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the Meseta del Lago Buenos Aires basaltic plateau) 
outcrops of Early to Middle Miocene volcanic rocks 
(basalts, basaltic andesites and andesites) overlie the 
synorogenic detrital sediments. The purpose of this 
paper is to discuss the nature of this magmatism, 
its relationships with the Early Miocene plutonism 
of the North Patagonian Batholith (NPB) and to 
explore a genetic link with the subduction of young 
oceanic plate beneath the continent at that time. In 
addition, we propose that this magmatism contributed 
as a geochemical end-member to the origin of the 
transitional signature observed in younger OIB-type 
basalts, particularly in the Meseta del Lago Buenos 
Aires basaltic plateau.

2. Geological Setting

The Aysén region in southern Chile (45º-48ºS) is 
characterized by the occurrence of the NPB adjacent 
to the Chile Trench (Figs. 1a, b), which forms the 
western and central areas of the Patagonian Cordil-
lera. It corresponds to the northern part (north of 
the Golfo de Penas) of the Patagonian Batholith, 
a ca. 1,000 km long and 50-120 km wide belt of 
subduction-related plutonic rocks. The NPB, mostly 
consisting of metaluminous hornblende-biotite grano-
diorites (e.g., Pankhurst et al., 1999; Suárez and De la 
Cruz, 2001) has a well established zonal age pattern 
with Early Cretaceous margins and Cenozoic central 
portions. Early Miocene gabbros to granodiorites 
of the NPB crop out between 44º and 46ºS in the 
central part of the Batholith, ranging in age between 
22-16 Ma (Pankhurst et al., 1999; Parada et al., 2000; 
Suárez and De la Cruz, 2001; Fig. 1a). According 
to Pankhurst et al. (1999), the wide compositional 
variation recognized in the batholith resulted from 

the contribution of a primitive subduction-related 
component stored underneath the continental crust 
(either as mafic magmas or underplated basalts) and 
that of an isotopically evolved end-member, here rep-
resented by the lower Patagonian crust. Simultaneous 
melting and magma-mixing relationships between 
these end-members, in proportions controlled by 
the subduction-related thermal regime, account for 
the complete range of rocks in the NPB. Intrusion 
and exhumation of these rocks were tectonically 
controlled during the Cenozoic by the continental-
scale trench-parallel dextral strike-slip Liquiñe-Ofqui 
Fault Zone (Pankhurst et al., 1999; Cembrano et al., 
2002; Thomson, 2002). The plutons intrude Paleo-
zoic basement rocks (Eastern Andean Metamorphic 
Complex; Hervé, 1993; Bell and Suárez, 2000) and 
Jurassic to Late Cretaceous calc-alkaline volcanics 
and continental rocks (Ibáñez and Divisadero Group). 
In the studied region, these Mesozoic rocks form the 
eastern ranges of the Cordillera as thrust and folded 
blocks oriented N160-170 (Lagabrielle et al., 2004), 
defining the morphotectonic front of the chain.

The last orogenic phase of the Patagonian Andes 
occurred during the Late Miocene according to many 
authors (Ramos, 1989; Suárez et al., 2000; Thomson 
et al., 2001; Lagabrielle et al., 2004), and synorogenic 
foreland basin detrital products deposited in the 
present-day back-arc correspond to fine-to-coarse 
grained continental sandstones and conglomerates 
(Santa Cruz Formation and Zeballos Group; Ugarte, 
1956; Marshall et al., 1986; Escosteguy et al., 2002). 
They crop out to the east in Argentina and in isolated 
intracordilleran basins (e.g., Cosmelli Basin; Flint et 
al., 1994), overlying the Mesozoic volcanics (Figs. 
1b, 2a). The period of deposition of these sediments 
is well constrained between 22 and 14 Ma by dated 

Fig. 1.	 a. Scheme of southern South America showing the location and ages of the Miocene calc-alkaline volcanic rocks occurring 
in the present-day back-arc region of Patagonia. Black squares: tuffs interbedded with the synorogenic deposits of Santa Cruz 
Formation and Zeballos Group; black triangles: intrusives (andesite porphyries, diorites, granites; Ramos, 2002; Ramos et al., 
2004); grey triangles: Patagonian adakites (Kay et al., 1993; Ramos et al., 2004); white triangles: actual volcanic arc edifices. 
Diagonal pattern: Lower Miocene North Patagonian Batholith (NPB) granitoids (Pankhurst et al., 1999). Also shown the ge-
ometry of the Chile Ridge subduction along the continental border, black lines represent the present day position of the Chile 
Ridge segments under subduction at the Taitao Peninsula, grey lines represents past location of the Chile Ridge segments at 6 
Ma, 10 Ma, 14 Ma and 18 Ma. Arrows indicate the convergence vector for Nazca Plate since 48 Ma (after Cande and Leslie, 
1986; Pardo-Casas and Molnar, 1987; Somoza, 1998; Breitsprecher and Thorkelson, 2009). Location of Fig. 1b is shown by a 
frame; b. Regional geological map of the Aysén Region (Chile) and Santa Cruz Province (Argentina). The precise location of 
the study area is indicated. Location of the detailed stratigraphic section of the Santa Cruz Formation by Blisniuk et al. (2005) 
is indicated by a fuchsia arrow. LOFZ: Liquiñe-Ofqui Fault Zone; PFTB: Patagonian Fold and Thrust Belt; SVZ: Southern 
Volcanic Zones; AVZ: Austral Volcanic Zone; SCR: South Chile Ridge; CTJ: Chile Triple Junction; LGCBA: Lago General 
Carrera-Buenos Aires.
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Table 2. Representative EMPA mineral chemistry analyses of rocks of the Miocene Zeballos Volcanic Sequence.

Mineral Olivine Pyroxene Plagioclase Hornblende

Sample PAT-36 PAT-36 PAT-38A PAT-38A PAT-36 PAT-36 PAT-26 PAT-26 PAT-38A PAT-38A PAT-36 PAT-36 PAT-37 PAT-37 PAT-38A PAT-38A PAT-26 PAT-37

Rock Basalt Basalt Gabbro Gabbro Basalt Basalt Andesite Andesite Gabbro Gabbro Basalt Basalt Andesite Andesite Andesite Gabbro Andesite Andesite

No. analysis 27 54 5 14 11 15 79 71 2 4 46 48 2 68 70 107 140 54

Obs. rim core rim core core MF

SiO2 37.12 37.34 51.67 51.34 50.69 49.65 52.52 49.11 45.05 46.88 46.11 49.99 61.09 43.69 41.65 42.74 41.79 40.85

TiO2 0.07 0.03 0.20 0.07 0.96 0.69 0.31 0.89 0.00 0.00 0.00 0.09 0.04 0.01 3.08 1.78 2.58 2.56

Al2O3 0.05 0.03 1.70 1.23 2.92 4.62 2.35 3.90 34.36 32.84 33.54 30.69 24.98 35.45 11.47 10.56 13.62 13.18

FeO 32.74 27.99 9.14 10.21 11.59 4.65 15.97 9.56 0.22 0.48 0.65 0.63 0.58 0.46 14.16 15.74 8.03 13.08

MnO 0.64 0.54 0.71 0.72 0.32 0.06 0.31 0.23 0.00 0.00 0.00 -0.00 0.02 -0.00 0.45 0.45 0.06 0.30

MgO 28.42 33.51 12.89 11.25 11.35 14.72 26.35 12.58 0.00 0.00 0.05 0.09 0.04 0.00 11.96 11.09 15.56 12.50

CaO 0.56 0.50 22.73 22.95 21.33 23.84 1.41 23.37 18.93 17.10 17.55 14.42 6.06 19.28 11.83 11.90 12.15 12.17

Na2O 0.03 0.03 0.32 0.33 0.53 0.21 0.01 0.29 0.84 1.77 1.64 3.45 6.58 0.68 2.33 2.41 2.18 2.57

K2O 0.00 -0.00 0.00 0.01 0.06 0.00 0.00 0.00 0.00 0.00 0.12 0.39 1.40 0.02 1.19 1.21 1.31 0.90

NiO 0.05 0.01 0.09 0.00 0.02 0.00 0.00 0.00 0.00 0.00 -0.00 0.03 0.00 0.00 0.04 0.00 0.03 0.00

Cr2O3 0.00 0.01 0.05 0.00 0.00 0.82 0.00 0.05 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.03 0.10 0.00

Total 99.66 99.99 99.51 98.11 99.77 99.26 99.23 99.98 99.39 99.07 99.66 99.79 100.78 99.58 98.15 97.93 97.41 98.10

Si 1.021 1.001 1.943 1.975 1.918 1.837 1.910 1.836 2.094 2.177 2.137 2.297 2.705 2.035 6.202 6.425 6.071 6.043

Ti 0.001 0.001 0.006 0.002 0.027 0.019 0.009 0.025 0.000 0.000 0.000 0.003 0.001 0.000 0.344 0.201 0.282 0.285

Al 0.001 0.001 0.075 0.056 0.130 0.202 0.101 0.172 1.882 1.797 1.832 1.662 1.303 1.946 2.014 1.871 2.331 2.297

Fe2+ 0.753 0.628 0.240 0.314 0.347 0.069 0.426 0.177 0.009 0.019 0.025 0.024 0.021 0.018 1.622 1.912 0.764 1.402

Fe3+ - - 0.049 0.015 0.021 0.076 0.062 0.125 - - - - 0.000 0.000 0.141 0.067 0.211 0.216

Mn2+ 0.015 0.012 0.023 0.023 0.010 0.002 0.009 0.007 0.000 0.000 0.000 0.000 0.001 0.000 0.056 0.058 0.007 0.037

Mg 1.166 1.339 0.722 0.645 0.640 0.812 1.429 0.701 0.000 0.000 0.003 0.006 0.003 0.000 2.655 2.486 3.369 2.757

Ca 0.017 0.014 0.916 0.946 0.865 0.945 0.055 0.936 0.943 0.851 0.872 0.710 0.287 0.962 1.887 1.917 1.890 1.929

Na 0.002 0.001 0.023 0.024 0.039 0.015 0.001 0.021 0.076 0.160 0.147 0.307 0.565 0.061 0.672 0.702 0.614 0.738

K 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.007 0.023 0.079 0.001 0.226 0.233 0.243 0.171

Ni 0.001 0.000 0.003 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.004 0.000

Cr3+ 0.000 0.000 0.002 0.000 0.000 0.024 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.012 0.000

Sum 2.978 2.998 4.001 4.000 4.001 4.001 4.003 4.003 5.003 5.004 5.024 5.033 4.964 5.023 15.825 15.875 15.798 15.875

mg# - - 0.75 0.67 0.65 0.92 0.77 0.80 - - - - - - - - - -

En (Fo) 0.61 0.68 37.05 33.19 34.02 42.65 72.11 36.03 - - - - - - - - - -

Fs (Fa) 0.39 0.32 15.97 18.14 20.05 7.70 25.12 15.88 - - - - - - - - - -

Wo - - 46.97 48.67 45.93 49.64 2.77 48.09 - - - - - - - - - -

An - - - - - - - - 92.58 84.20 84.97 68.31 30.86 93.91 - - - -

Ab - - - - - - - - 7.42 15.80 14.36 29.52 60.65 5.96 - - - -

Or - - - - - - - - 0.00 0.00 0.68 2.17 8.49 0.13 - - - -

Cation per formula unit of representative olivine based on 4 Ox, pyroxenes on 6 Ox, plagioclase on 8 Ox and hornblende on 23 Ox. 
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Fig. 3.	 Field photographs of a. view of Cerro Zeballos from the southwest, note the cliff in the upper part formed by the synorogenic 
sandstones of the Zeballos Group; b. part of the studied volcanic sequence outcropping on top of the hill; c. large (~4 m di-
ameter) breccia blocks deposited on the south slope of the Zeballos hill; d. close up view of the fragments forming the breccia 
in c (centimetric scale bar in the photograph).
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