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ABSTRACT
Volcán Chaitén (southern Chile, ~43°S) initiated an historically 

unprecedented eruption in A.D. 2008, surprising the local inhabit-
ants, Chilean and Argentine authorities, and the geologic community. 
Available data at the time indicated an absence of explosive eruptions 
from this rhyolitic volcano since a large-magnitude eruptive event 
dated at ca. 10,500 yr B.P. We present lake-sediment data from Lago 
Teo, a small closed-basin lake located in the immediate vicinity of 
both Chaitén township and the volcano, that spans the past ~10,000 
yr and contains 26 pyroclastic fallout deposits. Glass-shard electron 
microprobe analyses revealed ten rhyolitic tephras indistinguishable 
in composition from the 2008 Volcán Chaitén eruption, and ten oth-
ers potentially derived from the Michinmahuida volcanic complex. 
Among the rhyolites, we detected three closely spaced tephras depos-
ited between ca. 9460 and 9680 yr B.P., followed by two thick teph-
ras dated at ca. 7700 and ca. 5080 yr B.P. Three other closely spaced 
tephras occur between ca. 600 and 850 yr B.P., the most recent pre-
historic event at ca. 420 yr B.P., and a 3-cm-thick tephra deposited 
during the 2008 event. We calculate a median recurrence of ~310 yr 
between eruptive events from all sources over the past ~10,000 yr, and 
~200 yr between Volcán Chaitén events over the past millennium. Our 
results not only challenge the notion of an ~10,500-yr-long quiescence 
for Volcán Chaitén activity, but also suggest that the 2008 eruption 
was an overdue phenomenon in the context of its postglacial eruptive 
history, illustrating the advantage and absolute necessity of utilizing 
lake-sediment archives for developing continuous well-dated time 
series inventories of explosive volcanic events.

INTRODUCTION
A large rhyolitic eruption from Volcán Chaitén (southern Chile, 

42°49′S, 72°38′W) began on 2 May 2008 (Lara, 2009), ending an 
~10,500-yr-long interval of apparent quiescence since its sole explosive 
eruption documented at the time (Naranjo and Stern, 2004). Chilean 
authorities forced the evacuation of the Chilean towns of Chaitén and Fut-
aleufú, located ~9 km downstream along the Río Chaitén valley and ~75 
km southeast downwind from Volcán Chaitén (Fig. DR1 in the GSA Data 
Repository1), respectively, considering the proximity of the towns to, and 
imminent hazard posed by, this highly explosive volcano. Tephra distrib-
uted downwind from Volcán Chaitén also caused significant disruption to 
communities located eastward across the frontier in Argentina, adversely 
affecting all aspects of their economies. Initial assessment of volcanic 
hazards in the vicinity of Volcán Chaitén was based on eruptive records 
described from the soil-forming environment (Naranjo and Stern, 2004) 
where post-depositional weathering and biological mixing has effectively 
masked the accretion of fine and/or thin tephra to the ground surface. This 
situation in a temperate, humid, high-weathering environment creates a 

descriptive bias toward very large-magnitude and/or coarse-grained erup-
tive units that are prominently represented in the andic soil profile (Allo-
way et al., 1995), making thin and/or fine-grained tephra deposited within 
andic soil sequences unlikely to have been preserved and difficult to date. 
Such deposits are usually better preserved as discrete layers within fast- 
and constant sediment–accumulating systems such as lake sediments.

The 2008 reactivation of Volcán Chaitén presents an unprecedented 
opportunity for the ongoing study of an explosive eruption of silicic 
composition (an uncommon type of volcanism in historic times) using a 
combination of modern monitoring systems (Castro and Dingwell, 2009; 
Lowenstern et al., 2012; Pina-Gauthier et al., 2013; Reich et al., 2009; 
Watt et al., 2009; Wicks et al., 2011) and mineral geochemistry for assess-
ing the subsurface conditions and magmatic processes that can be attrib-
uted to the reactivation of apparently long-dormant rhyolitic volcanoes 
(Carn et al., 2009). The occurrence of multiple tephras within sediments 
of Lago Teo (42°54′8.13″S, 72°42′22.42″W, 45 m above sea level) affords 
an opportunity to firmly place the 2008 Volcán Chaitén eruption within 
the context of a near-complete inventory of intermittent events that have 
occurred at the same eruptive center over postglacial time.

THE LAGO TEO RECORD
We set out to study the timing, recurrence, and origin of postglacial 

explosive volcanism in northwestern Patagonia using lake sediment cores 
from Lago Teo (a small, closed-basin lake located between the Chaitén 
township and the volcano), the cover-bed stratigraphy from nearby sectors 
(Fig. DR1), and field and laboratory analyses on the tephra deposit derived 
from the Chaitén 2008 eruption. The sedimentary record from Lago Teo 
consists of 302 cm of organic lake mud with 26 discrete pyroclastic lay-
ers (Fig. 1; Table DR1 in the Data Repository), including tephra from the 
2008 Volcán Chaitén eruption, that typically display concordant horizon-
tal beds of well-sorted, coarse to fine ash with sharp upper and lower con-
tacts in X-radiographs (Fig. DR2). Our chronology indicates continuous 
deposition in Lago Teo since 10,000 yr B.P. (Fig. DR3; Table DR2).

We sampled the most prominent tephras and, where possible, ana-
lyzed glass shards for major element compositions. Major oxide chem-
istry of glass shards reveals a wide range for SiO2, between 54 and 78 
wt%, and K2O + Na2O of 3–9.7 wt% (Fig. 1; Table DR3). Samples cluster 
into three compositional groupings, ranging from rhyolite (LTT-1, LTT-2, 
LTT-4, LTT-5, LTT-6, LTT-12, LTT-17, LTT-22, LTT-23, LTT-25; group 
1), to trachyte to dacite (LTT-8, LTT-18, LTT-20; group 2), to basalt to 
basaltic andesite (LTT-3, LTT-7, LTT-9, LTT-10, LTT-14, LTT-15, LTT-
26; group 3) fields (Fig. 1) (LTT, Lago Teo tephra). Tephra beds can be 
distinguished on the basis of glass major element oxides such as FeOt 
versus CaO and K2O (wt%) (Fig. 2). The clustering corresponds with 
compositional groupings identified in Figure 1, suggesting that the tephras 
recorded in Lago Teo could represent the products of three composition-
ally discrete sources.

We observed a tight clustering of rhyolitic tephras from Lago Teo 
around values characteristic of the 2008 Chaitén eruption (LTT-1 and 
surface samples) on the basis of major element glass chemistry (group 
1; Fig. DR4; Table DR3). Most of these tephras occupy closely spaced 
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but discretely clustered populations indicating that they represent geneti-
cally related but separate eruptive products, ruling out the possibility of 
repeated reworking up the sediment core. With an age of ca. 9680 yr B.P. 
(Table DR1), LTT-25 closely corresponds in age and geochemistry with 
the ca. 10,500 yr B.P. Cha1 tephra described by Naranjo and Stern (2004), 
more recently mapped and redated at 9750 yr B.P. (Watt et al., 2011). 
The high, constant sedimentation rates within Lago Teo, reduced weather-
ing, and biological mixing suggest that the event named Cha1 recognized 
northward from Volcán Chaitén and on the steep-sided surfaces bounding 
the Andean range front (i.e., Watt et al., 2011) may be a composite of three 
closely spaced eruptions as recorded in the Lago Teo interval 9460–9680 
yr B.P. (LTT-22, LTT-23, LTT-25). In addition, this composite tephra layer 

at many localities is either visibly overthickened or stratigraphically dis-
persed by a combination of post-depositional downslope remobilization 
and biological mixing. These scenarios, based on a sparse and directional 
array of thickness data, potentially render modeled eruptive volumes and 
calculated volcanic explosivity index essentially meaningless.

The Cha1 tephra was considered to represent the last explosive erup-
tion from Volcán Chaitén prior to the 2008 eruption (Naranjo and Stern, 
2004; Watt et al., 2011). Clearly the data presented in our study suggest 
otherwise with the occurrence of additional eruptions (Table DR1), two 
of which deposited the thickest rhyolitic tephras in the Lago Teo record 
(LTT-12 and LTT-17) and four additional during the past millennium 
(LTT-2, LTT-4, LTT-5, LTT-6) (Fig. 1; Table DR1). More recent studies in 
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Figure 1. A: Simplified stratigraphic column and inorganic density 
data derived from loss-on-ignition analysis of Lago Teo (southern 
Chile) core. Lago Teo tephra (LTT) numbers represent tephra identi-
fication codes (see Table DR1 [see footnote 1]); numbers along right 
side indicate uncalibrated radiocarbon dates and their correspond-
ing 1s errors (Table DR1). Horizontal yellow rectangles indicate rhy-
olitic tephras derived from Volcán Chaitén identified in this study. B: 
Total alkali–silica (TAS) diagram (wt% SiO2 versus wt% Na2O + K2O) 
showing all Lago Teo tephra analyzed. Analyses from A.D. 2008 Vol-
cán Chaitén eruption are included for comparison (Alloway and Vil-
larosa, this study). Compositional fields from Le Maitre (1984): A—
andesite; BA—basaltic andesite; BTA—basaltic trachyandesite; D—
dacite; T—trachyte; TA—trachyandesite; R—rhyolite. C: Histogram 
showing number of tephras per non-overlapping 1000-yr-long time 
windows in Lago Teo record. Yellow rectangles represent number of 
rhyolitic tephras; green rectangles represent occurrence of tephras 
of putative Michinmahuida volcanic complex origin (group 3, ~53%–
60% SiO2); black rectangles represent all other tephras (group 2, in-
termediate compositions). We incorporated the 2008 Volcán Chaitén 
eruption in the 0–1000 yr B.P. interval. 
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road and river outcrops along the western side of the Andes, including in 
the vicinity of Volcán Chaitén (Amigo et al., 2013; Lara et al., 2013; Watt 
et al., 2013), reported five rhyolitic tephras, including two preliminarily 
dated at <8200 yr B.P. and ca. 5000 yr B.P., two undated tephras <4000 yr 
B.P., and the most recent during the 17th century. Tentatively, these find-
ings could correspond with some of the rhyolites identified in our study.

Specific eruptive source locations for multiple Lago Teo tephras of 
trachyte-dacite (group 2) to basaltic andesite (group 3) composition are 
mostly unknown. However, based on major element compositional sim-
ilarities of group 2 and group 3 tephras with prominent coarse-grained 
tephra analyzed from sections located directly adjacent to Volcán Michin-
mahuida and its satellite eruptive centers (here termed the Michinmahuida 
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Figure 2. CaO and K2O versus FeOt, and K2O versus SiO2 (wt%) for glass shards from tephra layers preserved in Lago Teo (southern Chile) 
sediment core. Lago Teo tephra (LTT) are divided into three broad compositional groupings based on glass shard major element geochem-
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volcanic complex) (Fig. 2; Fig. DR5), it appears 
that most are locally sourced from the composi-
tionally diverse Michinmahuida volcanic com-
plex and, furthermore, that the overall eruptive 
frequency of the Michinmahuida volcanic com-
plex is broadly similar to that of Volcán Chaitén.

DISCUSSION AND CONCLUSIONS
The detailed record from Lago Teo allows 

assessment of the time evolution of explosive 
volcanic events in the Chaitén sector of north-
western Patagonia. We constructed a histogram 
with the number of pyroclastic layers in Lago 
Teo per thousand-year bin, using the median 
probability age for each Lago Teo tephra (Fig. 
1). This plot reveals a background of 1–2 pyro-
clastic events per thousand years, upon which we 
detect millennial-scale increases driven by rhyo-
litic explosive events from Volcán Chaitén, with 
prominent maxima between 9000 and 10,000 yr 
B.P. and during the past millennium (including 
LTT-1). The thick Volcán Chaitén tephras at ca. 
5080 and ca. 7700 yr B.P. also increased the fre-
quency of pyroclastic events, but only margin-
ally. We calculate median time steps of 310 yr 
between pyroclastic layers from all sources over 
the past ~10,000 yr, and 200 yr between Volcán 
Chaitén events over the past millennium, con-
sidering the correct calendar age for LTT-1 in 
both cases. Based on these calculations and the 
~480 yr elapsed since LTT-2, we conclude that 
the timing of the 2008 Chaitén eruption falls 
within the expected pacing of pyroclastic events 
from all sources over the past 10,000 yr, and 
was an overdue phenomenon considering the 
tempo of Volcán Chaitén eruptions recorded in 
Lago Teo over the past millennium irrespective 
of their size. The frequency of eruptive activity 
at Volcán Chaitén is likely to extend back prior 
to ca. 10,000 yr B.P., but this record is region-
ally masked by the effects of widespread glacial 
erosion and associated landscape instability that 
has mostly removed this record from the west-
ern flank of the Patagonian Andes.

Our results from Lago Teo show a more 
dynamic explosive volcanic history than previ-
ously acknowledged in the Chaitén sector of 
northwestern Patagonia, featuring a significantly 
more-frequent eruptive record of Volcán Chaitén 
that includes ten discrete events over the past 
~10,000 yr. The past millennium in particular 
has witnessed the highest activity of Volcán 

Chaitén, a factor that remained undetected by 
previous studies in the region. Thus, the notion 
of an ~10,500- or ~9780-yr-long quiescence 
for Volcán Chaitén activity (Naranjo and Stern, 
2004; Watt et al., 2011) is not supported by our 
lake-sediment archive and the recent findings 
from soil-forming environments mentioned 
above. The results presented in this paper under-
score the advantage, and absolute necessity, of 
utilizing lake-sediment archives for developing 
continuous well-dated time series inventories 
of explosive volcanic events, and reconciling 
these archives against equivalent-aged records 
preserved within the andic soil-forming environ-
ment. Only then can volcanic hazards be criti-
cally evaluated and the risk posed to the com-
munities, infrastructure, and economy from a 
particular eruptive center be accurately assessed. 
Our results will need to be carefully considered 
by both the Chilean authorities and the local 
community as they continue with restoration and 
rebuilding in the aftermath of the 2008 eruption.
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