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ABSTHACT

The moud- Tertiary Coastal Magmatic Bell in south-cenfral Chile, wiich crops out both n the Central Valloy and, south
of 4175, in the Coaslal Cordilera as tar west as the Pacihic coast, tormed when the locus of Andean magmabic actvily
gxpandad, both to the wesl and to the east relalive to its previous and current location in the Main Cordillera. This
gxpansinn of Ine magmatic arc ocourrad in conjunction with a regionally widespraan episade of late OQligocena o Mocene
pdtension which thinned the crust below the proto-Central Valley in south-central Chile and gencrated sedimantary basins
west ol within, and east ol the Man Cordillera. The extrusive rocks of the mid-Tertary Coastal Magmatic Belt are
intarbaddad with the late Oligocane to Miocene continental and manne sediments deposited in these basns, and forty-
saven of the fitty new ana previously published age detarminations for these rocks are within the ima pericn 25 Ma (lae
Chigocene} 1o 188 Ma (early Miocena) The initiation of extension, basm formation and the westwang magration ot
miagmato achvily comoides closaly to the begimmng, in the late Ohgocene, of the curment panod of koth high converngence
rate (=10 cmiyr) and less oblique convergence. which together resulted in sn approxmately three-1old mcreasen irench-
normal convergence rate batween the Mazca and South Amarican plates. Extension continued, along with & transient
stecpening of subduction angle as indicated by the westward migration of the valcanic frant duning tha tormation of tha
rend-Tertiary Coaslal Magmatc Bell, dunng an approcamately 10 milhion year perod atter the rench-normal convergence
rate trnipled across the Nazca and South Amencan plate boundary, The mid-Terary Coastal Magmabe Bell includes
ignacus racks chemically similar 1o modaem Andean arc magrmas, as well as rocks with ocean island basall chemical
athrities charactensed by lower Badla (<18), La/Mb (<1.6) and initial “Sr/'5r ratles (<0 7035), and highary, - valuas
{=+ 5} The latter lormed by melting of mantle uncontamenated by companants denived from the dehydration of subductod
oceanc ithospnere. This suggests the lormation of the mid-Teriary Coastal Magmabc Bell may have involved upwaling
of asthenospneric mantle. possibly through a slab-window, due to the transient episode of invigorated asthenospheric
wadge circulaion caused by the throe-fold increasa in ke Oligocone ranch-normal convergence rates between the
Mazca and Soulh Amercan plates.  The changs in subduction geometry and the transient penod of invigorated
asthenospharic circulation caused by this increasa in convergence rale may have combinad o produced modarata
axtension across the southern South Amancan continantal margin by inducing an episode of slab rallback of the
subducting Mazca plate
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RESUMEN

La relacion del Cinturon Magmatice del Terciario-medio del centro-sur de Chile con el incrementa
de la razdn de convergencia de placas en el Oligoceno superior. El Cinuren Magmatico del Tercano-meatio
de la Costa en el centro-sur de Chile, que aflora en ol Valle Central y, al sur de los 41°5, an la Cardillera de |1a Costa y
alolargo da (a costa del Oceana Pacifico, se lormo cuando el loco de la actividad magmatica se expandic tanta al oese
cama al esta da su posicidn previa y actual en la Cordillera Principal, Esta expansion del arco magmaticn ocurrid durants
el Qligoceno superior-Miocens en canjuncion con un episodio regional da expansion corbical, que adelgazo la corteza bajo
el Valle Central embrenanio en el centro-sur de Chile y genard cuancas sedimentarias an. al ceste v al este de la Cordillera
Prncipal. Las rocas estrusivas de esle cinturon eslan asociadas con rocas sedimentanas, continentalas y mannas. del
Oligecena suparior-Micceno, deposiladas en eslas cuencas. De un tolal de cincuenta determinacionas de adadas para
estas rocas, nuevas y previamente publicadas, cuarenia y siete se ubican enlre 29 Ma (Qligoceno superior) y 18,8 Ma
{Mioceno inferier), El inicio de la extension, de la formacidn de las ceencas y la migracion hacia el ceste de la actividad
magmatica coincida con gl comignze, en el Ohigoceno supenor, del actual poriodo caracterizadn por una alta razdn de
convargencia (»10 em/afio) ¥ de convergencia menos oblicua, 1o cual, anconjunto, generd un AUMento da tres vaces an
la velocidad de convargencia de las placas da Nazca y Sudamericana. La extension conlinud por aproximadameants 10
millgnes do anos después que la razon de convergencia, entra las placas de Nazea y Sudamencana, se triplico y Ia
migracion hacia gl peste del Irenle volcameo, durante ése lapsa, sugiers un aumeanto transitoric del angulo de subducoion,
El Cimuron Magmatico del Terciang-medio de la Costa incluye rocas 1gneas con composicionas quimicas similares a
las recas del arco valcanico modarno y, 1ambién, rocas con alindades oceanicas, caracierizadas por bajas raronas Ba
La{<19) y La/Nb (<1,6), bajas razones “5r™Sr (<0,7035) y alles valores de €, (=+5). Estas Gltimas so formaron por
fusign parcial de manlo astenostérico no comaminado con companentas provenianies desde la deshidratacion de
litostara occeanica subductada. Este sugiere que la formacidn del Cinturdn Magmatico del Terciario-madio de la Costa
puade haber involucrade alzamienta de manto astenoslenco, posiblemente a ravés de una ventana an la placa
subductada, debido a un periedo tranghorio de circulacian vigorosa en la astenostera, causado por el incremento en tres
veces de la razon de convergencia entre las placas de Mazea y Sudaméricana, ocurride durante el Oligoceno supenor,
El cambio an la geomeltria de subduccion y el penodo transitono de circulacidn astenosférica vigorosa, genarados por
el incrameanta &n las rafonas da convargancia, s8 pueden haber combinado para producir una extension moderada an
el margen continental del sectar sur de Sudamérica, al inducir un episcdio de ‘rollback’ de la Placa de Mazca subductada

Palabras clavas: Magmansme andino, Geocronologia, Teottnica, Googurnict, Isatopas, Tesuano, Chile

INTRODUCTION

Mid-Tertiary igneous rocks betwean 36 and
43.5°8 in south-central Chile have been divided into
two belis (Vergara and Munizaga, 1974 Lopez-
Escobar and Vergara, 18997, Munoz af al., 1997,
Stern ef al, 2000). One belt outcrops in the Main
Andean Cordillera, which is the location of the
currently active Andean volcanic arc. The other bell,
which is the focus of this paper, outcrops to the wast
of the Main Cordillera, both within the Central Valley
(longitudinal depression) as well as in the Coastal
Cordillera, as far west as the Pacific coast (Fig. 1)
Contemporaneous mid-Terliary magmatic activity
at lhese latitudes also occurred 1o the east of the
Main Andean Cordillera, extending almost to the
Atlantic Coast at latitude 42°S (Ramos ct al,, 1982;
Hapela and Kay, 1988, Kay &l 8/, 1993, in press).

What the authors refer to here, as the mid-

Tertiary Coastal Magmatic Belt, has been praviously
called the Coastal Cordillera Volcanic Belt (Vergara
and Munizaga, 1874), the Encene-Mioccene Long-
udinal Depression Volcanic Belt (Lopez-Escobar af
al., 1976, Lopez-Escobar and Vergara, 1997
Vergara et al, 1938), and/or the Cenfral Valley
Upper Oligocene-Miocene Valcanic Belt (Starn and
Vergara, 1992). It has been suggested that the early
stages of this magmatic aclivily may have begun in
the late Eocene (Vergara and Munizaga, 1974,
Lopez-Escobar and Vergara, 1997; Vergara ef al,,
1999). However, the greatest volume of mid-Tertiary
Coastal Magmatic Belt rocks, which ccour within the
Central Valley, were formed in the late Oligocens
through early Miocene (Fig. 2; Munoz et al,, 1997,
Stern of al., 2000).
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Far "
- Coaslal Magmalc Bell, Main cordillara sedimentary and voleane basin,
lata Dligocana-aarny Miccana late Oligocena-early Miocene

L"ﬂli Coastal sadimentary and volcanic basin, 'bﬁ'ﬁ' Main Cordillara valcanic rocks
fenbe Dfigoaene gt () Miscone b a.Late Oligocene-early Miscene, EIMaitdn
b. Palcocens-carly Olocena?, Pilcaniyau

I.\_\l Fault
4 Pliocene andior Qualermany Volcamic Cenler

LOFZ  Liguife-Olgui Faull Zone

EIG. 1. Locationmap of outerops of the med- Tediary Coastal Magmat: Belt of south-cantral Chile betwaan 37°5 and 43,.5°5, The map also
shiows the conamporaneous mid-Tamiary sedimentary basins west of the Main Andean Cordillers, and oulcrops of mid-Terliary
igneous and sedimantary rocks both inand eastol the Main Cordilera [SERNAGEOMIN, 1982, 1998, Campos of &f, 1994, Rapela
afal, THEH; Spalleti ard Dalla-Salda, 19%46; Delping and Daza, 1985, Nullo at al., 1993; Jardan af al, in press) as wall as raglonal
navth-gouth and nonhwast-southeast faull sysiems (Muhoz, 1997, Including the Liquifie-Olqui Fault Zone (LOFZ).

' 1998 Eswudio Gerloglco-Econdmico de la X* Regiin Norte (Inédito), Servicio Nacional de Geologia y Mineria, Inlorme Registrado 1R-15
08, 6 Vols.
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The mid-Tertiary Coastal Magmatic Beltis com-
prised of volcanic and volcaniclastic rocks inter-
bedded with late Oligocene and early Miocene
continental and marine sadimentary rocks {Cistar-
nas and Frutos, 1994; Kelm et al, 1994), and
associated volcanic necks and hypabyssal intru-
sives. lgneous rocks of this bell are exposed along
the eastarn margin of the Central Valley at Colban-
Machicura (35.7°5; Lopez-Escobar and Vergara,
1997 Vergara et al,, 1999) and near Parral (36.4°S;
Vergara el al,, 1997a and 1997b), within the Cenlral
Valley in the vicinity of Los Angeles, Angol and
Temuco {(Fig. 1; Vergara and Munizaga, 1974;
Vergara, 1982; Rubio, 1993; Cisternas and Frules,
1894), along the coast at Bahia Capitanes,
Estaguillas, and Caleta Parga (Alfaro ef al, 1994;
Troncoso ef al., 1994}, on the istand of Chiloé in the
vicinity of Ancud (Valenzuela, 1982; Stern and
Vergara, 1992) and Castro (Valdivia and Valenzuela,
1988), and on Guapi Quildn Island (43.5°5) just off
the southem coast of Chiloe. A nolable lack of mid-
Tertiary ignecus rocks ococurs between Temuco
and Bahla Capitanes (Fig. 1), coincident with an
uplifted tectonic block of Paleozoic-Triassic meta-
morphic rocks {Chotin, 1975%; Munoz, 1997). South
ot Chiloe, mid-Teriary volcanic rocks occur in the
vicinity of Isla Magdalena, Aisén (45°5; Hervé atal,
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1995). However, the origin of these rocks has been
attributed to the development of pull-apant basins
associated with strike-slip motions along the Liguine-
Otqui Fault Zone (LOFZ; Fig. 1) dunng the period of
oblique plate convergence prior to the late Oligocene,
and they are not considered here to be part of the
mid-Tertiary Coastal Magmalic Bell,

In this paper. the authors present new chrono-
iegic. petrochemical, and isotopic analysis for
samples from the mid-Tertiary Coastal Magmatic
Bell between 37 and 43.5°5, as well as a single
sample of simitar age from within the Main Andean
Cordillera (Table 1; Fig. 1). This study of the mid-
Tertiary Coastal Magmalic Belt, like previous sludies,
15 ragional in natura in the sense that indwidual mid-
Tertiary magmatic centers have not been mapped
andfor sampled in detail. However, the new data
add to thal previously available for the mid-Tertiary
Coastal Magmatic Belt, particularly in the area south
of 4175 where this belt outcrops along the Pacific
coast, and provide an improved basis for under-
standing the ongin of this belt in the context of
tectanic evolution of the southern Andes dunng the
late Oligocens and Miocene, when the trench-nor-
mal convergence rale between the Nazca and South
Amerncan plates increased significantly.

TECTONIC SETTING

Voleanmic rocks of the mid-Terhiary Coastal Mag-
matic Belt ware emplaced hoth upon Paleczoic-
Triassic metamorphic basement and interbedded
with late Oligocens to Miocene continenlal and
Miscene marine sedimentary sequences, indicating
that this magmatic activity occurred in association
with subsidence and the iniliation of the development
ofthapresent day Central Vallay, The late Oligocens
to early Miccene magmatic activity in the mid-
Tertiary Coastal Magmatic Belt (Fig. 2) ended prior
to the rapid subsidence associated with Miccene
marine sedimentation. Marine sedimeantation in the
arca of the present day Central Valley ceased either
by the early (Martinez and Pino, 1979) or middle (3.
Elgueta and J. Urqueta, 1998)" Miocene, and
Miccene marine strata were subsequently deformed

and uplifted by a phase of compression in the
middle or late Miccene,

The formation of the mid-Tartiary Coastal Mag-
matic Belt, the deposition of the associated late
Oligocena and Miocene sedimenlary rocks, and the
initiation of the development of tha presen! day
Central Valley in south-central Chile occurred during
a regionally widespread episode of extension
(Mystrdm ef al., 15993; Thiele af al, 1881; Spalleth
and Dalla 3alda, 1996: Vergara et al, 1999; Godoy
et al,, 1999; Jordan ef al,, in press). Evidence for an
axtensional ongin of the Central Valley is well
preserved south of 40°5, where this sedimentary
basin between the Coastal and Main Cordillera
corresponds spatially lo an area of significant positive
gravity anomaly, suggesting that extension thinned

11998, Bedimeniologia y estratigralia delas Cuencas lercianas on la Region de Los Lagos (39°-42° B, Chede, in SERMAGEDMIN, 1004
Estudio Geolépico-Econdmice de ta X* Regidn Nona {Inddite), Senicio Nacional de Geologia y Minaria, Inferme Registrado IR-

15-08, 6 Vals.
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TABLE1.LOCATION AND PETROLOGY OF THE SAMPLES STUDIED.

Locality
Latitude

Los Angeles
ATANS

Temuco
307008

Barga
41°30°5

Hahia Gapilanos
41°08°S

Estaguillas
41205

Funta  Folocud,
Chiled,
A0S

Chiloe
42" K)'S

Gamboa, Gasiro
4305

Guapi Quilan,
LR AR

Lago Ranco,
Mam Cordillars
40"15'S

Sample

L5929

C592-6

cso2-1

csoz-2

XHZ3

x0az

Xyan

XYO6

X¥E2

XM54
(C591-5)
XKS3

XOHY

C591-2

CE551-3

XKG2

HMaA

(C590-0)

HEADH

x¥a

Toexture

Porphynitic

Parphyritic

Parphyritic

Paorphyritic

Aphanilic

Porphigrites

Aphanitic

Pormphyntic

Fluidai

Aphanitic

Aphanitic

Pomphyntic

Aphanitic

Aphanitic

Glassy. flow
{C591-1) banded, lithic rich

Coarse
Parpyritic

Foaphngritic

Fogphyritic
Parphyritic

Pamphyritic

Phenoorysts

Pl-Cpx

Pl-Cpx-Ops
Pl-Cpx

Pl-Cpx

Pl-Cpu-Opx

Fl-0H-Cpx

Minor P1-Cpx

Pl-Cpx-01

Minor PI-Cpx

Pl-Cpx-Opa

Kinor PI-Cpx-01

Minor PI-Cpx

P

Pl-minor Bi-0tz

PlCpx-Opx-

minor O

PI-Opx

PlOpx

Fl

Groundmass
microcrysts

Glags,
Pl-Cpx
Glass,

Trachytic,
PI-Cp
Intergranular,
Pl-Cpx-Ol-Ope

Intarserial,
PlOI-Cpx

Intersenal,
Pl-Ol-Cpx-glass

Intargranular,

PG pxc-CH-Opx-ME

Interseral,

Pl-Cpx-0-0t-glass

Glass, Pl

Trachylic,
Pl1-OI-Cpx-glass
Trachytic
Pl-DI-Cpx-glass

Teanhyhic,

Pl-Cpx-0

Inersenal,
F1-Cpa-00-0a1

Intersarlal-
Trachylic,
PE-Cpac-ME

Glass

Falsin

Intisrsoal-
Hyalopélitic,
PI-Cpx-Mt

Trachytio,
PHCpx-ME
Inargartal,

Pil-M1

Boecondary
mingrals

Ca-Cy

Cy

Cy

Idal

bdd-Au-Ca-Si-
Ch-Hm

ldd-Ch-Ca-Cy-
Li

Ca-Cy

Ca-ldd

Ca-1d

ledd

Cy

Idd-H

Hm

Ch-Ep-La-Cy

Lithology

Andasite

Andesita

Andesita

Andasita

Basailt

DBasal

Basaltic andisii

Dacis

Rinyalite domea

Basalic andasita

Dasaltic andasita

Basaltic andesits

Basallic andesita

Basaltic andesilo
Rhwodacitic
pyroclastic flow

Dacitic sil

Andesile

Ancesile

Andesie

Basalbo andesilo

Cpx=clinopyroxens; Opx= onthopryraxang; Ol= aliving; Mt= magnatite; Pl= plagioclase;ldd= lddingsite; Bws bowlingite; Cas calcita-

carbonales, Cy= clays; Ze= zeolile; Ep= epidole; Ch= chlorite; Ru= rutile; 3l= silica; Hm= hematita: Li= limonite; Bt= biotita: Otz=

quartz, Absalbita.
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FIG. 2. Hrs]u}grum ol T [|r|'!,r|'|r_|w aned url:l,-luusl.'!l pubalished s lar Savrrypdoes Browm e moad- Todsary Coastal Mngmmm Eell of soulh-cantral
Chile betwesn 36 5 and 43.5 5; from a- Cisternas and Frutos (1934); b- Lopez-Escobar and Vergara {1997) and Vergara and
Munizags { 1974}, ¢- this paper (Table 2); d- Stern and Vergara [(1992); e« Rubo (1993}, 1= Vorgas o ol (19549), g- Troncosa
{1993 h- McDonough ef al (in press) and Karzulowvs ef al (1878); §- Elgueeta and Urqueta (1988)7; and j- Vergara et al (1997b)
Forty-sevan of the lifty ages are in the range late Oligocens (29 Ma) 1o early Miocene (18.8 Ma), and all the samples lrom walhin
bz aresin ol the Central Valloy are o Bhes samae sange, madicatmg that the formation of the mid-Teiary Goastal Magmatc Belt
occurred dunng a elingle wall defined episode of approximately 10 millien years, This eplscde bagan in the late Oligocene, at
essentially the same time (27 £ 2 Ma. Somoza, 1998} aes the thiee-lold incroase m irench-normal convedgenoe rabe betwecn e

Maren and South Amencan Hales

the underlying crust (J, Mufoz, M. Araneda and M.
McDonough)®. Seismic reflection profiles subs-
tantiate a crustal thickness of only 33 km heneath
the western portion of the Central Valley at the
latilude of Osomo (McDonough et al., 1997). Also,
south of 40°5, the western edge of the present day
Central Valley is limited by an appraximately narth-
soulh system of low angle normal faults (Fig. 1)
which correspond to the contact between the
Paleozoic-Triassic metamorphic basement of the
Coaslal Cordillera and the late Qligoceneg through
Miocena continental and manne sedimentary
sequences in the valley (Kelm &f af, 1984, Munoz,
1997; McDonough et al., 1997). These faults were
active during the late Olgocene and Miocene,
generating a proto-Central Valley and controlling

both the emplacement of igneous rocks and the
location of sedimentary basins. Similar faults also
oocur bounding contemporaneous sedimentary
basins an the eastern flank of the Andes (Fig. 1;
Spalletti and Dalla Salda, 1996; Jordan et al, in
prass).

The north-south normal faults along the western
margin of the Central Valley are intersected and
displaced by a regional northwest trending stnke-
slipfault system (Fig. 1; Munioz, 1987). The norihwesl
trending strike-slip faults represent reactivated older
slructures, possibly previously active during the
Palaczoic and Mesozoic (Rapela el al, 1988; Munaoz,
1997). They are associated with positive magnetic
anomalies generated by mafic and ultramafic bodies
which have been tectonically emplaced into lhe

1898, Geolrsica Rogional, n SERNAGEOMIN, 1908, Estudi Geoligico-Econdmico de la X Regon More (Ingdita), Seniicio Macional de

Giraloga v Minana, Informe Registrade IR-15-98, & Vals.
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Paleozoie-Trnassic metasedimentary and meta-
volcanic basement (Godoy and Kato, 1990: Ugalde
et al., 1997},

The regionally widespread episode ol lale
Ohgocena to Miocane exlension that inihated the
development of the Central Valley in south-central
Chile was temporally related to a major plate
reorganization in the southeasl Pacific (Cande and
Leslie, 1986; Tebbens and Cande, 1997), This plate

183

recrganization resulled in both less oblique con-
vergence and a greater than two-fold increase in
convergence rate between the Mazca (Farallon)
and South American plates (Pardo-Casas and
Malnar, 1987; Somoza, 1998), and consequently a
three-fold increase in the rate of trench-normal
convergence, as well as possibly changes in the
geomelry of subduction (Frutes and Cislemas,
1984).

CHRONOLOGY AND PETROCHEMISTRY

Thirty-seven previously published radiometric
dates for samples from the mid-Tartiary Coastal
Magmalic Belt betweaen 36 and 42.5°5 have yielded
ages ranging from 40.4 to 18.8 Ma (Vergara and
Munizaga, 1974, Garcia ot al. 1988, Stem and
Vergara, 1992; Rubio, 1993; Cisternas and Frutos,
1894: Troncaso, 1999 McDaonough et al, in press)
Here the authers present 14 new K-Ar ages (Table
21, major and trace-element composilions (Table
3}, and Sr, Nd and Pb sotopic data (Table 4) tor
samples from the Mid-Tertiary Coastal Magmatic
Belt south of 3773 (Table 1; Fig. 1). The new data
are described separately for the area between Los
Angeles and Temuco (37-39°5), at Bahia Capita-
nes, Estaguillas and Caleta Parga (41-41.5%3), on
the island of Chiloe (42 42.5"3), and from Guapi
Quilan lsland (43.5°5) ofl the south coast of Chiloe.
The authors also present an age date and cheamical
data lor a single mid-Terliary sample from within the

TABLE 2. K-Ar AGE DETERMINATIONS OF REPRESENTATIVE SAMPLES,

Dated

Sample Locality material

| S5926 Los Angeles WhR

| CBROE-1 Tesrms WH
C592-2 Tamuco WH

! XY Eabua Copelanes (Goast) WH

| X¥2G Bamia Capitanes (Coast) WA
AME4 Funla Polocue, Chilod (Coast) | WA
x0RE1 Ancud, Chilog WR
C591-2 Ancud. Chilog WR
CRE1-3 Ancud, Chiloa WH
XREE Ancud. Chilog | Glass
XMES Gambiosy, Casiro, Chaloa | WH

| XKH0E Guapi Quilan WH
XES11 Guapi Quian | WR
XKa1h Gaapi Qnlan WH
LSRR Lago Ranco, Main Cardiilara | Plagioclase

Main Andean Cordillera at Lago Ranco (40.25°3),
METHODS

Major and selected trace elements, including
Cr, M, Co, VY, Nb, Zr, Sc and Pb weare determined
by atomic absorption and ICP-AE at the analytical
laboratory of SERNAGEOMIN, Santiago, as were the
new K-Ar ages, Cs, Rb, Sr. Ba, Hf, Ta, Th, U and
REE concentralions were obtamned, wilh a precision
<6%, by ICP-MS analysis at either the Plasma
Analytical Laboratory of University of Kansas,
Lawrence, or Acl Labs, Denver. lsotope dilution
concentrations for Rh, Sr, Sm, Nd and Ph, and Sr,
Nd and Pbisotopic analysis (Table 4) were completed
atthe University of Colorado, Boulder, using isotope
dilution mass-spectrometry lechnigues descrbed
by Farmer arf al. (1981}

Selr |

Ar rad Age
=l {nlig)  Atm [(Ma =z 2a) Lithalogy
1,369 1,350 20 252:09 Andesita
Da?s narh B3 JAM =2 K Andasite
1.072 1,180 3% 201 =1 Andesite
1.973 1514 t1¥] 22 B+ 160 Hasallic andesila
2008 @ 2160 24 2510 Dacite
0 T 0.680 o 24 3:HD el arvdiale [
hél4d R0 4 0E an 207 1.0 Basaltic andesile I
0.586 0.458 a1l 20009 Basallic andesila |
[h. 505 [, TR ar 22.tY+=10 Haraltic andasite |
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J. Munoe, A Troncaso, P. Dubart, P. Crignoda, L. Farmar and ©

LOS ANGELES TO TEMUCO (37-39°5)

Mid-Tertiary rocks from within the Central Valley
in the area of Los Angeles, Angol, Collipulli, Lautaro
and Temuco (Fig. 1) have previously been described
by Lopez-Escobar et al. (1976), Vergara (1982),
Rubio (1993); Cisternas and Frulos (1994); Lopez-
Escobar and Vergara (1997), and Troncoso (1999),
They include plagioclase + pyroxene = olivine =
hornblende + quarlz + K-leldspar andesiles, dacites
and rhyodacites, with minor or extensive alteration
of olivine to iddingsite, calcite, chlonite and hemalite,
and of plagioclase lo sencite and/or clay. As noted
by Lopez-Escobar and Vergara (1997), no basalts
have been reported from this section of the mid-
Tertiary Coastal Magmatic Bell. Lopez-Escobar ef
al. (1978) presented major and trace slemeant
analysis tor six samples, and Lopez-Escobar and
Vergara (1997) presented major and trace element
and isotopic analysis for three samples from this
arga. Ning previously published K-Ar age deter-
minations for samples from this portion of the Mid-
Tertiary Coastal Magmalic Bell range from 18.8 1o

\A. Starm

288 Ma (Vergara and Munizaga, 1974; Rubio,
1993; Cisternas and Frutos, 1994 Troncoso, 1959)

Three new K-Ar age determinabions for samples
trom this area range from 25.2= 091028 4+ 2 BMa
(Table 2}, within, but towards the high end, of the
range of the proviously published ages, These, and
one other sample analyzed for major and trace
glaments alone, are andesites (Fig. 3) with sub-
alkaline affinities and low TiQ, (<1 wt %), They
exhibitmoderate light-rare-earth (LREE) enrichment
relative lo heavy-rare-earths (HREE; La/Yb = 4 to
7.3; Fig. 4), and large-won-lithophile element (LIL)
enrichment relative lo LREE (Ba/La = 24 1o 31; Fig.
5) compared o ocean sland basalts (Ba/lLa=19;
Hickey et al., 1986; Stern at al, 1980} Bath these
ratios are within the ranges (LaYb=4109; Balla=
23 10 38) previously reported by Lopez-Escobar ef
al. (1976) and Lopez-Escobar and Vergara {1997).
They also have high-field-strangth-element (HFSE)
depletion relative to REE (La/Nb > 2.3; Fig. 5)
compared lo ocean island basalts (La/Nb<1.6;
Hickay ef al, 1886; Stern et al, 1880). These
ranges far La/Yh, Ba/La and La/Nb are all similar to

10 T B |
8 - 'Y =
Subalkaline
='_ *
b o% .n -
+
O +
L] -+ —
?'n‘ 4 } + ' -
+ -+ )
2 4+ :
Basalt ?:;::E_:‘: Andesite Dacite Rhyolite
] 1 I L ‘ 1 ‘
45 50 55 60 65 70 75

-
Si0:
FIG. 3. Silica (Si0,) versusiclal alkakies {Na,Q + K, 0} lor samples from the mid-Tertiary Coastal Magmatic Beltol south-central Chile betwaen
36°5 and 43.5"5. Solid symbols represent data trom this papes {Table 3) and apen Ssymbols data from Lopez-Escobar and Vergara
(1997}, with different symbols for samples from different areas (circles= Los Angeles and Temusco; squaress Capitanes, Estanuilas

and Farga, upright triangles= Ancud and Poloowe, Chilpe;

diamonds= Gamboa, Chilod; Inverted triangles= Guapi Quilan lsland)

Crossas ara for samples ram the mid-Teniary Coastal Magmatic Bel o fhe noth al Colbun-Machicura (35.7°5; Vergara of al,
1909), and the circled plus represents a sample from the Main Cordillera (Table 3).
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LT

volcanic rocks eruptled from both stratovolcanoes
and Minor Eruptive Centers (MEC) along the volcanic
front in the southern partion of the active Andean
Southern Volcanic Zone (S38v2) at approximately
similar latilude (37- 43°5; Hickey ef al., 1986 and
19A9; Lopezr-Escobar and Vergara, 1887).

Sr. Nd (Fig. 8) and Pb isotopic ratios (Fig. 7) of

these samples are also similar to both samples [rom
this same region of the mid-Teriary Coastal Mag-
matic Bell analyzed by Lopez-Escobar and Vergara
(1987), as well as to volcanic rocks erupled {rom
along the volcanic front of the active Andean S5vZ
at similar latiludes. Their £, . values (+1.7 to +4.5)

Ho(T)
are lower than samples ot tha mid-Tarliary Coastal
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FIG. &. Initial "Sr™Sr ratios versws EMd | lor samgles from the mid-Tefiany Coastal Magmatic Belt of south-cantral Chile petween 36 an

43.5"5. Symbols and data sources are the same as inligure 3. Flelds for Andean SEVZ stratovolcanoes and Minor Eniplive Cente
IMEC) are from Hickey el al, { 1986 and 1589), Muriog and Stem ( 1989), S1em atal (1990, and Lapaz-Escobar and Vergera (1997

Magmatic Beltthat outcrop along the eastern margin
of the Central Valley al both Colbun-Machicura
(35.7°5) and Parral {(36.4°3) to the north, which
have £, = +5, as well as relatively low La'Yb<4
(Figs. 5 and 6; Vargara et al, 1997a and 1999),

BAHIA CAPITANES, ESTAQUILLAS AND CALETA
PARGA [(41-42°5)

A partially eroded volcanic system consisting of
volcanic necks, domes, lava flows and interbedded
pyrociastic and breccia layers s exposed along the
Pacific coast and up to a few kilometres inland of
Bahia Capitanes (41.5°5; Fig. 1), as well as on the
many small island to the wesl of this bay (Alfaro of
al, 18484: Troncoso, 1998). Tha volcanic necks and
lavas are grey to black, plagicclase+clinopyrox-
enexalivine beanngbasallic andesiles and andesites
with porphyritic to microcrystalling textures. Trachylic
to intergranular groundmass consists of partially
devitrified light brown glass, plagioclase microlites,
chnopyroxana, and magnetile. Malic minerals are
partially altered to bowlingite and colotorm silica,
chlorite, and siderite. Zeolites occur in amygdules,
veins and disseminated through the rocks, Hyalo-
pylitic andesitic to dacitic breccias, interpreted as
the center of a possibly submarine volcanic system
(Altaro et al,1994), are formed by centimeler size

reddish fragments within a tuifaceous matrix. Th
originally glassy fragments, which are allered |
palagonite, contain minor plagioclase and mucrc
vesicles partially filled with calcite. Dacitic an
rhyolitic domes and subvolcanic badies, which occt
aast of the coasl and to the south at Estaguilla:
have porphyritic textures with trachylic groundmas:
These are white due to weathering and contai
plagioclase altered to sercite and mafic mineral
alterad to biohte.

Small outcrops of basaltic necks, vesicular lav
flows, stratified pyroclastic rocks with accrationar
lapilli, volcaniclastic sandstones and palymicti
conglomarates are also exposed over a distance ¢
about 1.5km along the Pacific coast at Caleta Parg
and Punla Puga (Fig. 1; Troncoso et al, 1884
Pyroclastic rocks are crystal-rich tuffs with asl
plagioclase, scarce (=5%) guartz cryslals, an
volcanic fragments containing plagioclase and brow
glass, with calcite, hematite and clays as alteratio
minerals. Volcaniclastic sandstones are formed &
plagicclase, ash and valcanic fragments in
carbonate matrix. The pyreclastic and volcaniclast
rocks and conglomerates forma 50 mthick sequenc
interbedded within marine quartz sandsiones an
conglomerales. The grey, plagioclase+cling
pyroxene+olivine basaltic necks and lavas sho
irregular columnar jeinting, They have fine graine
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porphyritic to microcrystalling textures and interser-
tal, subophitic and microcrystalline groundmass,
with aciculate iimenite microcrysts. Mafic minerals
are selectively altered to a microcrystalline aggregate
of iddingsite, sidente, calcite, rufile and specularite,
and plagioclase is altered to fibrous chlorite and
sencite. Siderite, colloidal limonites and caleite fill
vesicles.

No previous age determinations have been
published for these coastal outcrops, Two new K-Ar
ages for a basallic andesite and a dacile from Bahia
Capitanes range from 328 = 1.6to 27.5 + 1.0 Ma
(Table 2). Mo viable K-Ar ages were obtained for the
samples from Caleta Parga. The alteration as-
semblage here is interpreted as representing inler-
action with seawater during or subsequent to
eruption, and the degree of alteration precluded K-
Ar dating.

The samplas from these localities range from
basalts to rhyolites. Two samples of basalt from
Caleta Parga plot in the field of alkaline basalts with
respect 1o total alkalies versus silica content (Fig.
3), and these samples, as well as the basaltic
andesite from Bahia Capitanes, have relatively high
Tid, (2 wt %) compared o typical calc-alkaline or
tholeitic rocks, consistent with their alkaline affiniies.
REE contents of these samples are higher than tha
andesites from the Los Angeles to Temuco area,
but their La/Yb ratios (4.5 1o 5.2) are similar (Figs. 4
and 5). In contrast, Ba/La (B.8 to 21.2) and La/Nb
(1.4 1o 2.1) ratios of these mafic samples are similar
lo ocean island basalts (018, Fig. 5; Hickey et al.,
1986; Stern &f al,, 1990}, and extend to signiflicantly
lower valuesthan the samples from the Los Angeles
to Temuco area, as well as compared to values for
stratovolcano and MEC basalts from along the
volcanic front of the active Andean S5VZ. A dacite
from Bahia Capitanes has slightly higher REE, except
for Eu, and similar La/Yb { 6.1), Ba/La (20.2), and
La/Mb (2.8), while the rhyolile from Estaguillas has
significantly lower LREE and La‘Yb (2.0}, and an
extreme negative Eu anomaly.

With respect 1o Sr and MNd (Fig. &) isotopes, the
basalts from Calata Parga are similar lo some
samples fram the Colban-Machicura area (35.7°5;
Vergara et al, 1999) in the sense that they have
lower “'Sr5r ratios (0.70337 and 0.70358) and
higher ¢, values (+4.7 and +5.9) than most other
samples described from the mid-Teriary Coastal
Magmatic Belt or from along the velcanic front of the
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active Andean 55VZ, including MEC basalls (Ldpez-
Escobar and Vergara, 1997). The basaltic andesite
and dacite from Bahia Capitanes have higher initial
*T8r/**Sr ratios and lower initial £, and the rhyolite
from Estaquillas has a significantly higher initial
"TSrMESr ratio, suggesting possible assimilation of
Paleozoic-Triassic crust. Phisotopic composition of
the more mafic rocks are similar to magmas erupted
from the active Andean 55VZ (Fig. 7), while the
dacite and rhyolite have distinetly higher Pb isotopic
ratios.

CHILOE (42-42.5°5)

Mid-Tertiary igneous rocks inthe arca of nothermn
Chilogé Island, previously referred to as the Ancud
Volcanic Complex (Vergara and Munizaga, 1974,
Valenzuela, 1982; Garcia et afl, 1988; Stern and
Vergara, 1992) occur in and around the city of
Ancud, where they are partly covered by Pleislocens
glacial deposits (Haeusser, 1980), and south of Ancud,
where they are both interbedded with and covered
by henzental sedimentary rocks with Miocene maring
invertebrate fossils. They also occur along the Pacitic
coast west of Ancud, at both Pumillahue and Tetas
de Teguaco on the southem end of Bahia Cocotug,
and as outcrops forming the coastal cliffs at Punta
Polocué. These rocks include basaltic to andesilic
lava flows and volcanic necks, and rhyolitic
pyroclastic flows, West of Castro, at Gamboa, a
sanes of dacitic dikes and sills are emplaced in
Paleozaoic-Triassic metamorphic rocks (Valdivia and
Valenzuela, 1988).

Along the Pacific coast, al the southern end of
Bahia Cocotua and at Funta Polocug, basallic
andesite necks and lava flows, typically with
columnar jointing, have both fine grained and
porphyritic textures with phenocrysts of labradorite
plagioclase, clinopyrexena and oliving in a glassy
groundmass, Alteration minerals include traces of
iddingsite and hematite in mafic minerals, and calcite
occurs in veins and fractures. Around Ancud, rocks
are plagioclase+ pyroxene=aolivine phyric basalts and
basallic andesites with medium to fine grained
porphyritic and/or aphanitic textures. Pyroclastic
rocks are mainly vitric, lithic-rich rhyodacitic pyro-
clastic flows with fresh plagioclase, oriented
fragments of both white colored and compacted
black pumice, partially altered volcanic lithics,
rounded clastic sedimentary fragments and car-
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oomized wood in a recryslalized perlitic glass. The
dacitic hypabyssal intrusions at Gamboa are coarse
porphyntic rocks with plagioclase, quartz and minor
biotite,

Vergara and Munizaga {1974) determined a K-
Ar age of 40.4=1.8 Ma for the columnar neck at
Punta Polocug, butlater Garcia ef all { 1988) reponed
an age of 21.8 £ 1.7 Ma for a sample from the same
lecalily. The authors have delermined a new age ol
2473 = 5.8 Ma (Tahle 2) for a sample from Punta
Palocud, consistent with the age obtained by Garcia
et al. (1988) given the large error, which may be due
to alteration. Three new ages determinad for mafic
volcanic rocks in the vicinity of Ancud range from
20,0 £ 0.9 to 22.12 1.0 Ma (Table 2). somewhat
youngerthanthe new 23.2 = 0.8 Ma date determined
tar glassy compacted pumice fragments separated
trom the rhyodacitic pyroclastic flow outcropping
norh of Ancud, A previous age delermined for this
same pyroclastic flow yielded a date of 256 + 0.7
Ma (Stern and Vergara, 1992). A sample of the
dacitic sill at Gambeoa was dated as 37.2 = 1.2 Ma.

The mid-Teriary magmatic rocks of Chilog range
fram hasalts to rhyolites (Fig. 3). One basaltic
andesite sample from Ancud has high TiO, (=2wt %)
and more alkaling atfinities, similar to the samples
trom Caleta Parga, but other basalls and basaltic
andesites are clearly subalkaline. La/Yb ratios (4.6
to 5.9) of basalts and basallic andesites are similar
to those from the Bahia Capilanes, Calela Parga,
and the Los Angeles to Temuco areas further to the
north, as well as magmas erupted from along the
volcanic front of the active Andean S5VZ. In contrast,
Ba/Laratios (12 510 19.2) are sumilar to the samples
froim Bahia Capitanes and Caleta Parga, but lowar
than those irom Los Angeles and Temuco, and from
stratovolcanoes or MEC basalts located along the
valcanic frant of the Andean 552 (Fig. 5), while La/
Mb ratios (1.6 to »3.5) are transitional between the
values for samples from the Bahia Capitanes-Cale-
ta Parga and the Los Angelas-Temuco areas of the
mid-Tertiary Coastal Magmatic Belt. The silicic
pyreclastic rocks from Ancued have clevated REE
and a significant negative Eu anomaly, but similar
La/¥h, Ba/la and La/MNb as the associated mafic
rocks. In contrast, the dacites from Gamboa have
lower HREE and higher La'Yb,

Isotopically, two basaltic andesites from Ancud
have relatively low initial ¥S0™Sr ratios (0.70354)

and high Bramy (+4.6 and +4.9), similar o basalts

from Calela Parga and Colbun-Machicura, while
other mafic samples have highear initial 7S Sr
ratios and lower &, (Fig. 6). The rhyodacitic
pyroclastic flow from Ancud is isotopically similar to
maore matic rocks from the Ancud volcanic complex,
while the two samples of dacites from Gamboa have
variable Sr, N and Pb isotopic compositions (Fig.
71, one sample having distinctly higher Pb isotopic
ratios similar to the dacile from Bahia Capitanes.

GUAPI QUILAN ISLAND (43.5°5)

Outerops of the mid-Tertiary Coastal Magmatic
Belt an both Guapi Quitan Island, and also the small
group of Esmeralda Islands just south of Guapi
Ouwilan, mclude volcamic necks and dikes emplaced
in the metamarphic basement, and lava flows and
pyroclastic deposits. The volcanic necks, dikes and
lava flows are dark grey to black., aphanitic to
microporphyric basallic andesiles and andesites
with plagioclase, clinopyroxene, orthopyroxenea, and
minor olivine partially altered toiddingsite and caleite,
In some areas lhese rocks exhibit albitization of
plaginclase in association with chlente and carbo-
nates, suggesting interaction with seawater. |nother
areas, silica-pyrite alteration occurs in association
with thin guariz veins. Minor pyroclastic deposits
include ashtall and lapilli tufis.

Three new K-Ar age determinations for samples
fromthis arearange from 22.020.9t029.02 1.1 Ma
(Table 2). These three samples (Tables 1 and 3),
and two other samples from these slands. are
subalkaline basaltic andesites and andesiles, with
mederate TiO, (0.9 to 1.4 wt %). Their La/YD ratios
(7.11010.7; Fig. 4) are ligher than other mafic and
intermediate rocks from the mid-Tertiary Coastal
Magmatic Belt to the north, while their BaLa (15.8
to 21.5) and La/Nb (1.3 1o 2.3) ralios are similar 1o
samples fram Bahia Capitanes, Caleta Parga and
Chilog, and transitional between arc and ocean
island basalts (Fig. 5). Thewr "Su/™Sr ratios, Ert
values, and Ph isotopic ratios are also similar 1o
other samples from the southern portion of the mid-
Terliary Coastlal Magmatic Belt (Figs, 6 and 7).

MAIN ANDEAN CORDILLERA AT LAGO RANCO
{40.25°5)

Mid-Tertiary igneous and associaled sedi-
mentary rocks outcrop in the Main Andean Cordi-
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liera in a nearly continuous fashion as far south as
38°5 (Fig. 1), whila south of 38°5, evidence for a
mid-Tertiary Main Andean Cordillera Magmatic Belt,
specifically a late Oligocene to early Miocene belt,
15 scarce. This may be due to ils removal by deep
erpsion, to cover produced by late Quaternary
volcanic activity, or possibly that there was not
exlensive late Oligocene to early Miocene magmatic
activity in the Main Andean Cordillera south o 39°5.
There are nolate Oligocene to early Miocene plutons
in this portion of the southern Andes, indicating a
significant hiatus in plutonism between 30 10 18 Ma
(Rapela and Kay, 1988). The few spatially restricted
outcrops of late Oligocens to early Miocene igneous
rocks in the Main Andean Cordillera include volcanic
and volcaniclastic rocks associated with continental
and marine sediments deposited in small, isolated,
possibly intermontane sedimentary basins (Cam-
pos el al, 1998). These are cut by hypabyssal
intrusions such as volcanic necks, sills, dikes, and
small stocks, but not large intrusive bodies.
Outcrops of mid-Tertiary extrusive rocks south
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and gast of Lago Ranco (Fig. 1) include a =1,000
meters thick folded sequence of porphyritic basaltic
andesita, andesite and dacite lavas and partially
welded tuffs, grading upwards into conglomerates,
sandstones, and shales. Alteration minerals in the
igneous rocks include chlorite, epidote and calcite,
A representative basaltic andesite lava from this
sequence hasak-Arageof 20.7 =+ 2.4 Ma (Tabla 2,
and the sequence is intruded by Miscena granite
and gabbro plutons dated between 18 and 156 Ma
(Campos et al, 1998). This subalkaline basaltic
andesite has La/Yb, Ba/La and La/Nb ratios (Figs
4 and 5) similar lo samples from Bahia Capitanes
and Chilogé in the southern porlion of the Mid-
Tertiary Coastal Magmatic Bell. Its La’™Yb and La/
Mb ratios are similar, but its Ba/La ratio is lower than
magmas erupted along the volcanic front of the
active Andean 55VZ. Isolopically it is similar 1o both
other samples from the mid-Tertiary Coastal Mag-
malic Belt, as well as from the volcanic front of the
active Andean S5VZ.

DISCUSSION

AGES

Virtually all {forty-three of forty-six) the new and
previously published K-Ar age determinations for
volcanic rocks from the mid-Tertiary Coastal
Magmatic Belt fall within the range 29 o 18.8 Ma
(Fig. 2). The three exceptions include a basaltic
andesite from along the coast at Bahia Capitanes,
which yieldad a slightly older Oligocene age of
32.9:1.6 Ma (sample XYa1; Table 2}, a rhyaolite
along the eastern margin of the Central Valley at
Colbin-Machicura (35.3 Ma; Vergara el al, 1999),
and the 37.2+1.6 Ma dacite sill (sample XMS53;
Table 2) from Gamboa, Chiloé (discussed separately
below). A U-Pb age oblained in zircons from an ash
fall depasit between two coal layers interbedded in
a continental sedimentary sequence within the
Catamulun coal mine in the Central Valley north of
Osorno also yielded a late Oligocene-early Miocene
age (23.5 £ 0.5 Ma; 5. Elgueta and .. Urqueta®), as
have three fisson track ages for andesites from near
Parral (22 0+ 8.2, 21 6+8. 6 and 21.7=9.6 Ma; \Vergara
et al, 1997h).

As a result, the authors conclude that the
magmatic activity associated with the extansion
that formed the prote-Central Valley occurred during
a single prolonged episode of 10 million years that
began in the late Oligocens, after 29 Ma, and ended
inthe early Miocene, by 18.8 Ma (Fig. 2). Previously,
Lopez-Escobar and Vergara (1997; p. 241) sug-
gested that the mid- Tertiary Ceastal Magmatic Belt
may have been formed by multiple magmatc
episodes over a span of 25 million years, with ‘a
gradual migration, from west lo east, . . . since the
late Eocene’. This conclusion was based in parl on
a single Eccene K-Ar age (40.4 Ma; Vergara and
Munizaga, 1974) obtained for a basaltic andesite
from the Pacific coast at Punta Polocug, Chiloe. The
authors' new K-Ar age determination for a sample
fram this same oulcrop yielded a late Oligocene-
carly Miocens age of 24.3 Ma (sample XM54; Table
2), similar to that determined by Garcia et al. (1988),
andto other rocks from the Ancud velcanic complex,
and we conclude that this cutcrop is late Oligocene-
early Miocene, and not Eocene in age.

Thelate Oligocene (29 Ma) imiialion of magmatic
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activity in the mid-Tertiary Coastal Magmatic Baltis
closely associated m age with the late Oligocene
increase in both plate convergence rate, from <4
cmiyrto= 10 cmyr, andonthogonality of convergence
between the Nazca and South American plates,
which occurred al 27:2 Ma (Pardo-Casas and
Maolnar, 1987: Somoza, 19981, and nol 23 Ma as
stated by Cisternas and Frutos (1984) and Frutos
and Cisternas ( 1994), Cisternas and Frutos (15954)
and Frutos and Cistermnas (1994) suggested that
valcanic activity in the mid- Tertiary Coastal Magmalic
Bell cccurred prior to the nitiation of high con-
vargence rates belween lhe Nazca and South
Amarican plates, hut the data (Fig. 2} indicate that
it occurred after the late Oligocene increase in
trench-normal convergencea rate. The relatively high
rate of convergence beginning in the late Qligocene
has continued to the present, with essentially ortho-
gonal convergence during this entire ime. Thus the
terminalion in the early Miocene (18.8 Ma) of the
magmatic activity in the mud-Terbary Coastal
Magmatic belt does not coincide with any cbvious
change m plate convergence rate or angle.

An early Miocene age (20.7 Ma) for a sample
from Lago Ranco in the Main Andean Cordillera,
and two olher new ages of 24.6 Ma and 22.8 Ma
determined by Jordan ¢f af, (in press) for volcanic
rocks from the Cura Mallin Formation in the Main
Cordilleraat 3775, document that contemporaneous
magmalic activity also occurred within the Main
Cordillera, east of the mid-Tertiary Coastal Magmatic
Belt. However, the spatial extenl of oulcrops of late
Oligocene and early Miocena igneous rocks, eilher
exliusive or intrusive, in the Main Cordillera south of
39" S s restnicted, and theres nolarge late Oligocens
o early Miocene plutame complex in this portion of
the Andes. Late Oligocene through early Miocene
magmalic activity also occurred in the El Maitén Belt
ta the aast of the current Main Andean Cordillera
(Rapela ef al, 1988), as well as aven turther lo the
eastinlhe Mesela de Somon Curd{Kay etal, 1993,
20001, What 15 not clear is whether or not the mid-
Teriary magmatic activity in the Coastal, Main
Cordillera, and El Maitén belts, and the Meseta de
Somun Cura, consisted of spatially and/or chemically
distinct igneous rocks that might be identificd as
fore-arc, arc or back-arc magmatic bells, or whether,
as discussed below, they formed a single broad belt
related to regional extension (Fig. 8).

The authors obtained an Eocene age for the

dacile sill from Gamboa, west of Castro, Chiloe
(37.2 = 1.2 Ma, sample XM53; Table 2). Other late
Cretaceous 1o early Terhary intrusives and
subvolcanic bodies have been recogmised along
tha Ceastal Cordillera near 40°8, to the west and
east of Valdivia, including the Chaibuim pluton dated
as 85 Ma (U-Pb in zircons) and 82 Ma (K-Ar
biotite; McDonough et al., 1997}, a hypabyssal
hasaltic-andesite exposed along the Inagque river 1o
the north of Los Lagos {35745'S) dated al 77 Ma (P
Duhart, J.L. Antinao, J4. Clayton, M. McDonough
and 5. Eigueta)’, an altered dacitic porphyry along
the Rio Futa at San Ramon, dated al 52,7 Ma (K-Ar
in hydrothermal sencite; Pan and Hivera, 1991},
and angther pluton near Lastarria (39"15'5) dated
at B0 Ma (Troncoso, 1999), These late Cretaceous
to early Terhary igneocus rocks are located on a
tectonically uplifted block of Paleozoic-Triassic
metamorphic basement lacking exposures ol
igneous rocks of late Cligocene and early Miocene
age. These igneous rocks may represent an earlicr,
independent magmatic episoda, distinet from thal
which formed the mid-Tertiary Coastal Magmatic
Belt. Whether or not the oulcrops al Gamboa, which
also occuron an uplited block of Paleozoic-Triassic
metamorphic basement. belang ta this eariar event
or are related Lo the mid-Tertiary Coastal Magmatic
Belt is uncertain.

PETROCHEMISTRY

Basaits appear to be absent in the Los Angeles
1o Temuco area of the Central Valley, but they do
occur further 1o the south in the mid-Tertiary Coastal
tMagmabc Belt al Balia Capitanes and Caleta Parga,
as well as on the sland of Chiloe. Previously,
Lopez-Escobar and Vergara (1957) concluded that
andesites and daciles predominate in the Mid-
Tertiary Coastal Magmatic Bell south of 3778, but
without detailed mapping of individual mid-Terliary
volcanic centers the authors suggest that there is as
yet no firm basis to constrain elher possible overall
changes in the abundance of differant rock types or
other regional geochemical variations from norih to
south in this bell.

The new data indicate thal some samples from
the southern portion of the mid-Tertiary Coaslal
Magmatic Belt have significantly lower Ba/La (<19)
and La/Nb (<1.6) ratios (Fig. 5). as well as lower
initial “Sr*Sr ratios (<0.7035) and higher ¢
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values (>+5; Fig. €), than magmas erupted fram
voleanic front of the Andean S3VZ, including both
stratovolcanoes and Minor Eruptive Centers (MEC).
Previcusly, Lopez-Escobar and Vergara (1997)
concluded that the rocks trom the southemn portion
ot the mid-Tertiary Coastal Magmatic Belt south of
37°5 have trace-element contents and ratios, and
isotopic compositions, similar to magmas erupted
along the volcanic frant of the active Andean S5VZ.
Far this reasan, they proposed that the generation
of the mid-Tertiary Coastal Magmatic Belt involved
subduction related processes similar to those taking
place below the waestern portion of the active Andean
28vZ Thesa processes are generally interpreted to
invalve dehydration of subducted oceanic litho-
sphere resulting in contamination and melting in the
overlying mantle wedge (Hickey &t al, 1986 and
1989: Stern af al, 1930}, However, the occurrence
of rocks in the mid-Tertiary Coastal Magamtic Belt
with lower Ba/La and La/Nb ralios (Fig. 5), as well as
lower initial ¥Sr¢™Sr rafios and highar ¢, valuas
{Fig. 6) than magmas erupted from volcanic front of
the Andean S8vZ, suggests little input of slab-
dernved hydrous luids inta their mantle source region.

Some samples from the mid-Tertiary Coastal
Magmatic Belt also have more alkaline affinities
than any rocks from the volcanic front of the active
Andean 55VZ. Magmas with more alkaline affinilies
and lower Ba/La and La/Nb have arupled east of the
active Andean volcanic front (Fig. 5; Hickey et al.,
1986 and 1989, Muhoz and Stern, 1988, 1984,
Stern el al. 1920), but these magmas also have
higher La/Yb, interpreted as indicaling that as the
input of slab-denved fluids decreases east of the
volcanic frant, the degree of mantle partial melting
also decreases. However, no samples with high La/
¥b {=11) ratios have been encountared within the
mid-Tertiary Coastal Magmatic Belt, even among
the more alkaline rocks from this bell,

As a group, the samples from the mid-Terliary
Coastal Magmatic Belt south of 36°5 are distinct
trom those of the active Andean SSVZ arc in that
they do nol exhibil a negative corelation between
either Ba/La or La/Nb and La/Yb (Fig. 5). For the
active Andean arc, this negative corrclation has
been interpreted Lo indicale a relahion belween the
degree of source region contamination by hydrous
fluids derived from subducted oceanic crust, and
the degree (percent) ol mantle partial melting (Hickey
etal, 1986 and 1983; Stern atal, 1980). It has baan

THE RELATION OF THE MID-TERTIARY COASTAL MAGMATIC BELT ik

proposed that a greater mnput of hydrous slab-
derived fluids, such as occurs below the Andean
volcanic tront compared to east of the frant, results
in both more contamination of the subarc mantlc
wedge and thus tigher Ba/la and La/MNb ratios in
partial malts ot this wadge, and at the same time,
greater degreas of mantle partial melting and thus
lower La/Yb ratios in these melts,

Thelack of a negative correlation between either
Ba/La ar La/Nb with La/Yh (Fig. 5), and tha low Ba/
La and La/Nb in some of the mid-Teriary Coastal
Magmatic Belt samples. suggests that dehydration
ot subducted slab may not have been the funda-
mental mechanism driving magma genasis below
the proto-Central Valley betwean the late Oligocene
and early Miocene. The fact that all the samples
from the mid-Terliary Coaslal Magmatic Bell south
of 37°5 have Pb isolopic compositions similar to
magmas erupted along the volcanic front of the
active Andean S5V, and many have Ba/La and La/
Mb ratios similar lo these modern Andean arc mag-
mas, could reflect the ettects of source region
contamination of the subcontinental mantle dunng
earlierepisodes of subduction of oceanic ithosphere
below this portion of the southem Soulh Amencan
continent.

The petrachemical data suggest that the genesis
of the mid-Tertiary Coastal Magmatic Belt was not
directly related lo slab dehydration. bul invelved
chemical helerageneous mantle sources, including
a source that resemblas the asthenospheric mantle
source of oceanisland basalts, which is free of slab-
derived components, Kay el al, (1993, 2000) reached
a similar conclusion for late Oligocene and Miccene
subalkaline and alkaline basalts from the Maseta de
Somuan Curd to the east of the Main Cordillera. A
sample of a early Miccene basallic andesite from
the Main Andean Cordillera at 405 iz also chamically
similar to rocks from the mid-Tertiary Coastal Mag-
matic Belt and has a relatively low Bafla ratio
compared to magmas erupled along the volcanic
front of the active Andaan S55VZ, This suggesis that
mid-Tertiary magmatic activity in the area of the
Coastal and Main Cordillera, as well as furtherto the
cast, may not have been chemically distinct belts,
bul rather different portions of a rather broad belt of
extension-ralated magmatic activity, which, at 4275,
extended from the Pacific coastin the west to close
to the Atlantic coast in the east (Fig. 8).



J Muroz, A, Troncosa, P Duhart, P Cagnala, L. Farmer and C.R. Slern 187

a Pre Late Oligocene Paleogene Arc
I:Ecgplwu Beilt
ks
—_— [ Crust
Subducted siab

Subslab asthenosphere

b Late Oligocene to Early Miocene

+——Extansion and Magmatism——
' Main  El Maitén
W Cordillera Beit

Subslab asthenosphere E

¢ Post Middle Miocene
Main

Coastal
Cordilara  Cordillera Arc

Central  §8

Crust
Lithospheric mantie

FIG. 8. Praposed schemalic leolonic S8clions across the westem margin of southem South Amenca at 425, during 1ha time parkod: a-
just prior 1o 1he late Oligocens; b- batween the lale Ohigocens and early Miocens; and ¢- alier the mid Miocene, Prior to the late
Oligueere, okatively low angle, ohlique subduction of the Farallen Piate at low convergenco rale {<4 cmiyr) resulled in arc
virlcanism which proguced the Paloegene Pitcaniyew bell cast of the cument continenal divide |Fapela ef al, 1986), During the
liater Obigpooone, o rapid |= 10 cméyr) irench-normal subduction, apparently 8t a steaper angle, resulled i washward migration
of 1he volcanic front and Invigorated upweliing, possibly through a stab window, and maelting of subslab asthenospharic mantle
uneomaminated by slab-derved components. Inleracton of these asthenagpharic mahs with subcontinental mantle lithosphong
cantaining etnred slab-darived componants, and/or the disintegrating Paleogene Farallon slab [Kay of al, 1993; Kay f al, in
press). produced magmas with both ocean sland and are chemical affinilies over a wide area exending from the Pacific coas)
e the wiesd to near he Atlantic coast in the east. Late Oligocena through early 10 mid Mioceno crustal pedension occurmed wes)
af. within. and east ol the Main Cordillera. Subsegquently, decreassng angle of subduction returmad the arc o it cufrant position
i bhar Mamn Cordalbera, and caused deformation, uplift and axposura of the late Oligocene and Miocene magrmalio and sedimonlary
rocks daposited in the proto-Central Valley, Andean intermontane, and extra-Andean basins
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GENESIS

The new and previously published data constrain
the follewing firsl-order geclogical, chronclogical
and patrochamical observations concerning the
genesis of the mid-Tertiary Coastal Magmatic Belt
south of 36°5.

*  This formation of this belt invelved a significant
westward migration of magmatic activity from ils
current and previous location in the Main Cordillara,
which cccurred in conjunction with a broadening of
the locus of magmatic aclivity 1o the east as well
(Fig. 8).

*  The formation of this magmatic belt was as-
sociated with extension and the early stages of
development of continental and subsequently marnne
sedimentary basins west of the current Main Cordi-
llera, and extension also occurred both within and
well to the east of the Main Cordillera (Fig. 8).

*  Magmatic activity in this balt, as well as contem-
porancous magmatic activity both in and to the east
of the Main Andean Cordillera, involved melting of
heterogeneous mantle sources, including astheno-
spheric mantle uncontaminated by slab-denved
fluids (Figs. 5 and 6).

= The episode of late Oligocene extension and
magmatic activity wesl of (Fig. 2), within, and to the
east of the current Main Andean Cordillera bagan at
essentially the same time as a significant increase
in the trench-normal convergence rate between the
Mazca and South Amencan plales,

It has been suggested thai an increased rate of
plate convergence should result in both decreased
subduction angle {Luyendynk, 1970; Rufl and
Kanamaon, 1980) and tranch-normal compressionin
the ovemding plate (Uyeda and Kanamorn, 1875;
Ruff and Kanamori, 1980), However, the close
correlation in time of the approximately three-fold
increase in the late Oligocene trench-normal con-
vergence rate between the Nazca and South Amer-
ican plates with both the iniliation of extension and
the westward migration of the volcanic front are
inconsistent with thesa predictions, Jordan et al. {in
press) reach a similar conclusion, and note that
‘existing models do not offer a consensus opinion of
what exactly would have happaned o the subducted
slab and asthenosphere wedge when convergence
rate increased’, They cited studies which suggest
that thera is no correlation belween convergence
rate and the state of stress in the overriding plate
(McCaffrey, 1997), and that the geometry of sub-
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duction may depend on the rate of motion of the
overriding South American plate, which did not
change, rather than relative convergence rate
between the Mazca and South American plates
{Uyeda and Kanamorn, 197%; Scholz and Campos,
1995). Exactly how the geomelry of subduction
below the socuthern Andes changed in lhe late
Cligocene cannot be determined, but the westward
migration of the zone of volcanic activity that
produced the mid-Tertiary Coastal Magmatic Belt
appears to be related to an increase rather than a
decrease in subduction angle (Fig. 8).

Jordan el al (in press) suggested that, as a
result of both the signiicant increase in the late
Cligocene plate convergence rate and change in
convergence direction from maore to less oblique
betwaen the Nazca and South American plates,
‘transient circulation patterns within the
asthenospheric wedge may have been abnormally
complex’, possibly resulting in an invigorated asthen-
osphernc circulation’. Kay et al (1993, Kay et al, in
press) also suggested transient asthenosphenc
upwelling ‘related to adjustments in mantle flow
patterns duning plate reorganization at -27+2 Ma'
as an explanation tar the generation of basalts with
ocean island chemical affinities erupted dunng the
tormation of the Meseta Somun Cura. The transiant
nature of the changes in beth the subduction
geametry and the asthanospheric mantle response
ta the late Oligocena increase in the trench-normal
plate convergence rate is consistant with the fact
thal, by the mid to late Miocene. magmatic activity
in the mid-Terhary Coastal Magmalic Bell, as well
as the Meseta Somun Cura, ceased and Andean
magmalic activity retumed to its previous and current
locus in the Main Cordillera, However. the end of
magmatic activity in the mid-Terhary Coastal Mag-
matic Belt and its return its current locus in the Main
Cordillera occurred without any associated change
in the lale Miccene plale convergence rate or
direction. The chronolegic constraints on magmahc
activity in the mid-Tertiary Coastal Magmaltic Belt
{Fig. 2) suggesl thal, al leasl, 10 million yoars were
required for a new ecquilibrium subduction geometry
to be established.

The authors propose that the generation of the
mid-Tertiary Coastal Magmatic Belt resulled from
transitory processes of changing subduction geo-
metry and invigorated mantle circulation caused by
the three-fold increase in late Oligocene trench-
normal convergence rates between the Mazca and
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South American Plates. In this model, the funda-
mental cause of magmahc activity in the mid-Tertiary
Coastal Magmatic Belt would not be slab de-
hydration, but upwelling of asthenospheric mantle
inresponse tomncreased trench-nonmal convergence
rate. The wvanable trace-element and isotopic
composifion of mid-Tertiary Coastal Magmans Balt
magmas, which in some but not all cases overlap
the compositions of magmas erupted from along the
volcame front of the active Andean 35v7, could
reflect the interaction between melts derived from
upwelling asthenospheric mantle and the sub-
continental mantle lithosphere previously contam-
inated by slab-dernved fluids (Stern af al,. 1950;
Gornng and Kay, in press).

Fay of al, (1993; Kay el al., in press) suggested
that arc-like chemical signatures in some Meseta
Somun Cura lavas are derived from a 'disintegrating
slab associated with Paleagene subduction’. To
account tor the possible physical presence. during
the late Oligocene, of the slab associated with
Faleagene subduction below the Meseta de Samun
Cura. the authors propose that the transient period
ol invigorated mantle upwelling thal produced the
mid-Tariary Coastal Magmatic Belt may have
ocourred through an asthenosphenc siab-window
(Therikelson and Taylor, 1989 Hole of al, 1995;
Thorkelson, 1996) lormed between the older, pre-
late Oligocena subducted Farallon oceanic litho-
sphere. and the younger subducting MNazca plate
ocean lithosphere (Fig. 8). In the southemmost
Andes. the development of a senes of slab windows
in association with the subduction of the Chile
Ridge, and a reduction in convergence rates from
approximaiely 10 to 2 cmiyr, has been invoked 1o
gxplam the expanding zone of late Miocene and
Phocens Pataganian plateau valcamsm, with vana-
ble but gencrally ocean asland basall chemical
affinitics (Ramos and Kay, 1992, Gomng el al.,
1997; Gornng and Kay, n press), and also tha
Quaternary magmatic activity with mid-ocean ridge
chemical affinitics on Peninsula Taitao, well west of
the active Andean 55v7 (Mpodozis el al, 1985
Forsythe &t al, 188E). In contrast, the tectonic
changesthat occurred across the boundary belween
the Mazca and South Amencan plates dunng the
late Ohgocens invalved anincrease, noladecrease,
in plate convergence rates, and did not involve ndge
subduction. However, based on the westward
mugration of the valeaniz frant during the late Olig-

ocend, occanic lithosphere appears to have been
subducted at a significantly greater angle below
South Amencan than prior to the late Olgocene
(Fig. 8). This could have resulted in a slab window
opening between the now, more steeply subducting
Mazea plate cceanic lithosphere and the older,
maora slowly and less steeply dipping Faraellon plate
aceanic lithosphere. Eventually, after a periad of at
least 10 million years, the initially sleep subduction
angle of the mora rapidly subducting slab flaltenad,
clasing the slab window and returning the are 1o its
current location in the Main Cordillera (Fig. 8).
Fossible causes for extension in the fore-arc,
are and back-arc regions of convargant plate bound-
anes have been extensively debated (Sonder and
Jones, 1999 Jordan ¢t ak, n press). Furdong f al
(1982 ) suggestedthal rap'd changes m convergence
valocities across convergent plate boundaries gen-
erate changes in the profile of the subducted slab
which provide an enabling mechamsm for atransient
amsode of exlension that ends once the subducting
slab reaches its new equilibBnum geometry. This
suggestion was supported by Hynes and Mot (1985),
who demaonstrated thal increased convergence rate
hatween the FPacific and Indian plates dunng the
Pliocene produced an episode of extension pehind
boththe Tonga and Kermadec arcs. They concluded
that this resulted from a migration of the trench due
1o changes in subduction profile, causing slao
roliback (Dewey, 1980}, as a consequence of the
increase in convergence rates. Slab rollback.,
possibly combined with subduction erosion (Starn,
1981}, s required through time to accommadate the
westward drit of South America relative to the
position of the trench boundary with the Farallon/
Mazca plale (Garfunkal at al.. 1986). Hates of
subduction erasion and trench rollback along this
plate poundary may have vaned through time as
sporadically as other processes involved in
producing the ditterant episodes of exiension ver-
sus compressive deformation and uplift In the
evolution of the South American conlinental-cceanic
convergent plale boundary margin. The changes in
subduction geometry and the transient period of
invigorated asthenosphenc circulation which we
propose as responsible for the magmatic activity
that generated the mid-Tertiary Coastal Magmatic
Bell may have also resulled in the late Oligocens
and early Miocene extension across the southemn
South American continental margin by inducing an
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episode of slab rollback and trench migration.

Jardan et af (in press) suggested other mech-
anisms that might have enabled the increased rate
of convergence o produce extension, including
increased flux of water into the inlraplate zone,
resulting in increased pore pressure at the base of
the overriding Seuth American lithosphere, which in
turn caused a decrease in the topographic slopa
(Davis et al, 1983), perhaps by extension, of the
forearc region. However, late Oligocene extension
occurred not only in the Andean forearc, but in the
Main Cordillera and back-arc region as well. Alterna-
tively, Jordan ef af. (in press) suggested that heating
of tha lithosphere, dus to the invigorated asthen-
aspheric circulation and the resulting magmatic
activity, could have caused uplift and extension
across the continental margin.

Whatevar the fundamental cause of late Olig-
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ocane extension across the southermn South Amer-
ican continental margin, what is significant is that
this extension was a transient event, as was the
magmatic activity which generated the mid-Terliary
Coastal Magmatic Belt. Extension began at es-
sentially the same time as the three-fold increase in
late Oligocene trench-normal convergence rate
between the Nazca and South Amencan plates, and
ended in the sarly to mid Miccene (Martinez and
Ping, 197%; S, Elgueta and J. Urqueta®; Jordan ot
al, in press). The sedimenls and voleanic rocks
deposited in the late Oligocene and early Miocens
basins west of, within, and east of the Main Cordille-
ra were subsequently deformed and uplified, pres-
umably due to compression associated with the
decrease in subduction angle that returned the
magmatic activity to its current locus in the Main
Caordillera (Fig. 8).
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