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A DEVASTATING PLINIAN ERUPTION AT TUNGURAHUA VOLCANO REVEALS
FORMATIVE OCCUPATION AT ~1100 CAL BC IN CENTRAL ECUADOR

J-L Le Pennecl234 « G de Saulieu® « P Samaniegol23 « D Jaya® « L Gaillerl.23

ABSTRACT. Based on archaeological and radiometric constraints, previous studies have divided pre-Columbian times of
Ecuador into a succession of cultural periods. The Paleoindian and Preceramic periods encompass the time from the first
Amerindian occupation to about 4000 BC. The Formative period extends from ~4000 to ~300 BC, while the Regional Devel-
opment (~300 BC to ~AD 700) and Integration periods predate the Columbian period, which starts in AD 1533 in Ecuador.
The Formative cultural period is poorly known from earlier studies. Here, we bring the first documentation of Formative age
occupation around Tungurahua Volcano, 120 km SW of Quito, and show that local settlements were devastated by a violent
eruption around 1100 cal BC. Recent volcanological works combining lithostratigraphic, petrologic, and geochronologic
analyses reveal that the steep-sloped Tungurahua edifice suffered a major Late Holocene flank failure. We show that the fail-
ure event resulted from a major explosive eruption triggered by massive magma intrusion inside the volcano. Decompression
of the magma due to a flank collapse resulted in a violent, high-velocity directed blast explosion, which deposited charcoal-
and sherd-rich ash layers upon and near the volcano. Our 14C results range from 2225 + 30 to 5195 + 45 BP, but most cluster
between 2640 + 45 and 3195 + 45 BP. A calibration analysis indicates that the event took place at ~1100 cal BC, in the For-
mative period. We gathered 38 pottery sherds from 3 localities. The sherds show a diversity of size, shape, color, and orna-
mentation. Examination of pastes, surface finish, and firing indicates that our material shares many common features from
site to site. The material from Tungurahua shares affinities with the Cotocollao tradition, which developed in the Quito region
between 1500 and 500 BC, and with the Machalilla tradition (coastal region of Ecuador), with the occurrence of carinated
bowls with punctuate decorations at 1500-1000 BC. Our study reveals that the ~1100 cal BC Plinian eruption of Tungurahua
Volcano is among the oldest known volcanic disasters in the Andes.

INTRODUCTION

Based on archaeological and radiometric constraints, previous studies have divided pre-Columbian
times of Ecuador into a succession of cultural periods. The Paleoindian and Preceramic periods
include the time from the first Amerindian occupations up to about 4000 BC. The subsequent For-
mative period extends from ~4000 to ~300 BC, while the later Regional Development (~300 BC to
~AD 700) and Integration periods predate the Columbian period, which starts in AD 1533 in Ecua-
dor. Archaeological remains collected in Cotocollao, a site near Quito city (Figure 1), characterize
the Formative cultural period of northern Ecuador. Rare remains with Cotocollao affinities have
been described northwest of Pichincha Province (Lippi 1998), and in Cotopaxi and Chimborazo
provinces (private collections and collection of the Banco Central of Riobamba). However, the For-
mative period is still very poorly known from earlier studies.

Explosive volcanic activity has been a frequent phenomenon in the Ecuadorian ranges (Figure 1)
and repeatedly affected pre-Columbian communities of the inter-Andean corridor (e.g. Athens
1999; Guillaume-Gentil 2008; Hall and Mothes 2008; Rostain 2012). For example, the powerful
Quilotoa eruption around 800 BP translated into severe regional destructions and seemingly trig-
gered massive migration of inhabitants in the Integration period (Hall and Mothes 2008). Other dev-
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Figure 1 Map of Tungurahua Volcano within the Ecuadorian volcanic arc. (a) Inset
shows the location of Tungurahua Volcano (triangle), Quito city, and Machalilla on the
Ecuadorian coast. (b) The main figure displays the volcanoes of the Ecuadorian Sierras
with the inter-Andean valley depicted in light gray. Quito city is delineated as a dark
gray area and Cotocollao locality is identified as a white square in the northern part of
Quito. Other cities cited in the text (Ambato, Riobamba, and Puyo) are also shown.

astating eruptions likely occurred in pre-Columbian times, but detailed evidence has been lacking.
Here, we bring the first documentation of human occupation of Formative affinity around Tun-
gurahua Volcano, 120 km southwest of Quito (Figure 1), and show that local settlements were dev-
astated by a violent explosive eruption at ~1100 cal BC. We examine the volcanological context,
which enables identification of a distinctive tephra layer in the volcano’s history, present new radio-
carbon age determinations, and describe the associated archaeological material. The 14C data were
obtained at the Center for Isotope Research at Groningen University, the Netherlands (GrA = AMS;
GrN = conventional).

TUNGURAHUA VOLCANO AND THE ~1100 CAL BC ERUPTION
Evidence for a Sector Collapse Associated with a Plinian Eruption

Tungurahua volcano sits in the Eastern Cordillera of central Ecuador. The cone-shaped edifice cul-
minates at 5023 m above sea level, and its northern base occurs in the Pastaza River Valley, a deep
and wide canyon that connects the inter-Andean valley of the Ecuadorian Sierras to the Amazonian
lowlands (Figure 1). The Holocene eruptive activity of Tungurahua has received ample attention
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since its hazardous reactivation in 1999. Recent investigations, combining lithostratigraphic, petro-
logic, and geochronologic analyses, reveal that the steep-sloped volcano suffered a major flank fail-
ure collapse in the Late Holocene, as evidenced by typical debris avalanche breccias overlying a
lahar deposit dated around 3 ka BP (Hall et al. 1999; Le Pennec et al. 2008; Samaniego et al. 2011).
This article shows that the debris avalanche and lahar deposits result from a major flank failure
event triggered by massive magma intrusion inside the volcano.

A section near the cemetery of Barfios, a touristic town near the northern base of the volcano
(Figure 2), exposes an eye-catching lapilli layer ~80 cm in thickness. The tephra deposit occurs as 2
well-sorted, faintly stratified layers of coarse-grained lapilli separated by a thinner, 3-cm-thick fine-
grained lapilli and coarse-grained ash beds (Figure 3). The basal 53-cm-thick lapilli layer consists of
whitish pumice clasts near the base, grading upward to brownish dark-toned strata of scoria frag-
ments. The upper 23-cm-thick lapilli layer is a succession of scoria beds, with large highly porous
clasts at the top. Apart from the juvenile material (i.e. pumice and scoria belonging to the initially
hot magma of the eruption), the deposit contains abundant elements of old volcanic material, includ-
ing dark lava clasts, reddish scoriaceous fragments, and distinctive hydrothermally altered yellow-
ish, clay-rich fragments. The lapilli strata rest directly upon a massive 1-m thick, fine-grained
deposit of volcanic ash. Rare subangular pumice and scoria lapilli are present and fragments of
ceramic sherds occur in the ashy matrix. In addition, small charcoal pieces scattered in the ash reveal
that this massive layer was emplaced at high temperature, most likely as a hot pyroclastic density
current. A 14C determination yielded an age of 3195 + 45 BP (GrA-24128, all 14C results are
reported in Table 1). The features (e.g. thickness, componentry, and chemical composition of the
juvenile clasts; see below) of the upper stratified lapilli and lower massive ash deposits are uncom-
mon in the recent Holocene tephra record of Tungurahua. Hence, these layers may serve as a valu-
able stratigraphic key horizon upon and around Tungurahua Volcano.

Higher on the edifice, similar deposits are exposed near the touristic viewpoint of the Runtin Pla-
teau (Figure 2). There, the main lapilli deposit occurs as a conspicuous 40- to 50-cm-thick bed above
the coffee-toned ash layer, and both host many sherds of different size and shape (see below). A 14C
age of 5195 + 45 BP (GrA-34156, Table 1) has been obtained on small charcoals, while recent redat-
ing of the same horizon beneath the main lapilli deposit yields an age of 2225 + 35 BP (GrA-55345,
Table 1). Near Huayrapata, a hill located northwest of the volcano (Figures 2 and 3), a road cut
exposes similar but thinner deposits. The lapilli layer (~50 cm thick) is composed of identical tephra
elements and the lower ash-rich beds host carbonized twigs, which yield a 14C age of 2640 + 45 BP
(GrN-27847). North of Chazo village, near the road to Sahuazo community (Figures 2 and 3), the
succession consists of a 27-cm-thick lapilli layer (with 3 cm for the ash bed between the 2 main
lapilli strata) overlying more than 3 m of massive grayish ash. The latter deposit hosts ceramic frag-
ments as well as small charcoal pieces, which give AMS ages of 2915 + 40 BP (GrA-23911) and
2845 + 40 BP (GrA-34159, Table 1). In road cuts between La Providencia and Cahuaji, southwest
of the volcano (Figure 2), extended tephra successions of recent eruptive Tungurahua activity are
exposed, and the distinctive volcanic layers described above are identified at the base of the young
(<3 ka BP) Tungurahua succession (Hall et al. 1999; Le Pennec et al. 2008). Small charcoal frag-
ments collected in the lower ash-rich deposit yield a 14C age of 3045 + 45 BP (GrA-33878). In Que-
brada Mandur, a ravine located on the northwestern flank of the volcano (Figure 2), the layers rest
directly on top of a dacitic breccia belonging to the debris avalanche of the sector collapse. Here,
small charcoals are dated at 2255 + 45 BP (GrA-31243).

The age of the debris avalanche event was previously inferred from a 14C determination of 2955 +
90 BP obtained on non-carbonized logs collected in a cliff near Cotalo village, in a debris flow
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Figure 2 Shaded relief map of Tungurahua Volcano, with locality names given in
the text. 1*C sampling sites are indicated with laboratory codes as in Table 1. 14C
determinations in regular text refer to the ~3 ka BP deposits, while those in bold
text refer to the major scoria fall layer emplaced at ~9.7 ka BP. The dashed line
on Tungurahua Volcano delineates the scarp of the avalanche caldera amphithe-
ater left by the ~3 ka BP flank failure event.

(lahar) deposit interbedded between 2 debris avalanche breccias (Hall et al. 1999). However, our re-
examination of the deposit strongly suggests that the dated lahar correlates to our massive ash
deposit of Bafios cemetery, and a new 4C analysis of fully carbonized twigs yields an age of 2960 +
30 BP (GrN-30884). The avalanche deposit above this layer should be the most recent flank collapse
associated with the ~3 ka BP event, and we infer that the lower debris avalanche breccia belongs to
an older flank failure event. Our first age determinations of a thick conspicuous scoria fall layer
exposed in the southwestern area of the volcano corroborate this inference. 4C dating of small char-
coal pieces in ashy volcanic surge deposits associated with this scoria layer near Matus (Figures 2
and 3, Table 1) yields an age of 9420 + 30 BP (GrA-24088). The same layer crops out in many
places to the southwest of the volcano and AMS determinations of small carbonized vegetal debris
gave 4C ages of 9920 + 60 BP (GrA-33878) at Copalillo, and 9735 + 45 BP (GrA-27163) on the
southern flank of Igualata Volcano west of Cullog (Figure 2, Table 1). We observed in recent road
cuts of La Providencia area that this key scoria layer rests unconformably upon the eroded top of a
major debris avalanche deposit extensively exposed in the area of Chazo, La Providencia, and
Penipe. It implies that the avalanche deposit is significantly older than the overlying ~9.7 ka BP sco-
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~1100 cal BC pyroclastic layers. Section numbers refer to the sites noted from S1 to S5 in Figure 2 (dep. = deposit).
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ria fall layer, as notable erosion took place at the surface of the avalanche breccia before deposition
of the younger scoria fall deposit, indicating a significant time interval between both events. This is
supported by a 14C determination of 30,690 + 180 BP (GrA-28557) obtained on small charcoal frag-
ments at the base of a debris avalanche deposit exposed near the bridge of Las Juntas, a location
where the Chambo and Patate rivers join together to form the Pastaza River (Figure 2).

Age of the Major Explosive Volcanic Event

14C results for these remarkable deposits range from 2640 + 45 to 3195 + 45 BP, with 3 outliers at
2225 + 35, 2255 + 30, and 5195 + 45 BP. However, the volcanological evidence unambiguously
indicates that the deposits were emplaced in a very short time interval, within several hours of strong
explosive activity (see below for a comparison with the 1980 Mount St. Helens eruption). We there-
fore surmise that possibly old-wood effects and old or young carbon contaminations may account
for some scatter in these data. We converted the 14C results to calendar ages using the CALIB v 6
software (Stuiver and Reimer 1993). Tungurahua occurs in an equatorial environment under the
influence of air masses from both Northern and Southern hemispheres. It is therefore unclear
whether the Northern or Southern calibration curve is appropriate for conversion purposes. Test cal-
ibration analyses with both curves indicate that the offset is not significant, about a few decades in
most cases. In this study, we selected the IntCal09 curve (Reimer et al. 2009), as it rely on a large
data set, but to account for these interhemispheric uncertainties we report the calibrated results by
rounding to 5 yr for each determination at 1 and 2o confidence levels (Table 1).

Discarding the 3 outliers, we calculate a weighted average 1“C age of 2935 + 16 BP for the remain-
ing 7 determinations, which convert to calibrated age ranges of 1210-1115 cal BC at 1c confidence
level and 1255-1240 (3% relative area) and 1215-1055 cal BC (97% relative area) at 2c. Without
further elements to refine this age determination, we consider here that the event took place roughly
between 1250 and 1050 cal BC, and most likely between 1220 and 1050 cal BC, and the expression
“~1100 cal BC” used throughout this paper refers to this extended time interval.

Petrologic Characterization of the ~1100 cal BC Tephra

The magmatic (juvenile) elements within the ~1100 cal BC lapilli deposits essentially occur as whit-
ish pumice and dark-toned to brownish scoria clasts. Some lapilli fragments display both textures
within a single clast, suggesting a mixture of 2 magmas with different compositions. Chemical anal-
yses of the juvenile material support this interpretation, as 2 contrasting compositions are revealed
(Table 2). Gray scoria samples are vesicular and porphyritic andesites (57-58 wt% SiO,) bearing a
mineral assemblage of plagioclase, orthopyroxene, clinopyroxene, and Fe-Ti oxides, with scarce
olivine phenocryst, and a ground mass texturally ranging from glassy to intersertal. In contrast, the
white pumice samples are dacitic in composition (63—-64 wt% SiO,), with a mineral assemblage sim-
ilar to that of the andesitic counterparts, but olivine is absent. Under the binocular microscope, these
pumice samples show a glassy texture with abundant elongated vesicles and scarce phenocrysts.

Both compositions occur in the overall compositional trend of Tungurahua samples (Figure 4). The
andesitic scoria displays the archetypical geochemical and mineralogical compositions of Tun-
gurahua magmas (Hall et al. 1999; Samaniego et al. 2011), whereas the dacitic pumice has a com-
position similar to that of other silica-rich Tungurahua magmas (such as those of the 1250 BP and
AD 1886 and 2006 eruptions). However, the ~1100 cal BC samples have slightly higher incompat-
ible trace elements contents (e.g. K,O, Rb, Ba, Th) and most importantly do not bear amphibole
phenocryst. The absence of this mineral is useful to pinpoint the ~1100 cal BC tephra among other
silicic tephras from Tungurahua, and to correlate the layer on a regional scale in central Ecuador.
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Table 2 Results of chemical analyses for pumice and scoria samples collected in the main lapilli fall layer near
Barios cemetery (TU.BA samples A and B) and near the viewpoint (Mirador) of the Runtin Plateau (TU.MR.
samples A to D). Major and trace elements obtained by ICP-AES at Université de Bretagne Occidentale
(Brest, France), by J Cotten.

Sample nr: TUBAA TUBAB TUMRA TU.MR.B TUMR.C TU.MR.D

Locality: Bafios Bafios Runtun Runtudn Runtun Runtdn
Nature: Gray scoria  White pumice Gray scoria White pumice Gray scoria  White pumice
Composition:  andesite dacite andesite dacite andesite dacite
(Wt%)

SiO, 57.40 62.70 57.15 62.10 57.30 63.00
TiO, 0.89 0.64 0.88 0.68 0.88 0.65
Al,O3 16.55 15.45 16.60 15.65 16.36 15.15
Fe,05? 7.42 4.99 7.40 5.33 7.40 5.24
MnO 0.11 0.08 0.12 0.09 0.12 0.09
MgO 452 2.30 452 2.46 4.56 2.43
CaO 6.60 4.45 6.75 4.67 6.68 4.50
Na,O 3.90 3.90 3.76 3.74 3.88 3.78
K,0 1.75 2.68 1.68 2.50 1.73 2.68
P,0s5 0.25 0.21 0.25 0.22 0.25 0.21
LOlI 0.41 2.01 0.74 2.39 0.25 1.90
Total 99.80 99.41 99.85 99.83 99.41 99.63
(ppm)

Sc 17 9.8 175 11 17 10.5
\Y 175 107 176 115 175 112
Cr 145 55 148 68 145 64
Co 26 14 26 145 26 15
Ni 63 24 61 27 62 24
Rb 45 82 44 78 44.5 84
Sr 586 456 580 461 585 439
Y 17 18.0 17.2 19.2 17 18.8
Zr 148 199 146 204 144 200
Nb 6.3 8.0 6.6 8.0 6.3 7.6
Ba 800 1130 800 1135 800 1150
La 18.8 24.3 18.4 24.4 18.2 24.6
Ce 37 475 385 49 36 47
Nd 20 23 19.5 23 19.6 235
Sm 4.2 4.4 4.2 4.6 4.1 4.6
Eu 11 1.0 11 11 1.1 1.0
Gd 3.6 4.0 3.9 43 3.6 4.0
Dy 31 3.1 3.2 3.4 3.0 3.2
Er 1.7 1.7 1.7 1.8 1.7 1.8
Yb 15 1.6 15 1.7 1.6 1.6
Th 6.1 115 6.3 11.5 6.2 11.4

2All Fe as Fe, 0.
Description and Size of the ~1100 cal BC Eruption

The distribution, thickness, grain size, and textural characteristics of the deposits and chemical com-
positions of the juvenile clasts provide clear evidence that these tephra originate from a major explo-
sive event of Tungurahua. Stratigraphic association of the massive ash strata and the lapilli fall lay-
ers with a debris avalanche breccia (e.g. Mandur ravine, Chacauco scarp, and Pillate cliff, Figure 2)
indicates that the deposits belong to a single volcanic event, most likely similar to that of Mount St.
Helens, USA, in May 1980 (Lipman and Mullineaux 1981). The sector collapse and subsequent ava-
lanche event at Tungurahua were probably triggered by flank deformation and destabilization
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induced by magma intrusion inside the volcano. Sudden decompression of the magma when flank
collapse took place resulted in a violent, high-velocity directed blast explosion, which spread rap-
idly over the rugged topography around the volcano and deposited the charcoal- and sherd-rich ash
layers. The area within the envelope of present-day outcrops where the blast deposit is exposed is
~600 km?, corresponding to a minimum blast layer volume of 0.85 km?3 (Jaya 2003). Concomitantly,
a vertical eruptive column rose high above the crater, and a rain of lapilli showered the area with
pumice and scoria fragments. Using an isopach map of the deposit (Figure 3) and a calculation
model (Fierstein and Nathenson 1992), we estimate the bulk volume of the lapilli fall layer at
~0.45 km3. On the Volcanic Explosivity Index (VEI) scale, the overall size of the eruption is thus
ranked at 5, a magnitude similar to that of the 1980 Mount St. Helens event. Ongoing geological
work reveals that this eruption is the most powerful in the past 9000 yr of activity at Tungurahua, i.e.
2 orders of magnitude higher than the violent August 2006 eruption (Eychenne et al. 2012, 2013).

According to our volcanological data, the tall eruptive tephra column (~20-25 km high) fed a vol-
canic cloud that initially drifted to the north of the volcano, and later to the west and southwest (Jaya
2003). This is consistent with the lack of tephra layers around 3 ka BP in core sediments from
Holocene glacial lakes of southern Ecuador (Rodbell et al. 2002). On the other hand, the eruptive
cloud very likely floated to the west above areas between the Quilotoa and Chimborazo volcanoes
(indexed 15 and 17, respectively, in Figure 1) and possibly deposited some ash on the archaeological
sites of Quevedo—La Man4, where tephra layers of similar age have been 1#C dated by Guillaume-
Gentil (2008). Particularly, his tephra layers V (1130-830 cal BC, 2 o) and VI (1450-1110 cal BC,
2c) are good candidates for correlation to our 1250-1050 cal BC deposits from Tungurahua, but
imprecise tephra description at Quevedo-La Mana sites hampers refining the correlation.

ARCHAEOLOGICAL INVESTIGATIONS
Sampling and Method

The hot, high-velocity pyroclastic density current (blast) spread over an uneven topography and
incorporated the ceramics, which most likely fragmented later during transport into numerous
pieces. Therefore, the sites where we collected the sherds in the blast deposit are presumably located
at some distance from their original site. Similar situations are well known in the town of Pompeii,
Italy, which was destroyed during the famous AD 79 eruption of Mount Vesuvius (Gurioli et al.
2005). We gathered 38 sherds from Bafios cemetery (22 pieces) and the Runtln Plateau (15 pieces
from 2 sublocalities separated by ~8 m), both being located on the north side of the volcano, and
from a hill north of EI Chazo village (1 piece), southwest of the edifice (Figures 2 and 3). On the
southern flank of Igualata Volcano, west of Cullog village, we collected 1 sherd at the base of a
seemingly old, subconsolidated, and fractured debris flow deposit. The latter rests directly upon an
older debris flow deposit, whose ashy top-layer contains small charcoal fragments. The charcoal
debris are dated to 3635 * 40 BP (GrA-34161, Table 1) and we thus consider that the sherd in the
above debris flow deposit is likely subcontemporaneous with those of the Bafios, Runtun, and
Chazo areas. This sherd is not considered in the description below, but it suggests that the whole
region already hosted many settlements around 3 ka BP.

The selected sherds from Bafios, Runtun, and Chazo show a diversity of size, shape, color, and orna-
mentation. Examination of the pastes, surface finish, and firing indicates that this material shares
many common features from site to site. While most sherds are too small or archaeologically incon-
clusive in terms of cultural origin, others display diagnostic features of a specific cultural period. We
summarize below the main types of pastes and shapes of the recipients, and compare with previ-
ously documented archaeological material of the Formative cultural period of Ecuador.
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Figure 4 K50 (a) and Th (b) data plotted against SiO, for ~1100 cal BC lapilli
samples (solid stars) as well as post-sector collapse undifferentiated samples
(open symbols). The fields in the SiO, vs. K,O classification diagram are
modified from Peccerillo and Taylor (1976). BA, basic andesite; A, andesite;
D, dacite; LK, low potassium; MK, medium potassium; HK, high potassium.

Description of the Material

The size of the sherd ranges from 2.5 to 7 cm, with a thickness typically between ~0.3 and 0.8 cm.
Three different types of paste are distinguished: Paste 1: In the collection, 25 sherds show a temper
with a few minerals about 1 mm in maximum length; shining black crystals are likely amphiboles
(and minor pyroxene?), while matt whitish to yellowish elements are plagioclase crystals. Rare
elongate cavities, ~1 mm in length, occur within the paste. The sherd surfaces show complete and
incomplete firing. The colors range from orange to brown to dark- to light-gray. An analysis of the
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shapes suggests that most potsherds belong to globular recipients with necks, as evidenced by an
everted rim from a jar fragment (Figure 5, sherd 4). Some sherds have decorations with a burnish
line (Figure 5, sherds 3 and 7), in some cases with slip (red, orange, and beige tones are present; Fig-
ure 5, sherd 6), and 1 sherd shows an orange slip with punctuates 1-2 mm in diameter (Figure 5,
sherd 5). The only open shape in our collection is from a carinated bowl, with an aperture of 18 cm
in diameter and circular punctuates about 2-3 mm in size (Figure 5, sherd 1). Paste 2: Eleven sherds
have the same temper as above, but the paste is finer-grained and large particles are fewer. The paste,
is ~0.5 cm thick and hosts scarce cavities. The firing is incomplete in most cases, and colors include
orange, reddish, and brown tones. All potsherds exhibit a smoothed external finish. One sherd
shows a delicate decoration with burnish lines on parallel superficial incisions (Figure 5, sherd 2).
Paste 3: Two sherds include this type of paste. One of them is thin (0.35 cm) and displays a very
fine-grained, homogeneous, and compacted paste in which temper’s grains are difficult to distin-
guish under the naked eye. The firing is incomplete, the color is dark gray, and the surface has under-
gone smoothing. None of these sherds is diagnostic. Overall, in spite of the high degree of fragmen-
tation due to multiple collisions in the hot volcanic density current, the material is homogeneous and
essentially consists of pieces of jars with necks, with oval to subspherical bodies (Figure 5).

Comparison with Contemporaneous Material and Discussion

The material from Tungurahua shows marked affinities with the Cotocollao tradition, which devel-
oped in Quito’s region between 1500 and 500 BC (Villalba 1988:245): a) The use of burnished lines
(Figure 5, sherds 2, 3, and 7) and circular punctuates are common in the Cotocollao tradition on
bowls and jars (Figure 5, sherd 5), notably from those of the first phase, la, between 1500 and
1300 BC (Villalba 1988:226); b) The everted rim from a jar (Figure 5, sherd 4) is similar to the for-
mal class XXVII described in Villalba’s classification, which appeared in the Quito area in period
Ib, at ~1300-1100 BC (Villalba 1988:206-7); c) The only open recipient, a carinated bow! with cir-
cular punctuates (Figure 5, sherd 1), displays features related to the formal class VIII, which is one
of the most typical form and decorative patterns of this tradition, from the period Ilb, around 800-
500 BC (Villalba 1988:154-6). However, we wonder if the bowl from the Tungurahua region has an
annular base, as is typical in Cotocollao tradition. Additional comparisons with other traditions can
be proposed. Apart from traditions of the Formative period, only 1 culture shows this type of deco-
rated recipient. The Machalilla tradition, known since the 1960s on the Ecuadorian coast, shows the
occurrence of carinated bowls with punctuate decoration around 1500-1000 BC, with the “Macha-
lilla Embellished Shoulder” type (Meggers et al. 1965:124-6).

In spite of the convincing resemblances, the main limitation of the correlation to Cotocollao lies in
the fact that our comparisons are not chronologically homogeneous, as they vary between phases la,
Ib, and I1b of the Cotocollao tradition, which is considered as a possible source of stylistic Forma-
tive features in the whole Quito area. This concern may result from the high degree of fragmentation
of the ceramics, and the resulting small size of our samples. Conversely, a comparison with the
shorter Machalilla tradition suggests a different explanation because of the earlier appearance of
carinated bowls with punctuation in this tradition. We propose that a coastal influence came earlier
at the foothill of the Tungurahua region, and later reached Cotocollao.

The hypothesis of an Amazonian cultural influence is another option to explain the above chrono-
stylistic discrepancy. In fact, it is worth noting that the Pastaza archaeology is very poorly known
from previous studies. Recent field investigations in the Puyo area, ~30 km east of Tungurahua \Vol-
cano (Figure 1), unearthed a ceramic tradition with carinated forms and decoration with punctua-
tions (Rostain 2012). We speculate that the Amazonian tradition could have attained the Tungurahua
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Figure 5 Selected illustrations of diagnostic material identified in our sample collection from Tun-
gurahua Volcano. Sherd 1: Rim of a carinated bowl with circular punctuates, collected north of Bafios
cemetery. This type of vessel is typical of the Formative Cotocollao tradition in a posterior period.
Sherd 2: Potsherd with superficial incisions and 2 burnished lines, collected north of Bafios cemetery.
Sherd 3: Potsherd with burnished lines, north of Bafios cemetery. Sherd 4: Everted rim from a jar,
site 1 near the viewpoint (Mirador) of Runt(n Plateau. Sherd 5: Sherd with orange slip and punctu-
ated decorations, site 2 near the Mirador of Runtn Plateau. Sherd 6: Sherd with beige slip, site 2 near
the viewpoint (Mirador) of Runtdn Plateau. Sherd 7: Sherd from a firepot body. The burnished lines
are visible, collected on a site near the road from Chazo to Sahuazo (see Figure 2 for location).

area and a pre-Cotocollao influence (or interaction) from Pastaza may have reached the Tungurahua
region during the Formative period.

The Tungurahua edifice dominates the Pastaza Valley (Figure 2), which is 1 of the 3 major Ecuador-
ian routes to the Amazonian lowlands. The valley likely promoted pre-Columbian interactions
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between the regions, especially for Spondylus trade (Valdez et al. 2005). Our findings suggest that
the Tungurahua region was a part of a simultaneous cultural interaction sphere within northern
(Quito), western (Pacific coast), and maybe eastern (Amazonia) influences, although the links with
southern Andean cultures are not clear yet. In contrast, the Formative traditions known from collec-
tions and excavations in Alausi, Cerro Narrio, and Challuabamba (Porras 1977; Collier and Murra
2007; Grieder et al. 2009) show little affinity with those described in this study.

Discovery of the Tungurahua material allows us to assert that the ceramic remains are part of a sty-
listic tradition that lasted for centuries in the Andean and Amazonian regions. Bolivian archaeolo-
gist J Arellano (1994, 1997, 1999) described a material from a site called Loma Pucara in the
Cebada Valley, 25 km south of Riobamba city (Figure 1), with Late Formative material 1C dated
from 2600 to 2300 BP. Some potsherds display stylistic features that strongly recall the tradition evi-
denced in our material from the Tungurahua region: this includes carinated forms (especially a shal-
low bowl with decoration on the shoulder); decoration with punctuations; and globular jars with
everted rims (Arellano 1997:88, Figure 15). In addition, a younger ceramic tradition from the Ama-
zonian region exhibits features that are possibly inherited from the Formative material of the Tun-
gurahua area. In ceramic remains from the Puyo region (Figure 1), Valdez and Guffroy (2009) doc-
umented samples of possible Late Regional Development age (questions are raised on the reliability
of the single 14C determination provided by these authors) with punctuated rims and decorations,
and carinated forms with a more complicated geometry. Overall, these similarities suggest possible
Amazonian influences throughout the area and indicate that the Amazonian data in general need a
closer appraisal.

The 3 ka BP eruption was particularly strong and we suspect that it had a significant and long-lasting
impact on human occupation in the area, probably for years to decades. Although indisputable evi-
dence is lacking, we surmise, as for younger major eruptions in the Ecuadorian Andes, that the 3 ka
BP event at Tungurahua forced local or regional migrations of populations, and possibly altered
some cultural traits. A similar situation is proposed to explain an apparent abandonment of the
Upano culture in the area ~30 km east of Sangay Volcano (Figure 1) around AD 400-600, followed
by the occurrence a few centuries later of a comparable ceramic material more to the south in the
Ucayali River valley, eastern Peru (Rostain 2012:37). Similarly, the impact of Late Holocene volca-
nic tephra on Andean communities has been discussed for the Chile-Argentina region (Villarosa et
al. 2006). However, this work provides evidence that the 3 ka BP volcanic deposits and the associ-
ated ceramics result from the earliest volcanic catastrophe documented so far in the Andes.

CONCLUSION

Our study provides the first evidence of human occupation in the Formative cultural period in a
region where very little archaeological data were available from previous research. The age of the
occupation is reliably constrained from 7 14C age determinations around 1100 cal BC. The material
essentially comprises necked jars and a carinated bowl. Some shapes and decorations upon the
sherds share affinities with the Cotocollao material described by Villalba (1988) and dated between
1500 and 500 BC, and with Machalilla in the Ecuadorian coastal region (Meggers et al. 1965), dated
around 1500-1000 BC. On the other hand, it may be a part of an Upper Amazon tradition, whose age
and archaeological characteristics require a refined definition.

The highly fragmented nature of the ceramics and the widespread distribution of the preserved blast
deposits strongly suggest that the eruption destroyed different settlements, and likely claimed lives
upon and around the volcano. To some extent, these potsherds argue for an old Andean Pompeii and
Tungurahua stands for an andesitic Vesuvius. Our study provides evidence that the ~1100 cal BC
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Plinian eruptive event at Tungurahua Volcano is among the oldest known volcanic disasters in the
Andes, and emphasizes the strongly explosive and hazardous behavior of the presently active edi-
fice. Ongoing research in the Amazonian foothill combined with additional volcanological investi-
gations offer promising ways to better understand the different cultural influences during the Forma-
tive period in central and eastern Ecuador.
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