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The mantle and the different crustal reservoirs which may be important in the
petrogenesis of volcanic arc ‘andesites’ and intraplate ‘basalts’ can be reasonably well
discriminated on the basis of their O-isotope compesition because source-liquid fractiona-
tions are small at magmatic temperatures and because low-temperature crustal processes
such as hydrothermal alteration, weathering, and sedimentation tend to produce large and
distinctive isotope fractionations. A primary feature of the upper continental crust is that
it is more enriched in 180 than the mantle or matic lower crusi. Kocks which have been
through a cycle of surface residence typically tend to be particulary 180.rich. Closed-
system crystal fractionation of a magma can produce only small 180 enrichments in a
suite of cogenetic volcanic rocks. Thus, it is to be expected that magma derived from the
mantle with have lower 180/160 ratios than magmas generated within either the lower or
upper continental crust. However, the recycling of 180.rich hydrothermally altered
oceanic crust and sediments into the mantle via subduction processes could, in theory,
produce small but significant 180 enrichments in the upper mantle.

We have determined 180/160 ratios (as §180 values relative to the SMOW standard)
for 110 Late Cenozoic calc-alkaline volcanic rocks from the Andean Cordillera of
Ecuador, Bolivia, Argentina, and Chile between the equator and 460°S, and for 45 Late
Cretaceousrecent tholeiitic and alkalic basalts from the Patagonia Region of Argentina
between 454708, These data have been combined with 107 O-isotope analyses from the
literature (Magaritz et al., 1978; James, 1982; Longstaffe et al., 1983; Stern et al., 1984
a,b) for Late Cenozoic Andean calc-alkaline volcanic rocks between 20N and 5508 to
yield a data base sufficiently large to examine regional O-isotope relationships and thus
define the role of continental crust in the origin of Andean and Patagonian lavas.

The overall range in 180/160 ratios for the 217 Andean samples is +5.2to +140 /oo
and for the Patagonian samples is +5.1 to +8.29/00. It is significant that the ~9°/oo ran-
ge in 180/160 ratios observed along the strike of the Andean Cordillera is very much
larger than observed in any other individual calc-alkaline orogenic province, whereas the
~39/00 range in 180/160 ratios observed for Patagonia is similar in magnitude to that
for other continental intraplate basalt provinces. The lowest §180 values observed in
both tectonic settings are equivalent to those for mid-ocean ridge basalts (Muechlenbachs
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and Clayton, 1972; Pineau et al., 1976) and ocean island basalts (Garlick, 1966; Taylor,
1968; Kyser et al., 1982), whereas the highest values are comparable to those characteris-
tic of upper crustal partial melts (Taylor and Turi, 1976).

Of the Andean samples, some 95% are within the more restricted §180 range of +5.5
to +9.5%/oo, with the range of 180/160 ratios for each of the three main Andean
volcanic provinces being significantly smaller than that for the Andean Cordillera as a
whole: Northern Volcanic Zone (NVZ: 50N—20S) = +6.5 to +7.89/00, Central Volca-
nic Zone (CVZ: 16—280S),= +6.9 to +14.09/00, and Southern Volcanic Zone (SVZ:
33-5508) = 5.1 to 11.1%/c0. In the NVZ, where the continental crust is Cretaceous and
younger in age and of normal thickness (c. 40 km) and the seismic zone deep (c. 140 km),
the lavas are basalts (<55% SiO7) and andesites (55-63% SiO2). In this region §180
variations are independent of chemical and radiogenic isotope composition. By contrast,
in the CVZ, where the Precambrian-Paleozoic continental crust is up to twice the normal
thickness (c. 50-70 km) and the seismic zone deep (c. 140 km), the volcanics tend to be
more evolved andesites, dacites (63-68% SiO2), and rhyolites (>68% SiO3) although
basalts are present in the region. Here there is a general tendency for §180 values and
radiogenic isotope ratios to be compositionally dependent. In general, the more silicic
rocks in a CVZ volcanic center tend to be the more 180 rich, such as at Cerro Galan in
Argentina where §180 values systematically increase from +8.2 to +8.59/00 for basalts,
to +8.4 to +9.69/00 for andesites, and finally to +8.6 to +14.09/00 for dacites. However,
some volcanoes exhibit the reverse compositional dependence of O-isotope ratios. For
example, at the Sierra de Lipez center in Bolivia the progression of 5180 values is
+9.59/00 for an andesite, +8.99/00 for four dacites, and +8.0°/00 for a rhyolite. In both
cases, O-isotope ratios are well-correlated with radiogenic isotope ratios, the more
180.rich samples having the higher Sr— and Pb-isotope ratios. By-in-large, the Arequipa
and Barroso volcanics in south Peru at 16-180S, which were erupted through the old
Precambian basement of the South American craton, have lower and less variable §180
values (+6.9 to +7.99/00, X = +7.20/00) than the CVZ volcanic centers to the south in
north Chile, southwest Bolivia, and northwest Argentina (+7.3 to +14.09/00, X =
+8.69/00) which are built upon a younger accretionary crust. O-isotope relationships are
quite complex in the SVZ, where a youthful, Mesozoic-Cenozoic crust of slightly thin to

normal thickness (c. 30-40 km) overlies a relatively shallow (c. 90 km) seismic zone. In
the central province from 37-4208S, where the continental crust is thinest, 180/160 ratios
are very low (+5.2 to +7.49/00), both 8180 values and radiogenic isotope ratios are
independent of chemical composition. For example, at Villaricca basalts, andesites, and
thyolites all have 5§180 values between +5.8 to +6.3%/0o. The restricted range of
O-isotope variations in this segment of the SVZ is only slightly larger than that observed
by Stern and Ito (1983) and Woodhead et al. (1985) for the Marianas (+5.1 to +6.99/00),
an oceanic island arc where continental crust is absent. Basalts in this region have an
average 5180 value of +5.99/00, which is indistinguishable from the +5.8 * 0.59/00 value
characteristic of mid-ocean ridge basalts. In both the northern (33-370S) and southern
(42-4608) segments of the SVZ, where the continental crust is thicker, 180/160 ratios
become higher and begin to exhibit a compositional dependence. The range of §180
value in both regions is some 0.59/00 higher than for the central segment (northern SVZ
= 6.79/00, central SVZ = 6.3°/00, southern SVZ = 6.8°/00). In the austral segment of
the SVZ from 49-5508 there is a strong latitudinal dependence of 180/160 ratios. Here
8180 values average +7.60/00 at the Nunatak and Aguilera volcanic centers in the vicinity
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of 50-5208 and progressively decrease south toward the plate margin with the Mt. Burney
volcano at ~530S having an average 6180 value of +6.79/00 and the Cook Island center
at 5508 having an average 8180 value of +5.6%/00 (Stern et al., 1984a).

The Patagonian plateau basalts encompass a wide range of compositions from Late
Cretaceous tholeiites, through Miocene alkali basalts, to Late Cenozoic potassic leucite
basanites. The ranges in §180 values for the Patagonian lavas, in general stratigraphic
order, are: tholeiitic basalts = +5.6 to 8.19/00 (X = +6.99/00), alkali basalts = +5.1 to
+7.92/00 (x = +6.59/00), and basanites = +5.7 to +8.00/00 (X = +6.5°/00). Two alkali
basalts from El Pedrero volcano have §180 values of +5.3%/00 and +5.79/00. Across the
region as a whole, 180/160 ratios are independent of chemical and radiogenic isotope
composition, but exhibit an age dependence, the younger lavas tending to be less 180
rich.

This study demonstrates that crustal materials have been involved in ‘andesite’
magmagenesis to different extents along the Andean Cordillera. In the central segment of
the SVZ, calc-alkaline basaltic magmas were likely derived from the asthenospheric
mantle with little or no contribution from recycled sediments. These magmas rose largely -
unmodified through the thin continental crust of the region, where differentiation
occurred by low pressure crystal fractionation without concomitant assimilation of
upper crust. In the NVZ and northern and southern segments of the SVZ the
continental crust played a more important role in magmagenesis. The 180 enrichments
observed in the more silicic rocks of these regions are attributed to minor or moderate
amounts of crustal assimilation which occurred during differentiation by a combined
crystal fractionation-assimilation process. The significant 180 enrichments observed in
CVZ volcanics of all compositions requires a large crustal component in these lavas.
Parental magmas in the CVZ may have been generated in the same mantle source region
as those in the SVZ and NVZ, but substantially modified chemically and isotopically
both during transit through the exceptionally thick lower continental crust of the central
Andes and by subsequent low-pressure crystal fractionation-assimilation in the upper
crust. The Patagonian O-isotope data are best explained by a model in which in the
various basalts are produced by different degrees of partial melting of a mantle source
region that was heterogeneous with respect to its O-isotope composition.
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