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Fig. 1 - Location of map of the MMA site. Access roads, villages, and well known volcanic centers are
shown. The stippled zone shows the area comprised by the simplified geologic map of Fig. 2.









Fig 2. - Simplified geological map of the site area over a 1:500.000 scale satellite image. Based on
Marinovic and Lahsen (1984) and Ramfrez and Gardeweg (1982).
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Fig. 3. - Satellite image of the MMA site (white arrow). Shown are the Chascón dome
(ch), Chajnantor dome (cj) and Purico complex (p). The Cajón ignimbrite (ci) extends
radially from the Purico complex and is covered by the lavas of the volcanoes
Licancabur (l), Guayaques (g), and Santa Bárbara (sb). The north end of the La Pacana
caldera resurgent dome (prd), source of the Atana Ignimbrite, is also observed as are the
salty lakes of Laguna Verde (lv) in Bolivia.

Fig. 4. - Chascón dome and the Agua Amarga creek, immediately east of the MMA site.
View northward; in rear the Chajnantor dome, Juriques and Licancabur volcanoes and a
NS linear group of volcanoes in the border with Bolivia.







Fig 5. - Distribution of volcanic vents (active, potentially active and extint) and calderas in the study and
surrounding areas. Contours to depth of the scenter of the Wadati-Benioff zone and the Peéu-Chile
trench are shown
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Fig. 6. - Aguas Calientes and Acamarachi volcanoes, two potentially active centers. A
view northward from Laguna Lejía.

Currently Putana is in a solfataric stage, with extensive fumarolic activity

observed from the end of the 19th century that persists to the present day.

Sairecabur

Corresponds to the southernmost center of a a linear complex assemblage of

volcanoes starting with Putana in the north, formed by at Least 10 distinct,

potentially active postglacial centers. Sairecabur is formed by several short

young lava flows capped by pristine, dark lava flows about 2.5 km long (de Silva

and Francis, 1991). As in the case of Putana, there is no evidence for significant

pyroclastic eruptions during the construction of the complex. The lavas are

andesitic in composition (59-60 % SiO,; Marinovic and Lahsen, 1984; Harmon et

al., 1964).

No current activity at present day is known; appears to be dormant, although

extensive earlier fumarolic activity is indicated by the presence of altered

material.
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Fig. 7 - Laser volcano showing its characteristic persistent fumarolic activity. A view east from the road
to Talabre. In the northwest flank, the pale material corresponds to the piroclastic-flow deposit of the
1993 eruption. Fine ash was being resuspended a few days after the eruption.

Alegre, 1,800 km to the E. Due to the prevailing E-SE winds it did not affect the

nearby villages of Talabre (17 km W), Toconao (35 km W-NW) nor San Pedro de

Atacama (70 km NW), although the plume was observed temporary headed

northward, reaching far beyond the Purico hill, passing over the MMA site.







18

Fig. 8. - The 25 km-high eruptive column of the April 1993 eruption of Lascar volcano. The
denser basal portion of the column can be observed collapsing to form pyroclasytic flows.
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Fig. 9. - The same eruptive column as in Fig. 8, a few minutes later. Picture of the approximately
30 km wide umbrella developed when the the column reached the tropopause and expand
laterally. Observers reported lightening under the umbrella. Pyroclastic flows can be seen
advancing on the N and NW flanks of the volcano and covering the whole summit area.

Eruption columns can be enormous in size and grow rapidly, reaching more than

20 km above a volcano in less than 30 minutes (Fig.8). They consist of a lower

gas-thrust region and an upper convective region. A column will continue to rise

convectively until its density is equal to that of the surrounding atmosphere.

When reaching the tropopause it will then expand laterally but will also continue

upward due to its momentum to form a broad umbrella cloud (Fig.9). Once in the

air, the ash and gases of the eruption column are dispersed by the prevailing

winds to form an eruption cloud or plume. The strength and direction of the wind,

along with the height of the column, exert the principal controls on the transport

and final deposition (fallout) of the tephra.
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Fig. 10. - A pyroclastic flow during the April 1993 eruption of Lascar volcano showing the
typical ground-hugging, dense basal flow, an overriding turbulent ash-cloud of ash elutriated
from the flow and a preceding ash-surge formed ahead of the flow that affected areas well
beyond the limits of the pyroclastic flow.

Some of the hazardous effects of tephra falls can be mitigated with proper

planning and preparation, in contrast to the hazards posed by other volcanic

events. Some of this include designing roof orientation and pitch to discourage

thick buildups of fallen ash, strengthening roofs and walls to withstand loading

and projectile impacts and designing filters for machinery.

Pyroclastic Flows

Pyroclastic flows are masses of hot (300-800°C), dry, pyroclastic debris and

gases that move rapidly along the ground surface at velocities ranging from 10 to

several hundred meters per second. A flow is composed typically of two parts: (1)

a ground-hugging, dense basal flow that is the pyroclastic flow proper, and (2) a

preceeding or overriding turbulent ash-cloud surge of ash elutriated from the

flow that can also originate convective clouds of ash and tephra-fall deposits

(Fig. 10).
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Fig. 11 - A distinctive episode during the explosive eruption of April 1993 of
Lascar. The plume is dispersed northward and passes over the MMM site (s).
Picture by E. Medina from the Cordillera de la Sal, west of San Pedro de
Atacama.

correspond to isoplets that show the worst scenario for future tephra fall (from

Gardeweg et a/., 1994). For Putana and Sairecabur I reproduced the dispersion

historically observed in Lascar, which is similar to the tendency shown by all the

volcanoes in Chile. It is clear that explosive eruptions of Putana or Sairecabur

pose serious hazard of tephra fall to the MMA site as in case that the potentially

active volcanoes Licancabur, Acamarachi or Colcachi erupt (Fig. 12). However,

the chances that any of this volcanoes erupt on a near future is low, based on

their lack of eruptions in historic times and the assumption that a volcano is

likely to erupt at about the same frequency as in the past. For Lascar the scenario

is quite different. Beeing a strongly active volcano, the chances it will erupt in a

near future (years) are high. On the other hand, the possibilities that large

volumes of tephra fall from Lascar affects the MMA site are low, as shown by the

isoplet curves in Fig.1 1. As temporary changes of wind direction can always be

expected, and the plume shiftes northward as in 1993 (Fig. 11) it is possible that

the site is affected by fine ash-fall in a future explosive eruption of Lascar.





Other hazards related to future eruptions

Considering the distance of the active volcanoes, volcanic landslides, lahars and

volcanic electric storms do not pose hazards to the MMA site. Hazards from volcanic

gases and acid rain are closely related to the dipersion of plumes and are usually

restricted to within 10 km of vents so the chances they affect the site are low.

Volcanic erthquakes pose little or no hazard to the MMA site due to its’dinstance from

the active volcanoes. On the other hand, the intensity of volcanic earthquakes would

be negligible in comparison with the tectonic earthquakes that also affect the area.
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