena. Although this process, insofar 
as its superficial geological expression is con cerned 
appcars to be experiencing a tranquil phase. [here 
is no ¡ndication of any major change in [he man­
ner of plate convergence, and the endogenic land­
scape proeesses could easily be re-established in 
thcir former role. 
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