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ABSTRACT 

Forty-five pumice fragments were collected for study from different outcrops of pyroclastic flows which occur 
within the Central Valley and both the Andean Main and Coastal Ranges, along the valleys of the Río Maipo and 
and Río Cachapoal in Chile, and within the eastern Andean foothills along the valleys of the Río Papagayos in 
Argentina. The samples are crystal-poor high-silica rhyolites characterized by very restricted concentration ranges 
of Rb = 103-156 ppm, Sr = 62-86 ppm, and Zr = 57-89 ppm. Average values of 87 Sr/86 Sr = 0.70594, 143 Nd/ 
144Nd = 0.51255, and 6 18 0 = 10.1, determined for selected samplcs, are markedly distinct from previously re­
poned values for volcanic rocks from the Southern Andes of Central Chile. Fission-track dating of zircon separates 
from samples coUected in the vicinity of Santiago and Rancagua yielded ages of 0.47 ± 0.07 m.y. and 0.44 ± 0.08 
m.y., respectively, consistent with the Upper Pleistocene age determined on stratigraphic grounds for similar de­
posits in Argentina. The similarity in age, trace e1ement, and isotopic composition of the pumice fragments ftorr. 
the various outcrops, combined with their geochemical distinctness with respect to other volcanic rocks in the re­
gion, suggest that these pyroclastic flows were emplaced in a single or series of c10sely spaced eruptions, 450,000 ± 

60,000 years ago. On the basis of the distribution and thickncss of the deposits, a single source, the Maipo volcanic 
complex, is inferred and an aproximate volume of 450 km' , for the pyroclastic flows is estimated. 

RESUMEN 

Se estudiaron cuarenta y cinco muestras de pómez recogidas en distintos afloramientos de flujos piroclásticos, 
en la Depresión Longitudinal, en la Cordillera de la Costa y la vertiente occidental de la Cordillera Principal a lo 
largo de los valles de los ríos Maipo y Cachapoal en Chile y en el margen oriental de la Precordillera, a lo largo del 
valle del río Papagayos en Argentina. Las muestras corresponden a riolitas, con escasos cristales y alto contenido 
en sílice, caracterizadas por un reducido rango de concentraciones de Rb -t 103-156 ppm. Sr = 62·86 ppm, y 
Zr = 57-89 ppm. Las razones promedio de Sra7 /Sra6 = 0,70594, Ndl43/NdI44 = 0,51255 Y 61 aO = 10,1, en 
muestras seleccionadas, son notablemente diferentes a los valores obtenidos en estudios anteriores, en rocas 
volcánicas de la zona sur de los Andes Centrales de Chile. Dataciones por el método de trazas de fisión ("fission­
track"), en circones separados de muestras recogidas en los alrededores de Santiago y Rancagua, dieron edades de 
0,47 ± 0,07 Ma y 0,44 ± 0,08 Ma, respectivamente. Estas edades son compatibles con aquéllas determinadas 
mediante criterios estratigráficos en depósitos semejantes en Argentina. Las similitud en edad, el contenido de 
elementos trazas y la composición isotópica de los distintos afloramientos, combinados con la geoquímica dis­
tintiva que diferencia a estas rocas de otras rocas volcánicas de la región, sugieren que estos flujos piroclásticos 
fueron emplazados durante una erupción o una serie de erupcioncs cercanamente espaciadas, hace 450.000 ± 

60.000 años, desde un mismo centro. En base a la distribución y espesores de los afloramientos, se infiere que este 
centro es el Complejo Volcánico Maipo y que el volumen de estos flujos piroc1ásticos es, probablemente, de 
450 km'. 

Revista Geológica de Chile No. 23, p. 39-52, 8 figs., 2 tablas, 1984. 
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INTRODUCTION 

Just west of Santiago, along the road to and in 
the vicinity of the International Airport in the 
community of Pudahuel, the surface geology 
consists of a plain of gentle hilIs and terraces 
formed by deposits of volcanic ash containing 
pumice and other lithic fragments. Lithologically 
similar deposits occur at the surface further to the 
west, in the valley of the Río Maipo and Río 
Puangue, to the south, in the vicinity of Rancagua 
as well as west of Rancagua in the valleys of the 
Río Cachapoal and Río Rapel, to the east, within 
the Andean Main Range Front in the valleys of the 
Río Maipo, Río Codegua and Río Cachapoal, and 
along the eastern foothills of the Andes in the 
valleys of the Río Papagayos and Río Yaucha 
(Fig. 1). These outcrops have been thoroughly 
described by the authors quoted in the next 
paragraph. 

Polanski (1962) described vertical variations in 
the degree of welding within the deposits of the 
Río Papagayos and Río Yaucha in Argentina. He 
concluded that these deposits were volcanic in 
origin ; the most welded ones resembling ignim­
brites. He noted that these deposits thickened 
within the drainage valleys leading to the Maipo 
volean o and suggested the "huge explosion caldera 
of the laguna del Diamente", in which this volcano 
was developed, as their source (Figs. 2 and 3). The 
ash-deposits in the northern Central Valle y of Chile, 
once interpreted as pumice moraines (Brüggen, 
1950; Karzulovic, 1960), were later reinterpreted as 
either mudflows (Segerstrom et al., 1964),lahars 
(Stiefel, 1965) or pyroc1astic flows (Guest and 
Jones 1970). They were studied sedimentologically 
by Santana (1971) who concluded, following 
Polanski, that these deposits represent pyroclastic 

FIG. 1. Distribution of outcrops of the pyroelastic flow deposits within the Central Valley, Main Range and 
Coastal Range along the valleys of the Río Maipo and Río Cachapoal in Chile, and within the eastem 
Andean Precordillera along the valleys of the Río Yaucha and Río Papagayos in Argentina (modified 
after Santana, 1971). Numbers indicate sample localities referred to in the text, tables, and other figures. 
Shaded areas are topographically high and in elude both the Main and the Coastal Ranges. Also indicated 
are major volcanic centers and the extent of the depression inferred to be a ring caldera within which the 
Maipo volcano is located. 
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FIG.2. Satellite viow of the elliptic (20 x 15 km) Laguna del Diamante Caldera. The Maipo Volcano was built in its 
western half. Scale 1 :250,000. 
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FIG. 3. Northward view of the Maipo Volcano. In fore­
ground Upper jurassic red sandstones of the cal­
dera rimo 

flows derived from the Maipo volcano. A similar 
interpretation had been reached previously by 
Borde (1958, 1966), who suggested the San José 
or the Maipo volcanoes as their possible source. 

Although the distribution of these deposits 
along the Río Papagayos, Río Yaucha, and Río 

Maipo are consistent with the Maipo volcano being 
their source (Fig. 1), the mechanism of emplace­
ment of these deposits along the Río Cachapoal 
and Río Rapel is problematic, since these drainage 
systems are separated from the Maipo volcano by a 
high topographic wall. 

Polanski (1962), based on stratigraphic evi­
dence, suggested that the age of the deposits in the 
Andean foothills of Argentina is Late Pleistocene. 
A significant question related to the age of all the 
outcrops of lithologically similar pyroclastic depos­
its indicated in figure 1, is whether or not they are 
contemporaneous or could have been emplaced in 
a sequence of separate events. 

This paper presentsgeochemical and geochrono­
logical analyses of fragments of pumice collect­
ed from various outcrops of these ash-deposits. 
The geochemical data confirm the close similarity 
of these widely dispersed deposits, and in conjunc­
tion with the geochronological data suggest that 
these pyroclastic flows formed and were emplaced 
in a single large eruption, approximately 450,000 
years ago, which formed a caldera within which 
the Maipo volcano is located. The extent of such 
an event (see Discussion), if it were to reoccur, 
would have catastrophic con sequen ces for the 
main population centers of Chile, in particular 
Santiago. The petrochemical data also confirm and 
give further emphasis to the previously suggested 
differences between volcanism in the northern 
(33 0 -360 S) and southern (360 -460 S) parts of 
Central-South Chile, and the previously suggested 
similarities between volcanism in the northern part 
of Central-South Chile and in Northern Chile 
(Moreno, 1974; López-Escobar et al., 1976; Hil­
dreth etal., 1984). 

PETROCHEMISTRY 

Samples of pum ice were collected from the 
various deposits of the ash flows in the northern 
part of the Central Valley of Chile, from river 
valleys within both the Coastal Range and the 
Main Range, and from the eastern Andean foothills 
of Argentina. Sample localities are given in figure 
1. Over five kilograms of pum ice fragments were 
collected from outcrops near Santiago (locality 
Nr. 12) and Rancagua (locality Nr. 6) for obtain­
ing mineral separates for age dating, but typically 
5-10 individual pumice fragments were collected 
from the other localities. The fresh central portion 
of the largest 3-5 samples from each locality were 

ground up for chemical analysis. The resultant 
45 samples were analyzed for Sr, Rb, Zr, Ba, La, 
Ce, and Y by X-ray fluorescense techniques. Three 
samples, one from the vicininty of Santiago 
(locality Nr. 11), one from the vicinity of Ran­
cagua (locality Nr. 6), and one from Argentina 
(locality Nr. 22) were analyzed for major and trace 
element compositions and for isotopic ratios of Sr, 
Nd, O, and Pb. These data are presented in Table 1 
and illustrated in figures 4, 5 and 6. 

Petrographic examination of thin sections, cut 
from representative pum ice samples, indicate that 
they are all vety similar, consisting of highly ve-
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TABLE 1. MAJOR AND TRACE ELEMENT AND ISOTOPIC COMPOSITION 
OF THREE PUM ICE FRAGMENTS AND A GLASSY RHYOLITE DOME 

AT LAGUNA DEL MAULE· 

Sample Nr.11 Nr.6 Nr.22 Laguna 
location·· del Maule 

Si02 75.8 75.1 74.1 73.4 
Ti02 0.15 0.12 0.10 0.19 
A120 3 13.3 12.2 12.2 14.2 
FeO 0.7 0.65 0.55 1.6 
MgO 0.2 0.15 0.17 0.21 
CaO 0.45 0.39 0.50 0.63 
Na20 4.3 4.1 4.2 5.36 
K20 3.9 4.1 4.2 4.0 
LOI 3.0 3.4 
Total 98.8 99.81 99.42 99.59 

Rb 141 154 141.9 150 
Sr 64 70 72.4 94 
Ha 715 769 745 717 
Zr 76 78 79 193 
Y 24 26 26 20 
Th 15.1 11.2 11.5 19.3 
U 4.4 5.2 4.9 
Sc 2.1 2.5 2.3 2.5 
Cs 4.2 4.0 3.9 5.0 

La 20.3 16.1 19.1 30 
Ce 48.4 33.4 36.5 62.6 
Nd 17.2 16.2 22.8 
Sm 3.7 3.8 3.64 4.04 
Eu 0.57 0.51 0.50 0.64 
Yb 1.51 1.35 1.33 1.88 
Lu 0.27 0.29 0.28 

87Sr/86Sr 0.70591 0.70596 0.70418 
143Nd/144Nd 0.512546 0.512733 
l) 18 O 10.0 9.14 11.1 7.3 
2 o 6 Pb¡2 04 Pb 18.56 
207Pb¡2°4 Pb 15.55 
208 Pb¡2 04 Pb 38.34 

• Trace elements in ppm; -indicates not done; Rb and Sr determined by isotope 
dilution; La, Ce, Nd, Sm, Eu, Yb, Lu, Th, U, Sc, Cs, Fe, and Na determined by 
Instrumental Neutron Activation; a11 other elements by X -ray fluorescence . 

.. Localities from figure 1. 

43 

~, 
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FIG.4. Sr and Rb compositions of pumice fragments collected from the outcrops indicated in figure 1. The range of eoro­
positions is indicated for all the samples collected from the drainage valleys of the Río Papagayos in Argentina and 
the Río Maipo and Río Rapel in Chile. The figure iUustrates that the composition of pumice fragments from eaeh of 
these separate drainage valleys is very similar, that the range of eomposition of the en tire colleetion of 45 pumice 
fragments is very narrow, and that other rhyolites in the Southern Andes of Central Chile, such as the rhyolites 
from Laguna del Maule (LM) are distinct in eomposition from the pumice fragments. 

sieulated, in some eases partially devitrified, clear 
and eolorless silieie glass, with an index of refrae­
tion of 1.475. The pumiee fragments eontain only 
a very small proportion of erystals, mainly un­
twinned oligoclase-plagioclase, biotite, and minor 
titanomagnetite. Polanski (1962) noted sanidine 
within the pyroclastie deposits in Argentina, but 
no sanidine was observed in any of the samples 
eollected from either Argentina or Chile as part 
of this study. 

The very small volume proportion of crystals 
within the pumiee fragments precludes making a 
reasonable modal estimate by point eounting. 
However, an estimate of the modal proportion of 
mineral phases was obtained from the mineral 
separates made from the large eolleetions of pu­
miee obtained in the vieinity of Santiago and Ran­
eagua. Two kilograms of pumiee from eaeh of 
these loealities were erushed and panned to float 
away as mueh glass as possible. The heavy residues 
were then erushed a little finer and separated into 
density fraetions with heavy liquids. Both initial 
samples yielded 80-90 grams of plagio clase, 4-5 

grams of biotite, and 2-3 grams of titanomagnetite, 
suggesting modal proportions of approximately 
5 weight pereent, less than 1 weight pereent, and 
less than 1 weight pereent for these phases, res­
pectively. 

The mineral separa tes from eaeh of these loea­
lities also yielded minor amounts of zireons, which 
were the basis for the fission-traek dating diseussed 
below, as well as traee amounts of sphene, apatite, 
clinopyroxene, orthopyroxene, amphibole, alman­
dine gamet, andradite gamet, mierocline, mona­
zite, and lithie fragments. Mieroprobe analysis of 
the pyroxenes, garnets, and amphiboles indieated 
substantial eompositional heterogeneity, suggest­
ing that along with the mierocline, monazite and 
the lithie fragments, these rare eonstituents are 
probably xenoerysts ineorporated in the magma 
prior to or during eruption. The very similar yield 
of both major and minor mineral eonstituents 
obtained from the pumiee fragments from these 
two distinet loealities attests to the petrological 
similarity of the samples from eaeh loeation, 
which is apparent from the thin sections. 
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FIG.6. Plot of 87Sr/86Sr versus ' 43 Nd/'44Nd compar­
ing the isotopic compositions of a pumice frag­
ment from locality Nr. 11 (Figure 1 and Table 1) 
with other recent Andean volcanic rocks from 
the central volcanic zone (CVZ) of Northern 
Chile and Southern Peru (Thorpe and Francis, 
1979), the southern part of the southern volcanic 
zone (SVZ, 36-46° S) of Central-South Chile 
(Stern et al., 1984), and the northern part of the 
southern volcanic zone (SVZ, 33-36° S) in 
Central Chile (Stern et al .. 1984). 

Table 1 presents major element composltlons 
for three pum ice fragments from the aforemen­
tioned locations. These samples are all high silica 
(74-75 weight percent Si02) rhyolites characte­
rized by K2 O/Naz Orarios of approximately unity. 
Polanski (1962, p. 195, sample Nr. 1) reports a 
similar composition, with slightly lower Si02 but 
higher H2 O, for a fragment of pumice coHected 
from outcrops in Argentin'\, and Guest and Jones 
(1970) give chemical analysis of two ash-samples 
from Pudahuel and the junction of the Río Yeso 
and Río Maipo (Fig. 7 j locality Nr. 7 in Fig. 1), 
which are also slighty lower in Si02 but with 
K2 0/Na2 O ratios also close to unity. No equiva­
lent high silica rhyolites have previously been 
reported in the recent volcanic centers of Central­
South Chile. The most nearly similar rocks are 
glassy rhyolite domes at Laguna del Maule, none 
of which have greater than 74 weight percent Si02 
and all of which have greater than 1.0 weight per­
cent FeO and K2 0/Na2 O ratios less than unity 

(TabIe 1 j Frey et al., in press). Pyroclastic flows 
associated with the Calabozos caldera are dacites 
and rhyodacites (Hildreth et al., 1984). 

The geochemical similarity of pumice samples 
from a large number of widespread localities is 
illustrated in figures 2 and 4 with respect to Rb 
and Sr. The fields of composition are delineated for 
samples collected from the drainage valley of the 
Río Maipo (localities Nrs. 7, 9, 10, 11, and 12), 
for those from the Río Rapel and its upper tribu­
taries (localities Nrs. 3, 4, 5, 6, and 8) including 
the Cachapoal as well as Estero Codegua (localities 
Nrs. 1 and 2) which is actually a tributary of the 
Río Maipo, and for samples from the Río Papa­
gayos in Argentina (locality Nr. 22). The figure 
shows that the Rb and Sr compositions of pumice 
fragments within the ash deposits from all the 
diverse localities and from each of the three sepa­
rate river drainages are remarkably similar. The full 
range of Sr compositions for the 45 samples is 
from 62-86 ppm, and for Rb from 103-156 ppm. 
Although not illustrated, the entire range of com­
positions for Y is 20-31 ppm, and for Zr from 
57-89 ppm. The analytical error at these concen­
tration levels would be approximately ± 5 ppm 
for aH these elements. The observed range of 
variations for these elements is well within the 

FIG.7. Southward view of the Río Yeso and Río Maipo 
junction ash flow deposits. Unwe1ded upper 
section crops out at the upper center. 
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limits of the total range of chemical vanatlon, 
documented for a single large rhyolitic eruption, 
su eh as the Bishop Tuff in the western U.S.A. 
(Hildreth, 1981). These chemical variations within 
deposits formed from a single eruption have been 
attributed to chemical zonation within a large 
silicic magma chamber (Smith, 1979). 

Figure 5 illustrates the rare earth element com­
position of the same three samples for which ma­
jor elements were determined (Table 1). These 
rhyolites have a significant negative Eu anomaly, 
indicative of crystal-liquid fractionation, involving 
plagioc1ase, as does the low Sr content of these 
samples. Rhyolites from Laguna del Maule have 
neither the very low Sr content (Fig. 4, Table 1) 
nor the extreme negative Eu anomaly that the 
pumice fragments from the northern Central 
Valley of Chile have. The pumice fragments also 
have lower total REE, particularly LREE, and Zr 
contents than the rhyolites from Laguna del Maule, 
as well as compared to andesites from the Maipo 
volcano (Fig. 5; López, 1984; Stern et al., 1984). 
The low total LREE and low Zr content of the 
pumice fragments suggest the possible role in the 
petrogenesis of the rhyolites of crystal-liquid 
fractionation involving zircon, apatite, or sphene, 

all of which contain high concentrations of LREE, 
as well as other trace elements. 

Figure 6 illustrates the Sr versus Nd isotopic 
compositions of the pumice fragments (Table 1), 
compared to other volcanic rocks in Chile. The 
pumice fragments have the highest 87 Sr 186 Sr and 
the lowest 1 43 Ndl 144 Nd ratios of any samples 
previously reported in Central-South Chile. The 
oxygen isotopic composition of the pumice frag­
ments are also higher than any previously reported 
for volcanic rocks from this region (Stern et al., 
1984). The oxygen isotopic compositions were 
determined on whole rock sámples, but are con­
sidered representative of the original magma be­
cause of the low degre.e of devitrification observed 
in the thin sections. With respect to these three 
isotopes, the pum ice fragments are more similar 
to recent volcanic rocks from Northern Chile 
than to other recent volcanic rocks from Central­
South Chile (Fig. 6). Despite the differences in 
the Sr, Nd, and O isotopic ratios of the pumice 
samples, and other recent volcanic rocks from 
Central-South Chile, the Pb isotopic ratios of 
the pumice fragments are similar to the other 
volcanic rocks of the Andes (Barreiro, 1984; 
Stern et al., 1984). 

GEOCHRONOLOGY 

The age of pum ice fragments from a locality 
just west of Santiago (locality Nr. 12; Fig. 1) and a 
locality just east of Rancagua (locality Nr. 6; 
Fig. 1) were determined by fission-track dating 
methods (Naeser, 1967; 1969) on zircon separates. 
This age is considered to be the age of emplace­
ment of the pyroc1astic flows from which the pu­
mice fragments were extracted. Zircon microcrysts 
from each locality were mounted on a teflon sheet, 
polished, and etched in a melt of 14.4 grams 
NaOH + 20.0 grams KOH at 220° C for about 24 
hours to enhance the visibility of spontaneous 
fission tracks within the zircons. In order to de­
termine the uranium content of the zircons, the 
teflon mounts were covered with a low-uranium 
muscovite sheet and irradiated in the reactor at 
the U.S. Geological Survey Laboratory in Denver, 
Colorado. This process caused the uranium within 
the zircons to break down resulting in induced 
tracks in both the zircons and the muscovite. Since 

the zircons were not etched after this irradiation, 
the induced tracks they contain are not observed 
and do not interfere with the counting of the 
spontaneous fission tracks. The muscovite sheets 
are separated from the teflon mounts and etched 
in 48% concentrated HF at 25°C for 12 minutes. 
The number of spontaneous fission tracks within 
the zircons and the number of induced tracks 
within the muscovite sheets are counted with 
extreme care being taken to count on the area of 
the muscovite sheets that correspond exactly to 
an equivalent area counted on a zircon grain. 

Figure 8 is a plot of the number of spontaneous 
versus induced fission tracks for 28 zircon grains: 
14 from locality Nr. 12, west of Santiago, and 14 
from locality Nr. 6, east of Rancagua. With relati­
vely litde scatter, these data define two isochrons 
which give the ages of the samples. The results for 
each locality are given in Table 2. The results indi­
cate that the sample from west of Santiago is 
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0.47 ± 0.07 million years old and the sample from 
east of Rancagua is 0.44 ± 0.08 million years old. 
The two results are within analytical error, and all 

28 points may be considered to define a single age 
of 0.45 ± 0.06 million years. 
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FIG.8. Spontaneous versus induced fission tracks for zircon separates obtained from pumice fragments colleeted in the 
vicinity of Santiago Oocality Nr. 12, closed circles) and Raneagua (loeality Nr. 6, open circles). The line drawn as a 
best fit through all 28 points defines an isoehron of 450,000 ± 60,000 years (Table 2). 

TABLE 2. FISSION-TRACK AGE DETERMINATIONS ON ZIRCON MICROCRYSTS SEPARATED FROM 
PUM ICE SAMPLES COLLECTED FROM PYROCLASTIC FLOWS IN THE NORTHERN-CENTRAL 

V ALLEY OF CHILE 

Sample Numberof Spontaneous Spontaneous Induced Induced Age in millions 
loearlon· grains tracks traek tracks track of years·· 

cOW1ted counted density counted density 
(tracksl cm 2 ) (tracksl cm 2 ) 

Locality 14 46 101.68 x 103 5854 1293.98 x 104 0.47 ± 0.07 
Nr.12 

Locality 14 32 77.52 x 103 4332 1049.42 x 104 0.44 ± 0.08 
Nr.6 

Combined 28 78 90.17 x 103 10186 1177.57 x 104 0.45 ± 0.06 

• Samples localities indicated in figure 1. 
•• The age is determined by means of Naescr's (1967) equations with a neutron flux (neutronslcm2 ) of 9.90 x 104 for 

both samples. 
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DISCUSSION 

Within the analytical uncertainty of the fission­
track method of age determination, the emplace­
ment of pyroclastic flows within the Río Maipo 
and Río Rape1 valleys may be considered as a 
single evento The age of this event, 450,000 ± 
60,000 years, is consistent with the Upper Pleisto­
cene age suggested by Polanski (1962) for the 
pyroclastic flows in the valleys of the Río Yaucha 
and Río Papagayos in Argentina. Given the analy­
tic al uncertainty, it can not be determined if the 
individual outcrops of the pyroclastic flows were 
emplaced in a single day, a few years apart, or 
even 10,000 to 50,000 years aparto The applica­
tion of the fission-track method to a larger sam­
pling of zircons could reduce this uncertainty 
somewhat, but never altogether. 

The similarity of the petrochemistry of the 
pumice fragments collected from the various out­
crops of the pyroclastic flows, combined with the 
distinctness of their petrochemical characteristics 
compared to other recent volcanic rocks in Central­
South Chile, all point to a common origin for the 
pyroclastic flows, a conclusion reached previously 
on the basis of their sedimentological similarities 
by Santana (1971). The narrowly defined age 
brackets for two lobes of these pyroclastic flows 
in the northern Central Valley of Chile suggests 
that all the material was derived from a single 
source, in a single or series of close1y spaced erup­
tions. 

The we1ded nature of the pyroclastic flows in 
the localities along the eastern Andean piedmont 
in Argentina indicates that they are re1ative1y 
near their source (Polanski, 1962). Polanski notes 
that these flows thicken within the drainage 
valleys leading to the Maipo volcano, which is 10-
cated within a distinct depression, which Polanski 
considered to be a caldera, "la caldera de la laguna 
Diamante", formed by the extrusion of the rhyo­
lite pyroclastics. Although recent fie1d work has 
not encountered any outcrops of equivalente rhy­
olite pyroclastics close to the Chilean si de of this 
caldera, the outcrops within the Río Maipo, both 
within the Main Range as well as westward in the 
Central Valley and Coastal Range, are consistent 
with an origin from the region of the Maipo vol­
cano, as proposed by Polanski (1962) and earlier 
suggested by Borde (1958). 

A high topographic wall currently exists bet-

ween the Maipo volcano and the upper drainage of 
the Río Cachapoal, making the mechanism of em­
placement of pyroclastic units, derived from the 
region of the Maipo volcano within the Río 
Cachapoal and Río Rape1 valleys problematic. One 
possible solution is that no such dramatic topo­
graphic separation existed between the Río Maipo 
and Río Cachapoal drainages at the time of erup­
tion. Charrier (1981, Fig. 152) has mapped hori­
zontally bedded, undeformed mesas of basalts and 
andesites surrounding the western edge of the 
collapse caldera in which the current Maipo vol­
cano occurs. The olde~ pre-caldera units have their 
upper surfaces at e1evations over 4,000 meters and 
are thus slightly higher than the topographic wall 
separating the Río Maipo and Río Cachapoal 
drainages. If this e1evation represents a paleo­
surface at the time of eruption of the rhyolite 
pyroclastic flows it would explain their presence 
whithin both drainage systems. 

It should also be taken into account that this 
region was less eroded and heavily glaciated at the 
time of the eruption of the pyroclastic flows, so 
that the flows could have trave1ed over the surface 
of the ice into the different drainage valleys. This 
would also explain the almost total lack of pyro­
clastic deposits within the Chilean Main Range 
west of the Maipo volcano, as well as their oc­
currence in the lower valleys of both the Río 
Maipo and Río Cachapoal. Contact between the 
hot pyroclastic and ice would tend to add to the 
process of fluidization of the pyroclastic flows 
and explain their extreme mobility which is evi­
denced by how far away from their source they 
have moved. The {) 18 O of oceanic sediments are at 
a maximum 450,000 years ago, suggesting cooler 
temperatures and perhaps increased glaciation at 
this time compared to the present (Hays et al., 
1976). 

Santana (1971) estimates the current surface 
area of these pyroclastic deposits to be 1,300 km2

• 

Assuming that the deposits in the northern part of 
the Central Valley of Chile were originally conti­
nous, their area, including Argentina, prior to 
dissection and/or burial, must have been aproxi­
mate1y 15,000 km2

• The westernmost outcrops of 
the pyroclastic flows within the Coastal Cordillera 
are 10-20 meters thick; those near Santiago are at 
least 30 meters thick (Segerstrom et al., 1964); 
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and outcrops in the Cajón del Maipo and the valle y 
of the Río Papagayos and Río Yaucha in Argen­
tina are greater than 100 meters in thickness, and 
in sorne areas greater than 200 meters thick 
(Polanski, 1962). An average value of 30 meters 
thickness would imply a reconstructed volume of 
approximately 450 km3 for the pyroclastic flows, 
making the eruption of the Maipo 450,000 years 
ago one of the iargest known to have occurred in 
the last million years. 

Outcrops of the pyroclastic flows mar, be con­
sidered as a paleo-surface marker to determine 
relative rates of either tectonic movement or 
erosional downcutting during the last 450,000 
years. For instance Varela (1976) described an 
outcrop of similar ashes in Laguna de Taguatagua 
(34° 30 Lat. S -71 ° 10' Long. W). It underlies, 
separated by an erosional unconformity, 12,5 m of 
lacustrine sediments. C14 dating and extrapolation 
of sedimentation rate of the lake deposits point 
to an age of 57,000 years BP for the sediments. 
He concluded that the volcanic ash has a glacial 
age, problably Riss or eventually Mindel. On the 
other hand, the outcrop at the junction of the 
Río Yeso and Río Maipo occurs 150 meters aboye 
the current river bed suggesting a maximum inte­
grated uplift and erosion rates of approximately 
0.3 millimeters per year in this part of the Andes. 
This estimate is somewhat lower than the 0.8 milli­
meters per year calculated for the Río Cachapoal, 
near the Central Valley (Charrier, in prep.). 

The date of the formation and emplacement of 
the pyroclastic flows is also, presumably, the date 
of formation of the 15 by 20 kilometer caldera 
within which the Maipo volcano is located. If the 
Maipo volcano can be approximated by a cone 
15 kilometers in diameter at the base and 2 kilo­
meters in elevation, then a maximum average rate 
of magma supply to produce this volcano in the 
last 450,000 years is 236 km3 /m.y. Since the 
Upper Pleistocene volcanic centers in this region 
of the Andes are about 50 kilometers apart, this 
rate is equivalent to 4.7 km3 /m.y., per kilometer 
of arc-Iength. This volume fits better with the esti­
mates of Baker and Francis (1978), who calculated 
a magma production rate of 3.8 km3 Im.y., per ki­
lometer of arc-Iength, for a 375 kilometer long seg­
ment of the Central Andes (19° 30' Sto 22° 30' S) 
averaged over the last 6 m.y., than with those of 
Hildreth et al. (1984), who computed a magma 
production rate of at least 25 km3 /m.y., per kilo-

meter of arc-Ienght, for the 45 kilometers that 
they mapped in the vicinity of the Calabozos 
caldera, in the Southern Andes of Central Chile 
(35°S). 

Rhyolitic pyroclastics are considered to be cha­
racteristic of the Central as oppossed to the 
Southern Andes (Thorpe and Francis, 1979). Other 
caldera and pyroclastic outflow complexes have 
been documented in the northern part of the 
southern volcanic zone of Central-South Chile 
(Hildreth et al., 1984), suggesting that this region 
of the Andean volcanic chain is more similar to the 
Central Andes than to further south in the South­
ern Andes. The high Sr and O isotopic ratios and 
the low Nd isotopic ratios of the rhyolitic pumice 
fragments reported here are more similar to the 
isotopic ratios for volcanic rocks from the Central 
Andes than for those from further south in the 
Southern Andes (Stern et al., 1984). Assimilation 
of crustal material has clearly be en a significant 
aspect of the petrogenesis of these rhyolites, al­
though extensive crystal-liquid fractionation pro­
ducing the large negative Eu anomaly and low 
LREE, Sr, and Zr content of these rhyolites must 
also have been important. 

The re-occurrence frequency of large eruptions 
of silicic magmas has been documented at a num­
ber of locations, such as Yellowstone Park in the 
U.S.A., to be on the order of hundreds of thou­
sands of years (Smith, 1979). Hildreth et al. 
(1984) document large multiple pyroclastic erup­
tions of the Calabozos caldera complex 0.8, 0.3, 
0.15 million years ago. They outline a model in 
which the rate of magma supply and the crustal 
stress distribution that controls the migration of 
magmas to the surface are important factors in 
causing the development of large, multicyclic cal­
dera complexes and associated silicic pyroclastic 
flows, in a region that is typically characterized by 
andesitic composite volcanoes. Another eruption 
of rhyolitic pyroclastics from the Maipo volcano 
such as the one that occurred previously may not 
happen again if the dynamics of magma supply 
and passage through the crust have changed signi­
ficantly below the region of this volcano. On the 
other hand, other volcanic centers in the region, 
such as Tupungato and Marmolejo, might be sui­
table candidates for such explosive eruptions in 
the future. We concur with the conclusion of 
Hildreth et al. (1984) that uthe long record of 
volurninous silicic pyroclastic activity, and the 
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existen ce of ring-structure calderas of late Qua­
ternary age in the 33 0 S to 360 S segment of the 
Andean Cordillera have important implications for 
the safety of several major cities near the mouths 
of Andean canyons, ... " Given the current levels 
of erosion in the Andes, an eruption today, similar 
to that documented in this paper, would be 
expected to funnel more of the erupted pyrodas-

tic material through the city of Santiago than 
during the explosion of the Maipo caldera about 
450,000 years ago. The results would clearly be 
catastrophic. More work is required to fully 
understand the potential for the repeat of such an 
event and to identify the possible precursor 
activity which might foreshadow such an evento 
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