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mas, the original crystallisation age can be preserved in a
crystal core. A small domain of single zircon crystal can
be dated in-situ using a sensitive high-resolution ion-
microprobe (SHRIMP) (e.g., Compston et al., 1984; Black
et al., 1986) or laser ablation—inductively coupled plasma
mass spectrometry (LA-ICPMS) (e.g., Hirata and Nesbitt,
1995; Jackson et al., 2004; Kimura et al., 2011). The cor-
responding age distribution of zircons provides a finger-
print for the growth and recycling history of the conti-
nental crusts.

Goldstein et al. (1997) presented an age population
histogram for detrital zircon grains collected from the
outlet of the Orinoco River in South America, and dem-
onstrated that 49 SHRIMP U–Pb age fingerprints reveals
the evolutionary history of the crust exposed in the wa-
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This paper newly reports results of LA-ICPMS U–Pb dating for 282 zircon crystals separated from a Middle Miocene
adakite in Cerro Pampa, southern Argentine Patagonia. With the exception of one spot age, 174 of the U–Pb concordia
ages are markedly older (>94 Ma) than the cooling ages of the adakite magma (ca. 12 Ma). The presence of numerous
exotic zircon crystals indicates that the adakitic magma carries up information related to the crustal components during its
ascent through the entire crust underneath Cerro Pampa. The obtained concordia ages of exotic zircons, 94–1335 Ma, are
divisible into five groups having distinctive peaks on a population diagram. The first (94–125 Ma) and second age groups
(125–145 Ma) correspond to the age of plutonic activities that formed the main body of the South Patagonian Batholith.
The third to fifth groups respectively correspond to activities of the El Qumado-Ibañez volcanic complex (145–170 Ma),
plutonic rocks scarcely exposed in Central Patagonia (170–200 Ma), and the Eastern Andean metamorphic complex of
Late Paleozoic to Early Mesozoic ages (200–380 Ma). Our data suggest that the crust underneath Cerro Pampa was formed
mostly after 380 Ma, the majority forming during the Early Cretaceous to Middle Jurassic. The processes of crustal
development ceased for ca. 80 m.y. until the activity of the Cerro Pampa adakite in ca. 12 Ma. In contrast to the existence
of numerous Archaean–Palaeoproterozoic exotic zircons in Mesozoic plutonic rocks distributed in Andean Cordillera at
around 46°S, no evidence was found for Archaean–Paleoproterozoic crust on the Cerro Pampa region at 48°S. This evi-
dence suggests that two crusts must have aggregated along a boundary between 46°S and 48°S with the continental margin
of Gondwana during Late Paleozoic times, as part of the amalgamation of Pangea.
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INTRODUCTION

The episodic growth of the continental crust has been
increasingly clarified through studies of zircon, an ac-
cessory mineral found commonly in the rocks of conti-
nental crust such as granites, gneisses, and sandstones.
Zircon, which is fundamentally formed through granite
magmatism, is resistant against chemical, physical, and
thermal processes, and has suitable composition for U–
Pb dating. Even after metamorphism or capture by mag-
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tershed. Using LA-ICPMS, Rino et al. (2004) demon-
strated the episodic growth history of continental crust
of North America based on 874 spot ages of zircons sepa-
rated from sediments of the Mississippi River and the
Mackenzie River, and of South America based on 368
spot ages from the Amazon River. Such detrital zircon
studies provided fundamental views of the growth his-
tory of the continental crusts that have been exposed
worldwide. Nevertheless, the growth history of the en-
tire crust section has not been elucidated to date.

Adakitic magmas are presumably generated at depths
of ca. 70 km by dehydration-induced melting of oceanic
crust of young and hot subducted slab, leaving garnet-
bearing restite behind (e.g., Kay, 1978; Defant and
Drummond, 1990; Martin, 1999; Martin et al., 2005).

Adakitic magma might also form by partial melting in a
lower crust of garnet amphibolite to eclogite conditions
under strong control of H2O (Atherton and Petford, 1993).
Such an origin is realistic in the Central Andes, which is
up to 80 km thick in the Puna area, while the crust in
southern Patagonia, particularly in the Cerro Pampa area
examined in this study, is too thin to achieve garnet-in
conditions (Kay et al., 1993). Although the genesis of
adakitic magmas remains controversial, in broad terms,
most of them must have formed in or under the lowermost
continental crust and penetrated the entire crust. Conse-
quently, U–Pb age distribution of exotic zircons included
in adakite magmas might fingerprint the regional mag-
matic and metamorphic events involved in processes of
crustal growth and recycling.

This paper reports new LA-ICPMS U–Pb age data for
zircon xenocrysts included in the Middle-Miocene Cerro
Pampa adakite, Argentine Patagonia (Fig. 1) and presents
its U–Pb age distribution to discuss evolution of entire
section of continental crust underlying the volcano.

GEOLOGICAL SETTING

Adakite magmatism in Southern Patagonia and the Cerro
Pampa adakite

Adakitic magmatism occurs in Southern Patagonia,
forming a chain of active volcanoes of the Austral Vol-
canic Zone (AVZ: Kay et al., 1993; Stern and Killian,
1996) in the south of the Chile Triple Junction (CTJ),
where the spreading Chile ridge separating the Nazca and
Antarctic plates meets with and subducts underneath the
South American plate at 46.5°S. The ridge subduction
started at 14 Ma at ca. 50°S and continues to the present,
migrating the triple junction position northward (Cande
and Leslie, 1986; Ramos, 1989; Cahill and Isacks, 1992).
Another chain of volcanoes in Southern Volcanic Zone
(SVZ) extends to the north from the present CTJ, which
has arc andesitic to basaltic compositions (e.g., Stern,
2004; Shinjoe et al., 2013) with intervals between each
volcano closer than those of AVZ (Stern and Killian,
1996).

Close to the present CTJ, Late Miocene to Pliocene
granitoids partly having adakitic signature are exposed
on the Taitao Peninsula (e.g., Anma et al., 2006, 2009;
Anma and Orihashi, 2013; Kon et al., 2013) but no ac-
tive volcano is present along the mid-axis of the Andes
Cordillera between Hudson volcano in the southernmost
SVZ and Lautaro volcano in the northernmost AVZ
(Orihashi et al., 2004; Stern, 2004). This ca. 350 km long
volcanic gap is interpreted as a slab window linked to the
collision of the Chile ridge (Ramos and Kay, 1992;
Gorring et al., 1997). In the back-arc area of the volcanic
gap, three adakite bodies of hornblende dacite exist in
Santa Cruz Province, Argentina in the Middle Miocene,
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Fig. 1.  Schematic map of Patagonia province showing distri-
bution of Neogence back-arc volcanics and the location of ac-
tive continental arc-volcanoes (modified from Stern et al., 1990).
In addition, showing locations of three back-arc adakites (Cerro
Pampa, Puesto Nuevo and Chaitén), southern Argentine
Patagonia (Kay et al., 1993; Ramos et al., 1991, 2004). AVZ,
Austral Volcanic Zone; SVZ, South Volcanic Zone; CTJ, Chile
Triple Junction.
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i.e., the Cerro Pampa, Puesto Nuevo, and Chaitén adakites
(Fig. 1; Kay et al., 1993; Orihashi et al., 2003a; Ramos
et al., 2004). The occurrence of these adakites in the back-
arc area is of a great interest for tectonic setting of adakite
magmagenesis. Earlier reports suggest that an OIB-like
asthenospheric upwelling induced by slab window open-
ing caused slab heat-up, resulting in adakite magma gen-
eration (Ramos and Kay, 1992; Kay et al., 1993; Gorring
et al., 1997).

The Cerro Pampa adakite occurs at 47°54′ S, 71°23′
W at Estancia Cerro Pampa, near southeastern Laguna
del Asado in the northwest corner of Santa Cruz Prov-
ince, Argentine Patagonia, as first reported by Ramos et
al. (1991). The adakite body apparently forms a lava dome
standing out from the table mountain covered with basal-
tic lava flows of Late Miocene ages (8.7 Ma: see Supple-
mentary Table S1).

The Cerro Pampa adakite has high MgO, Ni, and Cr
contents and N-MORB-like isotope compositions based
on Sr–Nd–Pb isotope systematics in comparison with
other adakitic rocks (Martin, 1999), and is regarded as
being of “typical” slab melting origin (Kay et al., 1993).
To explain higher Ba, Th, and Cs concentrations as well
as more radiogenic Pb isotopes in the adakitic rocks, how-
ever, Kay et al. (1993) also noted that the adakitic magma
can be expected to experience a minor degree of upper
crustal contamination.

Kay et al. (1993) and Ramos et al. (2004) respectively
reported cooling ages of the Cerro Pampa adakite as 12.1
± 0.7 Ma and 12.0 ± 0.7 Ma using K–Ar method, and
11.39 ± 0.61 Ma using Ar–Ar technique. A fission-track
age was also obtained using zircon grains separated from
the Cerro Pampa adakite, the same sample used for this
study, to be yielding 11.9 ± 0.6 Ma (Motoki et al., 2003:
original data are shown in Supplementary Table S2).
Orihashi et al. (2003a) reported 30 U–Pb ages of the same
zircons. All were considerably older than the reported
cooling ages of magmas, except for one age. Therefore,
they concluded that the zircon grains are xenocrysts that
originated from the host rocks of the continent crust. We
use the same rock samples used by Motoki et al. (2003)
and Orihashi et al. (2003a) to conduct the present study.

Basement rock
Because pre-Tertiary basement rocks of the Cerro

Pampa’s surroundings are covered with the Miocene con-
tinental sediments (Santa Cruz Formation/Zeballos
Group) and the Neogene Patagonia Plateau lavas, and
subsequently with the Pleistocene glacial deposit, it is
difficult to observe the basement rocks on the field di-
rectly. Based on the regional geological maps (Kay et al.,
1993; Espinoza et al., 2010), however, the Mesozoic vol-
canic rocks (El Quemado-Ibañez volcanic complex) are
estimated to be distributed below the layers.

DATING APPARATUS AND ANALYTICAL METHOD

Zircons were extracted using the separation line of
Kyoto Fission Track Co. Ltd., Japan. Zircons were scarce.
A total of 282 grains were recovered from ca. 1.2 kg of
three adakite samples. The separated grains were mounted
in a Teflon sheet that was free of Pb, to allow dating of
grains smaller than the laser beam diameter.

The ICPMS used for this study was a Thermo Elemen-
tal PlasmaQuad3 (PQ3) installed at ERI, The University
of Tokyo. To obtain higher sensitivity, an S-option inter-
face (Hirata and Nesbitt, 1995) and VG CHICANE ion
lens (Hirata, 2000) were applied to the PQ3 instrument.
We used a frequency-quadrupled Nd-YAG UV laser (266
nm wavelength) for laser ablation. In 25 s ablation time,
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the system realized U–Pb dating with typical analytical
error of less than 6% (SD). The instrumental sensitivities
achieved by the present LA-ICPMS are 1.5–4.0 × 105 cps
for Pb and U on SRM610 (NIST) from a diameter of 30
µm pit size ablated by 10 Hz repetition rate with source
pulse energy of 0.2 mJ/spot. Details of the analytical pro-
cedure and age calculation were described in Orihashi et
al. (2003b, 2008). We used an ISOPLOT program
(Ludwig, 2001) for calculations of concordia and inter-
cept ages, statistics, and plots. When a calculated U–Pb
age has a concordia probability larger than 0.1, it is re-
garded as a concordia age and is regarded as representa-
tive of the age of the zircon crystallization.

RESULTS

Single crystal spot ages
In this study, a total of 437 spot ages were determined

from 282 grains including 30 spot ages reported previ-
ously by Orihashi et al. (2003a). Among the 437 238U–
206Pb ages, only two yielded Middle Miocene ages, and
plot onto the concordia curve (Fig. 2). Grain CP4-G037,
a 130-µm-long and 60-µm-wide crystal, has 17 Ma-old
rims (just one age plot on the concordia) and 76 Ma-old
core that is a discordant pseudo-age (Fig. 3). The dis-
cordant age might be attributable to Pb loss because of
multiple thermal events and/or contamination by common
Pb. The cathode luminescence image for this grain shows
no overgrowth structure. Therefore, the zircon grain CP4-
G037 did not undergo severe multiple thermal events, and
strong influence of common Pb was expected from some
inclusions in the zircon grain (e.g., apatite, monazite, melt
inclusion). Consequently, discordant ages are not useful

to discuss the evolution history of the continental crust
underneath the volcano. We neglect the discordant ages
from further discussion.

Among the 437 data, 175 spot ages obtained from 282
grains were classified to concordia ages (Fig. 2). Supple-
mentary Table S3 presents concordia ages obtained in the
current study. Except for the one Miocene age, they are
94–1335 Ma. Consequently, 174 data out of 175 concordia
ages were considerably older than the cooling ages of
magma (ca. 12 Ma).

Among the 282 measured crystals, 22 grains show
multiple concordant spot ages that differ between the core
and rim (Supplementary Table S4; Figs. 4c–k; 5), corre-
sponding respectively to igneous crystallisation and
overgrowth during later thermal events. Nine grains
achieving multiple spot analyses showed the same con-
cordant ages between the core and rim within probability
greater than 0.1 (Figs. 4a and 4b). Except for three grains,
all core ages presented in Table S4 were older than 150
Ma. Actually, 18 out of 22 grains yielded dual concordia
spot ages between the core and rim (Figs. 4c–4k) and
seven out of 22 rim ages were 94–145 Ma. The grains
CP1-G059 and CP4-G005 and G008 had similar ages of
104–119 Ma in rims whereas their core ages were 158–
345 Ma (Figs. 4d and 4e). The grains CP1-G008, G021,
G090, and CP4-G012 had a similar age of 130–139 Ma
in rims, although their core ages were 144–187 Ma (Figs.
4f and 4g). The other 11 grains were older than 150 Ma
both in the core and rim (Figs. 4h–k). Grains CP2-G027,
and CP4-G015, G040 and G055 yielded three different
concordia spot ages between the core and rim (Figs. 5a–
e). The grain CP2-G027 is a 140 µm-long and 70 µm-
wide crystal with two relic cores surrounded by rims with
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Fig. 4.  207Pb/235U vs. 206Pb/238U concordia plots for Cerro Pampa adakite zircon grains of a) CP1-G023 and b) CP4-G018,
having single U–Pb concordia age on the same grain, and c) CP1-G090, d) CP4-G008, e) CP4-G005, f) CP1-G008, g) CP1-
G021, h) CP2-G046, i) CP2-G042, j) CP2-G020 and k) CP4-G050, having dual U–Pb concordia ages on the same grain.
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Fig. 5.  207Pb/235U vs. 206Pb/238U concordia plots for Cerro Pampa adakite zircon grains of a) CP4-G140, b) CP4-G015, c) CP4-
G040, d) CP4-G055 and e) CP2-G027, having triple U–Pb concordia ages on the same grain. f) Cathode luminescence image for
CP2-G027.
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Fig. 6.  Age population histogram showing A) 238U–206Pb ages and B) U–Pb concordia ages for spot analyses of the exotic zircons
in the Cerro Pampa adakite. The obtained data in this study is divisible into five groups, i.e., the first age group: 94–125 Ma, the
second age group; 125–145 Ma, the third age group: 145–170 Ma, the fourth age group: 170–200 Ma, fifth age group: 200–383
Ma. The divided five age groups are correlated to C3 of South Patagonian Batholith (SPB; Hervé et al., 2007) in the first age
group, C2 and C1 of SPB in the second age group, El Quemado-Ibañez volcanic complex (QIVC; Bruhn et al., 1978; Hervé et al.,
2007; Pankhurst et al., 2000) in the third age group, Central Patagonian Batholith (CPB; Roland et al., 2002) in the fourth age
group, and Late Palaeozoic Granitoid (LPG) and the Eastern Andean metamorphic complex (EAM) (Bahlburg et al., 2009; Herve
et al., 2003) in the fifth age group. The data obtained by Orihashi et al. (2003a) are also included in the histogram. Symbol bars
in the bottom are as follows: Cerro Pampa adakite (CP), South Patagonian Batholith (SPG, subdivided into Palaeogene (PLE),
Cretaceous 1 (C1), Cretaceous 2 (C2), Cretaceous 3 (C3)), El Qumado-Ibañez volcanic complex (QIVC), Central Patagonian
Batholith (CPB), Late Palaeozoic Granitoid (LPG), Eastern Andean metamorphic complex (EAM) and Deseado Massif (DEM).
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igneous overgrowth texture (Fig. 5f). The ages were 675–
371 Ma. The grain CP4-G140 having four spot analyses
showed one old concordia age (181 Ma) from two spot
analyses, overlapping within probability larger than 0.1,
and two different young ages (133 and 151 Ma) (Fig. 5a).
From CP4-G015, G040 and G055 grains, three different
concordia ages were obtained, ranging from 147 Ma to
301 Ma (Figs. 5b–d). Among them, three rim and mantle
ages (175–198 Ma) and two core ages (295–301 Ma) over-
lapped respectively within analytical error. Consequently,
at least four independent zircon age populations, i.e., 147
Ma, 175–198 Ma, 222–238 Ma, and 263–301 Ma, were
identified with crystallization ages of 150–300 Ma.

With the exception of one Middle Miocene crystal,
all U–Pb concordia ages were significantly greater (>94
Ma) than the cooling ages of the adakite magma (ca. 12
Ma), whereas the FT age for the zircon crystals obtained
from the same studied sample yielded ca. 12 Ma. This
result has indicated that exotic zircon crystals were once
completely reset in the FT age system (the closure tem-
perature of ca. 250°C in zircon; Hurford, 1986) but not
reset in the U–Pb age system (the closure temperature of

ca. 900°C in zircon; Cherniak and Watson, 2000) when
the crystals were captured in the adakite magma. Conse-
quently, presence of the enormous exotic zircon crystals
was clearly incorporated during upwelling of the adakitic
magma through the entire crust in Cerro Pampa.

Age population histogram
The obtained concordia ages of exotic zircons, 94–

1335 Ma, are divisible into five groups having distinc-
tive distributions on an age population histogram (Fig.
6): 1) 94–125 Ma, 2) 125–145 Ma, 3) 145–170 Ma, 4)
170–200 Ma, and 5) 200–383 Ma. The fifth age group
has a broad distribution including the oldest age (1335
Ma). A calculation of relative probability (Fig. 7a) basi-
cally supports this classification, i.e., the first age group
centred on 108 Ma, the second age group centred on 141
Ma, the third age group centred on 155 Ma and the fourth
age group centred on 188 Ma. However, this diagram fur-
ther suggests that the first and fifth age groups are divis-
ible into two sub-groups centred on 94 Ma and 108 Ma,
and four sub-groups centred respectively on 207 Ma, 226
Ma, 292 Ma, and 358 Ma. Zircon grains with ages older
than 383 Ma are rare (5 out of 282 grains) and scattered
in a wide range (498–1335 Ma). A distinctive gap exists
in the age distribution of 498–383 Ma.

The third age group has the most remarkable and dis-
tinctive peak as well as distribution. The second and fourth
age groups also define a clear distribution on the age popu-
lation histogram, but are less significant than the third
age group. Peaks of the first age group are more signifi-
cant than those of the second and fourth age groups, but
the population is less significant than those.

DISCUSSION

Correlations of exotic zircon ages and the exposed crust
of Patagonia

As described above, we divided exotic zircon crystals
into five age groups: 1) 94–125 Ma, 2) 125–145 Ma, 3)
145–170 Ma, 4) 170–200 Ma, and 5) 200–383 Ma. The
first (94–125 Ma) and second age groups (125–145 Ma)
correspond to the age of plutonic activity that formed the
main body of the South Patagonian Batholith (SPB) that
is exposed in the west of the Cerro Pampa adakite. Hervé
et al. (2007) classified granitic rocks of the SPB into four
groups using their age distribution: Cretaceous 1 (137–
144 Ma), Cretaceous 2 (127–136 Ma), Cretaceous 3 (75–
126 Ma), and Palaeogene (40–67Ma). The first age group
of the Cerro Pampa zircon corresponds to the older part
of the Cretaceous 3. The second age group of the Cerro
Pampa zircon corresponds to the Cretaceous 1 and 2 ig-
neous activities of Hervé et al. (2007). No exotic zircon
with post-94 Ma concordia age was found from Cerro
Pampa adakite.

Fig. 7.  a) Cumulative probability curve for U–Pb concordia
ages of the entire zircon crystals included in the Cerro Pampa
adakite, shown using the ISOPLOT program (Ludwig, 2001).
The plot shows nine distinct peaks: 1-a (94 Ma) and 1-b (108
Ma) correlated to the first age group, 2 (141 Ma) correlated to
the second age group, 3 (155 Ma) correlated to the third age
group, 4 (188 Ma) correlated to the fourth age group, and 5-a
(207 Ma), 5-b (226 Ma), 5-c (292 Ma) and 5-d (358 Ma) corre-
lated to the fifth age group. b) Correlation of Th/U ratios and
U–Pb concordia ages for zircon crystals of the Cerro Pampa
adakite. Symbol bars shown at the bottom are the same as those
in Fig. 6.
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The third age group (145–170 Ma), which is the most
significant component of the Cerro Pampa zircons, cor-
responds to activities of El Quemado-Ibañez volcanic
complex (Bruhn et al., 1978; Hervé et al., 2007; Pankhurst
et al., 2000) that comprises the basement of the Cerro
Pampa adakite dome. El Quemado-Ibañez volcanic com-
plex can be correlated partly to the Chon Aike magmatism
(Pankhurst et al., 1998; Suárez et al., 2009) and the
Tobífera formation (Calderón et al., 2007), a voluminous
rhyolitic ignimbritic sequence deposited partly over the
Rocas Verdes Basin east of the SPB as well as the last of
several southwestward-migrating silicic volcanic episodes
in Patagonia that commenced in an Early Jurassic
extensional tectonic regime over the Atlantic coast (Hervé
et al., 2007). Hervé et al. (2007) also detected a volumi-
nous Late Jurassic bimodal body mainly composed of
leucogranite with some gabbro, emplaced along the east-
ern margin of present SPB at incipient stage of the for-
mation of SPB (157–145 Ma). Recently, a range of ages
similar to the third age group has also been found in the
North Patagonian Batholith further north from the Cerro
Pampa (Castro et al., 2011).

The fourth age group (170–200 Ma) might correspond
to gabbroic rocks, scarcely distributed in Central
Patagonia (e.g., Rolando et al., 2002) in the region to the
north of Cerro Pampa body. In this study, we expediently
define these plutonic rocks exposed in Central Patagonia
as Central Patagonian Batholiths. In addition, the fourth
age group was overlapped partly with eruption ages of
Marifil volcanic formation near the Atlantic margin (e.g.,
Pankhurst et al., 2000) in the region to the northeast of
Cerro Pampa body.

Focused on range of the above four age groups from
94 Ma to 200 Ma, each age group corresponds well to the
frequency of detrital zircons in Cretaceous sediments of
the Neuquén Basin, originating from the North Patagonian
Batholith, i.e., 105–125 Ma, 125–135 Ma, 160–175 Ma
and 175–200 Ma (Tunik et al., 2010). Moreover, the range
of the four age groups is confirmed not only by recent
data in different sections of the North Patagonian
Batholith (Castro et al., 2011), but also by the exhuma-
tion of these granitic rocks in the South Patagonian
Batholith, in the southernmost Patagonian Andes (Fildani
et al., 2003). These results show that the major magmatic
activity of the whole Patagonian Batholith occurs within
the range of 94–200 Ma.

The fifth age group (200–380 Ma) might correspond
to the Eastern Andean metamorphic complex of Late
Paleozoic to Early Mesozoic ages. The fifth age group is
divisble into four sub-groups centred on 207 Ma, 226 Ma,
292 Ma, and 358 Ma. The Eastern Andean metamorphic
complex contains detrital zircon crystals with SHRIMP
ages of 240–331 Ma (Hervé et al., 2003). Bahlburg et al.
(2009) reported age distribution of detrital zircons from

accretion complex in northern Chile (21°N–32°N) and
found the concentration of the youngest age group in 250–
350 Ma. In addition, this activity around 290 Ma was
detected also by Fanning et al. (2011) and was confirmed
as produced by a magmatic arc at these southern latitudes
(Ramos, 2008), suggesting the presence of Late Paleozoic
granite activity.

Zircons of detrital origin
Zircon grains with ages older than 383 Ma are rare (5

out of 282 grains) and scattered in a wide range (498–
1335 Ma). The absence of clear age peaks in this range
suggests that the zircon crystals originate from various
sources.

Pankhurst et al. (2003) reported Paleozoic igneous
activities (521–346 Ma) that formed the basement of the
Deseado Massif in southern Patagonia. Provenance ages
of detrital zircons in metasediments of the Deseado Mas-
sif were typical of materials available in the Gondwana
margin, with prominent components at 1000–1100 and
ca. 580 Ma (Pankhurst et al., 2003). A crust equivalent to
the Deseado Massif might be responsible for zircons older
than ca. 346 Ma of Cerro Pampa adakite.

Such old grains must be detrital grains that were trans-
ported and deposited in the sedimentary rocks of the East-
ern Andes metamorphic complex (Hervé et al., 2003). For
example, the grain CP2-G027 has a rounded shape and
cores of 587 ± 44 and 675 ± 50 Ma old surrounded by an
igneous rim of 371 ± 32 Ma. The grain must have once
been captured by Paleozoic granitic magma that formed
the basement of the Deseado massif. The rounded shape
of the grain and ablated igneous zoning texture (Fig. 5f)
reflect detrital processes that took place after igneous
overgrowth.

Zircon crystallised from a granitic magma generally
has high Th/U ratio, whereas a zircon formed by meta-
morphic process generally has a low Th/U ratio (e.g.,
Rubatto and Hermann, 2003; Whitehouse et al., 1999).
The diagram of Th/U vs. U–Pb concordia age (Fig. 7b)
shows that the presence of zircons having low Th/U ratio
(lower than 0.3) in a range of 270–390 Ma. The data CP4-
G051 have a low Th/U ratio (0.14) with age of 347 Ma.
This observation suggests metamorphic overgrowth of old
detrital zircons.

Evolution of the continental crust underneath the Cerro
Pampa adakite body

Zircon ages older than 383 Ma are rare (5/282 grains),
scattered in a wide range (498–1335 Ma) and extant in
detrital grains. Rolando et al. (2002) reported that
Mesozoic (191–82 Ma) plutonic rocks (gabbro and
granitoids) distributed at 45°S contain numerous igneous
zircons with Archaean to Paleoproterozoic ages (concen-
trated near 3.40–3.00, 2.75–2.50, and 2.15–1.95 Ga). They
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suggested the presence of Archaean to Paleoproterozoic
middle crust underlying the upper crust that consists of
the Ibañez volcanic complex and the Coyhaique group
(Middle Jurassic to Early Cretaceous ages). During this
study, no Paleoproterozoic or Archaean zircon was found.
Therefore,  we conclude that the Archaean to
Paleoproterozoic middle crust extending from the north
is not present at 48°S. The boundary between old South
American crusts and newly formed Patagonian crust must
lie between 45°S and 48°S. It is particularly interesting
that Rolando et al. (2002) did not find Neoproterozoic
and Paleozoic inherited zircons. In our study, all inher-
ited/detrital  zircon have ages younger than
Neoproterozoic. The two crusts might have completely
different tectonic histories and the crust to the south could
be the result of the accretion of a younger age crust to the
Gondwana margin, as proposed by Ramos (2008) and
Hervé et al. (2010).

The age distribution of exotic zircons in the Cerro
Pampa adakite indicates that the crust underneath the
adakitic volcano was formed mostly after 383 Ma. Most
zircons with age equivalent to or older than that of
Deseado massif (down to 346 Ma) are detrital in origin.
Consequently, the inception age could be even younger.
Hervé et al. (2003) reported that the Eastern Andean meta-
morphic complex contains detrital zircon of 240–331 Ma.
The inception of granitic plutonism (=zircon crystalliza-
tion) that produced new crusts underneath the Cerro
Pampa adakite could be as young as 240 Ma. Zircons
younger than 240 Ma are evidently of igneous origin and
reflect the evolution history of new continental crust (ca.
granitic plutonism) underneath the Cerro Pampa adakite.
The processes forming new continental crust of south
Patagonia might have started with Jurassic gabbroic
magmatism scarcely distributed in Central Patagonia (Ro-
lando et al., 2002) in the region to the north of Cerro
Pampa body. Subsequently to Gondwana break-up (ca.
184 Ma; Encarnacion et al ., 1996), vast rhyolitic
ignimbrites associated with melting of lower crust erupted
in the back-arc region of south Patagonia during the Early
to Late Jurassic (188–153 Ma) (Pankhurst et al., 2000).
Then, the new continental crust should also be formed
mainly along the Atlantic margin.

The third age group (145–170 Ma), the most impor-
tant, corresponds to activities of the El Quemado-Ibañez
volcanic complex (Hervé et al., 2007; Pankhurst et al.,
2000; Rolando et al., 2002), which comprises the base-
ment of the Cerro Pampa adakite. The El Quemado-Ibañez
volcanic complex consists mainly of volcanic and
volcaniclastic rocks of andesitic to dacitic compositions
that rarely contain zircon crystals. The relative abundance
of the third-age-group grains suggests the necessity of a
large granitic batholith below the Cerro Pampa adakite
that is contemporaneous to El Quemado-the Ibañez vol-

canic complex. Hervé et al. (2007) argued the presence
of a voluminous Late Jurassic leucogranite, emplaced
along the eastern margin of present SPB within a restricted
time span (157–145 Ma). The third age group has a me-
dian at ca. 155 Ma (Fig. 7a) and might relate to the crust
formed during the inception of SPB magmatism, i.e., Late
Jurassic arc-volcanism near the Pacific margin. Pankhurst
et al. (1998) also argued that subduction dynamics at the
Pacific margin have played an important role in the for-
mation of El Quemado-Ibañez volcanic complex based
on arc-related geochemical characteristics.

To explain the wide distribution of Late to Middle
Jurassic volcanic complexes in south Patagonia with
multiple events over ca. 30 m.y., however, it is also nec-
essary that decompression melting of immature lower
crust accompanied with crustal extension and thinning in
the tectonic region of Gondwana break-up (Pankhurst et
al., 2000). Whatever magmatism of the El Quemado-
Ibañez volcanic complex, such granitic batholith having
similar age activities to those of the North Patagonian
Batholith (Castro et al., 2011) reportedly underlie the
present upper crust of the El Quemado-Ibañez volcanic
complex beneath the Cerro Pampa because glassy vol-
canic rocks are well-known to include such large zircon
crystals separated in this study only rarely.

Hervé et al. (2007) also argued that the granitic plu-
tonic activity continued through the Cretaceous until the
Palaeogene (40–67 Ma) at present SPB. Our results indi-
cate that the processes forming the continental crust
ceased by 94 Ma in the west of the SPB until the activity
of the Cerro Pampa adakite in ca. 12 Ma. No evidence
for Palaeogene igneous activity was found in this study,
which means that the centre of Mesozoic to Palaeogene
plutonic activities migrated westward through time.
Thomson (2002) reported several Miocene plutonic in-
trusions along the western SPB. Consequently, regional
volcano-plutonic activities covering a large area that in-
cludes the forearc to backarc regions started in Miocene
times, perhaps associated with the collision of the Chile
ridge (e.g., Ramos and Kay, 1992; Kay et al., 1993;
Aragón et al., 2011).

CONCLUSIONS

This paper reports the results of U–Pb dating using
LA-ICPMS for 282 zircon crystals separated from a Mid-
dle Miocene adakite in Cerro Pampa, southern Argentine
Patagonia. Among 437 spot ages, 175 data fall onto the
concordia curve. With the exception of one spot age, all
U–Pb concordia ages are considerably older (>94 Ma)
than the cooling ages of the adakite magma (ca. 12 Ma).
Kay et al. (1993) attributed the origin of adakite magmas
to partial melting of subducted slab induced by an OIB-
like asthenospheric upwelling. Presence of exotic zircon
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crystals confirms the upper crustal contamination, which
is also consistent with the geochemical characteristics of
the adakites reported by Kay et al. (1993). The obtained
U–Pb age distribution further indicates that the magma
jumbled up the information related to crustal evolution
during its ascension through the entire crust beneath the
Cerro Pampa.

The obtained concordia ages of exotic zircons, 94–
1335 Ma, are divisible into five groups having distinc-
tive distributions and peaks on a population diagram and
a relative probability diagram. The first (94–125 Ma cen-
tred on 94 and 108 Ma) and second age groups (125–145
Ma centred on 141 Ma) correspond to the age of plutonic
activities that formed the main body of the South
Patagonian Batholith. The third to fifth groups respec-
tively correspond to the activity of El Quemado-Ibañez
volcanic complex (145–170 Ma centred on 155 Ma), plu-
tonic rocks are scarcely exposed mainly in Central
Patagonia (170–200 Ma centred on 188 Ma) and the East-
ern Andean metamorphic complex of Late Paleozoic to
Early Mesozoic age (200–380 Ma centred on 207 Ma,
226 Ma, 292 Ma and 358 Ma).

Our data suggest that the crust underneath Cerro
Pampa was formed mostly after 380 Ma and that the ma-
jority was formed during the Early Cretaceous to Middle
Jurassic. The processes of crustal development ceased for
ca. 80 m.y. until the activity of the Cerro Pampa adakite
in ca. 12 Ma. No evidence was found for Archaean–
Paleoproterozoic crust in the region, although existence
of numerous Archaean–Paleoproterozoic exotic zircons
in Mesozoic plutonic rocks distributed in Andean
Cordillera at around 46°S was reported by Rolando et al.
(2002). This speculation holds that two different crusts
aggregated along a boundary between 46°S and 48°S. The
timing must be on the growth of a hypothetical micro-
continental mass that collided with the continental mar-
gin of the Gondwana during Late Paleozoic times, as part
of the amalgamation of Pangaea (Hervé et al., 2010).

Consequently, U–Pb ages for exotic zircons in the
Cerro Pampa adakite provided insightful crustal informa-
tion even if granitic batholiths lie beneath the region. The
geochronological fingerprint based on numerous U–Pb
ages of exotic zircon crystals can clarify the entire evo-
lutional history of the crust underlying the adakite.
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