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ABSTRACT

Peat and lake sediment cores from Peninsula Mufioz Gamero in the seuthemmost Main Andean Cordillera, and also
Seno Skyring flord and Peninsula Brunswick in the Andean foothills, have been investigated to refine the local Holocene
tephrochronclegy. New 'C agaes, together with calculated peat growth and sedimentation rates, provide age constraints.
The thickest (5-15 cm) tephra layer in the cores resulted from an eruption of the Mount Burney volcana at approximately
42544120 cal. yr BP. Isapach maps for this eruption indicate deposition of approximately 2.5-3 km? of tephra, mainly in
the forested Andean area soulheast of the volcano. Mount Burney had another large Plinian eruption between 9009£17
and 8175+111 cal. yr BP, and also four emaller aruptions during the Holacena. Tephra from large explosiva aruptions of
the Reclus (>15384+578 cal. yr BPF), Hudson (between 7707+185 and 77952131 cal. yr BP) and Aguilera (<3596+230
cal. yr BP) volcanoes also occur in some of the cores as indicated by the characteristic compositions of their tephra glass,
which difter both from each other and also from that of tephra derived from Mount Burney. Significant loss of alkali elements
during alteration of the volcanic glass in the tephra layers was ohserved, espacially within acid peat soils, and this may
be an important factor in the plant nutrient supply.

Koy wards: Valcarnsim, Molocene, Tephra, Cordifera de los Andes, Mownl Burney, Palagomnia.
RESUMEN

El registro de tefras australes holocenas en tubas y sedimentos lacustres de los Andes meridio-
nales (53-55°S), Chile. Se han estudiado testigos de tefras y sedimentos de la peninsula Mufioz Gamero con el seno
Skyring y con el propdsito de majorar la tefracronologia local. Nuevas edades "C junto con tagas de crecimianto de las
turbas y de sedimantacion, proparcionan nuevas marcas para la edad de las tefras. La capa mas gruesa de tefra (5-15
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cm) s¢ ongind en una erupcian del volcan del monte Burmey, a los 4,254+120 anos calibrados AP. Las isdpacas di esta
erupcion indican una deposicion de ca. 2,5 a 3 km? de tefra, pincipalmente en el area andina lorestada, al sureste del
volcan. Elmonta Burney tuvo atra gran arupcion pliniana entra 8,008+17 v 8,175+ 110 anos cal. AP, y cuatre arupciones
menaras durante @l Holoceno, Se observan, también, en algunos testigos tefras de las grandes erupciones de los
volcanes Aeclus (=15,3841578 cal. anos AP), Hudsen (entre 77072185 y 7,7952131 cal. anos AF) y Aguilera
(«=3.596+230 cal. ancs AP) como lo indican las composiciones caracteristicas de los vidrios de tefra, los cuales difieren
antra los diferantes centros valcanicos. Se establacié una pérdida significativa de los elemantos alcalinos durante la
alteracian del vidrio volcanico en las capas de tefra, especialments en los testigos de suelas Acidas, 1o que podria ser

un factor importante en el suminisiro de nutrientes para las plantas.

Falabvas claves: Volcanisma, Telfra. Holoceno, Cordillera de los Andes, Moate Bumey. Palagormna.

INTRODUCTION

Tephra layers representimportant time markers
within peat and lake sediment cores, which are
studied to reconstruct paleoclimate and paleo-
anvironment (Markgraf, 1993; Heusser, 1995, 1998;
Heusser ef al., 1989, 1990; McCulloch et al., 2000
Markgrafl el al, 2003). Stratigraphic correlations
between different core sites often depend on the
quality of determined tephra ages. For the tephra
produced by large Holocene Plinian eruptions of the
volcanic centers in the southernmaost Andes (Fig.
1a), mare precise dating also adds to our under-
standing of the frequency of explosive eruptions in
thiz part of the Andean voleanic are, polential regio-
nal volzanic hazards, and the possible role of these
eruptions in praducing global effects such as 50,
peaks in Antarclicice cores (e.g., Steig et al., 2000,
Cole-Dai et al., 2000).

The first tephrochronolagy of the southern An-
des and southernmost Patagonia was presented by
Auer (1965, 1974), Sahlstein (1932), and Salmi
{1941). Later, it was refined by Stern (1880, 1891,
1992, 2000), who used the petrochemical and
isotopic characteristics of lephra both as a correlation
tool and to determine the volcanic centers from
which specific tephra layers were derived. For the
Magallanes and Tierra del Fuego area of southern-
most Patagonia, Stern (1992, 2000) described five
regionally distributed Late Pleistocena to Holocene
tephra layers erupted from the Mount Burney,
Heclus, Aguilera and Hudsen volcanoes. The age

and ganeral spatial distribution (>lrace isopach) of
thesefive tephra layers are shown infigure 1a. With
exception of the Hudson volcano (Maranjo and
Stern 1998), more detailed tephra isopach maps for
large eruptions of these volcanoes remain un-
determined, in part because earlier studies were
restricted 1o the subandean and Pampean arcas to
the east of the Main Andean Cordillera.

Here the authors focus on peat-bog and lake
sediment cores from the region of the Main Andean
Cordillera on Peninsula Munoz Gamero (Fig. 1).
where tephra were deposited on Notofagus forest
and peatland {e.g., Young, 1972). New “C ages,
together with ecalculated peal accurmulation and
sedimentation rates, provide a precise basis for
dating of tephra layers. Since the active volcanoss
of the Andean Austral Volcanic Zone, as well as the
Hudsan volcano of the Southern Voleanic Zone, ane
chemically distinct from each ather (Stern 1330,
1991, 1992; Stern and Kilian 1996; Naranjo and
Stern 1988}, the sources of tephra layers may be
determined by the major and trace element com-
position of their voleanic glass. Using chronalogic
and chemical data to correlate tephra layers from
both cores and outcrops in Magallanes and Tierra
del Fuego, the distribution and eruption volume of a
large mid-Holocene plinian eruption of the Mount
Burney volcano, al approximately 4254120 cal. yr
BF {Fig. 1a), has been determined by mapping ils
tephra isopachs.
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FIG. 1. Map of southernmost South America showing (a) the location of the voleanoes that have had Late Pleistocene and Holoc

e

axplosive aruplions, and the tephra fans (=trace isopach), modified ta include the new results presented inthis paper, produced
by these eruptions (Stern 1990, 1991, 1992, 2000; Naranjo and Stern 1998): (B) the locations of peal and sediment cores
descussed in this papern, and {a) a mone delailed map of the Iocatons of those cores taken liom neae he Goan Campo Mevado e
cap on Paninsula Mufioz Gamans, AlSo illustrated in (B) ara 1he Mmajor vegatation 20065, SUHKING parallal 1o the Andean Cordillara

(Markgral, 1993)

SAMPLING AND ANALYTICAL TECHNIQUES

Peat cores were taken by a 2 m long stainless
steel WARDENAAR corer with a serrated cutting
edge which allows cutting through the rools of bog
plants. Core sections deeper than 2 mwere sampled
with a Hussian corer. Sediment cores were taken by
2 and 5 m long piston corers.

For the determination of the ‘ash’ content of peat
cores, which indicates the amount of mineral matter
in the peat calculated as weight per cent, 2 to 3
grams of sample were first freeze-dried and then
dry-ashed for 4 hours at 550°C. This ash determin-
ation does include acolian dust and tephra as well,

" measurements were done by aHVEE Tande-
tron accelerator mass spactrometry (AMS) at Leibniz
Laboratory of the University of Kiel. The activity of
"G was determined from acid extracts of terrestnal
macrofossils. "G/ C-ratios were measurad simul-
taneously by AMS and used to correct mass fraction
ation. Conventional "C-ages were calibrated using
CALIB revd 3 data set 2 (Stuiver af af, 1998). All
reported ages (Table 1) are means of one-sigma
values and tha repotedsvalues indicate the onga-
sigma range.

Mineral and glass major element chemistry of



26

the tephra (Table 2) was determined by electron
microprobe (Cameca SX51; University of Heidel-
berg), equipped with five wave-length dispersive
specirometers, using an accelerating voltage of 15

HOLOGENE PEAT AND LAKE SEDIMENT TEPHRA RECORD FROM THE. .

kV and a beam current of 20 nA. The electron beam
diameter was focused to -1 pm for most minerals,
=5 pm for feldspar and 5-20 pm for glass. Natural
and synthetic minerals were used for calibration.

SAMPLE LOCATIONS

To obtain a representative tephra recoerd in tha
central part of the southernmast Main Andean Cor-
dillera, the authors have taken two peat cores at
Bahia Bahamondes (GC-1 and GG-2) and a
sediment care from Lake Chandler (CH-1) as well
as various soil profiles from Peninsula Mufioz
Gamero near the Gran Campo Nevado ice cap
(53°5; Fig. 1c; Table 1), Rain-fed (ombrotrephic)
peat sections, which represent peat solely fed
through atmospheric deposition of nutrients were
distinguished from ground water and run-off in-
fluenced mineregenic peats by their low Ca and Ti
conlent and their lower pH (Biester et al,, 2002), At
the Bahia Bahamondes near Gran Campo Nevado
a mainly ombrogenic peat core (GC-1) represent a
cushion plant bog buill up dominately by Donatia
fasciculans and Astelia pumilia, and different Carex
species with an average peat accumulation rate of
0.5 mmyyear. The only other materials besides peat
in this core were contrnibuted by rain, air pollutants,
aerosols, sea spray and volcanic tephra (Biester et
al. 2002). Therefore, the mineral and glass content
of this peal resulls essentially from tephra fall. The
general weather situation in this Andean area
{Schneider et al., in press) precludes deposition of
Patagonian pampa-derived fine dust. At an other
locality of Bahia Bahamondees also a minerogenic
peat (peat core GC-2; Fig, 1¢) with peat accumulation
rates of 0.1-0.3 mm/year was investigated. In addition
to tephra and other atmospheric derived com-
ponents, this peat also contains variable proportions
of minerals and/or glass which were introduced as
surface fluvial sediment, especially during the early
slage of peat formation, which began in the Late
Glacial. A 6.5 m long sediment core (CH-1; Fig. 1c)
was also taken from a small 100-by-150 m lake
Chandler. This small lake has a very restricted
catchment area of moderate topography and only a
few small tributaries. Organic-rich sediments (10-
30% organic carbon) wera deposited in the anoxic

lake bottom without bioturbation, so that even thin
tephra layers, which are light-gray to yellow in color
and easily visibla in the dark-brown sediment core
(Fig. 2}, are very well preserved, Approximately 40

122

408

. Sections of the sadiment core from lake Chandles on thi
Fomnsula Munoz Gamers (CH-1 in Fig. 1), snowing
thrae tephra layears produced by enspticns of Mont Burmnaey
volcano botwean 2026 £48 1o 2063190 cal, yr BP (122 cm
core depih), at 4254+ 120 cal. yr BP (408 and 414 cm), and
between 9009217 to 9175111 cal. yr BP (515 am). A
further tephra layer is loom the Hudson eruplion at
TTOT£185 1o 77952131 cal. yr BP (480 cm)
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soil profiles, some reaching back to >5454£136 cal.
yr BP (Table 1), have also been studied in the
nearby area (Figs. 1c, 3).

In addition to the cores from the Main Andean
Cordillera, a 4.2 mlong clay-rich fjord sediment core
(ES-1; Fig. 1b) was taken 3 km south of the northarn
shore of the proglacial lake Seno Skyring, near
Escarpada Island, in a water depth of 80 m.
Approximately 7 km northeasl of this locality, a
pradominantly ambrogenic peat core was taken
along the northern shore of Seno Skyring (Sky-1;
Fig. 1b). Its peat accumulation rate increases from
<0.2 mm/year in the lower core section to 0.4 mm/
yearinthe upperpart of the core (Fig. 4). Inthe lower

Fjord and lake sediments

Peat cores

mineregenic clay-rich part of this core (>5952132
cal. yr BP; Table 1), thin lephra layers are difficult or
impossible to detect.

Another 6.5 m long peat core (Pbr-2; Fig. 1b)
was taken near Puerte del Hambre along the northem
shore of the Straits of Magellan on Peninsula Bruns-
wick. Ombrogenic peatformationin this core reaches
back continuously to 10883+105 cal. yr BP (Fig. 4).
Tephraidentification in this core is much easier than
in other partly minerogenic peat or sedimentary
cores taken previously in the same area, such as
the Puerle del Hambre peal core described by
MeCulloch and Davies (2001}

Soil profiles from

Seno Skyring Lago Chandler ombrogenic minerogenic Gran Campo Nevado

0m

bl b

im
7708 - B454
! i 8409 =
11174 2m

gz Dark-brown, humus
rich with little clay

(7 Olive-brown, humus- E Gray silt
rich with little clay

= Humus-rich layer
[7] Reworked tephra
[] Tephra fall out

Black-brown
B flamed
|| Gray sand

[ Gray clay

= Gravel with sand
! Dark-brown peat
&1 Light-brown peat
£ Yellow sand

FIG. 3. Lithologic characteristics, stratigraphy and tephra layers of sediment, peal and soil profiles lrom Peninsula Mufioz Gamero and
thé: morhern shome of Seno Skynng (Incations sea Fig. 1a-c). From laft to right: a sediment cora from the nenhern shore of Seno
Skyring (ES-1); a sediment core of Lake Chandler (CH-1) near the Gran Campo Nevado with sedimention rales (mmfyoar, n
ilalies; Table 1); an ombrogenic peateore (GE-1), a minerogense peat core (GC-2) and soil profiles, all frem tha sama area at Dahia
Bahamondes near 1o the Gran Campo Nevado (Fig. 1c); Estimated minimum and maximum ages of tephra layers are goven in

cal. yr BP {delails seo discussion and Stom 1992, 2000).
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RESULTS AND DISCUSSION

TEPHRA PRESERVATION

Among the vanous peat and sediment cores, the
organic-rich sediment core from the small lake
Chandler (CH-1) on Peninsula Mufioz Gamero pre-
sarvas the most tephra fall layers (Figs. 2-4). No
root activity or bioturbation has disturbed small
tephra fall layers in this lake. Furthermare, the light-
gray lephra layers are easily visible in the dark-
brown sediment core (Fig. 2). However extensive
soil erosion and deposition in the lake, possibly due
to plant destruction after the Meunt Bumey eruption
of 42542120 cal. yr BP, makes radiocarbon dating
in the upper part of the core difficult (Kilian et al.,
20071).

In contrast, thin tephra layers in peal cores are
often dispersed by root growth after deposition.
Therefore, fine-grained volcanic ash layers are often

difficult to detect and the original thickness of ashes
is difficult to estimate in these cores, However,
observation of the presence of very thin tephra
layers was easier in ombrogenic peal cores than in
minerogenic core sections. In the Late glacial
minerogenic basal parts of the peat cores, the
volcanic ash layers are particularly difficult to
distinguish from fluvial-derived clayey sections in
the peat. Ombrogenic peat formation started earlier
in the area along the Strait of Magellan near the
Puerto del Hambre site (after 108832105 cal. yr BP,
Fig. 4} than along the north shore of Seno Skyring
(after 5952+32 cal. yr BP) or within the Andean
Cordillera on Peaninsula Munoz Gamero (=2420£70
cal, yr BP; Biester ef al, 2002). This is due to ice-
retreat, and also lo postglacial uplift of shore lines,
which both occurred progressively from east to
west,



R Kilan, M. Haotoer, W Bester, M -0 Wallrabe-Adams ang C.R, Stern 3

TABLE Z. CHEMICAL COMPOSITIONS, OF SELECTED VOLCANIC GLASS SAMPLES FROM DIFFERENT TEPHRA LAYERS IN THE

SOUTHERNMOST AMDES.
Hudson Reclus
Hu 4-8 Hu 4-10 Hu 3-11  Hu 4-12 He 87 HeB-13 Ae8-14 RAe8-15 Ao B8-18
SI'Z?Ir TH 22 7829 7TH1 TH.24 79132 T9.52 78.83 7949 TE.TE
TiQ, 0.19 015 0.18 016 0.19 0.14 010 015 (R
ALD, 13.74 11.82 1363 13.88 1307 12,94 12.94 12.46 13.12
'E:rzl}\I .04 Q.00 .00 0.00 0.00 0.00 0.00 0,04 0.00
Fed 116 0.88 1.10 1.10 1.35 1.23 1.24 1.24 1.61
MnD 0.02 0.02 0.02 0.00 0.07 0.05 0.03 0.08 0.05
MgO A L] 018 014 018 0.21 0.18 0.24 022 026
CaQ 1.1% 1.07 1.18 1.06 1.53 1.58 1.42 1.43 203
Na, O 2.94 247 2.28 1.76 1.61 1.53 2462 213 344
I{gl} 4,35 412 395 A83 2.85 283 255 278 2.32
Total 100,00 100.00 100.00 100.00 m00.00 100.00 100001 100.00  100.00
Burney | Aguilera |
Bu 5-1 Bu 5-10 Bu -8 Bu§-15 Bu 518 Bu 5-17 Bu 5.2 Pr 283-3 Pr 283-12 Pr 28312
| |
Sil}? 7803 7B58& TS50 TS5AE  TAAT7 TET3 TE 44 I 7743 TTET T78.20 |
TiO: 0.33 .38 0249 .33 .34 033 042 ! 041 018 0as |
ALOD, 1447 1247 1422 1391 1193 13.52 13.56 | 1251 12.41 12,30
Cr0, 0.00 Q.00 0.00 .00 0,04 0.00 0.00 ! 0.0 0.01 .01
Fal 0.79 1.26 1.42 1.66 1.42 1.20 1.67 ! 1.37 0.58 048
MnQ 003 006 000 004 004 0.00 0.01 | .00 0.01 .01
Mo 015 0.35 0.33 0.3y o.14 015 0.29 | 0.09 011 010
Cag 287 1.89 245 225 1.59 224 2.2y | 1.56 0.3 o.re
MNa, O 443 a5 4.41 352 338 4.21 372 | 333 573 4%
0 119 1RO 1BF 206 1497 1.62 1.72 I .30 248 .99
: Total 100,00 100.00 100,00 10000 100.00 100.00 100.00 [ 100.00 10:0.00 100.00

CHEMICAL COMPOSITION OF VOLCANIC
GLASSES AND TEPHRA ALTERATION

Representative compositions of volcanic glass
from various tephra layers of different sediment and
peal cores are given in lable 2. Since elactron
microprobe analyses of alkali elements require
relatively wide electron beams (9=5-10 pm), meas-
urement conditions used in the electron microprobe
analysis are often a compromise betwaan optimum
conditions and tephra size constraints, and these
data may thus represent only an approach to the
ariginal glass composition.

Also, alkali loss is a typical phenomenon during
glass alteration. depending on the tephra structure
and composiion as well as on the acidity of the
hydrous environment in which the tephrais deposited
(Ericson et al., 1976). Typically, for tephra in the
cores from Magallanes, the outer 1-5 uym of tephra
glass surfaces have often suffered significant alkali
loss, and because many of the tephra glass shards

are often only a few micrometers in size, they may
have lost alkal elements throughoul. This problem
may also alfect glass in small pumice fragments,
which are often vesicle-rich, with glass partitions
between the vesicles only 5-10 pm thick.

Glass compositions were measured in lephra of
differant grain sizes, deposited in various peat and
lake sediment cores after the 42542120 cal. year
BP Mount Bumney eruption. The resulls indicate a
greater alkali loss in glass from small tephra glass
shards in a peaty environment. This results in a
pronounced voleanic glass alteration trend (Fig. 5a)
‘which is most pronounced in the acid {pH 3-4.5)
ombrogenic parts of the peat core. In the Austral
Andes, where peal soils are dominant, accelerated
tephra alteration may reprasent animpartant nutrient
supply for the otherwise generally nutrient-poor
soils of the area (Young 1972). In the peat core GC-
2, some thin clay-rich tephra layer are parly
transformed to siderite and rhodochrosite layers, so
that their original chemistry is altered.
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layers (open symbols) at differant depths (om) in various
peat and sediment cones (GH1, GC2, EB1, Skyl and
PBr2; Figs. 1, 2, 3) from (a) Gran Campo Nevado area a1
thix main Andean Cordillera; (b) lhe Skyring area and (c)
the Peninsula Brunswick of the southarnmost Andas,
compared 1o those of voleanic rocks (selid symbels) Irom
the Aguilera, Reclus and Mount Burney volcanoes in the
Andean Ausiral Voleanic Zone (Starm and Kilian, 1596)
and Hudson wvolcano in the Soulhem Volcanic Zone
(Kilkan, 1997; Naranje and Starn 1998).
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Diespite these analytical problems, most of the
glass compositions of the different layers of tephra
found in different cores fit well into the known
fractionation trends of the active volcances of the
southern Andes (Fig. 5 Stern and Kilian, 1996;
Kilian, 1997). These tephra glasses generally have
arhyolitic composition. Their K,C versusSi0, content
distinguishes their velcanic sources among the
different active eruption centers of the southern
Andes (Fig. 5). However, the glass composition of
different Holocene eruptions from Mount Burney
are mutually indistinguishable. Compositions of
plagioclase, pyroxene, mica and amphibole pheno-
crysts in the tephra layers were also determined by
the electron microprobe, but their compositions
show complex chemical zoning and do not clearly
raflact the different possible volcanic sources (Kilian
at al, 1991; Stern and Kilian, 1996).

TEPHROCHRONOLOGY

Lithological characteristics, ages (in cal. yr BP)
and ash contents (mineral and glass content) of the
minagrogenic and ombrogenic peat profiles, as well
as the sediment and soil profiles, are shown in Figs.
3 and 4. The volcanic eruptions that produced the
tephra layers observed in the different cores are
described here from the youngest to the oldest.

The ambrogenic peat (GC-1) from the Bahamon-
des area in central part of the Andean Cordillera
{Fig. 1) contains a small tephra layer (Figs. 3 and 4)
ataround 95 em depth, which, based on its chemical
composition, is derived from the Mount Burney
volcano (Fig. Sa). Two "G ages from below and
above this tephra layer give a minimum to maximum
age range of 1879+48t0 221390 cal, yr BP for this
eruption (Fig. 3; Table 1; Biester el al., 2002). The
minimum age is from 5 cm above the tephra layer.
Inthis section of the core the yearly peat growth rate
was 0.34 mm/year, suggesting that the tephra is
150yr older than the radiocarbon age. The maximum
age was determined on a sample taken 3 cm below
the tephra layer. In this section of the core, the
yearly peat growth rate is 0.2 mm/yr, suggesting
thatthe tephrais 150 yryoungerthan the radiocarbon
age. This constrains a more precise minimum lo
maximum age range for this eruption of 2026+48 to
2063+80 cal. yr BP. A tephra layer derived from this
eruption of the Mount Burney volcano was also
detected in the minarogenic GC-2 peat care, where
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another maximum age of 27/50+34 cal. yr BP was
obtained from 10 cm below the tephra layer (Fig. 3).
Inthe sediment core from lake Chandler (CH-1), this
lephra is preserved as a very sharp 2 mm thick
tephra fall layar {Figs. 2, 3}, In the sediment core
fram the Seno Skyring (ES-1; Fig. 1), around 60 km
to the northeast of the Gran Campo Mevado area
and to the east of the Mount Burney volcana, this
tephra layer is significantly thicker (2-3 em; Fig. 3),
and the tephra grain size increases from <60 im on
Peninsula Munoz Gamero to ~0.5 mmin the Skyring
core. These data suggest that the tephra fan fram
this eruption was distributed predominantly to the
northeast of Peminsula Munoz Gamero. However,
this Mount Bumey eruption seems to have been
only a small Plinian eruption, producing a spatially
restncled tephra fall not found at other locahlies.

A tephra layer with chemical composition
indicating that it was derived from an eruption of the
Aguilera volcano (Fig. 5b) was observed in the
sediment core (ES-1; Fig. 1} from Seno Skyring, but
in the Gran Campo Nevado area this tephra ocours
only in the lake Chandler sediment core (CH-1;
Figs. 1, 3). In the Chandler lake core, this very fine-
grained tephra is preserved as a sharply defined
layer 1.5 mm thick with. An age from 15 em below
this layer gives a maximum age of 3879232 cal. yr
BP. Inthe Skyring sedment core (ES-1; Fig. 1) this
tephra layer is 1-2 cm thick and the grain size
reaches 0.2 mm. These localities represent the
southern imit of the distribution of tephra derived
from an eruption of the Aguilera volcano <3596+230
cal. yr BP (Stern 1990, 1092, 2000).

All the peal and lake sediment cores from the
Paninsula Munoz Gamaro, Skyring fjord and Penin-
sula Brunswick contain a relatively thick (5-15 cm)
Mid-Holocene tephra layer (Figs. 2-4) derived from
the Mount Bumey volcano as indicated by its glass
chemistry (Fig. 5). A minimum age of 392127 cal.
yr BP from the ombrogenic Skyring peat core (Fig.
4) was determined 7 cm above this tephra layer,
Peat accumulation rates of 0.23 mmdiyear in this
peat section suggest that the eruption is -300 yr
olderthan the "G age. This calculated minimum age
of 422127 cal yr BP is in good agreement with the
4254+120 cal. yr BP age obtained by Stern (1982,
2000} and McCulloch and Davies (2001) for this
Mid-Holocena eruption of Mount Burnay.

The Chandlerlake sediment core (CH- 1) contains
a very thin tephra fall layer (1 mm thick), derived
from the Mount Burney volcano, about 24 cm below
the 4254 cal. yr BP tephra layer and 17 cm below a

"G age of 495211 cal. yr BP. Sedimentalion rates
of 0.23 mmiyear in this section of the sediment core
suggests that the small eruption of Mount Burney
that produced this layer occurred aboutl 5691211
cal. yr BP

The next oldest Holocene tephra layer in the
Chandler lake sediment core (CH-1)is derived from
the Hudson volcano as indicated by the composition
of this glass (Fig. 5a). This tephra also accurs as 1-
2 mm thick layer in minerogenic peat core (GC-2:
Figs. 1, 3) from Bahamondes at the Gran Campo
Nevado area, as well agin the Peninsula Brunswick
ombrogenic peat core (Pbr-2; Fig. 4) where this
layer is significantly thicker (2-3 ecm). “C ages
obtained from above and below this tephra layer in
the minerogenic peat core GC-2 give a minimum to
maximum age-range of 7705257 to 840917 cal. yr
BF. This age range agrees with the minimum age of
GE252110 yr BP {= 751589 cal. yr BP) and the
maximum age of 6930120 yr BP (=7733=131 cal.
yr BP) determined by Naranjo and Stern (1998) and
improves the minimum age constraint,

An older Holocene tephra denved from another
eruption of Mount Burney is observed in the Gran
Campo Nevado area as a thin layer (1-2 mm thick-
ness) in both the minerogenic peal core from Bahia
Bahamondes (GC-2; Fig 1c) and the Chandler lake
sediment core (CH-1; Figs, 3 and 4). This tephra
layer is thicker to the northeast in the Skyring peat
core (Sky-1; 2 cm) and still thicker (3-4 cm) lowards
the southeast in the Brunswick peat core (Phr-2:
Fig. 3). The chemical composition of the glass is
indistinguishable from that of other younger Mount
Bumney tephra layers (Fig. 5; Tabla 2). A minimum
age of 8409:17 cal. yr BP for this tephra was
obtained from minercgenic Bahamondes peat core
(GC-2; Figs. 1, 3). This age is from 12 cm above the
tephra, The peat accumulation rate of 0.2 mm/year
in this part of the core section suggests a minimum
age of 900917 yr for this tephra. A maximum age
of 31752111 cal. yr BP was obtained from diractly
below thistephralayerinthe Chandler lake sediment
core (CH-1; Fig. 4). This minimum Lo maximum age-
range of 900917 to 9175+111 cal. yr BP gives a
more precise ime span than the minimum age of
7535250 "“C yr (=8383+£114 cal yr BPF) and
maximum age of 8305250 "C yr (=82712215 cal.
yr BP) previously determined by Stern (1992, 2000).
The tephra fall of this pliman eruption of Mount
Burney was distributed predominantly to the east of
the volecano (Fig. 1a).
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Two other thin tephra layers derived from Mount
Burney oceur deeper in the Chandler lake sediment
core (CH-1; Fig. 3). The younger of these tephra is
dated between M175£111 and 95111121 cal, yr BP
and the older =9511 cal. yr. BP. Meither tephra
layers have been found at other lecalities and,
therefore, these deposits are likely to represent anly
small eruptions of Mount Bumey with limited tephra
fans.

A late Pleistocenetephra, with glass composition
chemically similar to veleanic products ofthe Reclus
voleana (Fig. 5¢), was tound in the minerogenic part
of the peat core fram the Peninsula Brunswick (Phbr-
2; Fig. 4). This tephra resulted from the eruption of
the Reclus volcano for which a maximum age of
132552205 yr BP {=15931+126 cal. yr BP) and a
minimum age of 128704200 yr BP (=15384=5T78
cal. yr BP) has been dated by Stern (1992, 2000),
Only this core among those studied provides a
recard, dating back to this time. The oldest peat cora
from the Main Andean Cordillera at Bahia
Bahamendes near lhe Gran Camopo Nevado (GC-
2; Figs. 1, 3) reaches back to only 14421612 cal.
yr BP and does not contain this Reclus tephra layer.

TEPHRA THICKNESS AND DISTRIBUTION

The tephra layers observed inthe cores indicate
that Mount Burney had four small and two large
Plinian eruptions during the Holocene., The small
eruptions produced tephra layers that are either
restricled to the Andean area just southeast of the
Mount Burney volcanao or are difficult to detect in the
minerogenic peat cores of the subandean range
and terrestrial deposils of the Pampean area to the
east,

The eruption fans of the twa large Holocens
Plinian eruptions of the Mount Burney volcano had
ditterent directions. The tephra produced by the
clder eruption (9009+17-9175=111 cal. yr BF) was
distributed mainly to the cast-southeast of the
volcano (Fig. 1a). Our peat and sediment cores from
the area south-southeast of Mount Burnay all contain
this tephra layer, but it is significantly thinner (1-2
mm thickness) in the cores from the Main Andean
Cordillera than along the Strait of Magellan near
Puerto del Hambre (1-2 cm) and further to the north
(=10 cm). In conlrast, the younger 4254x120 cal. yr
BF large explosive eruption produced a tephra fan
which was distributed mainly to the south-southeast

HOLOGENE PEAT AMD LAKE SEQIMENT TEPHRA RECORD FROM THE

of the velcano (Figs. 1 and 6).

The lake sediment core CH-1 from the Gran
Campo Mevado area in the Main Andean Cordillera
contains thin tephra layers produced by the large
Holocene explosive eruptions of Hudson (7707 £185
and 7795131 cal. yr BP) and Aguilera volcanoes
[=3596+£230 cal. yr BP), which imply that the
southwest edge of the tephra fans from these
eruplions reached into the area of the Main Andean
Caordillera even far south of these volcanoes (Fig.
1a). This reflects both the very large size of these
eruplions, the Hudson eruption being the largest in
the southern Andes during the Holocene (Maranjo
and Stern, 1998), as well as very unusual southward
wind conditions during these eruptions. Such very
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FIG. 6. a- Southarmos! Southamendca with invastigated lacalities
and tephra lhicknesses [numboers ndicale eckness o
cm) of the 4254 cal. yr BP Mount Burney tephra layer
which has been used fore an iscpach map and taphra
wolume estimates. NMumbers o pareniheses indicale
relerances: 1- Auar 1965; 2- Hansen oral communication,
2001; 3 Houssor 1995, 4= Porded of al, 1984, 8- Stern,
1952 and G- Stern 1990, Filled symbols indicate identified
fall deposits of the 4254 Burmeay aruption. Opan circles
represents the Tephra Il of Aver {1965} which may
corraspond to this Burnay eruption; b- 1sopach map (in
cmp of the lephra distribution of the 4254 cal. yr BP
aruption of the Mount Burney volcano based on the data
presantad in (a).
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FIG. 7. Tephra thicknass versus areas ol isopachs lor the lage
Holocene explosive volcanic eruplions of Laacharses
(FiEner and Schmcke, 1984, Mound Sainl Helens (Sar
na-Wopcicki af &l 1980), Hudson (Scasso ar al, 1994;
Maranpg and Slcen, 19080 and Quizapy (Hildroth and
Draka, 1992), compared 1o the 4,254 cal. yr BP anipton
of Mourd Burney. Based on these curves, the fephra
volumea of the 4,254 cal. yr BP enepfion of Maount Bumey
was caloulaied as 2.8 km® using techmigues descrined by
Fiersiein and Mathenson | 19582)

rare waathar conditions occur anly in <5 % of all
weather situations at the Gran Campo Nevado arga
(Schneider &t al., in press).

THE LARGE MID-HOLOCENE PLINIAM ERUPTION
OF THE MOUNT EURMEY VOLCANO

Figure & shows locations of ocourrences and
thicknesses of tephra layers, for the 4, 2542120 cal.
yr BP eruption of Mount Burney volcano, and an
isopach map for this eruplion based on these dala.
The tephra thicknesses and areas of isopachs are
used to calculate an erupted tephra volume of
2.8+0.3 km” (Fig. 7) alter Fierstein and Nathenson
(1982). This is approximately hall as large as the
volume erupted by the Hudson volcano in 1991 (4-
7km?, Naranjo ef al,, 1993; Scasso ef al., 1994), but
significantly less than the tephra volume produced
by either the 7707185 and 7,795+131 cal. yr BP
Hudson eruption (=18 km®, Maranjo and Stern,
1998) or the Quizapu eruption in 1932 (18 km’,
Larsson, 1836; -9 km*; Hildreth and Drake, 1992),

The eruption may have caused the formation of the
small summit caldera of the Mount Burney voleano
(Fig. 8a). Onthe eastern and southeastern slopes of
Mount Burney, tephra deposils are up 1o =5 m thick
with pumices up to =5 cm in diamater at a distance
of 2-3 km from the caldera (Fig. 8b). These tephra
deposit continue towards the southeast and the
Gran Campo area, and the authors suspect they are
the products of the 4254120 ca. yr BP eruption of
Mount Burney volcano.

FiG. 8. (Upper) Satellite mage ol the Mounl Bumoy volcano

showing its summit caldera. (Lower) Holocena tephra
deposiis, =3 m thick and comaining pur
cluarmaston,

n e sowiieas e sicle ol Eh )
deposits, and poesibly the Summit ca dara. may have
beren produced by the large explosive eroption al 4254
cal. yr BF. but the ¥ have nat haan daled



36

GLOBAL S0O,PEAKS FROM LARGE SOUTHERN
ANDEAN VOLCANIC ERUPTIONS

80, peaks in ice cores from Antarctica can
potentially be ralated to large Plinian eruptions of
volcanoes in the southern Andes. The <20,000 yr
comprising ice core record of Steig et al (2000)
fram Taylor Dome, Antarctic, shows significant
volcanic derived S0, peaks at 3,600 cal yr BP,
which may possibly be related to the Aguilera
eruption at <3586+230 cal. yr BP, and at 16,000 cal.
yr BP, which may be related to the 153842578 1o
15931£126 cal yr BP eruption of Reclus volcano.
However, this core does not contain an SO_spike in
the time period 7707+ 185 and 7795131 cal. yr BP

HOLOCENE PEAT AND LAKE SEDIMENT TEFHAA RECORAD FROM THE..

which could corresponds to the very large Mid-
Holocene eruption of the Hudson volcano, the largest
and most mafic eruption in the southernmost Andes
during the Holocene (=20 km® of tephra; Fig. 8
Maranjo and Stern, 1998), indicating that not all
Andean eruptions produced 50, peaks in this core.

In contrast to the core record of Steig et al.
{2000) frem Taylor Dome, Antarctica, the 4100 year
East-Antarctic ice core record of Cole-Dai et all
(2000) does not show a significant SO, peaks
between 3000 and 4000 cal yr BP. However, at
4100£100 cal yr BP, where the ice cora ands, there
is a significant S0, peak, which possibly could be
related to the 4254 cal. yr BP Mount Bumey
eruplion.
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