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The aim of this paper is to present 4 sumnuuay of current knowledge ubout Quaternary clis ‘lic\*\\_g‘,/’

chinges, seatevel fuctuations, tectonic deformation, and volcanic activity in Chide. In th . Anican
highlunds of the hype and desert, glaciers and lukes fluctuated repeatedly. Baadenes of prasad
pentods s not well documented in the margined desert. On the contary. pronounced chinatic
Changes are recorded in semitanid Chile. In centrad Chile two or three major glucial advan
been identified, but they remiencd contined within the high Cordibled v, In the longitedin
uf the Like Region geomorphic reinnants of four gliciations have been deseribed: PO date

ces have
dov iy
e
avarlzble for the last glaciation. The glacial history of the Fjord Region is sull obscure. Wh ser
Pleistocene chmatic chamges m the northern and southern part of Chite were synuhronous o, noat
is u problem which requires furtiier investigation. Sea level tiucumtions along the € hate e
in part ascribed to ghwio-custatic etfects. They Teft striking sets of step ke manne 1oy 0
northern and central Chile. From a puleontologic point of view the Pleistocene corresponds s a
pronounced move toward isolation and endemic development of the manine fauna. The Quater
tectonic tendency seems 1o be toward extension uand not compression expected as el
spreading compensation. Normal faults limiting uplified, downwarped, und tilted blocks are com-
men Folds are rarely tound. Northern Chile is characterized by an imposing chuin of & ot
600 siratovolcanoes. They rest on Tertiary ignimbrites which vover the altiplano. (Guartz-be... g
latite-andesites are predomimant. Present volcanic activity is sporadic und weak. South of a4 o
spicuous gap between 27 and 33°S, Quaternary voleanism reappears in the high Cowndiflera, and
many volcanoes have erupted violently within historic times. Rocks are fundamentally andesite
or basaltic andesite. Poorly sorted ashes including pumice clints in the Centrul Valley south of

Lt

Sanliago are interpreted as voleanic mudflows of late Pleistocene age.

INTRODUCTION

The first major synthesis of Quaternary
environments in Chile was written by Brig-

gen in his Fundamentos de la geologia de

Chile (1950) which is “a’ fairly pioneering
work. Other interesting publications in this
ficld are the Lexique stratigraphique inter-
national (Hoftstetter er al., 1957), Seger-
strom’s brief outline (1964a), and Miller's
recent geological bibliography (1973). Be-
cause the last 10 years were a fruitful period
marked by important contributions. the aim
ol the present paper, which improves and
brings up to date a former attempt (Paskotf,
19714), 1s to present and to try to evaluate
eur current knowledge about Quaternary
conditions in Chile. Climatic changes, sea-
level oscillations, tectonic WMUERERYS, and
voleanic activity will be successively ex-
amined.

CLIMATIC CHANGES

" Because the Chilean territory is <lon-
gated, climatic changes which cvcuried
during Quaternary time have to be studied
according to lutitude. From iais point of
view six main regions cun be Jistinguished:
the hyperarid desert, the margina gesert,
semiarid Chile, central Chile. the Lauke
Region including Chilo¢ Island, «nd the
Fjord Region. Among former publications
dealing with climatic changes in Chile. those
-of Mortensen (1928), Caldeniu~ (1932), and
Briiggen (1929, 1946) are the most relevant.

The Hvyperarid Desert (18-27°5)

Evidence of past glaciations has been re-

” 'b”(i'ﬁl%xhc high Andes of the Turapaca and
Antofagasta provinces. Katsui and Gonzales
(1968) described small cirques and skort U-



shaped valleys, more or less obliterated by
Holocene ash and lava flows, in the
Nevados de Payachata Voleanoes (18 10
Stowhichare above 6000 m (Parmacota 63350
wmi Pomergpe 6250 m). Here Pleistocene
moramic deposits are noticeable at about
4500 m. ;ﬂlhnugh small shects of ace are
found today only above 8360 m. Similar
vbservations were made by Fogatbert (14958
ot Sajannt Voleano (6538 1) which lies
the same latitude as the Nevados de Pay-
achata, but on the Bolivian ot the
boundary: during the last ghictation small
tongues extended down to 4300 m and lett
well-preserved  fateral moraines. Thonas
(1967) found cirques and glacuted valleys i
the Cerro Yarvicoya  mountajnious  arga
which stands on the western ¢dee of the
attiplano, at about 20° 8§ lat: he mupped a
conspicuous terminal moraine at about 4000
m i an unnamed tnbutary of the Quebrada
Picunticsa. In the same arcea but on the
altiplano 1tself, ncar the Salar de Huoasco
closed basin, Tricart (1969-1970) distin-
guishéd two generations of Pleistocene mo-
ruines i the upper course of the Quebruda
Sillitlica: an old. weathered. 30-40 m high
Jterminal moraine was built up at 4200 m by
coalescent tongues of ice which flowed
down from ncarby volcanoes reaching al-

wst 3000 m: another sequence of topo-
graphically less marked but fresher end mo-
raines was left by small glaciers at about
4230 m. Each glacial advance coincided with
a higher shoreline in the salar. at 30 and
IS— 18 m, respectively, above the present
one, as previously observed by Bniggen
{1950). These field observations and others
(Vita-Finzi. 1959) which indicate more rainy
climates at least twice. do not support
Troll’s opinion (1928) that the former peren-
nial lukes of the «aliipluno were con-
temporancous with the interglacial periods.
The largest and the deepest of these fukes
was probably an arm of Lago Minchin (20°S
lat) which extended chiefly in Bolivia and
which is estimated to have attained at its
greatest extent a depth of more than 120 m,

side

an area of about 25,000 km?, and a length of

about 4RO hm (Stocrtz and Ericksen, 1974,

Farther south, in Antofagasta provinee,
ice alvo Ieft its traves (Frincis of al. . 1974),
Hollings orth and Guest (19675 mapped gla--
cial torms between Toconce Voleuno (227
10" S) and the Pl Tatto geyser arcu, near the
greatl Salur of Atacanmi Slopes of Pleistocene
strato-volcanoes show a topography char-
acterized by cirques and U-shaped vadieys.,
The rgest glacier was about 10 km fong,
extending down to 4280 m. and it built up a
conspicuous end moraine. Around the salar,
Licustrine  terraces, which indicate  the
existence at one tme of & kike 30 m deep,
were identificd by Brigeen (19505, At 4
simitar latitude, near the Bolivian bordér, 24
terraces and old deltuie deposits are clearly
recognizable around the castern end of the
Salur de Tara (Stoertz and Ericksen, 1974).

At the tme of the extension of ghcrers
and lukes in the Andean highlands of north-
ern Chile, streams running down {from them
formed thick coulescent wluvial fans in the
eastern purt of the centrad valley, here named
Panipa del Tamarugad. In the Arica arca
(Dollfus and Tricart, 1967y and in the Pampa
so properly called (Tricart, 19660 Lecar:
pentier, 1973), four or five generations of al-
fuvial deposits were baid down, ciach one
corresponding to a chimatically induced pe-
riod of accelerated eroston inthe Andes. In
the northern purt of Tarapaca provinee, near
the Peruvian border. the existence of cool,
shallow Quaternary lakes is evidenced by
diatoms  (Dingman and . Lohman, 1963).
Farther south and in the northern part or the
Antofugasta province, the Central Valley
once was occupied by a large ke known as
Gran Lago Soledad, which, at its highest
level, apparently attained a depth as great as
75 m and overfiowed a divide in the Coastal
Range, initiating the downcutting of the Rio
i.oa (Briggen, 1950).

Pluvial periods also took place in the
Coastal Range. They account for the build-
ing up of large aljuvial fans, on regressive
muarine deposits at the foot of the steep lit-
toral clift, by quebradus (epher.erul streams)
running down through deep canyons. These
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\\cxm nadope of the corro Cadillal (5200 m).
They orginate in cirque-hike source areas,
are bordered by lateral ridges as much as 10
m high, and may represent a semilerstage of
former clean ice glaciers. At any rate, it
appears that marks left by climatic changes
are very lightin this part of Chile. Here the
Andeun highlands are espectadly arid today
neither the abové-mentioned in-
\-'1'( rio boliviano nor the polar front rainy

epressions reach them. They lie beyond
the two main pluviometric sy stems found in
Ch dnd such a gecgraphic situation may
explain why. during Quaternary  time,
ciimatic changes were particulariy weak.
Furtherinvestigations are needed to test this
working hypothesis.

Semiarid Chile (30-33° 8

Recent and detailed field observations
(Paskoff, 1970) point to pronounced ¢limatic
charges in semiarid Chile during Quater-
raryv time. Because of its transitionul posi-
ticn between the true desert and the rainy
temperate region farther south. this part of
Chile has been particularly prone to these
changes due to latitudinal variations of the
atmospheric circulation. Repeatedly. what
is now semiarid Chile was a part of the rainy
province during the cool humid periods of
the Quaternary, characterized by a north-

ward shift of about 5-6° latitude of thc'
austral polar front.

The high Andes whose summits rise up to
more than 4600 m were largely ice covered
on several cccasions during the Pleistocene.
Forinstance. the Eiqui Cordillera. near the
Argentine border (Table 15 (3G- Sy, in which
orlv one small hanging residual glacier and
névé putches are found todav. displays a
widespread and distinctive glacial modeling
(cirques. U-shaped vallevs several kilo-
meters long), thus indicating powerful ice-
srrenmerosion. Atabout 2000 min the upper
couree of the Rio Eigui. Rio T
oz the st (Lagena glaciation Tetr o
v.ol-preserved end moraine composed of
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G et Abvascis iy THE ANDEs of CHIE BETWEEN

TABLE |

A0 AN 42

Glacial advances hinted 1o the High Cordillera

fiqui Valley
w s
(Paskoft. 1970

Aconcagui Valley
REESN
(Caviedes, 1972a7

Muipo Valley
33w S
(Borde. 1966)

Cachapou! Valley
RESKTVISN
(Samana, 1967)

: Bt gl.nuixl

Munimuim ex-

Minoer glacial ad-

Lo Vuldes

La Ina

La Laa Valley
3RS
{Habbe, 19%9)

tension of vances at Muitenes
rock glacters Portillo
e b o -
fast glacietion La Lagcuna Portillo Los Queltehues El Manzunar “Tulmorane™”
K m 2860 m 1700 m 1200 m Quitleco
—Pem:hzrﬁmcf ‘ Tapmdo Guardia Vieja - San Alfonso “Hohenmorane™
- S0 m - 1600 m Las Lomas de

glaciation ”

- 0-1200 m

Pre-penutiimute
glaciation 11,

Silto det Soldado
130 m

Tucapel

TAussenmorane’
Rioc Huerii -

Pre-peniitimate
glaciation |

b

lacial advances reaching the Central Valley

Lake District
39-42°S
N .

Laugenie, 1971

Weischet, 1964

!

Hiies. 1960

Lauer. 1963

- Mercer. 1976

-
Last glaciation

Moraimic foops
at Lagos

Moruinic loeps at
Lago Puvehue

Morainic loeps
at Lagos

Morainic loops
at Lago

Moruinic ioops at
Lago Llan-

Villarica. (ED Sultoy Panguipulii. Ranco quihue
- C.alafguen. Riaihue. and (Llanguihue
Panguipulli, Ranco
and Rinthue . .
Penultimate Huulapulli Riv Negra 1L« San Jose San Pablo Casma.
giaciation (L. Viifarica) —_— Antilhue Paillaco
Huidif Ric Negro 1 Colegnul
(L. Rinthuey
Pre-penultimute San Jose Rahue Eastern slopes Eastern slopes' Rio Frio
glaciation H (L. Villanicay of the Coastal of the Coastai
Nochaco Range Range’
(L. Rinthue?
Pre-penultimate Conraco

glaciation 1

* From Caviedes and Puskotff, 1973, modified. Cerrelations are furly good for the last glaciation, only tentative for the
penclumate wactabion. and highly speculative for oider glaciztions.

2300 m another terminal accumulation of
weathered boulder clavs indicates an older
" (Tapado) glaciation. In the Rio Claro valley.
atmbutary of the Rio Elqut. two different
deposits of poorly sorted and poorly strati-
fied sediments are noticenbie, one at 1700m,
the other at 1300 m. Wenschet (1969) as-
ramed they were telt by two separate an-
Ao older than th

i';‘!.\\i;'.:l(‘!\.»‘ !Aj‘v'-\t‘»‘

nevertheless, this interpretation seems de-
batable. and a mudfiov: origin appears more
aprealing.

At the same time as glactal advances were
occtirring in the high Corditlera. the fower
mountainscthe Centeal Vailey, typical of the
Chilean physiogrurhy is lache heres

which staead 1o the west with stmimies v
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by a fail in the wverage temperature and
especiadly by anincrease in precipitation
dronivaland pluvial morphoctimatic
conditions, because the lower reliet foatures
prevented permanent ice formation. Slopes
were covered by lavered periglacial screes.
wand very active torrential Processes took
rlace. Adluvial fans butlt up during the last
anve-pluvial period are no longer active

whichle

roday and are deerly cut by pertedic floods.
The ~etting of ditferent generations of al-
luvial fens, one constructed within another.

ficut rect toalt wien of cool

fans)undand

coastai
which appar-emly corrgspcnd to glauo-
eustatic reﬂreccions. allowed a northward
migration of the Valdivian rain forest as far
as M IS S ss‘Jg; ested by relict vegetation
feund ut Frav Jorece. Some authers (i.e
Kummerow. Ma-.tg. and Schlegel. 16610,
however. assume that the Fray Jorge cloud
forest may instead represent the remains of
the Cenvzoic nectn r cul fere which cov-
ered o great rart ¢f South Americy before
the important climatic dl'fnrcmmt ons that
tock p]ace during the Pliocene. Neverthe-
le<s. the occurrence on coastal terraces of
clayey red paleosols, containing not only
monrtmoriiionite but also kaolinite {Birot,

19701, supports the opinion of the scientists’

who think that Fray Jorge cloud forest-is
procf of the northward displacement of the
Valdivian rain forest during a Quaternary
pluvial pericd. On thc contrary. during the
cre the glacio-eustatic
transgressions were over, colian deflation
on andy, emergent plutforms built up thick
dunes near the coustline. Several generations
of dures, each <ne separated wrom the other
pare el been described
ada, 1L Py carend findings
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Central Criie (33-39°5) -

In the upper Rio Aconcagua valley (32°
S0 S)where: according to Lliboutry (1956),
alpime glaciers descend to approximately
30003400 m. three major glaciul advances
have been identiticd in a detaited geomorphic
survey by Caviedes (1972, Each eone lefta
distinct morainic system: near Portiflo, at
ubou _NO m. huge lateral moraines and a

b_\ I\\o, osc:l!ations of the last (Portilio)
claciation: downstream from Portillo. _at
Guardia Vieia (1600 m) a broad arcuate wall
i1s a weathered terminal meraine (Guardia
Vielagla ul“m‘r“. it Salto del Seldado (13C0
mh, Irlghl_\ audered moranic material behind a
rock barmner eof verrou tvpe records the
oldestrehably recognizable glaciation (Salto
del Seldado glaciatien). Regarding the Rio
Maipo valley (332437 8), Borde (1666) thinks
that two major glacial advances cccurred.
The first one (San Alfonso phase) deposited
till atabout 1100- 1260 m. During the second
one (Los Cueltehues phase) an ice tongue "
reached 1700 m. The large Laguna moraine,
at 2700 m. may represent only a temporary
stillstand in the course of the last glacial
recession (Marangunic and Thiele, 1971).
[nactive rock glaciers found in the highest
branches of the Rio Maipo arc ascribed to a
brief late-glacial readvance (Lo Valdés
phase). In the valley of the Rio Mapocho,
which joins the Rio Maipo just after passing
through the Chilean capital, Santiago,
Tricart’s chbservaticns (Tricart ef af., 1965:
Borgel, 1969) are in goed accordance with
those of Berde since he also identified two
gcne"ations of morainic deposits, the first
ore rear La Ermita, at 1360 m, in the form of
a weathered end moraine covered by
periglucial coliuvium, the second one visible
near Corral Qx,cmdd at 1560 m. but re-
duced to scattered remnants of dissected
futeral and ground moraines. Finally, in the
ur:p(" course of the Rio Cuache pml vulley
1S Santang (19671673

the ':):: sl mod

Yoo
(33 ) descired

chng lett by oun dce teanne



which. i the peak of the last glaciation.
exvtended down to B Manzanar, at 1200 m,

0 bm downstream from the present glacier -

tront which is located at 2500 m. Santana
was unable to discover conclusive marks
lett by older glaciations. but he found cvi-
of a late-glacial advance restricted to
the highest tribitaries of the main valley:
-Recent studies have not confirmed Brig-
gen’s (1946 and Karzulovie's (1658 con-
clusions on the occurrence of old glacial
deposits in the Santiago basin, which is a
purt of the Central Valley of Chile. The geo-
morphic map of the surroundings of ihe cap-
ital surverved by Tricurt{Tricarter al.. 1565)
only shows torrential depesits of fluvio-
lacict origin at the foot of the high

g.xdk.'c..

dence

Cordillera. Cataclysmic volcanic mudflows .

arc incornorated in them (Segerstromet al. .
1964). According to Langhor (1971) unques-
tionable marks let by ice in the Central Val-
lev are found frem Chtilan (26° 26" S) south-
ward. Habbe (1972) mapped deposits of
three glaciations (Ausseamorine. Hcéhen-
morane, and Talmorine) immediately west
of where the Rio Laja (37° 1758). a tributary
of the .  Rio Bio Bio. emcnces from the
\ndczm Cordillera.
In the Coastal Range of central Chile, with
summits rising above 2000 m. Pleistocene
climatic changes started effective morpho-
cenic processes on several occasions. More
humid and cooler climates than the present
-one account for smooth slopes composed of
lavered screes above 1200 m (Borde, 1966)
and inactive alluvial fans at their bases.
Dauta which improve our knowledge of the
upper Pleistocene in central Chile can be
dravwa from new archaeclegical and paleon-
tological findings (Casamiguela e al.. 1967),
maGe near the Laguna de Tagua lagua. in
the Central Valley (34° 30" S). The presence
of Antiter sp. may indicate an interstadial
warming 20.000-20.000 vears ago {(Casi-
miqueli, 1969-1970), The large yertebrate
fauna (Mesiodon. Myl on. Eqires ) disap-
peared 1,000 BP (Montane., 166
Casamiguet, 1968 Paskoff, 167 1) because

atrer

of the Holecene climatic degradation but
mainly because of the arrival of the first

human hunters (Montané, 1972)

The Lake Region gml Chiloé Island (39 -
44°85) . '

In the Central Vuiley of the ake Region
(39~417 S) Weischet (1964, 1970), who car-
ried out detailed field investigations, found
geomorphic remnants of four glaciations
separated by distinct interglacial periods
(Fig.-1). According to this auther. during the
oldest glaciation (Contaco glaciation) ice ad-
vanced as far as the eastern focot of the
Coastel Range and rezched the Pacific
Ocean. north cf the mouth  of the Rio
Maultlin. Terminal moraines were tuiit.
whose material is deeply weathered. includ-
ing sizeable bouiders mixed with a matrix of
Tertiary paleosols. The second glacial
advance (Rahue glaciation) stopped behind
the line attained by the first one: it left
morzaines in which quartzitic bculders
remained sound: kaclinite and halloysite are
the main clay minerais (Besoain, 1664). In
fact. the occurrence of two different
glaciations is still debatable. Lauer (1568)
only found evidence of one old glaciation to
which very much obliterated till is ascribed.
Besoain (1969} did not observe clear
differences between. the red clayey soils
which cover the Contaco till and those
developed on the Rahue till. In the
surroundings of Valdivia, Illies (19€0)
merely mapped deposits of only one old
glaciation. Recent studies conducted by
Laugénie (1971: Laugénie et ul.. 1975 and
Mercer (1976asalso show remnants of an old
glaciaticn (Fresia glaciation or Rie Frio
glaciation). but because Weischet's limit of
glacial advance les farto the west et any ead
meraine noted by these authers, no cor-
relation can be attempted.

The next-te-last glaciation (Rio Negrod s
evidenced by two well pxuu\u cnd mo-
raines. During the cardier stade. e reached
the axis of the Central \;1l:cv, but in the
subseguertstide tdid notgoas fur, tlsef
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CMercer. and Moereno, 19785 dce s
reved to huve withdrawn from the <ites of
the rresent lakes 15200 years BP.
iime of the Varas interstade, but it advanced
azain ard built up the innermost ridge,

which is found 2'eng the western shere of

e mes spiit mas e
TS i) vears oid: the

st

the tules. 2000 veors luter. According to
s o pobunocacal studies. during
sesial advances the climate of the Central

g
Vadley was detinitely colder wnd drier than it
is todavt average July (the warmest month)
temrerature was & Cinstead of 16 Ctoday:
“anual precipitation was less thun SCO mm
instead of 1 to 2 oateday. The prevalent
vegention was then of tindra type: spores
of Lycopodinm fucdianum, which at the
present grow an Tierra del fFuego. were
enceuntered near the.western end of the
Lago Rupanco (417 Sy, On the contrary., at
the warmest time of an ewly interstade of
the iast gl nation, the ree line is
estimated to have been sbout YCO m lower
and the wveriee
e abont =g U ouides G L pre-ent,
Mercer o aes that, after the kst re .
cvich calminaes sbhoee L0 L e

RN

Arndeun t

Inpuai 7 (Suaemer) tempuor-

wWvanee

ereed the fust mager G in \c)t:t%‘»:s’z:

a rapid deglaciutica tottowed. {3

weioay with what e obsemved in voe

“hile nearlat 49 S oMerce B

Eo R0 wssumes that ¢
Caointhe C ol
crespn Y e

erminost €
WIOPS Ve oo
Ltobout i2

SRUEN

. S0P aud
the o tie R

and peat,

is linked a

at the”

GO and 10600 5. ot ee
cadencendicating sach a gl readvance
s not been found.,

Phe postplacial history of scuthern Chile
is not yet well entabhiched. Mesainic ae-
cumulations observed here and there in the
upper courses of Andean mav be
than
advances. Follow-
ing Heusser's palynological resalts, climate
warmed up to a maximum 1=2 C higher than
the present during the Hypsithermal which
took place between 8560 and 65 (.() BPrunder
rsing temperature the Saldivian rain forest
developed and became cxtensive, After-
ward. a st Neoglacial cooling charac-
terized by temperatures of about 2°C telow
today’'s occurred between 350 and 4560
BP. and the Valdivian rain forest lost ground
in favor of the north Patagonian rain forest.

In the Coastal Range. which during
Quaternary glaciations remained bevond
the reach of ice advances. recurring peri-
glacuil conditions are documeaented by slepe
colluvium. in the surroundines of Valdivia.
sections show four gererations of lavered
screes which Weischet (19660 correlated
with the four above-meationed glaciations

R R ] R L

salievs
deposits of retrenting glaciers
deposits of Holocene re

rodier

he found in the Central Valley.

The glacial record of Chiloé Island is
incompletely known. Briiguen (1950) de-
scribed morainic deposits in the eustern part
of the istand. But. according to Stietel
(1968), material cutcropping on the clifi of
the northeastern coast™is of giacial-marine
origin. Eisewhere. Suliet (1969 found only
glaxgio-ﬂuvi"l or glacial-lacustrine deposits,
hm\ . investigations recently completed
r{guwu and Flint (19760, rccc"nize three

oftlapping favers of Quateraary 2lac ! drift,

deposited vn o lowlaed oy picdmont glaciers
of Mndea onginn tiver are, :'c~pcc'i.qi'~:.
thoroughiv devased (oidest deto, part!y

decovea toreoe e cand tresh ivoune
ERTEI : ST ar. ot
Gt i e et et of Hm oo
Conaiag soath st oo che B ear

LI

0
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v ' \ 4 o Chdihree . L el
‘A Qe e o 3 Geddiree s main glacal advances teek place
Owing to its difficult access. the Fiord  during Q\IJICTH‘I\ time. The eldest glacta-
“Regionis stillless known than Chifeé Island.  tten, the most powcertul since the iee reached

After a field reconnaissance, Levier al. (1566)
“proposed the name of Llahuén formation for
a scquence of* clastic volcanic sediments
which atleastin part may have originated as

the present scashore vouth of fatitude 317307
S.is respoasible for the w uiupu ad depost-
tion on the Patagenian piedmont of the well-
T huelche

Roown rodados puatagonicos or

cghactabdeposity and v\'hichcrop cutulongthe  gravens that subscquenty: have been re-
Ficrd coastbetvecn 41730 and 3+7 S, Atthe  worked by running waters. .»\t'icr a long
eastern foot o* t e »\m s, thick und Bxten- interglacial age m o other glaciations

downin a

Ty ~t
g.acwer

ice du

1
\
and ~6 h‘.c een recentiy
1.

dravn by Fischer 19740

vawarmer L.nu wetter
v lL...ﬂlL ‘.w\n‘

in-
creased. Recex;tl_\’
refected a primary ial scurce
Teriwelche gravels ard sugzested that they
rough pediment process<es which
mainiv teok place in Plicce . Mercer

for t“c.

Cr“(“v"\.ed th

;y.<
W UnC

exiendedbercondthe ec’ve of Ehe ccr:t’i. ental  (1969a. 19724, 1973a.b. 197 6 .\16 cerefal. .

sheir. Fartherscuth, stittenthe western side S:Fleckeral.. 1972) however. considers
of the Andes. the proviem of late Pleistocene  that they represent mid-Pliocene to early
environmental changes was investigated in  Pleistocene glacial outwash gravels depos-

an Rafuel area (467 40" Sy by
1985, Muller 1165064, 195360
G wrence and Lawrence 11939).
Heusser assumes that the moraine ridges
; mor a:“w' formin g the l 1guna
rim. were tuiit up by a Neoglacial e ded
foot phase of San ‘{uﬁ el g'acier by 50(;0—
4GC0 BP. Muller. however. censiders that
the Tempanos advance occurred prior to
(00 BP. A fairly cood record of observa-
tions since the end of the 17th century points
to repeated recessions and advances over
several kilometers of San Rafael Glacier.
ca sishes out Into the eastern waters of
zuna. Near ruerto caen (457 10° S)on
eiingien Is'and, paivnolcgical studies
(tleusser. 16720 show a return ¢f montane
nena cEmpetrunt.

e

soreal species. principalls

ited during an interval of about 2.5 million
vears. They are interbedded with basaltic
lava flows which have been radiometrically
dated (K Ar methodi south of latitude 49° S.
According to this author. the earliest glacial
event was a major mid-Pliocene expansion
of the ice about 3.5 million years ago toward
the end of the Gilbert Reversed Epoch: it
perhaps corresponds to the initial formation
of the ice sheet in west Antarctica. Incon-
clusive evidence suggests that the entire
Gauss Normal Epoch was nonglacial, with
ice confined to the Cordillera. During the
Matuyvama Reversed Epoch. glaciers re-
peatedly expanded over the I’dtdgonmn
piedmont as much as 2.CR miilicn years ago.
with the greatest glaciation occurring after
1.2 and per hdps cefore 1.03 million years

at the expense of the Nothofagus forest by ago.

SU06 2P this return is interpreted to result The three main units of glucial drift

from un imperient glacier readvance. _ (Pichileufu. Ei Condor. arnd Nahuel Huapi.
In the scuthernmost part of Chile. the inorderofdecressinguge). which have been

glacial geciczv of the .y*"rozu;"u of identified by Fiint und Fidalgo (1964, 1969)
fuzullunes Strait and Tierra del (o ceo bas along the ewstern shores of the Argentine

Acrouchly investicated for more than lakes hetween 357 10" and 43 107 S lat. are
decades by Auer, who published  also recounizaiie in the surronndings of the
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These authors suggest tlmt the xsc.xlhuu*"
disphived by the above-mentioned drilts may
reasonably indicate a Wicconsin age afthough
the oldest drift could conceivably -be pre-
Wisconsin, The yourigest drift corresponds

o late-glacial readvance which is radio-

metrically undited but probuably older than
12,500 B Mercer. 1968), Afterward the ice
.r‘cch‘cd on the castern -as well as‘on the
western side of the Corditlerd. and by 11,000
BP glaciers were smaller than they are
today L implving the start of the aypsithermal
interyal. during which impertant changes
;-.t Fected the hyvdrographic network (Dresch.
“1). Three Neoglacial advances culmi-
rutcd dt the beginn
about S600- 2200 BP. during the Subatluntic
between 2700 and 2200 BP, and during the
last centuries. Between readvances glaciers

receded to within their present borders

(Mercer. 1970a).

Gieneral Considerations

Whether Pleistocene climatic changes in
the northern purt (pluvial cpisodes) and
southern part (glacial episodes) of Chile
“were synchronous or not is a major problem
which remains to be solved. because the
meteorological model accounting for them is
still debatuble. Forinstance. Nogumi (1972)
assumes that the atmospheric circulation
pattern during the last glaciation was similar
to the present one. and that the Wisconsin
snowline depression in the Andean Cordil-
fera was mainty caused by a cocling of the
atmosphere. However, Puaskoff (1970).
Hastenrath (1971), Caviedes (1972b), and
Suzuki 11973) infer that the southern polar
front was displaced S to 67 northward during
the Wicconsin glacial age. It Van der
Hammen's opinion (1974) on the contem-
peraneity of climatic changes in tropieal

Andes with those recorded in higher
Fatitzdes is correct—and it seems so on the

Pasis of C duting—the intertropical von-

Sercence (TCY was alse displaced south

b(fu )l ’j _/ o Qe
” r?

. ~-
{‘ Anh et

ing of the Subboreul

cell J(Dollfus, 1973) and conse-
quently a narrowing of the arid belt (Dresch.
1973). But such a view 1s not shared, for
instance. by tarbridge (Damuth and Fuir-
bridge, 1970: Fairbridge, 1972). who sug-
gests that the 1TC was shitted northward
during the Quaternary glacial advances in
the temperate zone of Seouth America,
causing a reduction in rainfall in the Iropml
lagitudes.

Quaternary climatic changes were of
glacial or periglacial type in southern and
southernmost Chile on the one hand and in
the Andean highlands of northern Chile on
the other hand. They were of pluvial type in
central and northern Chile, except in the
high Andes. These climatic changes were
characterized by a decrease of average
temperature. at least in the southern half
of the territory. and by a decrease of
precipitation in the southern and southern-
most part of the country, but by an increase
of precipitation in central and northern Chile
(Paskoff. 1971a). 1f the two last glaciations
which affected the high Andes are relatively
well Known, the number as well as the
spatial extension of older glaciations are still
unclear. and further investigation is needed,
particularly in the Lake Region.

Finally. these climatic changes show a
general parallelism with those evidenced in
asimilar geographic situation in the Northern
Hemisphere. at least within the limits of
radiocarbon chronological -control (Heus-
ser, 1961, 1966b, 1973: Paskoff. 1976a).
However. the Younger Dryas cooling at
about 11,000 BP. clearly established In
northwest Eurcpe. is stitl under discussion
in Scuth America as well as in New Zealand
(Mercer. [969b. 1974). Neoglacial fluctua-
tions in both hemispheres show an in- pha,\c
relationsiup for the most part, but the
ad\";mcc which culminated at the beginning
of the u‘.wmml was  mich more pro-
nounced i tigonir amd in New Zeahind
than in the “Sorthern e rmx'*huu where it
was a rather minor event (Mercer, 1967,

pressuie

11
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“C1970h), On the contrary. the Subatlantic
A2 readvance seems to have been more im-
portant in the Northern Hemisphere than in
the southern ene.

SEA LEVEL FLUCTUATIONS.
Detuiled pa

eseaih
central ang
106‘) wa.\t

feontelegical und geemorphic
rece ntlv carrted out along the
i northern coast of Chile (Herm,

L 197¢: Caviedes. [872ay has

led toaconerent scheme ‘-t'<ea Ze‘ e‘ fluctua-
tions durin

i

~teek rlace (Segerstrom,

ak,in others, also
1963 Scgerstrom
and Cooke in Fuenzalida et al.. 1965
Borde, 1966: Alvarez. 1966: Mortimer.
1969, 1973). In this respect Coquimbo Bay,
(30°S) and surroundings represent a unique
and impressive site (Paskoff. 1972) because
of its relative stability, the cleurness of
abandoned cliffs and extensive wave-cut.
platforms cccurring between120- 130 m and
present sea level. and the wealth of fossil-
ferous becch deposits (Figs. T and 2). A
1:30.000 scale colored geomorphic map of
the Cocguimbo Bay area is available (Pas-
ket 16701, and detatled stratigraphic. pa-
and palececologic data have -

d by Herm (1969).
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Fic. 2. Qua
and Paskoff (1967):

ternary menne terraces around the southermn part of Coquimbo Bay, according to Herm
(11 kedrock not reached by Quuternary transgressions: (2) alluvial fan:

(3) lower

Pleistocene fluvial terrace: (4) middle Pleistocene fluvial terrace: (5) Holocene fluvial terrace: (6) edge of fluvial
terraces: (7) abandoned cifff (less than 20 m highj; (& abandoned cliff (more-than 20 m highy: (93 assumed
abandoned cliff: (10) arandened cliff of Cuchagta stege: (11) marine terrace of the Serena [ stuge (lower
Plcictocene: (12) marine terrace of the Serena. Il ~tuge tGower Pleictocencs: (13) masine terrace of the Her-
radura U Gtoge middle Pleiciocene:, (14) marne terrace of the Herradura 11 stage (middle Pleistocener: (15)
loose marine <ediments of the ' ‘,.cr Vegn <tage tower Helocene . (16) loose marine sediments of the middle
Vegn stage fmiddie Holocener (17) bedrock croded by murine abrasion during Quaternary time: (X colian
derosas 1D = dl:m oty m,m.,ngs.
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Bav area).,

according to Herm and Paskoff (19671 (1) bedrock: 125 upper Pliccene tCoquimbo formaticn < ¢ 3. marine denosits
of the Pleistocene marine stages: (4) marine deposits of the lower Helocene: (5) marine dezosits of the middle

Holocene.

The Pliocene-Pleistocene Boundary

The Tertiary Era ended with a transgres-
sion which began in the middle Pliocene
and left the Cogquimbo Formation (Hoff-
stetter er al.. 1957). This formation is
made up of vellowish to grevish. poorly
cemented sandstones charactenized by fine
to.medium sand. a sublittoral to neritic
tacies. and abundant fossils. Molluscan
assemblages point to a faunal province
showing considerable influence from the
neighboring Pucific realm toward the north.
in contrast to the Miocene faunas marked
by a majority of Atlantic genera. From
middle to late Pliocene endemic evolution
of several groups (i.e.. the Pectinids and
the Venerids) can be demonstrated. On the
whole. Pliocene faunas show a much closer
affinity to the present Panamic province.
churacterized by numerous warm-water
genera and species. than the fauna does at
present (Herm. 1969, The Quaternary
begins with a conspicucus rearession—the
Tongovun  regression  (Paskoff.  1968)—
whose depoesits, including continental moi-
lusks (Herm, 19700, are separated by an
erosional unconformity from those of the
Coqguimbo Formation. Where the Tongoyan
deposits are locally preserved. they are in
tirn capped by marine sands and pebbles

laid down by the first Pieistocene transgres-
sion. - :

Quaternary Marine Conditions along the
Central dind Northern Coast of Chile

From a geomorphic peint of view. Qua-
ternary transgressions generally left striking
sets  of step-like marine terraces—five
around Coquimto Bav—each separated
from the other by steep abandoned cliffs.
These landforms. generally well preserved.
were cut either into soft Pleistccene sand-
stones of the Coquimbo Formation or more
resistant pre-Tertiary rocks.

Quaternary deposits are rather thin
generally consolidated teach sediments. in
which sards. pebbles. and shells are mixed.
It is sometimes possitle to distinguish trans-
gressive deposits from regressive deposits:

. the former often include rock fragments

taken from the substratum. resemtbling basal
conglomerates. whereas the latter are
mainly stratified sands with few pebbles
(Paskeft. 1970

The beginning of the Pleistocene
responds o a secend,
move toward
velopment of the meaire Dauna, This chuirge
includes the fuuna from all Bioteres ard s
apparent through t D arincreasing reduction

cor-
oore preneunced

: ) i

- .
INOIRTION AN e de-
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-COMMUNes: nd i3 exie

CL genera (inonie. Farere. o), mostly
forms desiring warmth: : 21 reduction of the
number of species. espediany among the
genera Cilamivs and Caories for instance,
only one Chlunivs is found in Pleistocene
deposits. Criamys purparaia. 1n contrast Lo
five in Pliocene si2 {3y substitution
of the domunan in the faunal
nsive develop-

- i

ment of sever.
the Pliocens as

new i*.*rn
the rorn en\

these SoClies. however.werzax

province:
ralied again

curing the middie Poaisiozens. pmmmg tca
cooing of' the Bumo~olids CTumrent. In fact,

the fauna remains re'ative’y constan: through
the Pleistecene and aprezrs to be quite
simifar-to thar of the Heolocenz (Herm,

1969).

Quuaternury Muarine Staces

At least six marnine stages. each charac-
terized by a transgression. a standstll. and
a regression, are evideni. Data decling with

each of the\ sta summarized in
Table 2. slightiy modiiied from Herm and
Paskoff (1967).

South 0f 33° S lat avaiizhie field observa-
tions still remain too diszontinuous for
testing the above-mentioned marine Quater-
nary model set up for the centrel and

northern ceast of Chitie. However, scattered
datd point to the impcrient 1o

L ara
g2y ars

role plaved in
the geomomro icgy ¢f the continental
margin by glacic-eustatic fucuations which
interfered with tecioric movements. Ac-
cording to Stiefe} 11574, the scuthern coust
cf Chile was di; ooraised, without
faulting of any b znd glacio-
eustatic osciflations v»cm . impoesed on
the upward movemen:

(19641 qttribute to sen jevel changes the
marine terraces of e Sen Antonie and
L1971 <

hageen

ta

fer
si

g.:

Curthagena ares (33 2

o=~ . o
YOI 2 mentions manre ~Lrorm

Py
'n

35 and 36 St which he believes are of
glacio-eustatic origin and tectonically up-
lifted. Around the Rio Bio Bio mouth,
near Concepeion (367507 §) deposits slightly
above present sea level are uscribed by
AMartinez (19681 to the worldwide Holocene
transgression, but according to Galli (1968),
they have bren affected by recent crustal
deformations. In the same way. Stiefel
(1968, 1974 assumes that glacio-custatic

__changes interfering with tilting and faulting

account for the geomorphic features of the
Araucopeninsula (37731 Sywhich consist of
five main marine terraces. According to.
Raizuka (KaizuXaeral. . 1973), each surtace
was made under a Quaternary marine trans-
gression, probably caused by a eustatic rise
of sea level: the Canete surtfuce. the widest -
among them. is ascribed to the last inter-
glacial. In the surroundings of Valdivia
(39748’ S)yWeischet (Fuenzalidaer af.. 1965)
reported evidence of discontinuous marine
terraces at 1-2 (today practically sub-
merged because of subsidence that occurred
after the powerful earthquakes of May,
19601, 10135, 20-25, 30-35, 70. and 170-
200 m: if Lauer's (1968) hypothesis is
correct, the first two levels would be,
respectively, of Holocene and Sangamon
age. Marine terraces found at distinct levels
have been identified along the northwest
coast of Chiloe Island. near Chepu (42°04" S),—
but no correlation has been attempted

(Wauers and F]eming 1977)

Fjﬂl(x \egmn are practically unknown.
Scattered data available for southernmost
Chile «ill be presented n the third part of
this report in connection with crustal move-

ents linked with glacial—~isostatic rebound.

Relationship berween Marine and
Terrestrial Deposits

About this
neCessary

important  problem, it is
to clearty distinguish between

S short, inermittent streams presenting steep

profiies. ~uch as the so-culled quchradas
which run down from the Coastal Range in
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good agcordanee

it

northern Chile and permanent oivers with
smoeoth prefiles. which fow down {rom the
high Andes farther south, In the
thick alluvial deposiis hive been laid down
by streams on emerged teaches during
pluvial periods corresronding o glacio-
LUstam regressions. as atressed by Doll.us
and Trcart (1907). On the contrary, in the
second case. alluvial denosition ook place

first case,

in the lower ¢courses of rivers, because of

and or coid ion

between 28° b\ Cooke

(196<1 along - Paskoff
(1970 along Cd\xedcs

cagua, and by
along the Rie Valdivia are in
with this point.of view.

1972a) along
)

Lauer (19638

s}

TECTONIC CZ=CRMATION

Svntheses dealing with Chilean geology
published about 10 years ago (Zeil, 1964:
Ruiz, 1963; Corvalan. 19635) are still
strongiy influenced by Bruggen's (1950yand
Munoz Cristi"s (1936: idzes on Quaternury
uplift of the Andes. According to such a
short chronology. the main orographic units
of Chile (Andeun Cordilizra. Central Vailey,
and Coastal Rangey would have been
individualized oniy fN.. he beginning of
Pleistocene time when a Tertiury matureland
was strongly faulted. Conseguently, only
the diastrephic contrel was tuken into
account to explain fiuviai and marine
terraces: authors sun Polanski (1965
following Heim "9*’! assumed that the
Andes were not upiifted o st
to support claciers peture the xuvtj: meu( n.
AR ussumption Dal artenrs w be definitely
cent te (.’om(.

e major

wreno, As o rmatier of talt re
deformations veere thouenl o

icoevelution in Quuter-

foctor of ceomery

nury tme. However, 7.0enT gromorniis

entajtitede

studies (Borde, 19660 Mortimer 1969, 1973:
Mortimer and Saric, 19750 Hollingworth.
1964 Paskott, 19700 Suefel, 19710 W72

carried out in northern and central Chile led

Jto new views supported by an increasing

nuniber of K Ar age detérminations of
\‘olg(mic rocks tRutland eral. |, 1963, Clarker
1967 NMortimereral., 19757, \smuult

it appears that the major_ uplitt. of_r_hcAndLs
100k p‘ cg){,lv.jg_gjlg‘_"gi the Miocene or, at
the lazest. at the beginning of Pliccene time
("Teographical phase™ of Vicente, 1972),
For example. the wellknown high cliff of
northernmost Chile. traditionally interpreted
as a Quuternary fault scarp. is now

~considered to be the result of fuulting at the

end of the Miocene time tollowed by mariné
erosion during Plioeene time (Mortimer and
Saric 1972: Paskoff, 19735, 1976b). In the
same wav. much of the faulting in the
southern Atacama Desert probably oc-
curred well betore the beginning of Quater-
nary time (Cooke and Mortimer. 1971).
Adopting such a long chronology implies
a reassessment of the effects of Pleistocene
crustal movements which, in fact, remain
important and sometimes striking phenom-
ena. as can be expected in a segment of
the circum-Pacific active continental margin.

Characteristics of Quaternuary Tectonic
Deformation

Ina way. Quaternary crustal movements
represent the proloneation of extensional
motion characteristic of the so-called post-
liminar period of the Andean Cordillera
tAubouin and Borello. 1966. 1970 Aubouin
et al.. 1973). Thus, the Quaternary tectonic
Stats seems to e extension and not com-
pression expected as sea-tloor spreading
compensation (Katg, 1971 Charrier. 1973).
Normal tenjts limiting upiifted. downwarped
and tited blocks are common (Aubouin,
1570 Folds wre roredy found. Suspected
strike-slip feolts (Saint-Amand wnd Allen.
TOROUAY L 1662 1565 w0 fir by ¢ nat Been

PrOYEd ngestion 0 (b, 170
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Some examples of Quuternary ¢rustal
movements have striking tepographic ¢x-
pression. Southeust of tquique . according to
Okuda (1971). a suggestive funlt scarp
disrupts talus cones developing along the
castern feot of the mountain which limit the
Salar Grande (21°S) on its western side.
Brigeen (1950) was the first to descnibe a
scarp near Antofagasta, u few meters high
and several Kilometers long, that cuts an
alluvial fun built up during the last pluvial
period of the Pleistocene at the custern foot
of the Coastal Range. on the northwest edge
of the Salar del Carmen (237 85 S). As a
matter of fuct. both scarps correspond to
segments of a major north-trending fault
zone. called the Atacama fault (Arsbasz,
19683, which runs parallel to the coast as far
as the Copiapo region. In the lower course
of the Rio Copiapd. a north-northeast
striking fattlt which crosses the valley near
Monte Amargo (277 20" S) is reported by
Segerstrom (1965). It has disrupted an early
Quaternary high streram terrace. dropping
the eastern block 40 to 50 m with respect to
the western block: however, alower terrace
of Holocene age (NMortimer er al., 1971)
appears not to be aftected by the fault scarp.

__On both sides of the Rio Limari mouth,

Paskoff (19705 mapped wave-cut platforms
dating back to the late Pliocene and early
Pleistocene. strongly uplitted along faults,
several hundred meters highrand forming the
Talinay Heights which cuiminate at 667 m
just above the Pacific Ocean (Fig. 4). In the
Santiago basin. a graben between the Andes
Cordiliera and the Coast Range. fluvioglacial
sediments from successive Pleistocene gla-
crations in the Cordillera have been pited up
one upon another as a result of subsidence

Fra. 4.
Chiledan coast between lattade 30 and 33 S, according
to Pashol:

WO me 2 r

Quaternary crustal movements along the

SO b faedt scarp cthrow more than
AU scarp dthrow between 190 and 10 mn

IRERRTTHENR
shp el

Lited

pothrow fess than 10 mes o soassumed streke
Sothung, e strongihy ephifted areac 17 up-

SN doewmwarned area.
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(Tricarter af.. 19635). Novertheless, the sedi-
ments flling the Santingo basin, in places
several hundred meters thick, are net
entirely, of Quaternary age. In fac’l. maost
seem to have been laid down in Pliocene

time as a conxequence of the uphift of the .

Andes and during an important episode of
effcctive  torrential  dissection  (Puskolt,
ICa

A general anal\ sis of Quaternary crustal
movem cats throughout Chiie feads to a divi-
¢ terriiory into three main prov-

i
1nc2s. each one charactenized by an OII‘:‘!’IGJ
-

itz. 19582y (1) the northern
rcrovirce. between latitudes 18 and 267 S.
s o ws indizations of continuing uphtt: even
Cew ral Valiev. here calied Pampa del
rugal. in factis not a true graben but a
b lock 1;55 uplifted than the adjacent ones
{the Andean highlands on its eastern side;
the Coastal Range on its western side)
(Tricart. 1966: Cecioni. 1970 (2) the north-
central province. between latitudes 26 and
33°S. shows a relative stability which
prears to be in close relationship with the
ahsence of the Central Valley and Qua-
ternury volcanism in this part of Chile: (3)
the southem province. between latitudes 33
and 46
evidence of which is given by the increasing
thickness of Pliocene-Quaternary sedi-
ments in the Central Valiey south of
Santiago (500 m at Santiago, 33° 27" S:
ICCO m at Chillan, 36% 36’ S: 4000 m at
Puerto Montt 41728 S)and the drowning of
the valicy by the Pacific Ocean south of
werto Montt (Kausel and Lomnitz, 1969).
Recent geological studies (Stiefel. 1971,
1972 indicate that each of these provinces is
made up of independent segments which
have been affected unequally by widely
uniform epeirogenic movements, For in-
stance. the Chilean coust of the intermediate
nrovinge (26-337S) shows three segments
l.L::'. 40w seement hetween 307 10" wnd 317
<5 S has been strongly disturbed by
neotectonie deformation: meanwhile. ad-
Jacent sggments remained

:(3'

vic trend (Gajardo and Lomnitzy

> S. shows an important subsidences-

given ev

relagively, guiet,

Such a differentiation may rettect discon-
tinuitics on the underhving subduction zone,
it Stllitoe's (1974) hypothesis is correct.

ln southernmost Chile, beyond latitude
467 S, where the Patag v;mmm Andes are stll
l\rucl\ covered by ice, gplacio-isostatic_re-
bound is likely to have played an important
role_as a _geomory "hlt l‘ulur in_Holocene
time, Ruised marine terraces have been re-
ported along the coasts of Madre de Dios
and Jorge Montt Archipelago. Magallanes
Strait, and western Tierra del Fuego Island
tAuer. 1939, 1970: Cecioni. 1957). Similarly,
imthe South Shetland Islands. near the Ant-
arctic Peninsula. beuches and wave-cut
beuches perched above present sea level
have been described (Arava and Hervé.,
1966). All above-mentioned authors logically
postulate an interaction between glacio-
eustatic fluctuations and glacio-isostatic
crustal.movemenls to account for such
emerged coastal features. Cecioni (1957),
foilowed by Katz (1962). also assumes that,
independent from glacio-isostatic rebound,
Patagonia has been tilted during Quaternary
time with upwarping on the Pacific side.
Unfortunately. quantitative duta dealing
with Holocene glacio-isostatic uplift of the
Chilean Fjord coust are lacking because of
the scarcity of "C dates on fossiliferous
beach deposits (Richards, 1966, 1968).

Present Active Faulting

Oddly enough, topographic surveys and
geologic studies carried out just after the
major eurthquakes which have occurred
in Chile for the last 15 years have not
idence of unquestionable fault dis-
placements (Lomnitz. 1970 Arabasz, 1970),
whereas striking examples of present uctive
faulting are well known in such other
tectonic regions as Peru, California. and
Jupan (Allen et al., 1971). Numerous ob-
servations. however. show that the great
earthqueke sequence of May 21-22. 1960,
which aftected southern Chite between lati-
tudes 37 and 487 S was accompanied by
tecronie warpipgincliyding koth ypiift ynd



which is more than 200 km
1000 km long, vertical

nhoolyved region,
wide and about

tectonic displacements resulted in an uplift

of the continental shelf of at least 5-7 m. a
subsidence of as much as 2-3 m of the
Coastal Range and the Central Valley. and a
slight uplift of less than 1 m of the western
margin of the Andes (Plafker and Suvage.
1970). The pattern of surface detformation
suggests a displacement along a major
thrust fault approxtmately 1600 km long and
having an wverage dip of 357, The fault
intersects the sea floor in the vicinity of
the Peru-Chile trench. The 1960 earth-
quu‘\—: implies a dip—slip movement on the
fault plane of close to 20 m which can be
exnlained by the release of elastic strain
energy .accumul_atcd by the underthrusting
of the East Pacific plate migrating east-
ward at -more than S ¢cm'year under the
Americas plate migrating westward at 2 cm/
vear (Plafker. 1972).

QUATERNARY VOLCANIC ACTIVITY

In conterminous Chile. Quaternary vol-
canic rocks crop out over more than
30.000 Km* (Levi. 19653). With the excep-
ton of olivine basalt lava flows of probable
Holocene age (Altevogt, 1969) found on the
Patagonian plateau 130 km northeast of
Punta Arenas (53° 10" S) near the Argen-
tinian border, all these volcanic rocks
originated in the high Cordillera. The
Coastal Range remained entirely beyvond
the reach of Pleistocene volcanic activity.
In the high Cordillera, two provinces may
te clearly distinguished—the northern
province (177 30'-27° 20" Syand the central
and southern province (35° 15'=52° 20" S)
(Corvalin er al.. 1968: Vergara. 1970
Vergara and Gongzales, 19720 Katsui. 1972;

Pichler and Zeil, 1971, 1972
Northern Chile (172 30°=27° 30" §)
RKnowledge of Cenozeic voleanism in

northern Chile has made great strides in
the Kist decade (Zeil., 1963, 1968 Dincman,
1968 7l Pichler 19570 Koatsmn

and and

-1965: Rutland et al.,

Gonzaies, 1YBs! HOUBIEWUL UL anu vuve ..
1968: Pichler and Zeil., 19692, br Francis
et al.. 1975). Volcanic activity which began

in Neogene time went on during the Quater-
nary with new characteristics.

Huge outpourings of fissure Java dnd
pyroclastics built an extensne
rhyolitic ignimbrites during the late Miocene
and throughout the Phiocene, in close rela-
tion with the extensionu! tectonic phase
which gave rise to the uplift of the Andes
(Hollingworth, 1964: Guest, 1969). Such
volcanic products. interbedded with detrmital
continental deposits. reach thicknesses
ranging from 400 to 1609 m and have been
gciven a varety of local formational names:
Rhvolite Formation (Briiggen. 19501: A
de Pica Formation (Galli and Di""f"!r.h.
1962): Oxava Formation (Salas er al.. 19560,

§

plateau of -

They cover more than 75.000 km?® in Chile,’

but they also are found in Peru, Bolivia.

and Argentina, covering in total more
than 130.060 km?® (Fig. 5). Ignimbrites

range {rom alkalic rhyolite to rhyolite and
rhvodacite. Zeil and Pichler (1967) pointed
out the anatectic origin of these rocks:
the rhvolitic magma was formed by the meit-
ing of sialic material in the upper part of
the crust. K/Ar determinations (Dingman,
1965: Clark er al., 1967)
indicate that they are-late Miocene to Plio-
cene in age (12.6 to 4.2 million vears).
Recently however, Mortimer ef al. (1973)
estimated on the basis of new radiometric
dates that their depesition might have com-
menced in the early Miocene or even be-
fore. In Chile, Tertiary ignimbrites that
spread from the high Cordillera to the low-
Iving Pampa del Tamarugal form extensive
plateaus which are dissected and inclined
westward, except where tectonic move-
ments have moditied the originad siope.
~During Quaternary -time.
pourings  displaved new  characterist:
They are contined within the highest

ar oo Andean Cordillera, near the Rolivian
and Areentinian borders, and volconmisos s
of the central tvpe. Anprovimutein 5S¢0

|

stratovofcanees have bPeen butit upon e

volcanic out-

alne: nmm which is o phateau sx'u(l.w ‘.t an
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Fie:. 5. Cenozoic valeanic areas in rorthern Chile, according ro Zeil (19635 (1) sudars: 2y pumice fields: (3)

Cuaternary Andesite formation: 4 upper Tertary Rhyolite formation tpredom:nantly ignimbritest: ) dormant
SIRIO veicano: (A nctive strto volezno. ’ ’ :

avorace shtitnde of 3000 moand many reach - of the Cordillera. over more than 107 of
Eo0imoor meres fhey form oan imposine  latitude. The

volcanoes follow  tectonie
cnuin, apergiimaie!s paratle! to the sirke

trends. mainly in cchelon faults that een-



Imu.mms (Miller. 19675, Calderas.
Jomes. and lava Hows are found in addi-
ton to stratovolcanoes. The bulk of the
(Juuternury voleanic rocks belongs to the
w-called Andesite.Formation. Quartz-bear-
ing latite-andesites are predominant, but
lavas of acid composition, dacites (Guest
and Sanchez. 1969), and rhyodacitic ignim-
nrites (Roobol er al.. 1974 bave also been
Jescribed. No Basalts were found. «Accord-
ing to Pichler and Zeil (1969a. b. 1970.
1571 1972), there is e\idcncc that the
mdcs tic magma originated by partial fusion
rial of the lower. dcgramuzgd parts
of the crust. Pleistoccene stratovolcanoes
were e‘ gd by glacial erosion. Durrng the
Quaternary. a migration of volcanic centers
from the northeust to the southwest oc-
curred. Present activity is sporadic and
weak: it is mainly restricted to fumaroles,
solfataras, and gevsers.

Pseudovolcanic features have been re-
ported in the Chilean desert. Thomas (1969)
descrmibed a distinctive group of craters of
probable meteoritic origin, near the Quil-

lava

l;:;:ua oasis (217 307 S). A crater whose
2teoritic character is verifed by pamdes.
of impact origin has been discovered :

1' 1
237 §5° S and 687 16" W by Sidnchez (Szin-
hez and Cassidy. 1966).

Central and Southern Chile (33° 15" -

\3 ’(} 5

There IS a conspicuous volcanic gap in
Chile between latitudes 27° 30" and 337 13 S.
where Andean summits reaching ulmudes
of S000 to 6000 m are not volcanoes. This
marked lack_of volcanism closely corre-
sponds to the vamsning of the Centrul
Valley and a clear decrease in seismic ac-

ity (Stauder. 1973). Perez and Aguirre
(1989) supposed that low-angle reverse

faults. which churacterize this zone of Chile.
may . have magmatic  channels,
hindering the outpouring of volcanic ma-
terial. New hypotheses dealing with piote
tectonics recenthy have been \u«":c\'\cd by
Mortimer (1973 and Drake (1974

sealed

Saslower

ducting hithosphere may have resuited in
reduced magmi generation, by
Quaternary volcanism reappears at the
latitude of Santiago. At first it remains
limited to the crest of the high Cordillera:
then. from latitude 38° S. it cornes closer to
the Central Valley (Fig. 6). As a.matter of
fact, a significant westward migration of
major centers of volcanism appears to have
taken place in the late Pleistocene from
the present drainage divide. probably re-
Jlated to a change in the Benio!f seismic
zone (Drake. 1974: Verzara and Munizaga.
19741, South of latitude 427 S, Quaternary
volcanism becomes rarer and Mount Burney
S(327 207 Sy is apparentiv the southernmost
- Chilean velcano. The vanishing of velcan-
; ismin the Fjord Reg: or closely corresponds
‘to the intersection of the Chile Ridge with
ithe continental margin (Chotin. 1975). PreS«-
‘ent volcanic activity is stronger and more!
extensive in central and southarn Chl.e\
than in northern Chile (Casertano. 1963).
Numerous volcanoes show violent sporadic
explosive eruptions (Gonzaies. 1972a).
Detailed geological studies backed by
numerous radiometric dates (Vergara and
Munizaga, 1974) permit characterization of
the Quaternary volcanism within the Ceno-
zoic magmatic ¢ycle. Forinstance, the Cola
de Zorro Formation, cropping out between
latitude 35 and 38 S and formerly con-
sidered Pliocene -Quaternary in age (Gon-
zales and Vergara, 1962). is now more
reasonably assigned to the Miocene i Thiele
and Katsui, 1969). It is composed of andesi-
tic lavas of the culc-alkaline series. 400 to
8§60 m thick. discordantly resting on folded
and beveled Mesozoic rocks: it forms a
plateau that has been strongly affected by
fauiting during the uphitt of the Andes.
and deeply dissected. Andesitic lava fiows
covering erostonal benches noticeable on
the main valleys are probably
Phoce e in they werz crupted during

the Tatest Tertary phase of volics deeren-

slopes !

GUCT

Live, 0 ernery vercanism s charadterised

by ~ULovaicanoes, lava domes, cieder



22

cones, and lava fows on tne valcy 1noors:
these forms generally are affected by
glacial erlon which A Was pow erful at ttxcm.
latitudes. From a petrographic point of
view. Quaternary voelcanic rocks in central
1ind sctithern Chile are basically andesite
or basaltic andesite of the calc-alkaline
sertes, whereas rhyolite is rarely found
and true basalts are lacking. According to
Vergara and Katsur (1969), these rocks
originated by fractional crystallization from
high alumina basaitic magma of the upper
rante. little contaminated by the sialic
crust which is thinner here than in northern
Chie (30 \m (nsteadof 60 km . according to
Dragicevic, 1970, Pichler and Zeil (1972),
however, do not share this opinion and
asstme that the Quaternary Andesite For-
maticn in central and southern Chile. as in
rcrthern Chile, is a product of a'primary
andesitic magma originated by partial fusion

-of tha lower crust.

[n the Ceniral Valley. between Santiago
and Osorno (40° 35°S; Quaternary de-
posits are composed exclusively of pyro-
clastics, Briizgen (1935). followed later by
Karzulovic (1938 and 1963), -interpreted
ther: &s morainic formations (morrena de
piedra pomez). These deposits are es-

pecially well developed in the Sdntlago

basin where they are emplaced in the topo-

graphically lower parts. Sections under a

thick illuvial duricrust show a mass_of
generally nonsiratified, poorly sorted ashes
which also include pumice clasts. Borde
(1957) was the first to reject the widely
accepted hypothesis of glacial origin of
these deposits, and he interpreted them as
the result of an enormous and viscous
volcanic mudfiow of lahar type. produced
by huge ash falls on the largely snow ice-
covered high Andes. Subseguently. Borde's
laharic explaration was favored by cther
Quaternary scientists {Segerstrom et al.,
1965 Tricart et «l., 1965) carrying out field
investigations in the saeme area. Guest and
Jores (19T4H. however. on the basis of
pecu 'ar Tpipe’t structures. reinterpreted
these denosits as nenwelded rhyolitic ignim-
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Fic. 6. Cenozoic volcanic areas in the Andean Cor-
diilera in central and southern Chile. according to
Picnler und Zeil (19721 (1) Pliocene andesitic to dacitic
voicanic rocks: (2) (uaternary andesitic' rocks: (3)
active stratovolcano: (4) dormant stratovolcano.

brites of primary volcanic origin. Borde's
views” have been confirmed by Stiefel's
1968) sedimentological studies which
brought out close similarities between
Pleistocene ash deposits of the Santiago
husin and the deposits lett by lahurs created
by volcanic activity on snow-covered slopes
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0" S) volcanoes in 1964, Consequently,
appears that an enormous Lihar, induced
v a strong cxplosive cruption affecting
ither San Jose (33° 457 5) or, more prob-
bly. Maipo Yolcano (34° 10" S) during the
ext-to-last glaciation, is responsibie for the
sh and pumice deposits whose remnants
re found today as far as the western
sot of the Coastal Range, not only in
1e Santiago basin but also (Santana. 1971)
1 the Rancagua basin (347 10" S). It is not
nown whether the lahar was cold or hot at
1e time of deposition. Other Quaternary
thars: have been described farther south.
\n exceptionally clear exampie is the Rio
‘eno lahar (34° 50" S) which flowed more
ran 70 km from Planchén Velouro an
6t typical hummecky deposits (cerillos
el Teno). it appears to be late Pleisto-
ene in age (MacPhail. 1973: Davidson,
974). The Rio Laja lahar (37° 15" S) studied
v MacPhail (1966) may be about 15.600

vears old. No radiometric date is available

for the probable upper Pleistocene lahar
reported by Corvalan (1974) near Osorno.

On Tierra del Fuego Island three tephra
1vers, which represent very useful Holo-
enc markers over a rather extensive area

1 southernmost Chile and Argentina, have
een dated by Auer (1974): tephra [ be-
ween 9380 = 90 and 8905 = 110 years BP;

ephra Il between 6600 = 90 and 4480
= 50 years BP: tephra H1 2240 = 60 years
BP.

Antarctic Territory and Pacific Islands

Geologic studies dealing with Cenoczoic
volcanism have been carried out around
the Chilean bases in Antarctica. mainly in
South Shetland Archipelago (Gonziles and
Katsui. 1970). Pleistocene and Holocene
volcanism account for the existence of Pen-
guin Island (62° 06'—57° 56" S) which dis-
plays a characteristic circular form, and De-
cepeion Island (622 377 S—60° 30" W) which
> a typical caldera drowned by the ocean
tRoobol, 1973y, Explosive activity which
ok place on Decepeion Islamd in 1967

1969: Valenzuela et al.,

NP N L Y e i L }h
raphy. A new smatll isiand.
[sland, composed entirely of ash and
scorincecous debris was created near the
northeastern shore of the inner bay (Four-
cade. 1968: Clupperton, 1969 Baker et-ul.,
1970). "As a4 conse-
quence of a new eruption that occurred in
1970, Yelcho Island was connected to the
main istand (Gonzales ¢t al., 1971, Baker
and McReath. 1971: Shultz, 1972). There
apparentiy are close petrographic similari-
tizs and eruntive svnchronism between the
South Shetland Islands and Antarctic
Peninsula and the Andean region of South
America (Gonzales, 1972b).

New data concerning the Pucific volcanic
islands under Chilean rule are now avail-
abie. In Sala y GComez (26 27" S-105°.
28 W) Fisher and Norris (1960 -suspect.
that some olivine basalt on lava flows are
probably Pleistocene. In Juan Ferndndez
Archipelago, Rebinson Crusoc Isiand (33°
40" S-78" 36" W) disnlavs volcanic land-
forms that have expemc“ceJ intense marine
and subaerial erosion, and theretere would
seem-to indicate a late Tertiary age (Baker,
1967a). On Easter lIsland (27° 03° S—10%°
20" W) well-preserved volcanic landforms
points to recent eruptive activity. The three
major volcanoes— Poike, a simple strato-
volcano; Rano Kau with a caldera at s
summit: Terevaka, the largest and the most
complex—as well as little-weathered lava
flows, appear to be Quaternary in age
(Baker, 1967b). This hypothesis has been
confirmed by recent K-Ar dates of 11
samp!cs whic'n are ail vounger than 0.5
million years (Gonzdles e al..-1974). As
expes “! basalts are by far the dominant

rock tvpe, acid lavas being of very re-
opment (Buk P

VIUUY tUpUgs

stricted d‘\‘c{ er et al.. Y87TH.
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