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INTRODUCTION 
Regional-scale long-lived shear zones spatially associated with ancient and present-day magmatic 

arcs provide a unique oppomnity to address the link between tectonics and magmatism at a crustal scale, 
both in the long and short-term. Valuable information concerning the tectonics. of magmatic arcs also 
comes from the study of the regional-scale trend of dike swarms, spatial distribution of volcanic centers 
and focal mechanisms of inua-arc crustal earthquakes. The nature of deformation partitioning of the 
convergence vector at subduction zones may also be assessed through constraining the kinematics and 
timing of intra-arc deformation and its correlation with coeval plate motions. 

The Cenozoic geodynamic setting of the southern Chilean Andes is well constrained showing 
relatively steady right-oblique subduction of the Farallon (Nazca) plate beneath South America since 
48Ma, with the exception of nearly orthogonal convergence during the 26-20 Ma time span, following the 
breakup of the Farallon plate (Pardo-Casas and Molnar, 1987). During the last 14 Ma the Nazca-South 
America-Antarctica triple junction has migrated northward from Tierra del Fuego to its present position at 
the southern end of the Southern Andes Volcanic Zone (Cande and Leslie, 1986). Both oblique 
subduction and ridge subduction have been proposed to be driving mechanisms for intra-arc shear (Beck, 
1991; Nelson et al., 1994). 

We propose that the long-term and short-term kinematics of the Cenozoic magmatic arc in 
southern Chile are recorded in: (1) Pre-Eocene(?) and Miocene-Pliocene ductile shear zones and Miocene- 
Pliocene brittle faults of the intra-arc Liquine-Ofqui fault zone (LOFZ) (Herve et al. 1979; Lavenu and 
Cembrano, 1994; Cembrano et al. 1996) ; (2) Eocene-Miocene dike swarms (Herve et al. 1995); (3) 
spatial distribution of Holocene volcanic centers (Nakamura, 1977, Lopez-Escobar et al. 1995); and (4) a 
few, intra-arc crustal earthquakes (Chinn and Isaacks, 1983; Banientos and Acevedo, 1992) (Figure 1). 

In this work we present the results of systematic field and petrographic observations in several E- 
W transects across the intra-arc northeast-wending LOFZ which extends for more than 1000 km northward 
from the Nazca-South America-Antarctica triple junction. Geological observations together with new and 
published geochronological data suggest marked Merences in kinematics, physical conditions and 
possible age of deformation in the magmatic arc of the southern Chilean Andes for the Cenozoic (Figure 
1). The spatial distribution of dike swarms and volcanic centers in southern Chile is also addressed to 
help constraining the intra-arc tectonics. 
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Figure 1. Regional scale sketch map showing the main tectonomagmatic features of the Cenozoic 
magmatic arc of the southern Chilean Andes (compiled from Barrientos and Acevedo, 1992; Chinn and 
Isaacks, 1983; Cembrano et al. 1995; Herve et al. 1979; Herve et al. 1995; Lopez-Escobar et al. 1995). 
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Pre-Eocene (?) mylo~t ic  strips up to one km in width document sinistral transpressional ductile 
deformation near the northern end of the LOFZ (Liquine, 39"s). This is in contrast with post-Miocene 
ductile to brittle dextral strike-slip deformation further south (Figure 1). At 42" S, new U-Pb zircon ages 
from one synkinematic and one prekinematic pluton are 9.9f 0.6 and 135k 12, respectively. Published K- 
Ar and &-Ar ages are mostly -9-13 Ma in hornblende and -6-3 Ma on biotite, indicating either uplift and 
cooling or pervasive thermal resetting of Cretaceous plutons during Miocene time. New Ar-Ar ages on 
biotite from both ultramylonitic shear zones and less deformed plutonic rocks range from 3.59k0.01 to 
3.78k0.01. Microstructural observations suggest the latest ductile fabrics in plutonic rocks formed at 
greenschist facies conditions (300-350°C) similar to biotite Ar closure temperature. 

Work in progress at 44"-46"s near the southern end of the LOFZ (Puyuhuapi-Aysen area, figure 
l) ,  shows that brittle faulting predominates over ductile deformation along north and northeast-trending 
lineaments making up a strike-slip duplex (Cembrano and Herve, 1993). Ductile dip-slip along with 
dextral strike-slip kinematics has been inferred from fabric studies on meter wide mylonitic shear zones 
occumng within the Patagonian Batholith and metamorphic wallrock. Kinematic analysis of fault slip 
data shows transpressional to compressional deformation of possible Miocene-Pliocene age. Eocene- 
Miocene mafic dike swarms (Figure 1) have a predominant northeast trend over an area of several hundred 
square km., which is consistent with an overall dextral strike-slip kinematics at the time of emplacement. 
Likewise, the spatial distribution of Holocene basaltic minor eruptive centers between 38" S and 46 "S is 
mostly resmcted to northeast, en echelon, alignments (Figure l), which are believed to document rapid 
magma ascent through subvertical tension fractures within a transpressional dextral strike-slip volcanic 
arc. Previously published seismic data for the southern Andes volcanic arc is limited to only two 
earthquakes (Chinn and Isaacks, 1983; Banientos and Acevedo, 1992), both having dextral sbike-slip focal 
mechanism (Figure 1) 

CONCLUSIONS 

Available long-term and short term data show that the magmatic arc of the southern Chilean 
Andes has been undergoing transtensional to transpressional dexmal strike-slip deformation for several 
million years. This tectonic regime has exerted a major control in the long-term and short-term magma 
ascent and emplacement as shown by synkinematic Eocene-Miocene dike swarms, Miocene plutonic rocks 
and present-day volcanic centen. Different degrees of deformation partitioning of the Farallon (Nazca) 
South America convergence vector into arc-parallel shear and arc-orthogonal shortening has likely been 
responsible for the existence of episodic andtor coeval dextral-strike-slip and dip-slip deformation along the 
arc. 

Acknowledgements 
Fondecyt projects 1930496 and 1950497 to JC have funded most of this research. This abstract 

was written while the main author was at Dalhousie University under a fillam fellowship. We thank G. 
Lopez. K. Lein and A. Sanhueza for help during fieldwork. 

REFERENCES 

Barrientos, S. and Acevedo, P. 1992. Seismological aspects of the 1988-1989 Lonquimay (Chile) 
volcanic eruption . Journal of Volcanology and Geotherrnal Research, 53,7347. 

Beck, M.E., 1991. Coastwise transport reconsidered: lateral displacementsin oblique subduction zones, 
and tectonic consequences. Physics of the Earth and Planetar). Interiors, 68, 1-8. 



Third ISAG, Sf Malo (France), 17-19/9/1996 

Cande, S.C. and Leslie R.B. Late Cenozoic tectonics of the Southern Chile Trench. Journal of 
Geophysical Research, 9 1,47 1-496. 

Cembrano J. and Herve, F., 1993. The Liquine-Ofqui fault zone: a major strike-slip duplex in the 
southern Andes. Second Synlposiurn International "Geody~lomique Andine " Oxford (UK), p. 175- 
178. ORSTOM editions. 

Cembrano, J,, Heme. F. and Lavenu, A. 1996. The Liquine-Ofqui fault zone: A long-lived intra-arc fault 
system in southern Chile. Tectonophysics special issue on Andean Geodynamics (in press) 

Chinn, D.S., and Isaacks B.L., 1983. Accurate source depths and focal mechanisms of shallow 
earthquakes in western South America and in the New Hebrides island arc. Tectonics, 2,529- 
563. 

Hewe, F., Araya, J.L., Solano, A., 1979. Edades radiometricas y tectonica neogena en el sector costero 
de Chjloe Continental., X region. in Acras Segundo Congreso Geologico Chileno, vl ,  p Fl-F8, 
Santiago. 

Heme, F., Pankhurst, R.J., Drake, R. and Beck, M., 1995. Pillow metabasalts in a mid-Tertiary 
extensional basin adjacent to the Liquine-ofqui fault zone: the Isla Magdalena area, Aysen, Chile. 
Journal of South American Earth Sciences, 8,33-46. 

Lavenu, A. and Cembrano, J., 1994. Neotectonica de mmbo dextral en la zona de falla Liquine-Ofqui: 
Geometria, cinematica y tensor de esfuerzo. in Actas V11 Congreso Geologico Chileno, 81-85. 

Lopez-Escobar, L., Cembrano, J. and Moreno, H. Geochemistry and tectonics of the Southern Andes 
basaltic Quaternary volcanism (37" -46" S). Revista Geologica de Chile ,22,2,2 19-234. 

Nakamura, K. 1977. Volcanoes as possible indicators of tectonic stress orientation: principle and 
proposal. Journol of Volcanology and Geothennal Research, 2, 1-16. 

Nelson, E., Forsythe, R. and Arit, I.. 1994. Ridge collision in terrane development. Journal of South 
American Earrh Sciences, 7,271-278. 

Pardo-Casas, F. and Molnar, P., 1987. Relative motion of the Nazca (Farallon) and South American 
plates since Late Cretaceous times. Tectonics, 6, 233-248. 




