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QUATERNARY PALEOECOLOGY OFFUEGO-PATAGONIA

ABSTRACT

C. J. HEUSSER

The paleoecology of Quaternary events in Fuego-Patagonia derives from biogenic
deposits emplaced before, during, and following the last glacial maximum. Paleoecological
data center on the palynology of stratigraphic sections of (1) biogenic beds in a proglacial
delta of finite and infinite age at Lago Fagnano, and of (2) selected sites of radiocarbon-
dated, late-glacial and postglacial, mire/lacustrine deposits at Puerto Harberton, Lago
Fagnano, and Bahía Inútil in Fuegia and at Punta Arenas and Torres delPaine in Patagonia.
Events embrace noteworthy sequences involving vegetation and c1imate,atmospheric circu-
lation, fire, human presence, land-sea leveI relations,.and volcanism.

Data from peaty horizons in the Pleistücene delta at Lago FagnanO, dated at about
40000 and >58000 yr BP, indicate treeless steppe/tundra under a cold, dry, interstadial c1i-
mate. Younger deposits, formed following the last glacial maximum dated at > 16590 in the
Estrecho de Magallanes and >14640 yr BP in Canal Beagle, show c1imaticallyvariable, late-
glacial episodes of woodland - steppe/tundra interaction. In the warmer early Holocene, pro-
gressive development of c10sedforest replacing open woodland and steppe, is a general fea-
ture of the vegetation; evident after 5000 yr BP, under a cool-temperate, more humid c1i-
mate, are the increased presence of c10sedforest and the spread of mires on the landscape.
Apparent from the Holocene vegetationpattern is the greater frequency/intensity of cyc10nic
storms of the prevailing westerlies crossing Fuego-Patagonia after 5000 yr BP.

Charcoal, in addition to fossil pollen in the records, is ascribed to Paleoindian,burning,
as purposely practiced during hunting to congregate game. On Isla Grande de Tierra deI
Fuego, where volcanic activity and lightning are not considered to be causal agents of fire,
burning attributed to Paleoindian' hunters is traceable from late-glacial charcoal remains as
earlyas 13280yr BP. Fires in Fuego-Patagonia, judged from the frequency of charcoal, wete
commonplace in the early Holocene and later more occasional, possiby reflecting changes in
size and routes of migration in human populations.

'-:

Fuego-Patagonia was introduced to.the sci-
entific world by the writings of Charles Darwin,
following his travels and discoveries in 1831-
1836, while acting as naturalist on board the
H.M.S. Beagle. Discovered in 1520by Femão de
Magalhães during his circumnavigation of the
globe, Fuegia or Tierra deI Fuego (land'oí fire)
gained its name from the many fires in native set~'
tlements along the shores of the )presentEstrecho
de Magallanes, seen at the time of discovery.The
strait separates Patagonia of continentál South
America from Fuegia, that is, Isla Grande de
Tierra deI Fuego and its adjoining archipelago
(Fig. 1). Later exploration, notably by Carl
Skottsberg (1910), Carl C. Caldenius (1932),and
Vaino Auer (1933, 1956, 1958, 1974), estab-
lished a foundation for modem scientific inquiry
of Quatemaryevents and paleoecology.

Fuego.,Patagonia, <1000 km from Antarc-
tica, was subject to repeated glaciation andcold
stadial c1imate, interrupted by deglaciation.and
milder interstades, during past ice ages. As a
result, the region is rich in deposits relating to a
broad range of topics, inc1uding glaciation, c1i-
mate, atmospheric circu!ation, vegetation,
human presence, fire history, vo1canism, and
land-sea leveI changes. Modern radiometric
methodshave provided a means of correlation of
the deposits by chronologically ordering the
important events. Datable biogenic sequences in
Fuegia and Patagonia, however, are mostly
applicable to deglaciation following the last
glacial maximum. This chapter, for the most
p~, covers radiocarbon-clatablematerial related
to this interval, at the sametime, amplifying and
furtherdiscussingpal~0ecGlogical data presented
recently in the works ófRABASSA et aI. (1992)
qndMARKGRAF (1993).

1 INTRODUCTION
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2 FUEGO-P ATAGONIA

The strikig feature of Fuego-Patagonia is
the Cordillera de los Andes; which curves
southeastward in southem Patagonia, lowering
in altitude from over 3000 m at Torres deI
Paine to 500 m or less in the eastem part of Isla
Grande (Fig. 1). Glaciers and ice fields at high-
er altitudes in the Andes are of considerable
extent in Fuegia in the Cordillera Darwin (Fig.
2), where the snowline at around 600 m on
western slopes rises to 1000 m to the east
(MERCER, 1967). The steep descent of the
Andes to the drowned coast and countless
islands on the Pacific side contrasts the more
gradual incline of the Atlantic slope with its
occasionallow hills and broad river drainage.

Older plutonic rocks of the Andes, includ-
ing granite and vo1canics, eastward juxtapose
younger metamorphic and sedimentary forma-
tions (CAMINOS, 1980; CODIGNOTTO &
MALUMIAN, 1981). Tertiary basin~ of
marine, estuarine, and deltaic sediments of
Eocene-Miocene age extensively underlie Plio-
Pleistocene glacial deposits on the Atlantic
slope (Fig. 3; RUSSO et aI., 1980;MEGLIOLI,
1992). Coincident with plate spreading; involv-
ing tectonic movement of the Antarctic, Scotia,
and South American plates, vo1canic eruptions
during .the Quaternary have occurred in the
Andes (sources of at least three widespread
tephra layers) and in sectors to the east (Fig. 4),
except on Isla Grande, where no vo1canoes
occur (STERN, 1990). In addition, relative
positions of land and sea in Fuego-Patagonia
(PORTERet aI., 1984; RABASSA et al., 1986;
RUTTER, et al., 1989) were higher by >40 m
on the Atlantic coast in the Pléistocene, and
during the middle Holocene, >3 m higher along
the Estrecho de Magallanes and >8 m on Canal
Beagle.

Oceanic climate developed by the prevail-
ing southern westerlies is characteristic of the
Andean cordillera, whereas downslope toward
the Atlantic, conditions are drier and increas-
ingly continental. Precipitation along the gradi-
ent decreases from >7000 to 200-300 mm yr-1;
mean January (summer) isotherms range from
8° along the outer Pacific coast of Fuegia to
14°C in Patagonia (PROHASKA, h976).
Throughout the region, wi,nd,.often associated
with squalls and rapidly successive storm pas-
sages, is almost an omnipresent factor, eroding
the landscape and shaping the vegetation.

Forest formations (Fig. 1) are spread over
much of the Andes below an altitude of 500-
600 m (PISANO, 1977; MOORE, 1983). At
their upper altitudinallimit, trees are structural-
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ly reduced to dense krummholz, which makes
sharp contact with the Andean Tundra. Where
precipitation averages 400-600 mm yr-1,
Subantarctic Deciduous Forest (Fig. 5) of south-
em beech, Nothofagus pumilio and N. antarcti-
ca, obtains; Subantarctic Evergreen Forest,
dominated by N. betuloides, prevails with high-
~r levels of moisture, mainly on contiguous
ground facing the PacificoThe outer headlands
and islands of the westem coast with excessive-
ly large amountsof precipitation support
Magellanic Moorland in which Donatia fascic-
ularis, Astelia pumila, and Oreobolus obtusan-
gulus are the principal sp~cies.

According to MOORE (1975, 1983),
Andean tundra includes communities of heath,
both cushion heatlí (Bolax gummifera) and
dwarf shtub heath (oEmpetrumrubrum), feld-
mark (Moschopsis rosulata; Nassauvia lagas-
cae), and rich "meadow"(Abrotanella linearifo-
lia, Caltha appendiculata, and Plantago barbata
with grass and sedge species). Wind, water, and
substrate are significant fâctors controlling com-
position and distribution of tundra vegetation.

Patagonian Steppe (Fig. 1) is expansive
beyond the forest border of Subantarctic
Deciduous Forest on the Atlantic side of
Fuego-Patagonia. It develops through an eco-
tone, or tensiol1zone, o( d~indling, depauper-
ate Nothofagus antarctica woodland (Figs. 6
and 7). CommunitiesCol1sisting of grassland,
scrub, arid heath are d!stinguishable but floristi-
cally diverse (MOORE, 1983), their occurrence
and composition diàated by moisture and by
soUconditions.

Precipitation in the Fuegian steppe aver-
ages 300-400 nim yr-1and decreases to around
200 mmin Patagonia.,Grassland on well drai-
ned upland soils is typically.of Festuca gracilli-
ma (Fig. 8); drainage cpurses, by comparison,
contain more m:esicgrasses, together with
sedges and rushes. Scrub of Chiliotrichum dif-
fusum is a feature,RflNothojagus woodland;
scrub of LepidophyllÍf,!ncupr'essiformeis identi-
fied with coastal and iniand sandy soils. Heath
communities in the dri'er parts of FlJego-
Patagonia include Ern.petrumrubrum on acid
soil and-Nardophyllum.bry6ides011graveI.

3 PLIO:PLEISTO@ENEGLACIATION

CALl)ENIUS(\'1i~32)placed the limit ()f
'glàciéh "beyondthe fln"deâ-nfront at the tiIhe of
themaxirn.um glaciaticjnin southem Patagonia
and 'recognizeda virt#~llY complete ice cover
of Fuegia. During maximum and subsequent
glaciations, major routes for ice flowing from
the Cordillera Barwil1 were northeastward,



Rev. 10. São Paulo, 15(112), 7-26, jan./dez./1994

Paciflc

Ocean

Vegetation

1 Declduous FOÍ'est
2~4 Evergreen Forest

2 Valdivian
3 North. Patagonian
4 Subantarctic

5 Magella.,io Moprland
6 Subantarctic Oeciduous

Forest - Andean Tundra
i Patagonian Steppe

-400

"450

500

Atlantic

Ocean

o
L

'550

Cabo de Hornoo

8,00 1,00 6,00

FIGURE 1 - Location of Fuegia and Patagonia, inc1uding §ite of
Torres deI Paine, in relation to vegetation zones (SCHMITHUSEN,
1960; PISANO, 1977, 1981; MOORE, 1983).

FIGURE 2 - Valley glacier in the Cordillera Darwin of Isla Grande de Tierra del Fuego.
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FIGURE 3 - Quaternary deposits overlying Tertiary beds in c1iffexposures bordering the Atlantic Ocean in
northeastern Argentine sector of Isla Grande de Tierra deI Fuego. Note lag boulders, eroded from the glacial
drift, at tide leveI.

FIGURE 4 - Pleistocene lava flows near Monte Aymond in southeastern Patagonia, vo1caniccrater in the
background.
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FIGURE 5 - Subantarctic Deciduous Forest principally of Nothofagus pumilio on Isla Grande de Tierra deI 0

Fuego.

FIGURE 6 - Woodland of Nothofagus antarctica rnak:ingcontact with the steppe at Onarnonte in the upper
drainage of Río Grande, Chile.
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FIGURE 7 - Edge of the Subantarctic Deciduous Forest on the Atlantic coast near Cabo San Pablo,
Argentina.

FIGURE 8 - Grass steppe in Argentine Tierra deI Fuego.
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through the Estrecho de Magallanes and the
Bahía Inútil-Bahía San Sebastian branch and
eastward, along the axesprovided by Lago
Fagnano and Canal Beagle (Fig. 9). MEGLI-
OLI (1992) estimated an age of arouÍld 2 Ma
for the oldest Río. Grande Drift, located in the
vicinity of Río Grande on the AtIantic shore;
younger Sierra de los Frailes andCabo
Virgines Drifts, deposited by lobes that reached
beyond the present-day entrance of the
Estrecho de Magallanes, were dated from
40Af39Ar ages on basalt flows below and above
the drifts, respectively, 1.07 :t 0.03 - 1.4 :t 0.1
Ma and 1.07 :t 0.03 Ma - 450000 yr BP.

Periglacial features, including ice wedge
castsand polygonal ground formed in the older
glacial deposits (Fig. 10 and 11), indicatemean
anhual temperatures of around - 6°C, or some
12-13°C lower than the anmial mean of 6.7°C
today. According to MEGLIOLI (1992), the
temperatures, sufficiently low to form ice
wedges and polygons, developed following the
earliest three of six glaciations evidentin Fuego-
Patagonia. At times of glaciation,heightened
continentality, resulting from the enlarged land.
mass of southem South America, when sea leveI
was-lower, contributed to the temperature
extremes. An exposed continental shelf extend-
ed the continent some 800 km eastward to
beyond the Islas Malvinas (Falkland Islands).

At thelast glacial maximum, glaciers
reached to the Segunda Angostura in the
Estrecho de Magallanes and beyond the shores
of Bahía Inútil (Fig. 9; PORTER et a!., 1992).
Granitic erratics (Fig. 12) derived from the
Cordillera Darwin attest to the source of the ice
among rock from the core of the Andes. The

. culmination of the outermost advance of the
ice, estimated at around 21000 yr BP at Lago
Llanquihue (41°S) in Chile (LOWELL et al.,
1995), is not well constrained in Fuego-Patago-
nia. PORTER et a!. (1992) place the time of the
maximum at > 16600 yr BP. Dates of 16590:t
320 and 15800 :t 200 yr BP for basal organics
in a mire at Puerto deI Hambre (Fig~9) limit the
age of earliest deglaciation. Younger dates (no
younger than 11900 yr BP at Pampa Alegre)
apparently relate to the cessation of meltwater
discharge, melting out of locallyemplaced ice
bodies, drainage of proglaciallakes, or termina-
tion of deposition of wind-blown silt.

The glacial chronology along the axis of
Canal Beagle - Canal Moat and in the trough of
Lago Fagnano (Fig. 9) in the southern part of
Isla Grande is likewise only partially estab-
lished. Moraines along Canal Moat infer the
eastem limit of the ice front at >14640 yr BP
(RABASSA et ai., 1989a). This timing derives

from the age of a mire at Puerto Harberton, sit-
uated some 50 km inside the limit. Glacial
retreat westward occurred later at Ushuaia and
Lapataia,after 14640 and before 10000 yr BP,
and in interior valleysbefore 9700 and 9300 yr
BP (HEUSSER & RABASSA, 1987; C.J.
Heusser, unpublished data). To the north in the
Onamonte - Lago Faghano sector, onset of
deglaciation is dated > 11;600yr BP andappar-
ently continued until around 10000 yr BP
(HEUSSER, 1993a)

4 PALYNOLOGY AND PALEOECOLOGY

Paleoecological reconstructions in Fuego-
Patagonia stem mostly from records of fossil
pollen in radiocarbon-dâted deppsits applicable
to thé time of d~glaciation following the last
glacial maximum. Records chosen serve to
illustrate paleoenvironments of discrete geo-
graphical regions over extended time spans.
Pollen and"sporetypes 'shown in frequency (%)
diagrams, depicting seqHê'Ucesof the vegetation
over the times of record, aremainlyof domi-
nant taxa. Categorized'as trees, shrubs and
herbs, and in a singlet"nstance as aquatics.and
cryptogams, the typesare morphologically
identifiaole chiefly a.tthe family or genus leveI
(HEUSSER, 1971); recognition of species in
Nothofagus, for example, haspro,ven to be une-
liable. Pollen countsllevel are N =300 of trees,
shrubs, and herbs, exc1lldingaquatic pollenand
spores of cryptogams. F'ÓTplant nomenc1ature,
reference is madeto MOORE (1983).

Evidence of fire in the records is indicated
by concentrations ofcharc:oal particulates.
Charcoal, representedpy scorched or black-
ened, plantcellular remains, in opposition to
amorphous, black mineral.material, is recorded
by its totalarea (micrôns~cm-3,7-120 micron
range) measured in each sample.

4.1 Lago Fagnano Delta

The 'palynological record at Lago Fagnano,
the oldestof its kind on.Isla Grande, traces the
Pleistocene'glaciodeltaic environment. at about
40000 and >58000 yr BPQ3UJALESKY et al.,
1994). Theproglacial dêlta(54°35'S, 67°20'W)
is exposed at the southeasternend of the
100-km long, drowned glacial valley, where at
present Subantarctic Deciduous Forest is estab-
lished (Fig. 9). Cliffs asmuc~as 40m in height
expose in section thebottom.set, foreset, and
topset beds of the delta over. a .horizontal' dis-
tance of 400 III (Fig. 13). Evident from overly-
ingglacialdrift, thedelta predates the last
glaciation at the site.
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Steppe-tundravegetation at the time of delta
formation is indicated by the fossil pollenlspores
(Fig. 14), which are preserved in biogenic lacus-
trine horizons in the topset beds exposed in two
stream cuts (Section 6, a 75-cm thick horizon,
and Section 8, two horizons, respectively, 60 and
17 cm in thickness). Shrubs and herbs, repre-
sented by Gramineae (grass), Empetrum (heath),
and Tubuliflorae (composite), are most frequent,
in addition. to less frequent Caryophyllaceae,
Acaena, and Gunnera; trees exclusively of
Nothofagus are minimal. Of local importance are
Ranunculaceae, Cyperaceae (sedge), and
Myriophyllum, plants of shallow water basins,
and Littorella, a near-shore mud inhabitant.
Changes in pollenl spore frequency from leveI to
leveI evidently are measUresof community alter-
ation in response to variable edaphic moisture
and the effect of wind.

The implication of the data, which is strik':'
ing when comparison is made with the local
pollen rain at present (90% or more of
Nothofagus), is of a colder and drier, interstadi-
aI, Pleistocene c1imate. Temperatures for the
steppe-tundra setting are estimated to average
on the order of 3-5°C lower in summer and
annual precipitation about 300 mm less
(HEUSSER, 1989a); today summer temperature
aí Lago Fagnano averages around 10°Cand pre-
cipitation about 500 mm (TUHKANEN, 1992).

4.2 Puerto Harberton

The raised mire at Puerto Harberton
(54°52'S, 67°53'W; Fig. 9), situated nearby
Subantarctic Deciduous - Evergreen Forests
(Nothofagus pumilio and N. betuloides) and
dating nearly 15000 yr BP in age, contains the
longest continuous pollen record (Fig. 15) of
late-glacial vegetation on Isla Grande
(RABASSA et aI., 1989a; HEUSSER, 1989b,
1990a). Sediments in the basin of the mire, >10
m deep, began accumulating after the ice front
in Canal Beagle had withdrawn west of the site.

Pollen stratigraphy of a section covering
virtually five millennia of the late-glacial earli-
er than 10000 yr BP shows Nothofagus, impor-
tant in the beginning, supplanted subsequently
by Gramineae and Empetrum rubrum, indicar-
ing the spread of tundra, at first of dwarf shrub
heath and later of grass. Peak percentages of
Nothofagus at around 11700 and minimal val-
ues at 13000 and 10200 yr BP imply fluctua-
tions in community strength, particularly the
marked reduction of Nothofagus during the
11100- 10200 yr BP interval.

After 10000 yr BP, Nothofagus (increasing
to > 50%) is of greater importance in thé
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record, its assemblage until about 5000 yr BP
with large quantities of Gramineae reflecting a
steppe element and o]Jenwoodland; openness is
also inferred by peak presenCe of the shade-
intolerant Filicinae (ferns). Repeated episodes
of fire, evident from the significant concentra-
tions of charco aI, occur throughout the early
Holocene. It seems 'likely that tire, as an eco-
logical factor, may have contributed to the open
character of the communities.

The last five millennia are given over
largely to Nothofagus at levels frequently of
>75%, signifying the overwhelmingdevelop-
ment of c10sed fprest aí the expense of grass-
land during the late Holocene. Concurrently,
mire expansion is implied by the valuesof
Empetrum rubrumand by the excessive amount
Qfpeat accumulation (5.8 m compared with 2.2
m during the early Holocene), except that com-
paction at depth needs to be taken into consid-
eration. The high rate of accumulation during
the interval appears to be a regional trend
(RABASSA et aI., 1989b).

Late-glacial c1imatewas apparently milder
and more mesic before 13000 yr BP at Puerto
Harberton. Subsequently, conditions grew cold-
er and drier, while fluctuating at about 11700
beforebecoming coldest between 11100 and
10200 yr BP. This latest cold episode of
Younger Dryas age, when average. summer
temperature is. estimated at >3°C lower than
present, is variously recorded in Fuego-
Patagonia (HEUSSER, 1993b). During the
early Holocene along Canal Beagle, c1imate
became warmer than today by an estimated 1-
2°C with at least 100 mm less annual precipita-
tion. In the cooler, wetter late Holocene, tem-
perature appears to have varied by :t 0.5°C and
precipitation by :t 100mm compared with today.

4.3 Lago Fagnano

This section of mire atLago Fagnano (54°
34'S, 67°37'W; Fig.9)offers acomparison of
pollen/vegetation/c1imatic sequenCeS on the
drier Atlantic and wetter Pacific slopes. Dating
from 10800 yr BP, the Lago Fagnano record
(Fig. 16; C. J. Heusser, unpublished data) is
shortened and covers about four millennia less
than at Puerto Harberton; otherwise, where the
sequences overlap, both records are remarkably
similar. The early Holocene at Lago Fagnano,
followinglimited coverage of the late-glacial,
shows comparable.increase of Nothofagus, par-
alleling a decline of the Gramineae, and a sin-
gular peak of charc.oal. Late Holocene
omnipresenceof Nothofagus is again evident,
as is theincrease inpeat accumulation (2.55 m
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FIGURE 9 - Extent of glaciation on Isla Grande de Tierra deI Fuego duringthelast glacial maximum,
shown approximately by heavy solid line. Lóbes advanced in the Estrecho de MagaUanes,::BahíaInútil,Lago
Fagnano, and Canal Beagle. Existingareas of glaciers; notablr in the Cordillera Darw~Íl,are indicated by
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FIGURE 10 - Ice-wedge casts in Cabo Virgines Drift near Monte Ayrnond in southeastern Patagonia.

FIGURE 11 - Perig1acia1patterned ground in southeastern Patagonia.
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FIGURE 12 - Granite erratics, glacially transported from the core of the Andes in the Cordillera Darwin,
weathering out of drift along the southern border of Bahía Inútil, Isla Grande.

FIGURE 13 - Proglacialdelta exposed at the southeasternend of the drownedglacial valley of Lago
Fagnano. Bottomset, foreset, and topset beds of the delta are visible in the c1iffface. The delta predates over-
lying drift of the glacial maximum.
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in comparison with 0.65 m during the early
Holocene).

Thus, development of vegetation on both
sides of the Andean cordillera, where implied
by comparable pollen data, apparently proceed-
ed under the same c1imatic controI. Closed
Nothofagus forest displaced stt(ppegrassland at
Puerto Harberton, while Nothofagus similarly
invaded and supplanted the steppe at Lago
Fagnano. Forest dominance on the upland, fol-
lowing abatement of fire, was reached in the
late Holocene under cooler, more humid c1i-
mate, which also increased the spread of mires
and their cover of Empetrum rubrum on low-
lying terrain.

4.4 Bahía Inútil

Bahía Inútil (53°27'S, 70006'W), located in
steppe on the Atlantic slope(Fig. 9), is a pollen
sequence representing peat horizons interbed-
ded with clay and graveI in proglaciallake sedi-
ments (Fig. 17; HEUSSER et al., 1989-1990).
The record supplements the late-glacial of Lago
Fagna.no (Fig. 16) by providing data from
between 13280 and 12010 yr BP, which show a
high proportion of steppe elements and apparent
long-distance, wind-transported quantities of
Nothofagus. The large amount of charcoal at
13280 yr BP is the earliest major concentration
thus far recorded in Fuego-Patagonia.

4.5 Punta Arenas

The first of two Patagonian sites, Punta
Arenas (53°09'S, 70057'W; Fig. 9) is a section
of mire in Subantarctic Deciduous Forest close
to the Estrecho de Magallanes. Spanning
>13400 years (Fig. 18), the pollen sequence
(HEUSSER, 1995) approaches the length of
time of the section from Puerto Harberton and
covers millennia encompassed at Lago Fagnano
(Figs. 14 and 15). Correlation of Holocene
events is evident from the chronostratigraphy of
alI three pollen and charcoalrecords, implying
common paleoecological control of the vegeta-
tion. For the late-glacial, however, percentages
of Nothofagus at Punta Arenas are overall pro-
portionately higher and amounts of Gramineae
lower than at Harberton, a reflection possibly of
the importance of Acaena plotted at Punta
Arenas (Acaena at Puerto Hai'bertonwas far less
important, and for that reason is not included in
the pollen diagram).

While trends upward in the late-glacial,
showing a decrease of Nothofagus and increase
of Gramineae, are basically similar, the fluctua-
tions evident in Nothofagus at Harberton are
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not discemible at Punta Arenas. The reason for
,this difference may be attributed to local pale-
oenvironmental influence on Nothofagus pollen
production/preservation. At Punta Arenas, the
episode of cooler climate af Younger Dryas age
evident at Puerto Harberton is not recognizable,
underscoring the variability of the forcing-veg-
etation/pollen response relationship of the
Younger Dryas c1imatic event in southern
SouthAmerica (HEUS.SER,1993b).

4.6 Torres deI Paine

The 10800 yr BP section from a summer-
dry lake surrounded by Patagonian Steppe in
the vicinity of Torres deI Paine (50°59' S,
72°40'W; Fig. 1) provides, by virtue of its long,
8.5-m record (Fig. 19), an expanded version of
the Holocene (HEUSSER, 1995). Rate of depo-
sition of the lake sediments was apparently fair-
ly uniform; except atmid-section, where a
rapid increase (4.2Kyr cm-I)is indicated by the
2.8 m of sedinients formed in 1200 years
betwen 7500 and 6300 yr BP.

Theearly Holocene, covering 5.8 m of the
section, shows at first the rise of Nothofagus to
>25% before 7500 yr BP, followed successively
by diminution, secondary increase of Notho-
fagus to just under 50% close to 6000 yr BP,
and lastly, a repetition of general diminution.
The Gramineae, together with Acaena and Com-
positae (Tubuliflorae), are throughout.dominant,
and reach their greatest proportion of >75% at
near-surface levels, following a rising trend
beginning around 3700 yr BP. Pollen of
Nothofagus at Torres deI Paine evidently has
been wind-transported from extralocal forestl
woodlarid. There remains the possibility, how-
ever, that intervals with higher percentages of
Nothofagus may be indicative of communities
of forest/woodIand developed locally in the past.

Fire,reflected by the incidence of charcoal,
is in. evidence at alI levels in the section and
increasingly so, both early and late in the
Holocene. The influence of fire in shaping the
vegetation, however, is not clear from the evi-
dence. Fire at the beginning of the record seems
to follow the decline of lhe Gramineae, sug-
gestingbuming of the .steppe,whereasthe rise
of Gramineae later is póssibly caused by fire
limiting woodIandlforest:

5 FOREST - STEPPE BOUNDARY

Pollen profiles of the Torres deI Paine sec-
tion contain no indication of a major shift in the
forestlsteppe boundary, induced by c1imate,
fire, biota, or other factor, over the time of
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recordo Stands of Nothofagus are at present
locally established within kilometers of the sec-
tion site (PISANO, 1974), but conditions
apparently have remained restrictive and pre-
vented their late Holocene enlargement on the
scale seen at Punta Arenas, Lago Fagnano, and
Puerto Harberton. In this regard, it is probable
that cold, limited soil moisture, and wind have
played important roles in the altitudinal setting
of the Paine cordillera.

Pre-13000 yr BP importance of Notho-
fagus is noted at Punta Arenas and Puerto
Harberton (Figs. 15 and 18), followed after-
ward in the late-glacial by steppe, orsteppe-
tundra, inc1uding Gramineae, Acaena,
Empetrum, and Compositae (Tubuliflorae).
Steppe persisted in the early Holocene at these
sites and at Lago Fagnano (Fig. 16), gradually
being displaced ultimately by forest communi-
ties. On the Atlantic slope of the Fuegian
Andes, enc1aves of Nothofagus, possibly refu-
gial in the late-glacial, were sources of trees
that were present later in the forest-steppe con-
tact zone.

Holocene migration of trees toward the
Atlantic, as recorded at sites on Isla Grande
(Fig. 9), has proved to be irregular (HEUSSER,
1993c). Maximal percentages of Nothofagus,
implying the presence of forest, were reached
at Lago Fagnano by 5000 yr BP, but not until
after 1500 yr BP at Onamonte (HEUSSER,
1993a), and only during the past millennium at
Cabo San Pablo (HEUSSER & RABASSA,
1994). While fire appears to have been instru-
mental in effecting irregular advance of the
treeline, greater intensity/frequency of oceanic
storms of the prevailing westerlies, following
paths shifting northeastward over the last 5000
years, is primarily held accountable for forests
on the Atlantic slope.

6 PALEOINDIANS AND FIRE

Where lightning and vo1canism, as possi-
ble causes of fire, can be eliminated in nonvol-
canic regions virtually unaffected by lightning,
charcoal in Quaternary deposits can serve to
establish the presence, age, and migratory
routes of Paleoindians (HEUSSER, 1987,
1994). This premise is especially applicable to
the charcoaI record found on nonvo1canic Isla
Grande de Tierra deI Fuego with a record of
negligible lightning; thunderstorms, with the
possibility of lightning, average <1 day-I at
Ushuaia (Fig. 9), according to PROHASKA
(1976). Strong convective movement in vertical
columns of air of considerable altitude,
required for thunderstorms (and lightning) to

take.place, are not a meteorological feature of
Fuego-Patagonia because of the low tempera-
tures, poor radiational heating at the ground
leveI, and shearing effect of the powerful pre-
vailing westerlies.

Fire served Paleoindian hunters with a
means of gathering and corraling animaIs for a
kill. At times, uncontrolled,. burning undoubt-
edly consumed large tracts of vegetation.
Charcoal at Bahía Inútil (Fig. 17) with an age
of 13280 yr BP represents the earliest recorded
conflagration on Isla Grande. It predates the
oldest, 12600 yr BP, Paleoindian lithic industry
in southem Patagonia (CARDICH et ai., 1973),
as well as charcoal at as much as 12390 yr BP
in regional cave deposits (NAMI, 1987; MAS-
SONE, 1987; BORRERO et ai., 1988). Dated
between 13500 and 12500 yr BP, the earliest-
known human presence in southern South
America is at Monte Verde in south-central
Chile (DILLEHAY, 1989). From charcoal evi-
dence, however, it may be on the order of
50000 years old in subtropical central Chile
(HEUSSER,1990b).

It is easy to conceive that Paleoindian
hunters migrated from Patagonia to Isla Grande
via Bahía Inútil. Arrival on Isla Grande was
possibly by way of a land connection at
Segunda Angostura, which is about 80 km
north of Bahía Inútil (Fig. 9), during the late-
glacial when sea leveI was lower than now.
Migration by 10000yr BP had proceed~d to the
southérn part of the island, as inferred by the
earliest concentrations of charcoal in sections at
Lago Fagnano and Puerto Harberton (Figs. 15
and 16). Younger concentrations in sections
from Onamonte and Cabo San Pablo (Fig. 9;
HEUSSER, 1993a; HEUSSER & RABASSA,
1994) infer. Paleoindian proximity much later
during recent millennia.

Not incompatible with the general trend
shown. by these data is archeologicalevidence
of human occupation dated 11880 and 10280 yr
BP at Tres Arroyos, located between Bahía
Inútil and Bahía San Sebastian, in north..central
Isla Grande (MASSONE, 1987). In the south
of the island, on the other hand, charcoal peak-
ing at about 10000 yr BP at Puerto Harberton is
considerably older than the earliest occupation
at around 7000 yr BP of the archeological site
at Túnel, just east of Ushuaia (ORQUERA &
PlANA, 1987). The latest charcoal at Túnel is
dated at 450 yr BP; together with records at
ages of 380 yr BP and younger at both Puerto
Harberton and Caleta Róbalo (Fig. 9; HEUSS-
ER, 1989a), the evidenceextends human pres-
ence in settlements along Canal Beagle to mod-
em times.
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7 CONCLUSIONS

Treeless steppe-tundra under cold, dry cli-
mate was apparently a feature of the Atlantic
slope of Fuegia during Pleistocene interstades.
Stadial vegetation, beyond glacier margins in
the Pleistocene, was increasingly sparse in a
frigid antarctic setting. Ice-age southern South
America, while sea leveI was lower with much
of the Atlantic shelf exposed, lay transformed
into an enlarged, wind-swept, and mostly barren
land mass subject to increased continentality.

Vegetation during the late-glacial consisted
of developing woodland, limited in extent
large1yon the Pacific slope and broken by pre-
dominantly steppe-tundra. Reflected are milder,
more mesic climatic episodes, interrupted by
intervals of relative cold and dryness. Wood-

land expansion and displacement of steppe,
giving rise to structurally closed forest,' charac-
terize the Holocene. Paleoindian hunters,
known to have been active in Patagonia as
ear1y as the late-glacial, are believed to be
responsible for burning of the vegetation,
which is particulary evident from widespread
charcoal in Holocene deposits.
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