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ABSTRACT

In Southern Chile, aEE determinations (or the last glaciation
have been obrained from the lake region, lat. 407°- 41° 30’ S.. and from
the Patagonian Channels, "lat. 48° Syz49" < Interhemispheric compari-
sons of events before about 25,000 *C years ago cannot be made, because
only minimal ages are available, The reliably dated chronolegy after
25,000 14~ years ago is in many respects similar to that in North Ameri-
ca and Eu;ope, but 1mportant differences are evident during deglaciation.

The last interglacial may have been considerably warmer than
today, because much more chemical weathering occurred then than during
the present interglacial so far. During the las glaciation, glaciers
were largest, and the most outwash was ?rqduced, sometime before 56,000
14~ years ago. A smaller readvance culminated about 19,500 L4g ears
abg, at about the same time as the Late Wisconsin maximum 1n North Ame-
rica, An interstade followed during wich glaciers halved in length;
this interstade was at least partly coeval with the Erie Interstade  in
eastern North America. A final full glacial advance followed that, on
present evidence, culminated probably about 13,000 14, years ago, at Lbe
same time as the Port Hureon advance in eastern North America. No equl
valent of the widespread North American advance about 14,500 14 years
ago has yet been i1dentified. ‘

After 13.000_14E years ago the Chilean glacicrs shrank rapid-
ly, and they were confined to the mountains by 127300 14, years ago.
A similar very rapid warming 13 000-12,000 years ago has“been inferred
from European beetle faunas, but in Chile Lﬁe warming trend continued
arparenLly without interruptian, and glaciers had withdrawn to within
their present margins by IT)OOO 14~ years ago. No equivalents of the
buropean Younger Dryss Stade” ( 11 000- 101, 000 1

1

D % - years ago ) or of the
North American CochTane-Cockburn advance (8.200 % & 000 14 years ago
are known. The postglacial warm interval, if assumed to have coincided

with the time when glaciers were smaller than they are today, lasted

from 11.000 to, probably, about 6.000 14 Eears ago, During the follow
ing Neoglaciation glfc1qrs were ﬂargest‘a out 4.%00,- 4.200 14 years
ago, in contrast to the Northern [lemisphere where this was a rathef min

or episode; smaller advances culminated about 2.500 14, years ago anc

during recent centuries. Between these Neoglacial adVances, glaciers

receded to within their present margins. '

RESUMEN

En el sur de Chile, las determinaciones de edad para la dlti-
ma_glaciaciéon han sido obtenidas en la regidén de los lagos, lat, S =
41'50' S., y. en la regién de los canales en la Patagonia, lat. 487-49°S,
Las comparaciones entre ambos hemisferios de eventos anteriores a aproxi
madamente 25.000 anos A. P. (C,,) no pueden ser realizadas debido a que;
solo se cuenta con edades m{pi*%s ara dicho periode.  La cronologia
confiable datada como posterior a 55.0 0 anos A. P. (€;,) es en muchos
aspectos similar a la de Norteamérica y Europa, pero sttdetectan algunas
diferencias importantes durante la deglaciacién.

Fl iltimo interglacial debe haber side considerablemente  mas
calido que el momento actual, debido a la mayor alteracidén quimica que

* Contribution N”302 of the Institute of Polar Studies, The Ohio State University,
Columbus, Ohio 43210.




tuvo lugar durante dicho periodo en comparacién con la altera
c16n que se desarrolla en lo que va corrido del presente i
terglacial. Durante la dltima glaciacion, los ld! 1ares f
ron mas grandes y la mayor parte de los dFtrltn%' acliares
Iavado} se produjo en una fecha algo anterior a 5% 000 anos
147 - I[_In reavancelmenor culminé alrededor de los 19.
afios A. P, asi al mismo tiempo que el maximo
Wisconsin Tard10 &e "{orteamr-zicu. A esteo s1gulé un inter
tadial durante el cual los glaciares disminuyergn su Iongl
a la mitad: este interestadio fue al menos parcialmente
Lemporaneu con el Interestadio Frie de la region nFanLa]
cirteamerlra. Un dltimo y categorice avance glacia sigu
al anterior, el que de acuerdo a las evidencias dispo
habria cuirninddo probablemente alrededor de los 1: ;
A. P. contemporaneamente al avance Port Huron «
g1on oxléfita de Norteamérica. No ha sido identifa
nlnﬁun avance e2u1valr-nt9 al extenso avance glacia

500 anos 14) de Norteamérica.
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Fig. 1 Location map, southern part of the Chilean lake region, showing end
moraine belts, where traced, and sites of C-14 dated samples.  Re-
produced from Mercer, in press..



West of Lago Llanquihue, Mercer (in press) recogni-
tes three pre-Llanquihue moraine belts. the Rio Frio, Colegual
and Casma moraine belts in derrea51ng §P order_(Fxg. 3 )
Permeable drift in all three moraine Lghlr weathered
Weathering of the Colegual and Fa%ma_dr1fts 1q similar, and 1s
less than the weathering on the Rio Frio drift:. these two mo -
raines may be part of tﬁe same glacial stage, as Olivares (1967)

suggested

Early Llanquihue time

i Llanquihue drift of two ages has been recognized
Early Llanquihue and Late Llanquihue drifs, Where they have
been recognized and dated, the Early Llanquihue moraines are
the nutermost and the most massive in the Llanguihue moraine
belt. hey are also associated with the greatest anTme of
nutwash. 6n the surface of Early Llanquihue drift, fe dspar
phenoerysts 1in porphytic andtqlte are weathered to a depth of
ca. § mm, and on Late Llanquihue drift, weathering of similar
rocks barely perceptible. By contrast the next oldest
drift , the Casma dr1¥t, has weathering rinds on volecanic
rocks of as much as 20 mm. The Casma drlft is weathered to
this degree even where covered and protected by impermeable
Early I anquihue drift, as can be seen near Puerto Varas
(north side of Route V 55, 50 m. east of Route 5). Thus the
weathering took place during the Casma-Llanquihue Interglacial,
suggesting that this interglacial was much warmer than the
present interglacial has been

One hundred meters or s¢ west of this exposure a non
glacial sequence COHSISLLH% uf pPaL on weathered volcanic ash
1s exposed between two tills another road cut (south side
of Route V-50, a few meters wcat of 1ts unction with Route §)
(Fig. 3). Allu ﬁt the peat till] int?r>d%5'90 Balso %hc ad -
acent peat yot ave 1nfinite ages o 0 B samples
1°41%6 Bnd"1-2855)" ¢ e

Seven km west of Lago Hancu (road cut on south side
of Route T-85, 100 m east of Brid nver E Ig goty (Fieg. lf
a 5 m thick non-glacial sequence enﬂaL arly Eldlqulhuc t1ll
1s exposed. The sequence beneath the superf1c1al volecanie
soil consists of.
2.5 m till
2 m interbedded ash, peat and gyttja, with logs at the peat

till 1interface.

1.6 m volcanic ash
0.06m peat
1.5 m clay gyttja
2 m diamicton, possibly till
> 2 m diamicton, probably volcanic mudflow.

An age determxnaLGn of 56.000¢ 2‘088 years (sample
QI-61) has been obtained at the arge countef the University
of Washington, where the greatest age that can be measured 1s
61,000 yedrs; this age should be copsidarad minimal (Stuiver,
Metcer and Moreno, 1975), The lo ad previously been dated
at 36.350 ¢ 2.750 B. P. {sample T—E 348) and the adjacent peat
at _36.900 + 3.400 B. P. (sample I- T,léS)_(Mercer and baugenle,
1973) with a smaller counter whose limit is about 40.000 years.
The Jlikely presence of both tildi and voleanie mudfloew Lin the
section makes interpretation difficult: whether the non-glacial
sequences 15 interg?acial, or dates from an Early Llan?u1hu¢ in
terstadial, is uncertain. However, a suggested mid-L an?ulhue
advance of the Lago Ranco glacier about 36-000 years aga Mer -
cer and Laugenie, 1973) is now known to have been deduced from
faulty evidence.
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Late Llanquihue time

The Late Llanquihue advance culminated shortly afte

-
20.000 B. P. Near Laguna Bonita south of [Lago Rupanco an end
moraine, formed by a distributar lobe of the main Rupanco gla
cler, covers organic sediments that are exposed 1n _a gravel pit
at the side of oute U-91,3 km west of Laguna Bonita, The se
guence consists of
] m compact ti1ll
3-4 m stratified drift
0.2 m sandy clay
0.8 m peat and gyttja
0.1-1m diamicton
1 m gyttja
> 1 m cobbles

A fipite age of 36,300 + 600 B. P. (sample I-6.564)
obtained for the uppermost part of he OWeE I gyttja should be
considered a minimal age. The age of the permost _5 mm of
the upper gyttja 1s 19,450 = j)( years (samp e 1-5,679), Fi-
bers project 1nto the overlying sandy clay, which 1s believed
to have l]:een deposited in a short-lived 1Lf~-ma1 inal pond
App'aranly vegetation on the original surface the bog short

before the glacier reached its preatest egt.ent has been pre
qerved suggesting that the glacier reached its maximum extent
very close to 19. 0O years agn. Other evidence for a glacial
maximum at about 1at time comes from Frutillar to, Lago Llan
quihue (latc. 41°07725"S. long 73°02° 3()"'.\’}, where a pit extends
into the distal f Illlli of an end moraine. In gravel beneath a
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ner ot Lago lanco, on the banks of the Riao Caunahue (lat.40°07' 50"
S., long %2 147 45" W) (Fig. 1), a StiiLlF‘ﬂf"lf consisting of til] or
coarse 1Te-lake sedlrpents covered by ‘IP( grading uy Lo. 1in-
creasing % organic clay gyttja fnvv!o Yy Loarse "gr VPT 13 eX
posed at 70 m above lake lc\fe'i ‘he gravel merges duwnvalley
into a large perched delta. [he clay gyttja contains abundant
driftwood 1ncﬁuding entire tree trunks, and also bands of leaves.
The oldest datable horizon 1s a 5 mm lfnrlr. band of leaves ust
above the clay-clay trJa t: ansition 1ts age is 12,200 + 3100
years (sample GX-29 3%3, }'|;.11_. date, therefore, the p:lacier had
withdrawn completely irom Lago Hanco ‘Mercer and Lavgenie, 1973) Y EN O
tway 1400 km to the south was also ice-frec by 12,000 B. P. Se
no Otway lies east of the Andes, but it is connected to the Pa-
cific Ocean at 1ts western Pnd by the narrow Canal Jelénlmo
Dl_i!‘].n!i{ the early stages of deglaciation Seno Otway was a progla-
cial .’_illfc draining northeast to the Estrecho de Magellanes. .
The spillway was not abandoned unt: the 1ce had recede(} into
the moyntains and the Canal Jerénimo was open. ,Basal pt.«t. at
1.4 m depth resting on_cobbles near the intake the |lj1 lwa
(lat, 5% 48° "5, Tang 71963 ") 15 12, 460" ¢ 90 yenrs BLE lsapls
=gl 29 Mercer, 1970, p. 19).

Sixty km to the north 1s the El Zurdo spillway through
the moraines north of Laguna Blanca. This spirllway must have
been abandoned con31deraﬁiy before the Seno Otway spillway.
Basal peat at 1.5 m depth I‘PSLll‘I on 18 em of clay covering co-
bbles 1s 11,050 t 220 years old %sar_nple BL<1179% It 1s 1mportant
to nmote that the age of basal peat in a spillway only gives a
minimal age only for 1ts dbandmnman, not the actual age or even
a close minimal age; in the case of the El Zurdo gutletstrxndlng
water, 1in Willclllcfay deposited, evidently occupied the 51[11p
site for some time after the E:] cial drainage river had s s)
iEowlng. Marangunlr (1974, p. ; owever, wrongly qume‘w i\ercfr
as personal copmunpication, that the 'T Zurdo outlet
was Eon at 11,000 B. P instea of b|y 11 OOO B. P. Maran
ruri, Lhc uses this date to support the chronolo of Caldenius
rl)”“ and r()nc‘lude% that Lzguna Blanca was dc-g]duated ca [ij 000-11,000 3.
P. during the European Allerdd Interstadial, and that Seno Otway and Seno
Slgyrln were still ice-filled during the European Younger Dryas’ Stade 11,000-
10, b P. owever, thh conflicts not onl with lec‘datps
of degla}.(‘iatlon of Seno QOtway and Lago Ranco, ut also with the
known history of the Hielo Patagénico Sur. By 11,000 B, P. the
Glaciar Témpano, an outlet on the west side of the i1cefield
{lat. 48745 S, long 74700' W) (Fi 2), had receded to within
1ts present borders. A minor readvance of thx_b glacier culmina
ted probably about 1945. Between then and 1968 shrinkage unco
vered 60 cm of compressed eat on till: the age of the basal™
peat 1s 11,070 £160 years ?c;ampl: 1-3507). n the Banks nf an
old drainage channel 350 n bevund the pI‘(:S{e?r, lce mpar 1n T 3
ol uncompressed peat 1s xS The hesa peat 1s 100 %
170 years old (sample [-3825) {Mnr(er 19740, p, IZ). ;Ihe Gla-
ciar Témpano remained at least as small as 1t 1s today trom 11,000
B. P. unti! Neoglacial time.

The date of deglaciation 0{ the Rio Baker, which flows
between the two Patagonian icefields (Fig. 2), sup ort:. the early
ghrlnkage of the Glaciar ]émﬁann. ago Cochrane- o Pyeyrre-
on on the east side of the Andes now drains to Lhe ac1fic (Qrean
by the Rio Baker, as also does the much larger Lago General Ca-
rrera-Lago Buenos Aires to the north. comparatively sma
advance of the sotthern outlet glaciers of the northern icefield
would have blocked 1t, The former eastern outlet of Lago Co -
chrane-Lago Pye grredon wasﬁsgrngled with a Hiller borer in Ar en
tina (lat, 47719" 8, long 70°38° W). Peat obtained from ﬁe[ﬂ;h
0 4 m, 10 cm above an impenetrable floor is known to IId\.’F‘ been
contamipnated by younger material during the brjrln operatior
[hus although 1ts age determination a 11,245 E ]yf'arq esam-
le GX-4168) %1yes a minimal age for the npﬁnlng r}f the Rio Ba-
er outlet, i Js’unllkely to give a close mlnlmal age because
of the contaminatio P theless it shows conclusively that
the river was not r‘llos by ice afrer ]I,QOU B. P
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The last glaciation in Chile: some comparisons with the North-
ern Hemisphere and New Zealand.

i The earlier parts of both the Llanquihue f;l':n:lal Age
tn Chile and the Wisconsin Glacial Age 1n [\ollth America e &
yond the range of radiocarbon dating and an atLempth currela-
tion of these glaciations before ca 25,000 5 18 speculative.

ercer and Laugenie (1973) suggested a ten )rr(] valent
ile for the %1& Wisco nsz)n ffr:yt']rrr Erade *al,ﬁﬂgijg 660 1]!11.
in eastern North America {Ureur:1r11°- and Karrow, 9?f!, o d}}}
rate radio

but this 1s now known to have been based on an inaccu
carbon date (Stuiver, Mercer and Moreno, 1975).

Comparison of events after .1bouL 25,000 B P. is less speculative.

being within the range of reliable (-14 dtinfJ The date of about ]9,)()()
B. P. for the eculmination of the lLate q].u ue Glarration 18 similar to
the second of the three pulses about 21 (3l :OO and 18,000 B, P. that
l(ln.‘ht.lllll.t_d the Late Wisconsin maximpum 1n ﬂhlu }) zl1manls and Goldthwait,

1973, T2, The date of the Chilean maximum Is within the lm.ltlng

ates n}" ,JOO and 18,000 B. P. for the Late Otiran maximum 1n New !edland;
however, t ere 1s no ev1dcnce in Chile for an equivalent of a later glacial
advance 17,000-16,000 B. P. that has been recognized 1n New Zealand FSugga-
te and Mear, 1970}.

The Varas Interstade in Chile, centered sometime between 16,200
and 13,200 B. P. partly coincided with the Erie Interstade 1in
Ohio and Ontario during which gld( iers receded until about 15,600
B. P. (Mdrner and Dreimanis, 1973, p. 120). The mabnr readvan
ce that ended the Erie Interstade culminated ca 1/ B. P
(Mérner and Dreimanis, 1973 p. 120), about the same time asma
Jor readvances o he ' Cordilleran Ice Sheet in western North &
Terir:ﬂ (Mullineaux et al, 1965), and Fla:,lers in New Zealand
\'Sug;i!,ate and Moar, 1970). A single C-14 date for the rise 1n
the Tevel of Lago Llanquihue at first pointed to a similar date
for the end of the Varas Interstade 1n Chile (Mercer, 1972),but
t he age determinations obtained later for the same event suggest
that %he advance in Chile was later, eulminating about 13,0
B. P The Port Huron Advance of the Laurentide Ice Sheet an
Important event east of the Mississippl LUil‘I‘IlIlatf’d about 13,000
B. P. also (Dreimanis and Goldthwait, 1973, p. 953), but if "the
Chilean glaciers re pondod then to a t.,luha r_-llmarlr flu:_tuatmn._
why were they not also fected about 14,500B. P. A]tmu?
most evidence now ?:)nl.s to 13, U(}(l B. P. as the tlatP of the
al major advance u the Chilean glaciers, the event dated - the
rise 1n lake le - has not been shown beyond doubt to have
been caused b 8(:1@1 advance. The date should, therefore ,
ye considered tentative until direct dating of the youngest pre
Neoglacial end moraine in southern South America has been ac -
gornpl;sh 2 .

After 13,000 B. P. glaciers 1n southern Chile and Ar
gentina shrank rapidly and, so far as 1s known, centinugusly |
unt1l by 11,000 B. P., when !.Cf:l.%'[_}.ll_-'_‘.r)\{lt"(] most o ana
and Scandinavia, t_.he{} were within their present borders, where
they remained until Neoglacial time. I'nmediately afrer 13,000
B. l!', the shrinkage ocecurred dur_'lni:; a time of rapid global
Wai'mlln% and F]aclrlali shzjwﬁ ellge {{Su urope (Miagg_.}cgrud ui(%i, 1934,
¥ o LT in England anc ales ennington, [ P ) an
Iin. North Ameriga ?Dieimanls and Goldthwait, 1973, p. 9?;.

Temperature trends in Chile during the interval 12,000-
0,000 B, P, [‘)implied by the uninterr ui:Led shrinkage o laciers
iffer signlrxcantly from those in much of the Northern Hemis-
phere, especially Europe. 'hey also conflict with the conclu
sions of ﬁeusser (1974, p. 312), based on pollen assemblages,
that temperatures %1.06)0-1() 000 B. P. 1n southern Chile were
4°C below present levels: this disa [Ir:et-ment 15 at present un-
explained, Heusser's inferred co nELBc rred dur%ﬂng the Euy
ropean Younger 3. Stade, ll,OOﬂ—lﬂ Qo P.; in Europe this
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