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RESUMEN

| nvestigaciones multidisciplinarias han puesto en evidencia més de 40 tefras pertenecientes a
los Ultimos 50,000 afios “C.

Tefras del Pleistoceno tardio: Se han datado tefras entre 49,200 y 44,000 afios BP en los
volcanes Sara Sara y Yucamane. Las caidas de cenizas del Nevado Coropuna arrojaron
edades *C de 27,200-37,370 afios BP. Erupciones explosivas sostenidas del volcan Misti,
han producido por 10 menos 12 caidas de pomez durante los dltimos 50,000 afios.

Tefras dela Ultima Glaciacion y del Holoceno: Dos*“ cores” (testigos) de turba extraidos de la
Laguna Salinas, registran 7 depositos de caidas de tefras en los Ultimos 15,000 afios,
pertenecientes a los volcanes Huaynaputina, Misti y Ubinas. Alrededor de los domos del
Ticsani, un depdsito de caida de pémez dacitico se ha datado en 11,600 afios BP y la erupcion
que precedio al domo mas joven es de edad historica. El Ubinas ha producido varias caidas de
tefras; dos depdsitos extensos de caidas de pémez entre 7840 y 980 afios BP, de més de 1 km®
de volumen cada uno, ligados a la formacion de la caldera de la cumbre. Una secuencia de
turba préxima a Nevado Sabancaya, incluye 4 caidas de cenizas de los volcanes Sabancaya,
Ampato, Misti y Huaynaputina.

Tefras histéricas: La erupcién sub-pliniana de 2,300-2,050 afios BP del Misti, produjo un
volumen de 0.75 km® de caidas y flujos de pémez. Cronistas esparioles refieren un evento
entre los afos 1440 a 1470 D.C., que produjo la“ceniza Pachacutec” de pequefio volumen. La
erupcion pliniana del afio 1600 D.C., del volcan Huaynaputina, origind e més extenso y
voluminoso (12 km?®) depésito de caida de pémez en los Andes en épocas histéricas. Las
erupciones vulcanianas del Nevado Sabancaya (1990 y 1998), dispersaron cenizas de limitado
volumen.

En suma, 1) caidas de cenizas pueden repetirse cada 100 a 500 afios en promedio; 2) caidas
voluminosas de pomez pueden suceder cada 2000 a 4000 afios en promedio; 3) tres
erupciones plinianas ocurrieron en los dltimos 2,300 afios; una erupcion similar a del afio
1600 del volcan Huaynaputina, causaria estragos en € sur del Perl, oeste de Boliviay norte
de Chile.



INTRODUCTION

Here we present results obtained in the framework of the TESSOPE project, TEphro-
Stratigraphy of SOuthern PEru, funded by the INQUA Commission on Tephrochronology and
Volcanism. Multidisciplinary investigations of stratigraphic sections and cores extracted from
peat-bogs and lakes in the Western Cordillera (Figs. 1-3), enable us to find out more than 40
tephras over the past 50,000 **C years (Tablel).

The TESSOPE project encompasses five research themes: (1) the stratigraphy of tephra
measured in sections and drillings in peat-bogs and lakes (photos 1 and 2); (2) the
sedimentology, mineralogy, and geochemistry of tephra based on grain-size and minera
analyses, and glass chemistry using microprobe; (3) the chronology of tephra and peat layers

based on the 14C and TL methods, and the Ar-Ar dating of lavas; (4) the stratigraphy of
glacia deposits and peat layers interbedded with tephra; (5) the Holocene and Late-glacial
paleo-environments of the Western Cordillera and the Altiplano inferred from pollens and
diatoms found in peat cores.

The tephrostratigraphy enables us to reconstruct the frequency of recent eruptions in Southern
Peru and to outline the areas potentially affected by future eruptions of ten volcanoes located
within 20-150 km distance from Areguipa (800,000 people, second Peruvian city), Moguegua
and Tacna (200,000 people each), and many towns (Figs. 13). As much as six volcanoes,
Huaynaputina, EI Misti, Ubinas, Nevado Sabancaya, Tutupaca, and Yucamane, have been
active since the Spanish conquest in 1520.

1. VOLCANOES AND VOLCANIC FIELDS IN SOUTHERN PERU, CENTRAL
ANDEAN VOLCANIC ZONE

Table 1 encompasses 40 tephra over the past 50,000 years, with emphasis on 8 widespread
(>1,000 km?) and voluminous (O 1 km®) pumice-fall deposits.

The tephra have been found out around ten stratovolcanoes or volcanic fields in the western
Cordillera, from northwest to southeast (Figs. 1-3):

1) the dormant Nevado Sara Sara (5600 m), 180 km WNW of Arequipa;

2) the dormant dome complex of Nevado Coropuna (6380 m) (Fig. 4);

3) the monogenetic field of the Orcopampa, Andahua and Huambo areas at mid-distance of
Nevados Coropuna and Ampato-Sabancaya (Fig. 8);

4) the active Nevado Sabancaya volcano (5980 m) in the Ampato massif (Figs. 12 and 13);

5) the fumarolic EI Misti volcano (5820 m) whose crater lies 17 km of the city of
Arequipa(Fig. 7);

6) the Laguna Salinas (4300 m) at mid-distance of El Misti and Ubinas volcanoes (Fig. 8);

7) Ubinas (5600 m), the most active volcano in Peru in historical times (Fig. 11),

8) Huaynaputina (4600 m) which produced the largest eruption in historic times in the Andes
(Figs. 14 and 15);

9) The youthful domes of Ticsani (5470 m), east of Arequipa and north of the city of
Moquegua (Fig. 10)

10) the fumarolic Tutupaca volcano (5815 m) and the historically active Y ucamane volcano
(5450 m) NE of Moquegua.



2. LATE PLEISTOCENE TEPHRAS

Late Pleistocene tephra have been dated on the west flank of Nevado Sara Sara between
>49,200 and >44,500 yr BP (nearby Parinacota lake) and on the south flank of Y ucamane (ca.
44,000 yr BP) nearby Candarave. They have been found also around Nevado Coropuna but El
Misti was probably much more active at that time (Table 1).

Nevado Coropuna has probably been dormant since the Late Glacial:

The ice-clad domes and stratovolcano of Nevado Coopuna 6380 m high have grown on
ignimbrites of Tertiary age (photo 2). Coropuna has apparently not been active during since
the Late Glacial but three youthful lava flows, not dated yet, filled glacial-shaped valleys on
the west, northeast and southeast flanks (Fig. 4; Lamadon, 1999). One ashfall in a soil section
outside of the moraine field of the Last Glacial Maximum yielded a **C age of ca. 27,200-
37,370 yr BP. No conspicuous tephra has been discovered in the three peat cores extracted
from high-altitude peat bogs which span the entire Holocene period (photo 2). The base of the
longest peat core (COR 300, Fig. 5) dated at 10,090 + 150 yr BP shows that glaciers have
melted away before the Holocene at 4300 m asl. on the south flank of Coropuna.

The pollen spectrum elaborated by M. Moscol (Fig. 6) on the basis of the 10-m-long peat core
is dominated by grassland types (Gramineae) and contains little contribution from the Andean
cloud forest.

The pollen diagram shows five major pollen zones:

- Zone | begins with pronounced decreases in Gentianaceae type and Azorella
(moisture-loving taxa), suggesting a dry and cold climate. Then increasing local
wetness isindicated by the abrupt appearance of cf. Juncaceae.

- Zone Il can be interpreted as the warmest period of the diagram due to the great
variety and high frequency of pollen taxa. Moist conditions can be inferred at the
upper part of this zone as it coincides with the highest percentages of Gentianaceae
type, Azorella and Polylepis.

- InZone lll, local pollen continues to occur but in the upper part, drier conditions seem
responsible for the highest level of Chenopodiaceae and the lowest levels of moisture
indicators.

- Zone IV shows a sudden presence of cf. Cyperaceae. This could signal a especially
wet interval. Also Gramineae and Compositae percentages begin to decline,
suggesting a climatic perturbation or increased cultural disturbance aswe assume
that this period could already represent the Late Holocene.

- In Zone V, the Compositae become dominant, indicating relatively cold and not very
wet conditions, as experienced today in the region. The highest peak of Myrtaceaeisa
fact we cannot easily explain (as well as its former two high values), since we lack
precise ecological information and this taxon has dements in both the puna and the
Andean cloud forest. The possibility of increased anthropogenic activity should also be
taken into consideration.



Voluminous and frequent tephras at EI Misti:

The historically active El Misti volcano poses considerable threats to the 750,000 people of
the city of Aregquipa whose center lies 17 km from the summit (5820 m asl.). The composite
El Misti edifice comprises a stratovolcano termed Misti 1 (ca. 833 - 112 ka), partidly
overlapped by two stratocones termed Misti 2 and 3 (0112 ka), and a summit cone Misti 4
(011 ka(Thouret et a.,1999a, 2001a; Suni, 2000).

The study of the geology and tephro-stratigraphy of El Misti (Fig. 7, photo 3) shows that:

1) Seven eruptive periods have successively built up Misti 2 - 4 during a period of ca. 112
ka

2) Repeated episodes or growth and destruction of domes have triggered dome collapse
avalanches and block-and-ash flows, including pyroclastic surges. The dome episodes
have alternated with plinian eruptions which produced pumice flows and falls.

3) Nonwelded dacitic ignimbrites with a bulk volume of 4 - 6.5 km?® probably reflect large
explosive eruptions that may have led to an incremental caldera collapse between ca.
50,000 - 40,000 yr BP, and again to a summit caldera between ca. 13,700 and 11,300 yr
BP.

4) Misti 4 erupted less evolved andesites with a distinct mineral suite compared to that of
Misti 2 and 3. Scoria-flow and fall deposits of Misti 4 are related to the formation of the
summit caldera ca. 13,700 - 11,300 yr BP, of the nested craters, and of the AD 1440 -
1470 event (Chavez Chévez, 1992).

5) Sustained explosive eruptions have delivered at least 12 pumice falls during the past ca
50,000 years. (Sub)plinian pumice falls occurred every 2000 to 4000 years on average
and ashfalls occurred every 500 to 1500 years on average.

6) A subplinian and ignimbrite-forming eruptive episode occurred at El Misti between
2,300 and 2,050 yr BP (400 BC - 340 AD) that emplaced a pumice-fall deposit 20-30
cm thick on the area where the city of Arequipa has grown. Pumice-flow deposits 0.5-1
km3 in bulk volume were channeled on the southern slopes of El Misti and travelled 8

12 km downvalley, an area where the more recent suburbs of Arequipa are being built
on (Fig. 7).



3. LATE-GLACIAL AND HOLOCENE TEPHRAS
The recent monogenetic field of Orcopampa-Andahua and Huambo:

In the volcanic field of Andahua-Orcopampa (Fig. 8) and Huambo, the strombolian cones and
their “aa’ lavaflows of mafic andesite composition belong to four generations:

1) Late Pleistocene subdued cones in the Orcopampa area, built up on lava-flow bedrock of
0.5t00.26 Ma;

2) early Holocene conesin Huambo and Andahua aress;

3) middle to late Holocene cones, from ca. 4050 yr B.P. (Ticsho cone) to ca. 2750 yr BP
(Mucurcatephrafound in the Laguna Mucurca, Fig. 12), and;

4) historical cones like the Chilcayoc ones. These fresh strombolian cones produced a
historical ashfall ca. 1400-1600 AD which mantled the populated valley of Andahua and
Ayo (Fig. 8).

Seven Late-Glacial and Holocene tephra in and around the Laguna Salinas:

Two cores were extracted from the salar of Laguna Salinas located in a volcano-tectonic
depression 35 km east of Arequipa, which acts as a sediment trap at 4,300 m elevation (Fig.
9A). Two measured road sections yielded additional stratigraphic relationships in nearby
roadcuts (km 101 and 103; Fig. 9A,B). Juvigné et a. (1997) show that the cores and sections
encompass the past 15,000 years and include 7 tephra-fall deposits from Huaynaputina, Misti,
and Ubinas. Around the Laguna Salinas salar, TP1 to 4 are andesitic pumice falls (of Misti
and/or Ubinas) contemporary with glacier retreat [114,690 yr BP, while a dacitic ashfall LS3
probably of Huaynaputinais dated (19,700 yr BP (Fig. 9C). One pumice-fall islinked with the
2,300-2,050 yr BP-old eruption of El Misti. The uppermost tephras are the distal black ashfall
LS2 from El Misti’s 1400's event and the whitish dacitic ash T.HP from the large-scale AD
1600 Huaynaputina eruption (Fig. 9C,D). Additional studies of pollens and diatoms indicated
that the Holocene period was drier but less cold than the semi-arid and cold Late Glacia
period at this elevation.

Two recent pumice falls of the Ticsani domes:

The subplinian “gray” dacitic pumice fall whose dispersal is shown on Fig. 10 has been dated
at ca. 11,600 yr BP. We estimate the volume to be about 0.4 km* and a 16-km high eruption
column (Marifio, 2001). The three youthful Ticsani domes follow a SSE-NNW trend on a
horseshoe-shaped scar formed by a flank failure towards the west. The third, youngest dome
filled a crater whose gjecta are phreatomagmatic bombs and brown pumice scattered around
the summit. As the gjecta overlie the 1600 AD Huaynaputina ash, the last explosive events at
Ticsani are probably historical in age.

Recurrent explosive activity and tephras of Ubinas:

Ubinas is the most active volcano in southern Peru with at least 17 small events reported since
1552 (Rivera, 1998; Rivera et al., 1998). Modern Ubinas < 250 ka has been built on an older
stratovolcano. The lava flows of modern Ubinas have been truncated by a summit caldera at
the transition Late Pleistocene/Hol ocene.



The explosive activity which characterizes the most recent Ubinas behaviour produced several
ashfalls and pumice falls, including two widespread plinian pumice-fall deposits towards the
south, SW and SE of the edifice (Fig. 11). The dacitic pumice-fall deposit >7840 yr BP and
the most recent plinian pumice-fall of dacitic and rhyolitic composition, ca. 980 yr BP old, are
4 m thick 6 km south of the vent and as much as 70 cm thick 25 km away from the volcano.
Both pumice falls, rich in lithics and exceeding 1 km® in bulk volume, may be linked to the
formation of the summit caldera.

Holocene eruptive activity of Nevado Sabancaya and the Sallalli peat-bog:

The ice-clad, active Nevado Sabancaya (5980 m, photo 4) forms the northern edge of the
Nevado Ampato massif in the Rio Colca area (Thouret et al., 1994, 1995; Fig. 12). The domes
and lava flows, which overlie a volcanic bedrock of about 0.6 Ma, cover an area of about 70
km2 and their volume is approximately of 25 km3. About ten block-lava flows, high-K
andesite to dacite in composition and Holocene in age, have flowed to a distance of 8 km
toward the NW and SE sides of the volcano (Fig. 12). A “fresh” block-lava flow on the
northwest side of the volcano overlies a peat which yielded a **C age of ca. 5400 yr BP.
Block-and-ash and scoria-flow deposits, and tephra-fall deposits are observed as far as 9 km
from the summit, recording Late Pleistocene explosive activity of Nevado Sabancaya and/or
Nevado Ampato.

Two cores were drilled and one trench was digged in the large Sdllali peat-bog (Fig. 13)
located at 4300 m in a glacialy-shaped valley dammed by moraines and young lava flows, 10
km away SE from the Sabancaya's vent (Loutsch, 1999; Juvigné et a., 1998). The peat
sequence comprises a large part of the Holocene and includes 4 thin tephra-fall layers (Fig.
13): the AD 1600 Huaynaputina ashfall, one historical Sabancaya/Ampato ashfall (1200-
1400's), one thin black tephra probably from Misti (ca. 2,370 yr BP), and one
Sabancaya/Ampato ashfall of lower Holocene age (ca. 8,550 yr BP). The maximum age of the
drilled section in Sallali (ca 9,650 yr BP) provides a chronological limit for the formation of
the peat-bog in the former glacia valley.

4. HISTORICAL TEPHRAS

Ubinas, El Misti, Huaynaputina, Tutupaca, and Nevado Sabancaya have been the most active
volcanoesin historical timein South Peru.
Historical eruptions of El Misti and severe hazards

The last subplinian explosive episode ca. 2,300-2,050 yr BP produced pumice-fall and flows

ca 1 km3 in volume (Thouret et al., 2001a). Spanish chronicles derived from ora Incaic
accounts refer to an explosive eruption of El Misti between ca. 1440 and 1470 A.D. (Chévez,
1992), which produced an ashfall termed 'Pachacitec ash’ (Thouret et al., 1999a). The 1440-
1470 AD vulcanian eruption of Misti emplaced a small volume of ashfall deposit (06 x 10
m®), but widespread as shown by Fig. 7. The black, scoriaceous ashfall deposit observed
beneath the AD 1600 Huyanaputina ash has been found 35 km eastward in the Laguna Salinas
(Fig. 9C) and as far as 60 km WNW in the Sallalli peat-bog (Fig. 13). At least two phreatic
events were reported in 1677 and 1784-1787; lahars swept down the Rio Chili valey and
tributariesin the 1600’ s, and fumarolic activity is persistent at the crater.

The extent and volume of historical tephra indicate that future EI Misti’s eruptions, even
moderate in magnitude, will entail considerable hazards to the densely populated area of



Arequipa as suggested by Fig. 7. At least 750,000 people may be affected indirectly by
tephra-fall deposits, pyroclastic flows and surges, and debris flows or flash floods.

Historical eruptive activity and human sacrifices:

Mummies of children were sacrificed by the Incas on top of three volcanoes in southern Peru
from the 13" to the 15th centuries: Nevado Ampato, El Misti, and Nevado Sara Sara. The
famous mummy ‘Juanita’ or the ‘Ice Maiden’ (Reinhard, 1996), was found in 1995 on top of
the Nevado Ampato (Fig. 12); she is now displayed in the Museum of Andean Sanctuaries at
Arequipa. The *C age of Juanita is 530 + 30 years BP, i.e cal 1290 et 1450 AD (Thouret et
al., 2001b). We assume that the sacrifices were perpetrated by the Incas in order to appease
the earth Gods. Our hypothesisis supported by the facts that all sacrifices took place at the top
of volcanoes and the items containing usually water that were found in the graves, might have
aimed to extinct earthfire.

The grave of Juanita was built on a colluvium overlying a coarse sand deposit 20 cm thick.
Grain size distribution, glass and heavy mineral composition point to a trachydacite tephra,
termed Ampato tephra and comparable to the 1990 s ash of Sabancaya (Thouret et al., 2001b).
The sacrifice of Juanita on the Nevado Ampato may have been related to the eruptive activity
of the Ampato-Sabancaya massif. Although we link volcanic activity with human sacrifices,
we do not exclude the fact that a dry period and subsequent famine may have taken place in
the same Incaic period.

The 1990-1998 explosive activity at Nevado Sabancaya:

Nevado Sabancaya has been erupting almost continuously, albeit moderately, from May 1990
until 1998. This eruption ended an apparent dormant stage of 200 years duration, following
the moderate 1752 and 1784 events as suggested by historic reports (Travada y Cordova,
1958). Since Nevado Sabancaya is still ice-clad, the eruptive activity poses a particular threat
to about 30,000 people living in the Rio Colcaand Sihuas valleys (Figs. 2 and 3).

The May 28-June 4, 1990, eruption expelled ash as far as 20 km towards the east (Fig. 12).
The moderate vulcanian activity in 1990-94 consisted of a series of short "canon-like'
explosions at 15 to 60 minute intervals. They produced slug or small eruptive columns (0.5-3
km) intercalated with long degassing stages (photo 4). The juvenile material consists of black,
vitreous and unweathered fragments, andesitic and dacitic in composition (58-63 % SO2;

Thouret et al., 1994, 1995). Although its bulk volume was small (0,025 kmg), the vulcanian
fine ash was widely dispersed, as pointed out by the fragmentation index of 50% and the
dispersal of about 250 km2.

The AD 1600 large-scale plinian and ignimbritic eruption of Huaynaputina:

The AD 1600 Huaynaputina plinian eruption produced the most widespread and voluminous
dacitic pumice-fall deposit in the Andes in historical times. The eruption (VEI 6) began on
February 19 and continued until March 615, 1600 at Huaynaputina, a small dacitic center
located in the Rio Tambo area (Fig. 14). Tephrafalls, pyroclastic flows, and surges disrupted
life in an area of ~4,900 km? around the volcano, and ashfall was reported 250-500 km away
in south Peru, west Bolivia and north Chile (Fig. 15). By linking up the series of events
inferred from Spanish chronicles with the lithofacies of the tephra (bulk volume of ~12 km?3),
we distinguish five eruptive phases (Déavila, 1998; Thouret et a.,1999b, 2002).
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During the plinian phase, a sustained column 27-35 km high on February 19-20 delivered
a dacitic pumice-fall of 7.9 km? in bulk volume (photo 5). The plinian pumice formed a
widespread lobe of [ 95,000 km? within the 1-cm-isopach; strong winds carried fine ash O
500 km to the west into the Pacific Ocean (Fig. 15).

During the second phase, a dwindling alumn sent ashfalls on proximal to medial areas
and pyroclastic surges on proximal slopes.

During the third ignimbrite-forming phase with interspersed hydromagmatic events,

pyroclastic flows 1.5-2 km3 in volume were channeled into the Rio Tambo canyon and
tributaries. The flows probably produced vigorous columns over the high, rugged relief
around the Huaynaputina plateau. Winds winnowing the columns dispersed a widespread
co-ignimbrite ash over an area of ~ 265,000 km?.

During the fourth phase, an unusud crystal ashfall was deposited when the residual
magmawith acrystal content as high as 80% was tapped.

During the fifth phase, ash flows produced surge deposits and lag-fall breccias near vent,
small-volume ash-flow deposits in proximal catchments, and a thin ashfall layer in medial
to distal areas.

Geochemistry and mineralogy of the plinian and post-plinian units point to an unusual zoned
magma sequence. The ignimbrite-forming phase tapped a magma batch richer in silica than
the less differentiated plinian magma. The total DRE volume (ca. 5 km?®) of erupted tephradid
not lead to caldera collapse. Ring fractures cutting multiple vents are probably associated with
a dyke swarm intruding the weathered volcanic bedrock. This suggests the onset of a funnel-
type or piecemeal collapse.

CONCLUSIONS

From the L ate Pleistocene and Hol ocene tephro-stratigraphy and chronology, we can draw six
concluding remarks:

1) At least 40 tephras including 8 widespread and voluminous pumice falls occurred in
southern Peru over the past 50,000 years BP.

2) At least three voluminous plinian eruptions occurred over the past 2,300 years and the
large-scale (VEI 6) eruption of Huaynaputina produced about 12 km? of pyroclastic
deposits 400 years ago.

3) Tephras intercalated in peat cores and dated will help us to better constrain the
climatic changes that occurred at the transition from the cold and semi-arid Late
Glacia to theless cold but drier Holocene, and during the Holocene.

4) Heavy ashfall can recur every 500 to 1500 years on average (El Misti) but small
ashfall can occur on a 100-years basis (e.g., Ubinas).

5) Voluminous pumice-fall deposit can occur every 2000 to 4000 years on average (e.g.,
El Misti, Ubinas).

6) In southern Peru, several million people are indirectly at risk from large-scale but
uncommon explosive eruptions. Over one million people living in Arequipa, Chiguata,
and Ubinas district are directly at risk from future eruptions at El Misti and Ubinas.



Additional lahar hazards exist around the ice-clad, potentially active volcanoes
(Nevado Coropuna), and around the ice-clad, active Nevado Sabancaya and Tutupaca
vol canoes.
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Figuresand Table Captions

Figure 1. Geologic and geomorphologic setting of the Plio-Quaternary volcanic range in
southern Peru. Inset map: Central Andean Volcanic Zone and area of the TESSOPE Project.

Table 1. Tephrostratigraphy and chronology in southern Peru, North-Central Andean
Volcanic Zone (Thouret et a., 2001c).

Figure 2. Landsat image as of 1987 showing the western area under study in southern Peru.
Figure 3. Landsat image as of 1987 showing the eastern area under study in southern Peru.

Figure 4. Spot scene as of 1998 showing the area of Nevado Coropuna. The extent of the
Late- Glacial glaciated area has been outlined. The sites of drilled peat cores, measured
stratigraphic sections and **C datings have been shown.

Figure 5. Stratigraphic section on the south-southwest flank of Nevado Coropuna (peat core
COR 300), Quebrada Huayllaura, 4,400 m adl. (located in Fig. 4).

Figure 6. Pollen diagram established by M. Moscol, from the peat core COR 300, Nevado
Coropuna (located in Figs. 4 and 5).

Figure 7. Deposits of the AD 1440-1470 AD vulcanian event and of the ca. 2,300-2,050 yr BP
subplinian eruptions at El Misti volcano (after Thouret et al., 1999a, 2001a).

Figure 8. Spot scene as of 1997 showing the area of the AndahuaAyo valley, which
encompasses several strombolian cones and extensive lava flows of late Pleistocene and
Holocene age.

Figure 9. Laguna Salinas 35 km east of Arequipa: location, stratigraphic sections, and tephras
(after Juvigné et al., 1997).

Figure 10. Ticsani volcano: dispersal of the subplinian “gray” and “brown” pumice-fal
deposits (after Marifio, 2001).

Figure 11. Three stratigraphic sections of tephra-fall deposits of late Glacial and Holocene age
around Modern Ubinas (after Riveraet al., 1998; Thouret et al., 2001c).

Figure 12. Volcanic area of Nevado Ampato and Nevado Sabancaya: lava flows, ice caps,
sites of core drillings and 14C dates, and extent of the 1990-98 ashfall deposit (after Thouret
et a., 1995, 2001b,c).

Figure 13. Trench in the Sdlali peat-bog, SE flank of Nevado Sabancaya, 4,350 m (after
Loutsch, 1999; Thouret et a., 2001c).

Figure 14. Sketch map of the Arequipa region showing two areas directly affected by the AD
1600 Huaynaputina eruption (Thouret et al., 1999b, 2002).

Figure 15. Isopach map of the AD 1600 plinian pumice-fall of Huaynaputina (after Thouret et
al., 1999b, 2002).



Captionsto photos

Photo 1. Peat core 50 cm long extracted from a peat-bog 21 km north of Ubinas (Carmen de
Chaclayo). The 3-cm-thick whitish layer is the AD 1600 dacitic ash of Huaynaputina volcano
whose vent is located 51 km due south (photograph: J.-C. Thouret).

Photo 2. Nevado Coropuna northern flank, showing the glacial-shaped valey of Qda.
Cavalca, 4700 m ad. COR 100 was extracted from the peat-bog and COR 200 from above the
rock bar (photograph: J-C. Thouret).

Photo 3. Section 8 km west of the summit showing 4.5-m-thick plinian pumice-fal, surge,
and ashfall deposits of the late-Glacial and Holocene group 4 (photograph: J.-C. Thouret).

Photo 4. Nevado Ampato on the left and Nevado Sabancaya spewing ash on the right. Nevado
Sabancaya consists of two domes and a series of block-lava flows which have flowed asfar as
8 km to the southeast (photograph: J.-C. Thouret).

Photo 5. Proximal pumice-fal deposit 2.4 m thick (Chichilin, 14 km west of the vent)
showing the crudely stratified, coarse pumice of the plinian unit 1 (photograph: J.-C.
Thouret).



