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Late Triassic detrital zircons in meta-turbidites of the Chonos
Metamorphic Complex, southern Chile

Francisco Hervé Depanamento de Geclogia, Universidad de Chile. Casilla 13518
Carrac 21, Santiago, Chile
ihrwe @ cec uchile.c!

C. Mark Fanning Research Sehool of Earth Sciences, The Australian Mational University.
Canberra, ACT 0200, Ausiralia

ABSTRACT

Sensitive High Resolution lon MicroProbe (SHAIMP) U-Pb age determinations of delrital zircons from metasandsiones
of the Chonce Metamorphic Complax reveal a significant population of Late Triassic ages. One of the samples is
immadiately underying the coquinacecus bed containing fossils which were initially identified as Late Silunan-Early
Devonian, and more recently as Late Triassic faunas. The zircon gata confirm the laller age as the deposibonal age of
the lossil beanng rocks, excluding completely the possibility of a Paleozoic depositional age. Similar U-Pb detrital zircon
ages are recorded in two other samples, ona of which was collacted in the vicinity of strata containing Lima sp., canfirming
that a Late Triassic depositional age is widespread in the Eastern belt of the Chonos Metamarphic Complox. Howaver,
in a fourth sample, the youngest delrital zircens are Carboniferous in age. Construction of the accrebionary prsm was thus
achive in the Late Triassic, and its melamorphism probably tock place during the Jurassic, in confrast with a previously
acceptad Late Paleoraic age.

Key words: Lale Triassic, U-Pb ages, Chonos Metamorphic Complex. Southem Chife,

RESUMEMN

Circones detriticos del Tridsico tardio en metaturbiditas del Complejo Metamarfico Chonos, sur
de Chile. Las edades U-Pb de circones delriticos, oblenidas con el SHRIMP en metareniscas del Compleje Metamorfico
da Chonos, ravelan una abundante poblacién da circones con adades carrespondientas al Tridsico Superior. Una da las
muesiras proviene del estrato que e ubica inmeadiatamente bajo la capa coguinacea con fosiles que inicialmente oros
autores asignaron al Sildrico Superior-Devénico Inferiorn, y recientemente al Trasico Supenor, Las edades de crcongs
detriticos concuerdan totalmenta con esta ditima, v aliminan |la posibilidad da una adad paleazoica de daposicion de las
rocas losiliferas. Otras dos muestras, una de las cuales proviene de las vecindades de un estrato que conticne Lima sp.,
dan resultados similares, lo que indica que esla edad de deposicdn bene ampha distnbuciin en la ranja onental del
Complejo Metamarfico de los Chonos, En cambio, en una cuarta muestra la edad mas joven de circones datriticos es
carbonifera. La construccion dal prisma de acrecidn estaba activa en el Tridsico Superior, y su metamorfismo tuve lugar,
probablemente, durante el Jurdsico, conrariamente a la edad paleczoica superior que se le asignaba hasla ahora,

Palabras ciaves: Tridsico tardio, Edadas U-Ph, Complejo Matamdicn Chonos, Sur de Chile
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INTRODUCTION

The Chonos Metamorphic Complex (CMC) is
part of an accretionary complex which crops out as
a continuous belt in the coastal area of Chile from
Pichilemu (34°S) to the Taitao Peninsula (47°5),
and discontinuously from there to the southernmost
hip of South America,

The time frame proposed for the evolution of the
low grade Chonos Metamorphic Complex { Davidson
el al., 1987), and for all the accretionary complex
(&.g.. Herva, 1988), has baen strongly influenced
by the identification by Miller and Sprechmann
{1978) of a Late Silurian-Early Devonian fossil
fauna in a cogquinaceous metaturbidite bed in the
southern end of Isla Patranca and in a small
unnamed islet & km to the norh. These fossiliferous
localities, unique within the whole complex, were
re-examined by Fang ef al. (1998) who identified
mare recently collected fossil specimens as a Late
Triassic Monolis species in lsla Patranca (named
Pofranca in Miller and Sprechmann, 1978) and
Lima sp., of a Permian to Triassic age range.

The Choneos Metamorphic Complex has been
stuched previously by Miller (1979) and Herve of al.
{1981). Detailed field and structural sludies led
Miller (1979) to recognize three strahigraphic units,
the Canal King, Potranca and Canal Pérez Sur
informal formations, interpretad ta be progressively
youngersuccessions, separaled by unconformities.
However, the three units share a commaon structural
grain, charactenzed by northwest trending fold axes
and stretching lineations. The fossil assemblages
noted above cccur in the middle Potranca formation,
which was assigned to the Late Silurian-Early
Devonian. It follows that the underlying Canal King
formation is older and that the overlying Ganal
Perez Sur formation i1s younger.

In an alternative view, Hervé of al. (1981)
distinguishes an Eastern belt* where primary sedi-
mentary struclures are praserved, which grades
into a Western belt where all primary struclures
have been lost due lo increasing deformation and
metamorphism. This interpraetation is based on hath
structural continuity and a progressive increase in
metamorphic grade from one belt to the other. The
Eastern belt is considered 1o have a Devonian
protholith, and be composed of the Patranca facies
and the Terasa facies, roughly equivalent to the
Patranca and Canal Pérez Sur formations of Miller
(1979}, respectively. Davidson et al (1987)
presented Hb-Srwhole rock ages of ca. 220 Ma on
slates from the Eastern belt which were interpreted
as the age of the D2 metamorphic episede in the
complex. They presented Rb-Sr arrarchron data on
the schists trom the Western belt of ca. 140 Ma and
ca. 168 Ma which they interpreted as indicating a
Jurassic ‘reaclivation’ of the subduction complex.

Willner at al. (2000) have shown that the
metamorphism withinthe Eastern beltof the Chonos
Metamorphic Complex ook place under peak P-T
conditions of 5.5 Khar and 250-280°C and 8-10
Kbar and 380-500"C in the Western belt. These
rather high P-T gradients are in accordance with a
subduction zone environment of metamorphism.

The purpose of this paper is to present the
results of SHRIMP U-Pb age determinations for
detrital zircons from rocks of the fossiliferous unit.
These resulls elucidate the contradiction betwaan
the two previously published paleontological age
interpretations and they establish constraints on the
age of deposition and metamorphism of the Potran-
ca formation in the Chonos Metamaorphic Complex

SAMPLES AND METHODOLOGY

Three metasedimentary rock samples of the
turbiditic unit (Potranca formation or Patranca fa-
cies of the Eastern bell) which contain the fos-
siliferous strata in the Chonos Metamorphic Complex

were collected for U-Th-Pb daling of zircon by
SHRIMP (Sensitive High Resclution lon MicroProbe)
at The Australian National University. An additional
metasedimentary rock from the Teresa lacies {Ca-

* The: terms Easlern and Wostern bells as used here should not be confused with the terms Weastern and Eastern Series, tarminalogy that
hasbeenthelormal nomenclatine sinee Aquine efal {1972), used with the aceretiona iy complex north of Chiloé and more recently by Martin

el at (1999), for rocks found betwean 38 and 41°5.
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nal Péarez Surformation ) was also analysed. Zircons
were separated using standard crushing, heawy
liguid and Frantz isodynamic methods. Grains from
the total zircon population were sprinkled onto
double sidedtape and castinan epoxy disk together
with the Duluth Gabbro reference zircon, AS3 (see
Paces and Miller, 1983). The ion microprobe
procedures used essentially follow those given in
Compston et al. (1992) and Williams (1998). The W/
Ph ratios have been calibrated relative to the AS3
zircons, which have an age of 1099 Ma (Paces and
Miller, 1993).0One spot was analyzed in each crystal,
unless specified in the tables by a number of the
form n.2, usually in the outer rim.

The age spectra of individual rock units can be
used o obtain an inferred maximum depositional
age of the onginal sedimants; the depositional age
can he no older than the youngest concordant U-Pb
zircon age. Where a number of analyses (from
different grains) have the same radiagenic ““Ph/* =L
ratios to within analytical uncerainty, weighted
mean ages have been calculated and those are
reported, with uncertainties given at the 35%
confidence level.

All samples analysed belong to the Eastern Belt
of the Chonos Matamorphic Complex. Their location
15 indicated in figure 1.

CE9603 is a metasandstone with L-tectenite
fabric reflecting the intersection of two cleavages in
narthwest direction. It was collected from a turbidite
succesion devoid of fossils.

FO9606 is a medium grained melasandstone
with convolute bedding. It was collected near the

southern end of Isla Patranca, from an horizon
immedialely underlying the coarse grained fossil
bearing coquinaceous bed from which Miller and
Sprechman (1978) and Fang ot al (1998) have
identified Late Silunan-Early Devoman and Late
Triassic fossils respectively. The coquinaceous bad
from this location shows clear indications of having
previously been sampled. The authors, therelore,
believe that this coguinaceous bed was samplad to
produce the Miller and Sprechman (1978) tossils,
and the authors know with absolute certainty that
this is the location desenbed in Fang el al. (1998}
since the material was collected by the senior
author. The contact between the metasandstone
sampled for this U-Pb zircon study and the
coquinaceous bed used for the fossil age
determinations is of narmal conformable
sedimentary nature.

CE962% 13 a low grade fine grained mela-
conglomerate collected in the islet where Lima sp.
was identified by Fang et all (1998). Continuous
slate beds form only 5% of the succesion, which s
mainly composed here by turbidites with sole marks.
dewatering structures, convolute bedding and nip
clasts of shale. The rocks are cleaved and have a
northwest lineation

FO96440 is a fine grained metasandstone from
the southeastern corner of Isla Yechica, where an
inverted succession of turbidites with interbedded
banded chers crops oul, Beds are typically 0.5 m
thick, bioturbated, and with a subhorizontal tectonic
larmination, axial planar lo EME folds cf the strati-
fication.

GEQCHRONOLOGICAL RESULTS

The SHAIMP U-Pb detrital zircon results for the
samples CE9G03, FO9606 and CES625 (Patranca
facies or Potranca formation) are presented in tables
1-4, p. 101-104 . The results for sample FO9840
(Teresa facies or Canal Pérer Sur formation) are
presented in table 4. The data are shown on the
Tera-Wasserburgdiagrams in figure 2, and on relative
probability plats in figure 3, respectively.

The three samples of the Potranca facies record
similar resulls, with a wide range ot ages. The age
specira are complex revealing multiple source
pravenance for the detrital zircon grains.

However, some commoen aspecls between the
samples can be highlighted:
+  Most of the zircons are igneous in origin, they
have euhedral lo subhedral outlines and catho-
doluminescence (CL) images of the sectioned grains
show well developed, simple magmatic zoning.
*  The youngest zircon analysis in each sample,
with isotopic ratios plotting within uncertainty of the
Tera-Wasserbug concordia, are ca. 210 Ma (212,
216 and 208 Ma, respectively). There are few
analyses which are younger, however these are
discordant and so the ages are nol considered 1o
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necessarily represent the time of crystalisation of
the zircons. The youngest concordant ages form a
grouping at ca. 220 Ma in all three samples,

+ Most (=80%) of the zircons analysed are
Paleozoic in age, and they show a complex dis-
tribution with age peaks (Figs. 1b, 2b, 3b) at ca. 280
Ma, at 330-350 Ma, at 400 Ma, with very few zircons
between 400 and 530 Ma, and a further peak at ca.
560 Ma.

* Praterozoic zircons are scarce, they are mainly
concentrated in the 1300-1600 Ma age range, and

are absent at 800+50 Ma.
« Cnly two Late Archean andfor Palcoproterozoic
zircons are present in one of the samples.

The results for sample FOE40 (from the Teresa
facies or Canal Pérez Sur formation) differ quite
substantialy from the above. The younger datefor
detrital zircons in this sample is 336+5 Ma (Early
Carboniferous), and the proportion of Proterozoic
grains is larger than in the three previous samples.
Two Archean grains are present.
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DISCUSSION AND CONCLUSIONS

The U-Ph SHRIMP zircon age data obtained in
this study strongly support the Late Triassic (Late
Norian) depositional age delermination made by
Fang et al. (1988) based on the study of fossils in
the Chanos Metamorphic Complex, andis in contra-
diction with the previously proposed Lale Silurian-
Early Devonian age by Miler and Sprechmann
(1978). The fact that three samples from the same
unit (the Potranca ormation or Patranca facies) of
the Chonos Metamorphic Complex show similar
minimum ageas indicates that the Late Triassic rocks
are extensive and not simply restricted to the fos-
siliferous localities.

The coincidence between the radicisotopic
zircon ages and the biostratigraphic depositional
ages (Gradstein and Ogg, 1996) is remarkable, and
probably indicates that active magmatism was
ocurring in the provenance arca of the turbidite
sequence during their deposition.

This provenance area is almost instinctively
looked for in Patagonia, to the east of the analysed
samples. However, in the Chilean slope of the
Andes, ignecus rocks of Late Triassic age are not
known, A few granitic bodies of Late Triassic age do
cxist in the North Patagonian Massit (Cingolani ot
al., 1992), hundreds of kilometers inland from the
location of the Chonos Archipelago. A Carboniferous
magmatic arc in the Lake District of Chile, was

exhumated and eroded provicusly 10 the Late
Triassic (Martin, 1999). Also, the Mesoproterozoic
and Lale Proterozoic zircons, might have come
from the presently covered basement of Patagonia.
or they may be far travelled grains coming from the
Mamagquan bells of southarn Africa, which was side
by side to Patagonia in the Late Triassic.

Another possible source area for the detrital
malerial is the Antarctic Peninsula (Fig. 4), whose
exact pasition in the Early Mesozoic is not well
known, but that in recent paleogeographic re-
constructions, is localed with ils northern tip near
the prasent latitude of the Golto de Penas (47°5)
(Lawver et al, 1998). Turbidites of Norian age in the
Trinity Peninsula Group oceur near the northern tip
of the Antarctic peninsula interbedded with acid
volcanic rocks in the Legoupil Formation (Thomson,
1975). Early Triassic turbidites occur in the Myers
Blufl Formation of Livingston Island (Willan el al..
1984). Various detrital zircon age population dia-
grams have been published by Laske et al (1985)
which give strong evidence for Carboniferous and
Late Proterozoic source regions.

The confirmation of the Late Triassic depositional
age for at least a significant part of the Chonos
Metamomphic Complex, implies that ils metamor-
phism took place during the Mesozoic or Genozoic.
However, this metamorphismwas probably Jurassic,
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FiG. 4. Par ol tha tight 1 palaogeagraphic raconstruction of Gondwana at 200 Ma (after Lawver & al., 1998), showing thal the prasent
logation of the Chonos Metamorphic Complexis just north o the tipol the Antarctic Penisula in the Triassic-Jurassic boundary imes
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as the Chonos Metamorphic Complex was intruded
by the Early Cretacecus compenents of the North
Patagoman Batholith (Pankhurst &f al., 1999), when
it had already acquired its main structural chara-
teristics. Also, Thomson ef al (2000) combining
some of the SHRIMP data presented here and Fission
Track age determinations conclude that the meta-
marphismin the CMC took place inthe Early Jurassic.
This allows a more confident interpretlation of he
Late Triassic to Jurassic Rb-Sr age data on rocks of
the same unit (in Hervé, 1988) as related 1o the
metamaorphism or Early diagenesis of the complex.

However, the struclurally homogenecus rock
units within this metamarphic complex are not neces-
sarily time-restricted depositionalunits, Forexample,
the metaturtidile from the Teresa facies (Davidson
et al., 1987) of the Eastern Belt has given a detrital
zircon age spectra which differs from those of the
Patranca facies, in that the younger concordant
zircon is 336 Ma, and the age versus probability
pattern is different. They may represent older
deposils.

The geographic and lithologic conbinuity of the
Chonos Metamorphic Complex with the Paleozoic
Metamaorphic Complex of the Coastal Range of
southcentral Chile and of the Chilog island must now
be considered carefully. The consequences of the
data presented herein lead to significant changes in
the interpreted age of deposition and metamorphism
of the so-called Paleozoic basament rocks thal
previously had been considered on the basis of
litholegical {structural and metamerphic) criteria to
form a simple single ‘basament’ package. Hecenl
waork by Duhart of all (1997, 1999); and by Martin et
al. (1999} in the Lake district of southern Chile, have
documentedthat the Western Senes of the paleozoc
metamorphic basement includes sedimentary
components younger than Early Permian, Thesc
same authors indicated that a regional cooling
between 220 and 250 Ma is registered in the meta-
morphic complex. and that it ook place after the
main deformation and matamorphic avent. Sollner
et al. (2000) reported the presence of Late Carbon-
iferous-Early Permian acid volcanic rocks in the
‘hasement’ near Puerto Maonit

The Late Triassic turbidites of the Chonos
Metamorphic complex dated here, are ime eguiva-
lent to the Panguipulli Formation of the lake distnct,
but the latter, which sits uncomformably aver the

metamarphic basement, has nol experienced the
high B/T metamorphism recorded in the CMC, So,
the studied rocks were involved in deep subduchion
during the Late Triassic-Early Jurassic, which took
place bencath the western continental margin of
Gondwana while the Panguipulli rocks remaincd on
the upper plate near the surace. Inthe Lake Hegion.
Martin of all {(1889) suggested that the Waestern
Series and the Late Carbonifcrous magmatic arc
were exposed aller the middle Permian to Middle
Triassic exhumation and that initial fransprassional
detormation of the subduction-are complex as-
sociated with an event of dextral oblique conver-
gence along the margin took place during the Late
Triassic-Early Jurassic. This scenario 15 based on
structural observations on the rocks of the Westem
Seres, and on previcus paleomagnetic studies
{Farsythe et al., 1887) indicating northward trans-
lation of portions of the Coast Range, now situated
near 30°5 during Late Trassic to Late Jurassic. 115
interesting to note here that starting in the Early
Jurassic, the Antarctic Peninsula migrated south-
ward, with a simistral movement along the margin of
Gondwana afterthe paleogecgraphic reconstruchions
(Scotese, 1997). The Chonos area is thus a portion
of the margin where continental margin parallcl|
strike slip movements dunng the Late Tnassic to
Early Jurassic seem 10 diverge, in a way similar to
what would be expected when the subduction of a
rise or indenler, beneath the continental margin
OCCUrS.

The oblique subduction which accurred in the
area (Martin et al, 1999) during the Late Triassic-
Early Jurassic, togethar with a low subduction angle,
could have resulted in the paucity of the produchon
of magmatic rocks observed during this interval.
The most conspicucus contemporaneous arc-like
igneous complex is the Sub-cordilleran bathalith
(Haller et al, 1999) in the eastorn slope of the
present Andes, which might be genelically related
to the subduction event giving rise to the Chonos
Metamorphic Complex.

It seems clear that the metamaorphic basement
of southern Chile certainly includes rocks varying
widely in ages of deposition and metamorphism,
which otherwise are very similar in structure and
metamorphic mineralogy, Precise dating of de-
position and metamaorphism is a needed basis for
understanding its evolution.
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