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Ages and geochemistry of Mesozoic-Eocene back-arc
volcanic rocks in the Aysen region
of the Patagonian Andes, Chile

Miguel A. Parada

Alfredo Lahsen Depanamento de Geologia. Universidad de Chile. Casilla 13518, Corrad 21, S?m-ago. Chilg
maparadas® cac uchilecl

Carlos Palacios

ABSTRACT

Eightean new radiometnc ages (fourteen “Ar-""Ar, four K-Ar), combined wilth previously pubhished ages, confirm the
eumstence of three man exlensional back-are volcame evenls, praviously defined by stratigraphic relationships, in
Chilean Patagonia (Aysen region). These three evenis developed during the Middle Jurassic -Early Cretaceous (160-
130 Ma). Cratacaous (114-75 Ma), and Eocene (55-46 Ma). Based on distinct geochemical data and Sr-Md isotopic
characteristics of the back-arc volcanic rocks collected nonth and south of 46°30°S, two Masozoic-Eocene magmatic
domains are recognized. Northern Magmatic Domain (NMD) and Southern Magmatic Domain (SMD). Mosl analyzed
basalts and intermediate volcanic rocks of the NMD hava alkaling affinitias and depleted to slightly deplatad Sr-Nd
isotopic values similar to thosa derived from an asthenosphere-dominated source. The SMD mafic valcanic rocks have
a subalkaline character and more enriched Sr-Nd isotopic signatures, comparable to those derived from a lithospheric
source. The felsic volcanic rocks of the SMD have lower eNd values and shightly higher initial * S Sr ralios than the MMD
felsic rocks, suggesting a larger crustal contribution in the magma sources. The geochemical and isotopic distinction
between NMD and SMD felsic rocks could be influenced by the presenca of Paleczoic matamorphic rocks as basamant
of the volcanic rocks of the SMD. Mareover, the compositional distinction between basalts of both domains may
correspond to differences in magnitude of extension, the NMD being the one where the extension would have been
grealer and, consequently. the lithosphare thinner.

Key words: Back-anc volcanism, “Ar-“Ar ages. Magma source. Crustal extension. Chitean Patagonia

RESUMEN

Edades y geoquimica de las rocas volcanicas del trasarco del Mesozoico-Eoceno en la region de
Aysén de los Andes patagénicos, Chile. Diez y ocho nuevas edades radiométricas (catorce *Ar-"Ar, cuatro K-
Ar) junto con las ya publicadas confirman la existencia de tres eventos voleanicos (previamente definidos por relaciones
estratigraficas) en la Patagona chilena (Region de Aysen) durante el intervale Mesozoico-Eocene: Jurasico Medio-
Cretacico lemprana (160-130 Ma), Cretdcico (114-75 Ma) y Eoceno (55-46 Ma). Sobre la base de las caractenisticas
geaquimicas e isoldpicas de Sry Nd de las rocas volcanicas estudiadas, se pueden reconocer dos dominios magmaticos
Mesozoico-Eoceno: Dominie Magmatice Norte {DMN) y Dominio Magmafico Sur (DMS). Los basaltos y racas intermecdias
del OMN lienen afinidades alcalinas y valores isotdpicos de Sr-Nd deprimidos a moderadamente deprimidos similares a
aquellos darivados de una fuente dominada por matenal astonasférico. Las rocas volcanicas malicas del DMS thenan un
caracier subalcaling y caracteristicas isotopicas de Sr-Nd mas ennguecidas comparables a aquellas derivadas de una
fuente litosférica. Las rocas voleanicas lelsicas del DMS tienen razones iniciales " Sr™Sre mas altas y valores de cNd mas
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bajos que las rocas volcanicas félsicas de DMM, sugiriendo una mayor contribucian cortical en sus fuenles magmalicas,
Las distincionas gecquimicas e isoldpicas entre ef DMN y ¢l DMS podrian estar influenciadas por la presencia de rocas
metamarficas paleczoicas como basamento de las rocas volcanicas del DMS, Por otra parte, la distincion antra los
basaltos del OMM y DMS podria correspender a diferencias en la magnitud de la extensidn, siendo el DMN donde la
exlension habria sido mayor y, consecuentamenta, la litdstera mas delgada.

Palabiras claves: Voleanismo do trasarce. Edades “Ar-"Ar, Fuente magmalica, Extension cortical, Patagonia Chilena.

INTRODUCTION

The Aysen region of Patagonia is formed by
three Mesozoic to Recent tectanic domains parallel
tothe continental margin (Fig. 1), The fore-are domain
includes mainly the southemn extension of the Late
Palsozoic subduction complexof central Chile (Hervé
at al., 1987). The westermmost part of this domain
includes the area of interaction between the Chile
Rise and the trench {Chile tnple junction) and
corresponds to the Pliocene Taitao ophiclite (cf.
Melson ot al, 1993). The arc domain is mainly
fermed by the Patagonian Batholith emplaced during
thenterval Late Jurassic-Late Miocene. Subduction-
related active volcanoes (e.g., Hudson and Maca) in
this domain represent the northern imit of a volcamic
gap of the Recent volcanic are (46°30'5-49°5) as a
consequence of subduction of segments of the Chile
Rise (Cande and Leslie, 1986). The Liguine-Ofqui
Fault Zone (LOFZ), active at least since thae Miccana,
15 located along the axis of the Patagonian Batholith,
and represents a major intra-arc dextral strke-slip
fault system aleng which imponant displacements of
the western block of the continental margin have
taken place (Cembrano and Hervé, 1993). The back-
arc domain, cccupied by volcamc rocks and
sedimentary intercalations, was formed during the
Late Jurassic-Pliccene interval.

The magmatic evolution of the Aysén region has
been mainly documented in the arc domain, par-
ticularly in the Patagonian Batholith where nume-
rous studies have been underaken in order to
characterize its lemporal variations (Halpern and
Fuenzalida, 1978; Herve, 1984 Barthalomew, 1984:
Weaver ef al, 1990; Bruce of al, 1991; Pankhurst
and Herve, 1994; Pankhurs! f al, 1999; Pankhurst
el al., 2000; Suarez and De La Cruz, 2001). Using
ditterent radiometric methods (Rb-Sr, K-Ar and *Ar-
Ay, distinct plutonic events have been identified as

responsible for the formation of the batholith. The
spatial distibution of the rocks belonging lo such
evenls gives nse W an across-batholith zonation
that resulted from successive intrusions within older
plutons, The youngest belt (Miocene) ccoupies the
axial zone of the batholith adjacent to the LOFZ
(Herve, 1984; Pankhurst and Herve, 1834} To the
east of the axial zone, Cretaceous plutons were
assembled forming the widest plutonic belt of the
bathohth, whereas westward from the axial zone,
Early Cretacecus-Eocene infrusions have been
identified (Bartholomew, 1984; Bartholomeow and
Tarmey, 1284, Pankhurst ef al., 1999) torming poorly
defined bells. Eastern satellite plutons of jurassic
ages have been recognized (Parada et al. 1997,
Pankhurst ot al, 2000; Suarez and De La Cruz,
2001). The lack of a regular unidirecticnal migration
of the Maso-Canozoic intrusions with time contrasts
with the eastward migrating Meso-Cenozoic belts
developed inthe Andes of central Chile {cf. Drake of
al, 1982; Parada el al, 1988), and suggesls a
plutonic development in a maore stationary condition,

The back-arc evolution of Andean Patagonia
has been the subject of several studies. Mosl of
them are concermnead with the Mesozaic stratigraphy
of the area between Coyhaique and Lake General
Carrcra (cf. A, Lahsen', Skarmeta and Charricr,
1976; Suarez and De la Cruz, 1997), along with
Neogene volcanism, sedimentation and deform-
ation recognized south of Lake General Carrera
{e.g., Miemeyer ef al, 1984; Suarez and De La
Cruz, 2000; Suarez et al., 2000) processes whose
association with the cellision and subduction of
segments of the Chile Hidge at that tima is contro-
versial {a.g., Charrier ef al., 1979, Ramaos and Kay,
1992, Petford and Turner, 1993; Flint ef al., 1994,
Suarez at al, 2000). Based an published and new

1966, Gealogia de la region confinemal di Aysan (Unpublished Roport), insbitulo de iovesligaciones de Recursos Naturales, Corporacion

de Fomento de la Produccidn, 25 p. Santiago
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FIG. 1. Geological map of the back-arc domain of the Aysédn region. Source of information: A. Lahsan'; Miemeyer (1975); Yoshida (1881);
A Lahsen, G, Palacios, MA. Parada, G, Sanchez, B, Townloy and J. Vilegas®; M. Sudrez and R, De la Gruz?, and this study. Insen:
main parn of ihe Aysén Region, lacation of tha studiad area (shadad), and distribution of tha tectonic domains. LOFZ: Liquifie-Ofqui
Faudl Zone.

#1894, Exploracion geoquimica estratégica en la Region de Aysén. Proyecta FONDEF MI-15 (Unpublished Repor), Univerisdad de Chile,
Dapantamento de Geologia, 367 p.

*1994. Geologia de la pane oriental de las Hojas Puana Cisnes, Coyhaique y Chila Chico (Unpublished Repan), Sernvicio Nacional de
Goologia y Mineria, 386 p.
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ages (mineral “Ar-"Ar and whole-rock K-Ar ages).
This study is a contribution to a better understanding
of the Mesozoic-Eocens volcanic history in the Aysén
region, including *“Ar-*Ar results obtained in back-
arcvolcanic sequances, Particularly relevant are the
geochronological results on volcanic rocks south of
Lake General Carrera, where the available
radiometnc ages are less abundant. Furthermaore,

this study presents the geochemical and Sr-Nd
isotopic characteristics of some rocks of the studied
back-arc segmenl. Based on these charactenstics
the authors distinguish two north-south magmatic
domains. The rale of lithosphere and asthenosphere
with respect lo the ongin of the composifional
charactenstics of the two domains i1s discussed

AMALYTICAL METHODS

Mincral separates from fourteen samples
were analyzed by using the "“Ar-*Ar technique at
the Geochronology Laboratory, Stanford University.
Plagioclase and biotite separates were packaged
in 99.999% pure copper foil packets. The packets
wera intarsparsed in a pure quartz-glass tube with
aluminum foil packets containing 10-20 grains of
sanidine standard 85G003 from the Taylor Creek
Rhyolite (TCH). used as a neutron fluence monitor.
The age of the TCR sanidine is taken to be 27.92 Ma

120 T zMusz

=

{Duffield and Dalrymple 1990). Groups of 2-4
sanidine grains were fused using a Spectra-Physics
2016 Ar ion laser operating in all-lines mode at a
nominal output power of BW. Prior to measurement,
each sample was introduced into the resisiance
furnace and degassed at 400°C or 450°C to release
much of the contaminating atmospheric argon; this
gas fraction was not analyzed. Complete “CAr-""Ar
release spectra and apparent ages (+ 1 o un-
certainty) are given in figures 2, 3 and 4.
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FIG. 2, “Ar-=Ar release spectra measured lorbiolites. The solid steps within the release spectra indicate the Increments used for calculating
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The decay constants used in the K-Ar age
determinations are:A_= 0.581 x 107 yr', A, =4.962
x 10 " yr'. The value of ""K/K used for age calculation
is 0.01167+0.00004, K-Ar age determinations were
obtained at the Geochronological Laboratory of
SERMNAGEOMIN (Servicio Nacional de Geologia y
Minaria).

Thewhole-rock chemical analyses ware obtained
by ICP-AES at the Department of Geology, University
of Chile, and by atoemic abscrplion at SERNAGEOMIN,
The Sr and Nd isotope data were oblained at Geo-
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chron Laboratories, The rock powder was dissolved
in HF+HNO,. Sr and Nd were isolated by ion ex-
change and analyzed. The Sr analyses are nomn-
alized to V3™ Sr = 0.11940. Analyses of NBS 987
averaged 0.710241 (z 0.000014) (n=60) during the
period of these analyses. The Nd analyses are
normalized to "'Nd ' Nd=0.72189. Analyses of La
Jolla Nd averaged 0.511852 (= 0.00010) (n= 60}
during the period of these analyses. Errors on ¥Sr
BSr and "Nd/" ' Nd are given as 2a (35%) in the last
wo digits (Table 5).
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GEOLOGICAL SETTING AND SAMPLE PROVENANCE FOR THE RADIOMETRIC DATES

Most of the stratigraphic relalionships known in
the back-arc area of the Aysén region have been
established north of Lake General Carrera. In order
to provide geochronological support to the
stratigraphic framewaork and extend further south
the knowledge of the evolution of this back-arc
segment, the dated samples were collected in two
areas: between Coyhaique and Balmaceda (45"
30" - 46°5) and along the Chacabuco river (47-
47°30°8) (Fig. 1).

The volecanic rocks studied here developed
to the east of the Patagonian Batholith, as a result
of a Meso-Cenozoic back-arc extensional regime
{Bartholomew and Tarney, 1884) the products of
which were draped over a highly deformed Upper
Paleozoic metamorphic basemenl cropping oul
south of Lake General Carrera (46"5). During the
volcanic evolution, twa marning incursions interrupted
continental sedimentation. The oldest corresponds
tothe Late Jurassic - Early Cretaceous basin (Aysén
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Basin), which was filled by the transgressive -
regressive succession of the Coyhaique Group,
composed of coral reef and bioclastic mestones,
black shales. and marine-continental sandstones
andconglomerates (Cotidiano, Katterfeld and Apeleg
formations, respeclively, Ramos, 1976; Bell and
Suarez, 1997). The younger sedimantary interval
corresponds to a spatially restricted Late Oligocene-
Miccene sedimentary basin (Cosmelli Basin; Flint el
al., 1994; Suarez ef al., 2000) that formed inboard of
the Chile triple junction (47°5). The Tertiary deposits
overlie the metamorphic basement and Mesozoic
volcanoclastic strata and represent a stratigraphic
succession of continental and marine facies resulting
from marked base level changes (Flint of al,, 1994),

AJurassic volcanic bellis exposed belween 43
and 50°5 near the Chile-Argentina bordar. Itincludes
sequences of acidic to intermeadiate volcanic rocks
[Ramos ef al, 1982). In the studied arca, the
Jurassic event s represented by felsic volecanic
sequences (here referred to as the Ibanez
Formation) underlying the marine sequence of the
Early Cretaceous Covhaigue Group, and deposited
ever Paleczoic metamorphic recks in the region
south of Lake General Carrera. The |banesz
Formation forms part of the Jurassic large igneous
province of Palagonia, which is one of the largesl
silicic provinces on Earth (Féeraud et al, 1998)
Three samples of rhyolitic tuffs from the Ibafez
Formationwere dated. One of them (sample 180495-
3) was collected near Levican Peninsula on the
northeastern shore of Lake General Carrera
(46°30'S). The other two samples (12039510 and
101094-2) were laken al the Chacabuco Riwver,
south of Lake General Carrara.

The Cretacesus volcanism appears to be the
most inlensive, as is suggesled by the extension of
its exposuras, and s representad by volcanic rocks
of the Divisadera and Mirehuao formations (cf.
Skarmeta and Charrier, 1978). The Divisadero
Formation overlies the Ilbanez Formation or the
marine sedimantary rocks of the Coyhaiqua Group
(Berriasian-Barremian; ¢f. M. Sudrez and R. De la
Cruz,”; Belmar, 1926} and is in faulted contact with
the Nirehuao Formation that crops outeast of Coyhai-
que. It is composed mainly of felsic tuffs and lavas,
with a minor amount of flat-lying basaltic rocks.
Continental sedimentary rocks are locally inter-
beddedwith the volcanic strata, The Nirehuao Forma-
tion mainly ocours in the easlermost part of the

Coyhaique and Nirechuao River basins and is
lithologically similar to the Divisadero Formation,
although it containg a larger amount of basaltic
rocks. Although the stratigraphic position of bath
formations is similar, the observed lithological
differences between them correspond to their
different position with respect to the plutonic arc: the
Divisadero Formation developed between the arg-
related Patagonian Bathelith and the eastem back-
arc position, where the Nirehuao Formation was
deposited.

Eight samples from the Divisadero Formation
weare dated. Six of them were collected south of
Coyhaique, in the vicinity of Lake Elizalde and
Balmaceda (Fig. 1). They represent three folsic
rhyolitic tuffs (011294-2, 170495-1, 180495-1), lwo
basalt flows (011294-1 and 180485-3) and a gabbro
(190485-5) hosted in volcanic rocks of Divisadera
Formation. The remaining two samples were
collected at widely separated localities along the
Chacabuco River (Fig. 1), and include a dacitic tuff
(120395-7) and a fragment of a rhyolite pumice
{130395-2) of a felsic tuff. Four samples from the
Mirehuao Formation were dated and represent a
rhyolitic tuff (210495-2), two andesites (200495-7
and 210495-3) and a basalt (210495-4) that were
collected from a flat-lying volcanic sequence al the
Coyhaique River, nearthe Argentina-Chile boundary
(Fig. 1).

The Teriary volcanic eventis represented mainly
by the volcamc products of Chile Chico Formation
{Miemeyer, 1875) south of Lake Genaral Carrera,
by an Eoccene sequence of alivine-phyric flood
basalts oulcropping near Balmaceda at 45°45'3
{ct. Demant et al,, 1996), and by the lower flood
basalts of the westward extension of the larger
Eocene- Pliocene Meseta Buenos Aires (Charrier
et al., 1979; Petford et al., 1996) developed soulh of
Chile Chico village (ca. 46"30'5). These basalts
correlate with the Eocene Posadas flood basalts
(Ramos and Kay, 1992) lecated in the Argentinian
Patagonia within the latitudes of the Recent arc
volcanic gap. The Posadas basalts have been
considered to be related 1o the subduction of part of
the Aluk-Farallén ridge beneath the continental
margin during the Eocene (cf. Ramos and Kay,
1992). A sample (011294-3) from the Balmaceda
flood basalts and two rhyolitic tuffs (120395-4,
180395-1) of Chile Chico Formation were dated.
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GEOCHROMNOLOGICAL RESULTS

The chronclogical results were obtained from
eighteen pre-Miocene rock samples: ten *“Ar-*"Ar
dates on plagioclase, two “Ar-"Ar on K-teldspar,
two *CAr-SAr on biotite, and four whole-rock K-Ar
(see Tables 1 and 2). A limitation concerning the
criteria of selection of samples and the interpretation
of chronological data given here is the regional
scale presence of secondary minerals product of
vary low grade metamorphism of the studied velcamc
sequences (Table 3, cf. Aguirre at al, 1857). This
can be particularly relevant in the interpretation of
some ages obtained on feldspars.

BIOTITE “Ar-"*Ar RESULTS

Biotites from samples 210495-2 and 120395-10
were analyzed. The Ar spectra are shown in figure
2. The first sample yielded a flat release spactrum
with a plateau age of 96.3+ 1.0 Ma, consistent with
the age of the Nirehuao Formation from which it was
collected. The second sample has an excess Ar
spectrum; however the total fusion age (TFA) of
159.8+1.5 Ma and the weighted mean age (WhA) of
159.6 =1.5 Ma are consistent with the age assigned
ta the Ibanez Formation fram which it was taken,

FELDSPAR *"Ar-"Ar RESULTS

K-feldspar from samples 180495-3 and 101084-
2 do not exhibit a plateau in the “Ar-""Ar spectrum
{Fig. 3). Both samples were taken from the Ibanez
Formation. For the first sample the TFA and WA
are identical (129.4£1.3 Ma). The Tra and wia
ages of the second sample do not differ substantially,
the authors prefer the WMA of the two youngest
steps (144.0£1.0 Ma).
Mest of the ten "Ar-"Ar spectra for plagio-
clase exhibit shapes of excess Ar or are irregular
[Fig. 4). The exception is sample 210495-3, which

TABLE 2. K-Ar WHOLE-ROCK AGE DATA FOR VOLCANIC ROCKS.

— : .

|ilmplu i Roeck type UTM Coordinates
130395-2 Rhwyalitic il 4TTI620N 680033E
01203 Qinane basal 401 TTEIN 2RTOEDE
1203854 Rhyalite tufl ATTTHZON GH1120E
180335-1 Riwpolitic tull 4TSTAGEN 681644

2418

shows a plateau only inthe last 3 steps. Considenng
these steps, which make up <50% of the gas, a
weighled mean age of 81.720.8 Ma 5 oblained.
Samples 200485.7, 120385-7 (Fig. 3), 180485-1
and 190495-5 have typical excess Ar spectra and
yield significant differences between the TFA and
the WMA,. In all these cases the age could be close
to WMA (78.7+0.8, 87 .0+0.9 Ma, 98.3+1.0 Ma and
91.6x0.9 Ma for the samples listed above). Plagio-
clase from sample 011294-1 released almost no
gas, although both TFA and WMA (Table 1) are
consistent with the age of the Divisadero Formation
fromwhichitwas taken. Sample 011294-2is unusual
in that two of the high temperalure sleps released
a lot of atmospheric gas (Fig. 3). The WMA of the
middle two steps (79.5:2.7) is preferred. The
spectrum of sample 190495-3 (not shown) is also
unusual because every stepisinternally discordant.
The resulting TEA and WMA are 110.2+1.1 Ma and
99,5:1.0 Ma, respectively, although the inverse
isochron of the first three poinls gives a more
reliable age of about 99 Ma. Despite the fact that
sample 170495-1 has a small excess Ar spectrum,
and sample 210495-4 (Fig. 3) has aslightly disturbed
Ar spactrum, both samples do not show differences
between TFA and WMA, indicating that the real
ages are close to 74 Ma and 112 Ma, respectively.

WHOLE-ROCK K-Ar RESULTS

Four samples of volcanic rocks were dated (Table
2). Sample 011294 was taken from the
Balmaceda flood basalis. The age of 48.0+2.1 Ma s
consistent with two previous whole-rock K-Ar ages
of 46 and 55 Ma (Baker et al, 1981, Buller et al.,
1991). Sample 130395-2 was dated at 10423.0 Ma
and corresponds to a -7 cm long pumice fragment
collected from a rhyolitic Wil of the Cretaceous
Divisadera Formation. The remaining two samples

wi.% K “arrad (nl/g) % Atm Ar | Age (Ma) z (2a)

14 86 10 1040 3.0

3,560
0723 14 16 | 490 =21
3668 677 a | 468215

448 LA 47018
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correspond to rhyolitic tuffs (120395-4 and 180395-
1) that were laken from a sequence lenlatively
assigned to the Chile Chico Formation. The ages

obtaincd (-47 Ma) are Eocene, similar to the age of
the Balmaceda basalls.

STRATIGRAPHIC IMPLICATIONS OF THE GEOCHRONOLOGICAL DATA

Previous age data of the back-are volcanic
rocks and the eighteen new radiometric dates given
here, roughly confirmthe magmatic events identified
by Sudrez and De la Cruz (1997; 2001) using the
available radicmetric data including both are plutonic
and back-arc valcanic rocks of the northern part of
Aysén. The pre-Miocene volcanic events defined in
this study are: Middle-Jurassic-Early Cretaceous
(160-130Ma), Cretaceous (114-75Ma), and Eccena
(55-46 May).

Al the Levican Penminsula, on the northeastern
shore of Lake General Carrara [~ 46°30°'S), a rhyolific
twif (sample 180495-3). from a typical sequence of
the Ibanez Formation, gave an “"Ar-"*Ar WA on K-
feldspar of 129.4+1.2 Ma, which is younger than the
assigned Jurassic age of this formation. The age
obtained here is also younger than a U-Pb zircon
age of 153.0:1.0 Ma (Pankhurst er al, 2000}, A
deplefion of radioganic **Ar in the analysed feldspar
after very low-grade metamorphic reequilibration
can be responsible of the younger age. Rocks of the
Jurassic event were confirmed along the Chacabuco
River. The ages of 144 0+1.4 Ma (sample 101094-
2) and 159.621.5 Ma (sample 120395-10) are
consislentwith the A-""Arage of 13022 Ma obtained
from a quartz-dienhic porphyry stock hosted by the
Ibdficz Formation, exposed in the eastern part of the
Chacabuco Valley {Townley, 1996). In addition, the
Jurassic event has been documented in the El
Faldeo polymetallic district (south of Cochrana),
where tonalite plutons have been dated (Parada ef
al, 1997y at 155210 Ma (U-Pb in zircons) and
~158+1.5 Ma (*Ar-"Ar for hiotites). Whole-rock K-
Arage determinations of pervasively sernicitizedfelsic
recks of this districtindicate alteration ages between
142 and 140 Ma (Palacios af al, 1937).

It is interesting to note that the jurassic ages
obtained here confirm the trend of decreasing ages
from ENE (ca.190 Ma) to the WSW (144 Ma) of the

Jurassic large igneous province of Palagonia
(Faraud et al, 1999).

The eight new ages of the Divisadera Formation
{seven “Ar-""Ar plagioclase, and one K-Ar whole-
rock dating; Tables 1 and 2) fall in the broad range
74.0=1.0 to 104.0+3.0 Ma. The ages of samples
taken from the MNirehuao Formation (40-50 km
norttheast of Coyhaigue, Fig. 1) reported here cover
avan a broader range (78+1.0-112+1.0 Ma, Table
1) and partially overlap those published Late Cre-
taccous K-Ar ages obtained in neighbouring
localities such as Morro Negro (71-81 Ma; Baker of
al., 1981; Butler at al, 1991).

The age determinations available for the Divisa-
dero and Nirchuao formations {twelve previous K-
Arand Rb-Sr ages, and eleven new ""Ar-"Ar ming
ral ages) indicate that the Cretaceous volcanic
evolution took place during the Albian-Campanian
interval (115-75 Ma; Fig 4a) with an apparent peak
in the Late Crataceous. The Cretaceous volcanism
would have started at a later time with respect to the
Cretaceous plutonic histary (mainly determinad by
K-Ar ages; Fig. 4b). Since K-Ar and *Ar-"Ar dates
are cooling ages below temperalures of Ar retention
in potassium-bearing phases, the differences n
ages between the onset of plutanism and volcanism,
should be larger than those shown in figure 4b,
Cretaceous volcanogenic Au mineralization has
been recognized through a sericite *"Ar-"Ar age of
about 80 Ma obtained from an altered felsic volcanic
rock sample of the upper section of the Divisadero
Formation sequence exposed at the junction of the
Chacabuco and Baker rivers (C. Palacios, A
Lahsen, M.A. Parada and R. Townley)',

The Balmaceda flood basalts have consistent
Eocene ages (46-55 Ma), which are similar to the
Eocene ages ot the lower section of the Mesela
Buenos Aires flood basalts (Charrier ef al, 187%;
Petiord er al., 1926). A hiatus in the volcanism of

1097, Carta metalogenica de la region oriental de Aysén (Unpublished Beport), Universidad de Cile-Gotaenmo Regiana X1 Region, 112

P
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nearly 20 my is apparent from the difference in age
between the youngest Lale Crelaceous voleanic
rocks and the oldes! Eocene basalts. This interval
corresponds to a period of extremely oblique

convergence (or divergence) between the Farallon
and South American plates (ef. Pardo-Casas and
Melnar, 1987).

GEOCHEMICAL CHARACTERISTICS: DEFINITION OF TWO
MAGMATIC DOMAINS

A geochemical database of new 32 major and
trace element analyses were used to characterize
the compesition of the studied valcanic rocks. Major
and trace element compasitions of rocks belonging
to the Jurassic, Cretaceous and Eocene volcanic
events are given in table 4. Only felsic volcanic
rocks have been recognized in the Jurassic event
of the studied area. However, further east in Argen-
tina, Ramos (1976) described andesilic lavas and
tuffs as the main constituents of the Jurassic La
Plata Formation. The two youngest cvents are
characterized by a bimodal association of abundant
tutts and lavas of rhyolitic and dacitic composition,
and a minor amount of basaltic and andesitic lavas.

The Sr and Nd isotope data in table 5 were
obtained from 16 representalive samples (10 felsic
tuffs and & basalts, basaltic andesites and
andesitas). With the exception of the highly
anomalous sample 180395-1, the initial “Sr™Sr
ratios of the analyzed samples fall in the range of
0.704-0.712 with the felsic volcanic rocks being the
most radiogenic. The ¢Nd values for the whole sel
of samples range from +5.1 1o -4.7.

In the following sections the authors will
emphasize the differences between the geochemical
and Sr-MNd isotopic compositions of the Mesozoic-
Eocene rocks collecled arcund the Coyhaique-
Balmaceda area and those collected in the
Chacabuco Valley- Cochrane area. Such differences
allow the recognition of two magmalic domains: a
MNorthern Magmalic Domain (NMD) and a Southern
Magmatic Domain (SMD)

One of the most distinct geclegical features of
the SMD is the presence of a huge Paleazoic
metamaorphic massif. This massif served as a brid-
ge between two large north-south Mesozoic basins
that have been recognized along the southernmast
Andean segment (Aysén and Austral Basins; of.
Bell and Suarez, 1997). It was exposed to erosion
betore the onset of the Mesozoic volcanism, as

indicated by the presence of abundant metamorphic
rock fragments in basal conglomerates of the Ibanez
Formation of the SMD. This situation, together with
the participation of the Paleozoic metamaorphic rocks
in the origin of the SMD Mesozoic volcanic rocks
and associated mineralization (see below) explains
the location of the domain boundary proposed here
{Fig. 1} that roughly eaincides with the latitude of the
northernmost exposures of the metamorphic massif
{Rio Lacteo Formalion; Bell and Sudraz, 2000).

NORTHERM MAGMATIC DOMAIN (NMD)

Muost of the basalts of the NMD have alkaling
affinities (Fig. 5a) andinclude some primitive basals
{wht.%% MgO: 6.6 and 8.3) with the highest La/Yb
ratios (Fig. 5b). The spider diagram of frace element
compositions (normalized to N-MORE) of represent-
ative Lower Cretaceous, Upper Cretaccous and
Eocene basalts of the NMD collecled near
Balmaceda and neighbouring areas, shows similar
trends. Howavar, only the Lower Cretaceous basalt
exhihits the Nb depletion commonly observed in
subduction-related rocks, and the Eocene basalt
shows the largest Mb enrichment {Fig. 6) suggesting
a progression from an arc-like source to OIB source
during the Lower Cretaceous-Eocene interval.

The analyzed NMD basalts, basaltic andasitas
and andesites show considerable variations ininitial
“Sr"Sr ratios and in cNd (Sr; 0.70397 10 0.7057E,
eMNd: +0.1 to +4.9), however, they are isotopically
depleted, with the Eocene Balmaceda basalt baing
the most depleted one (Tahle 5). Although different
degree of crustal contribution cannol be ruled oul to
explain the ohserved Sr-MNd isotopic variations, all
the NMD mafic volcanic rocks fall within the field of
modern OIB (cf. Feuerbach et al, 1993) (Fig. 7),
suggesting the paricipation of asthenospheric
components in the source. A similar conclusion was
reached by Demant af al. (1996) who considerced



37

M.A, Parada, A. Lahsen and C. Palacios

ALEBELD
“ETEFEET

¥
EZ
Sr

g
v
iz
%
£z

ES
o

=¥

£
SE

S61
sl

LG
961
03]
BE'R
FIS )
w0
EFQ
200
EA ]

&zl

ELD
28'vL

ELh:
NEZZDIIEr

EC
L
12
Lt
£E
52
0
It
102
[
5T

210206
NPZEZLEF

ol

r
RS aYRE

gBud

3

PN ]}
;L
00
GIN
T
1
a0
o

ELE
WEL

g0
LUBE

AHEGED FOI0EGE FGIEELL i P = ACFELLE FTLSRLT

MCErreory - = NCOOELLP - 5 - MNES9SISE «  MHOCSEEAr  MOIZLIZP «  BLLZEDED AL
&0 L FED =0 £70 20 €3 g0 | EZD ¥ £n EQ LD m
L5 4 22 8. P2 L's 2 L'E iy e &l ERs v a
F £y a4 L3 E9E s g IE SE 1 e &'l FlL av L=
L ¥ o Le PEC &1L L0 [ LD =0 Lo 50 a1 OH
£ e Z9E ¥E LN ] 11 SE LS BLE FE I'E {4 i kg
e 1'g ILE LE BLR LB LE ] BEE 2E x4 E'Z EF kB
50 BL 550 1] 7L ¥Z 2L &L £l ac 5C L0 &c n3
e £ [ g2 STS 0 L £9 | By PP ¥E s 4+ e
L'E2 BE i wlLL =4 P Bi &2 iz [:4:54 22 95E oF o
(51 o fi Zr BL EL BT (5] o B S £9 Ed ¥
a2 Lf B o B. EC [43 12 L 15 EZ [ ZE Lal
L 2 Fh [ B 2L Ed BL .3 4 z € sl @«

ot Zi [ ¥l i B2 EZ 52 % 2] S ¥ el 5|
3:13 e (119 P45 oe 25 zar 55 oy 54 LEL 09 e Ll
E L4 50. Bl rEL ire a9 . os. ol i o 1] £5 I
L] EL a. g F4 2 P g L L] § § o L]
£ g \E L1 a8z og B. € BS 4 z -4 i e
ot e &b £ 2] £0L LE &Ll B L ZE F4 2L L
(%11 oL 5t 8'9 FE oz oy 5 o E® L LG EY-] ™
€Ll ez b -1 1] FSL 58 £ g.l FE oAl iEL Ll 262 s
o -1 EZ Zz EZ L5 og £ Bt & -Z & §F A
#l a5 Mt réL * ioi e oe | oS Lkl oL it &5l 5
KL il [£:] Brl W 2] LE oLl %] P ] LE1 &5 Bt
GrEL OdZl 28t v e 0oLl o2c oer rEE QgL e ogs hLL By
R o - St 201 E5'BE s g el TOBE Lo'pd BEBE BE 001 oT'6E CL'BE L8301 THoaL 1=
1] 30 [ e TEL L 961 iL's ELE A 'l S0 Ee 129
1 FLQ eL0 i) L0 a0 Q0 a0 LED 200 e jin] ECD TEQ F0Ed
0w ia'v 114} a8 29 SOE 22 L] 502 BLF ol i5r 262 fat ]
aE'w rL'S SE'E L aL'w 65 e SET 9l'g Pl g BLE 518 (el ]
SEE i Wy e s oL'E FE g 399 0z oo bEQ D 620 o1 0]
EE'D 4] iz 0 5532 o2 5Ly 1 623 29 BEEQ Fae] v ofm
200 ] OO b SL'Q B0 gL 20 3o 200 Mo ECD s00 oL
ool oo b P =y e e oE oCr gz B2 aro EED HZ0 0ad
L0 BE¥ 6L SE L e £ 4] LK BLE LZg BEL a0 2 w0l EOEEd
SO e SEEL Ersl FLLL oELl TTLL BRCE SE'5L GOEL OEL LEEL 2251 S0EN
LLD 50 ra0 ow 0 oE0 L BE0 iE (A v LD CED LU 20 L
0s'i8 YD E0°EE L ] EELE il LEES FHEF FEEY &L SEYL el £8'El 2¥s
S-5EF00E -1 L-5C400F  I-SCEDEN ESEMOLE FEEELLD £5EF0EN L-BEFDEL TSEP0LE  OR-SEEQIL TESFOEE  E-SERORL Eosr0eL  Hdwes

ENGAIELRI] © z|sseunp

'ZPUE | S3JE] Ul Uil SEIEUIDICTD LN -

"ATAAILIIMSIH Wdd ONY % LM NI SNOWISODNOD SININTT3
FIYHL ANY HOFYIN HOIDEH NISAY SHL 40 NIVIHOO SHY-H2YE FHL WOHA SH20H JINYDTIOA SNID03 - DI0Z0S 3N ALY LNISIHAIH 4O SISATVNY TVIIWIHD » 3T78VL




AGES AND GEOCHEMISTRY OF MESOZOG-EQCENF BACK-ARC VOLGANIC ROCHS M THE AvEen REdion...

38

Z02.168
NOZBLLLY

£EC
£¥2
92
20
IEE

LA
§E
9
EQ
iv

LSEEDEL

JOLAEED
woo0eELY

LA
qE
s
€D
Fl

PSEE0EL

3252080
NErECOsY

adl

L-SEEDDT

IrEHEs J000rEE I02V0ED
NIgpiBIT  NOOOELIE  NL2CDArE

EFO 2D v
me e SE
s S0 e
BED 20 L34
s £E ir
28'5 B E Er
EC'L LE i
] {EF ik
B 52 52
5 ar 05
zr Iz e
L Fl 5T
L 21 ig
55 2L ]
[ I8 vl
5 i B

] 113 g1
oF 5 Lr
L 5L BLL
cEZ EZL G5l
Bz gl 32
PLL O5L Lot
48 50 =]
oos oEr cEE
LYES O5ES L5Eh
as ELE acs
0 5L D LI
Ere Bl EZZ
) = g g€z
ELZ 122 W2
5L BL EIE
B0 Flogi] gL
w0 BED BES
EZE B £E |
SUEL Tkl #E9l
FZ0 i3 960
0LE9 OFER 5695

T-SEEDEL PSEER0ET PSBLOBL

IEEILED
NEIEFALY

— wy ap P8 -

T ey ur o= oy

uw
oo oy M
-

B0
S
BFE
155
BLE
]
B
LI
GagL
¥l
o]

E-SEE00T

BT
NEBPLELY

o
e
LZ
B0
ar
Ew
£l
R
[+
B
I
£E
a9
=7}
=]
-
St
o5
1]
zzl
=
azz
BL
[44

E-S50021

(44

LE
Ed

Fe
FE
e

L
ES
£l

=4

o5l

BEF
£

£l

SET

ERBILLD

2Z8

B A

v Pa NHF-
frEpans

LBES
180

ES'E
EC'®
0.0
120
B0
[
281
9E°LL
BLd
vOLL

T-rETLID

LT
MODETSEY

L5l
gLl

5-SERIT

EEL S

. NGISELET
#Lo g
-] LRE
-1y ] €&
o L
g1 £
L0 o'
B0 20
e vy

El 8
i 22
gE £E
z -1
£ v
] £
[} [+
[ (]
(4 ]
£E LT
gLt 8
Lo o5l
£l 1
LB 221
it 61
friot] {11
ZE'0C1 LHES
261 2e
F-ii] o
EIF 1]
e E EC I
Fi g ] (T
= ] B2 O
wo el
EIR] at g
Fiy ]
1A £
aLd cid
059L 56'5L

Z-SBPOIT E-SEPCOT

I-5EPOLL

F0PSE0L
MIOSEEEY

290
Ft ]
L)

CLE

LF0D.
€50
#0C
CI'E
[ )
[
€20
e
95
S
B
LD
WO 6L

T-EEEOLL

wan

"9
LT
i3
oH|
sal
iy
U |

wg

BN
s
S
a9
5
Es ]

A
M
ng
vz
an
iz
A
]
ay
|

IBeL
101
502
farr]
QZEN
0ed
ofig
o
ooy
0Eed
[ara)
oL
[-n]

i_._-m_

aua0g

SOV

(panuiues & 2jq21)



13

acios

. A. Lahsen and C. Pal,

M.A. Par

petE nares Bk (™71) S2BE BN DO FO2i30 =" RN BN L8810 =

L

WADELZL5.L2.0T IF PRIRS0] BUR 59000 RIONUTIE Sap@d 15 Sy (EREL] R L0 FIBYIY 18LE uoiER|euncy |0 Sieawered Buisn CAMEEE BIUBL LGB0 BUL Ol BIURIELN WIM
WS PO D= S D200 = IS e 250 18 BLmO)i0) O i 85¢ DB ATZE BL| TE DEIE|RTIED S8 SINJER BN DUE IS,AS,, 1B
JEGL] TR P PREID Y LGy USE] SU8M DIE DUE BN NS D TIRp SSpDIL 1 CAE{EY 13 B Wi S8BT,

828040 FEl v BLE 65 BlIEUTL B5L E-GEHE06.

1 FOEZLE'D
' LE L5TELS'0 SEBOLC 551 L'E 208 #L LHLEY L «b-GhE0r.
50 e GREELS'D LEBOL'G ZEETLED FOTPLLD B'ez ¥y P ¥E s anieAye i OL-GEEDTL
&0 8- SEEELS'D ZERLLD SerILsa S0002L°¢C ¥5e o9's L LEL i anokyy 2. €SP0
&0 e YEPELSD SPS0L0 LERELS'D IEER0LC Fil zZ réi Erl s Rg o6 £-GEEOEL
[ 1 L SEETLSD FEEILO ELEELS'D BEECLLG z'oe Iy EEE 95k i 2nefy ir v-CEECEL
i ¥ IFEZLS'D LEBEL'D SUEELS'D SLESEL0 ¥EE 9 L H ElL [EEn L ir L-S5E0BL |
L Ve [F3 EE L2040 wBPELSD BOOROL D o2 9 §2% a2 BYIS3PLE . BSEQ i €-65008L |
wjEwag dew Bey umpneg
2'e £1 BECELED LPOL0 ZEeZLE0 FEISOLD 12 'y oFs 1§ L ESED Eulam £lL THEROLE
B0 ] G250 2L0L'0 ZEBSZL5T BLLLLED Vo2 VE git 0EL HRL 3 Sy oo SGEPOEL
50 za ITGELSD POSOL0 EL8Z.50 EGES0L0 52 e 0B 0E. iesEa 56 L-55P06L
0 ir ESLELSD HLSOLD [AE-F-15 0 rOHE0L0 g2 ' &B o LR £ 2-CEPOLT
- e LFSELE'D E8POL0 S2L2.5'0 FEISDL0 ZE'0 g SEF 15 EHEE =T i E-SEPOLE
&0 po- FLEELS'D HEHOL0 2W52.50 BEEROL0 (- aw wl SEL M uaeg 0% S-CEPO0Z
8% - SrvZLE0 £ACLL0 ELSELF'0 BOBELLO -] ¥ £ 1] [Tl R R o8 Z-56P002
. Lo SFSELET BLSOLD EHTLED BLBL0L0 0 oL L [ 8L EBOUR TEFER 5 L-#BZLLO
2 L) YESELET 658040 SELED L2saLL'o '8 ¥z £8 3l HAL 2y 124 LSER0LL
50 e QELELET LBEOLD PLEZAEE LOPOLD YET re fas:] §L HESEQ Sussn] 59 £wEZLLD
U wog snewbey waypoy
(eg) ™y Ay PN ug PM PM S EN wg ig LY Bal) Moy o) aby Bdwes

'SMOOH QIQLINYED OILVIFH ONY SHI0H JINYITOA JALYINISIHDIH HOS VIV IJOLOSI PN-IS 'S ITEVL



a0 AGES anD GEOCHEMISTRY 0F Mesozoic-EOCENE BACK=ARC VOLCANIC ROGKE IN THE Avsen Rocion

]
1% A Oy Creluceous
16 A Focene
14 |
S
é i
R
< - SMD
0
4
2 -~ Suballaline
lr .'I- | i
S 4 45 3 OS5 M 65 T TR KB ¥R

Si0y

15
B
e
5
L] | F i L] 4 5 L] 7 L] L]

(8]

FIG, 5. A= alkalies varsus 5i0. and B= Laffh versos MO plots for mafic and intermedsate volcanic mcks of the Northom and Southern

ragenatic darmains,

the trace element composition of the Eocene Balma-
ceda hasalts as resulting from an asthenospheric
mantle source in a back-arc extensional regime,
which in turn would have originated from arrested
subduction as a consequence of a
contemparansous occanic ridge-trench collision
(cf. Ramos and Kay, 1992).

Theintermediate to acidic tufts and lavas (>63%
510} of the NMD have slightly higher alumina and
alkali contents, and lower La/Yb and Sm/Yk ralios
than their SMD equivalents (Fig. 8). They axhibit a
broad spactrum of Sr-Md isotopic values. Their
initial ""Sr"Sr ratios range from 0.70401 10 0.7 1063,
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FiG. 6. Trace alement abundance patterns, normahzod 1o N-
MORB for three representative mafic rocks of Lowar
Cretaceous, Upper Grelaceows and Eocene age of the
MNaorthem Magmatic Domain. Narmalizing values are from
Sun and McDonough {1983),

and the eNd varies from -1.7 to + 4.7 (Table 5).
Compared with the basalts, one of the analyzed
felsic samples is by far, isotopically more enriched
(Sr: 0.71063; eNd: -1.7) whereas the remaining
felsic samples are rather similar (Fig. 7). which is
compalible with a small degree of crustal parbicip-
ation.

SOUTHERN MAGMATIC DOMAIN (SMD)

Unlike the mafic rocks of the NMD, the
analyzed basalts, basaltic andesites and andesites
fromthe SMD have asubalkaline character irrespec-
tive of age (Fig. Sa). The analyzed samples of
basaltic andesites and andesite have mtial ""Sr/
3¢ ratios of 0.70545 and 0.70778, and ¢Nd of -3.1
and -1.8 (Table 5). Compared wilh the isolopic
charactaristics of the NMD mafic rocks, these isotopic
values have lithospheric signature, although the
authors cannot determing the magnitude of the
contribulion of the ithosphernc mantle and the con-
finental crust on the isotopic features. Moreover,
the possibility cxists that the isotopic values of the
SMD mafic and intermediate rocks could be mainly
due to crustal contamination of magmas derived
from asthenospheric mantle like those of the NMD
basalts. If this was the case, a relatively large
degree of contamination from the metamorphic
basement is required to change up to 8 ¢Nd units of
a NMD depleted basaltic magma and consequently,
more significant effects in the whole-rock
composition would be expecled.
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The fieldof CHB is taken from Feuerbach ef al (1993); he
field of metamorphic basemant was obtainad from data of
Wiivon f el (19900, Sample 180395-1 was not plotied
DECAUSE it hag a vary anomalous high initial Strondim
walue, probably due o carbonales replacing feldspar.,

The felsic volcanic rocks of the SMD (with the
exception of the highly Srradiogenic sample 180395-
1) have shghtly higherinitial = Sr/* Sr ratios (0. 70892
o 0.71224) and definitively lower eNd values (-2.5
to -4.7} than the equivalent rocks of the NMD,
suggesting a larger crustal contribution in the mag-
ma sources, In addition, the shightly higher La/Yb
and Sm'b ratios of the SMD felsic volcanic rocks
(Fig. &) may reflect differences in the residual
mineralegy of the respective sources, such as the
presence of garmet and/or amphibale in the SMD
crustal source.

Itis possible to recognize metasedimentary rocks
of the metamaorphic basement as a source com-
ponent of the felsic volcanic rocks of the SMD. Infact,
Sr-Nd isolopic values for three basemant samples

calculated at 150 Ma (taken from Weaver et al.,
1990), plot close to the felsic rocks of the SMD (Fig.
7). The similarities between the Nd model ages (T, )
of the basemant rocks (1.5- 1.1 Ga), calculated from
the published Nd isotope data (Weaver of al,, 1990),
and those of the rhyelites of the SMD (1.4 - 0.8 Ga;
Table &), suppor the mentioned genetic ink batwean
the two types of rocks. Influence of lower crustal
basement has been also invoked 10 explain the
enriched Sr-Nd isolopic composiions of Early
Cretaceous granitoids of the western margin of the
Patagonian Batholith at the same latitudes of the
studied area (Pankhurst et al, 1999). However, the
Early Cretacecus granitoids are located both norih
and south of the limit between the NMD and SMD. At
present the authors cannot precise if this situation is
an indication of different crustal components of the
magma sources in the arc and back-anc regions oris
that later tectonic events (2.9, those associated with
the dextral LOFZ) has displaced the Early Cretaceous
granitoids frem its original position,

Consistent with a crustal participation in the
origin of the SMD rocks are the crustal Sr-Nd
signatures obtained in tenalite plutens (initial *'Se
"5r = 0.707 and 0.708; eMd = -2.9 and -3.7) of the
Jurassic El Faldeo polymetallic district located in the
SMD near Cochrane, Itis interesting 1o note that the
radiegenic lead isolopic ratios {(Ph/*Pb = 19.008-
19.236 and *“Pb/*"Ph = 15.688-15.703) of some
galenas from the El Faldeo district define a field
close to the average upper crust growth curve {Pa-
rada et al, 1897). Rocks from the metamorphic
basement have been considered as a prime candi-
date for the crustal source components of these
galenas (Parada ef &/, 1997}, which differ from the
mantle-derived galenas of the Cretaceous El Taqgui
Pb-Zn district in the N0 (Puig, 1988), On a regional
scale, the involvement of the Paleozoic metamaorphic
basement asasource of lead has been also recorded
in ather ore deposits of the SMD (Townley, 1996),

DISCUSSION: INFERENCES FOR MANTLE-CRUST RELATIONS

Une of the striking features of the Patagonian
volcanism in Chile and Argenlina is the presence of
llood basalls, such as those of the Pliocene Meseta
Buenos Aires and Eccene Posadas, which have
been considered as a back-arc testimony of ridge

collisions (Ramoes and Kay, 1892). For example,
collision of different segments of the Antarctica-
Mazca Ridge during the Late Miocene-Pliocens
would have been responsible for the coeval flood
basalt formation as a result of melting associated
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with the slab window. This situation explains why
this basallic magmatism is spatially restricted to the
gapin the arc between the Southern Volcanic Zone
and the Austral Volcanic Zone, belween 46°30'S
and 49°5 (Ramos and Kay, 1982), and why it was
formed in a short time interval (Daniel, 1998),
Back-arc basalls are also widespread in the
Chilean Palagonia distnbuted along the studied
area as components of pre-Miocene bimodal
sequences, Infact, flat-lying basalls are recognized
in the Divisaderos and Mirehuao Formations as well
as in the Eocene Balmaceda volcanic rocks, How-
aver, the model of slab window-related magmatism
appears to be unsustainable in all these cases. The
well-known genetic association of extension and
basaltic volcanism (White et al, 1987, While and
MeKenzie, 1989, Fitlon ef al., 1991; Feuerbach et
al., 1933) seems inevitable in the case of the
Cretaceous event, Extensional tectonics implies
stretching and thinning of the lithosphera and up-

welling of the hot asthenosphere that favour its
decompression melling and crustal fusion. As the
volume of the basallic magmatism depends, among
othertactors, on the amount of lithaspheric extension
{White and McKenzie, 1989; Fitton ef al., 1991}, the
Crelaceous event, dominated by felsic volcanic
rocks, probably developed in a moderately thinned
lithosphere, Compared with the SMD, a larger
amoun! of extension and crustal thinning in the
HNMD is deduced from the more relevant
development of the Lower Cretaceous basin and
the smaller La/Yb ratios of the felsic rocks (Fig. 8),
which are anindirectindicator of the relative tickness
of the lithosphere (cf. Ellam, 1992).

As a general featurs, synextensional mafic
volcanic rocks may provide information about the
subcontinental mantle concerning their chemical
and 1sotopic compositions. The lithospheric mantle
much like the continental crustis enriched in incom-
patible elements and Sr-Nd isolopes relative to the



M.A, Parada. A. Lahsen and C. Palacios

asthenospheric mantle. Despite the small number
of analyzed mafic rocks, the geochemical and
isotopic differences established for the two domains,
suggestthat, atleast during the Cretacecus-Eocene
interval, the boundary between them would corre-
spond 1o a boundary of back-arc segments with
asthenosphenc participation in the source beneath
the NMD andlithospheric-dominated source bangath
the sSMD. Decompression partial melting of
asthenospheric material requires mantle upwelling,
which in turn may cause crustal extension. In the
NMD. where the extensionwas greater, the astheno-
spheric upwelling would have reached a shallower
dapth, provided that sufficient forces existed to
cause remotion of the lithosphere, and that enough
heat was available as to disturb the crustal thermal
gradient. It is reasonable to speculate thal the
thermal gradient in the NMD would have baen high
if one considers that the Mesozoic and Cenozoic
voleanic sequences in the NMD were allecled by
low-grade metamorphism with temperatures in the
range of 120 to 340°C and pressure below 2 khars

{Aguirre at al, 18997). These authors have also
shown that the metamorphism of the Cretaceous
rocks developed under a rising thermal gradient,
which is consistent wilh the mechanism of thermally
driven subsidence that have been invoked for the
development of the Lower Cretaceous Aysan basin
{Bell and Sudrez, 1997),

The causes of asthenospherc mantle upwelling
and subsequent extension in the NMD can be
attributed to several mechanisms, e.g., subduction-
induced manlle upwelling in a back-arc setling,
lithospheric delamination or a mantle pluma.
Processes like these are difficult to test, however,
whatever the process it should be onc of long
duration. The authors suggest mantle upwelling as
a feasible mechanism to explain the extension in
the NMOD during the Cretaceous. According to Liu
and Shen {1998} extensional lorces would act fora
long time (= 20 m.y.} with an active asthenosphenc
upwelling such as in a mantle plume where the
temperature 15 mamtained by convection.

CONCLUSIONS

Three pre-Miocene back-arc volcanic events
aredefinedinthe Aysén region of Chilean Patagonia:
Middle Jurassic -Early Cretaceous, Cretaceous and
Eocene. These events roughly correlate with those
recagnized sarlier in the Patagonian Bathalith (Pank-
hurst ef al, 1999). Likewise in the Cretaceous
plutonic event of the Palagonian Batholith, the
Cretacecus back-arc volcanic event 1s the maost
intensive as is suggested by the extensive
distribution of its products. It is interesling 1o note
the overlap hetween the ages of the Nirehuao and
Divisadero formations, suggesting that they

represent a single Cretaceous volcanic cvent,

The distinct compositional characlenstics of the
mafic rocks of the two domains defined here, are
attributed to different contributions of the asthena-
sphere and lithosphere (mantle and/or crust) as a
source of the magmas. The crustal parhcipation is
marg evident in the origin of the felsic volcanic
rocks. Particularly relevant is the paricipation of
metasedimentary rocks of the Paleozoic mela-
maorphic basement in the origin of the felsic rocks of
the SMD.
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