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ABSTRACT

U-Pb zircon data (secondary ion mass spectrometry [SIMS] and thermal ionization mass spectrometry [TIMS] analyses) from igneous rocks
with differing structural fabrics in the Sierra Norte de Cérdoba, western Argentina, suggest that the sedimentary, tectonic, and magmatic
history in this part of the Eastern Sierras Pampeanas spans the late Neoproterozoic-Early Cambrian. A deformed metarhyolite layer in meta-
clastic sedimentary rocks gives a crystallization age of 535 + 5 Ma, providing a limit on the timing of the onset of D, deformation and meta-
morphism. The new data coupled with published Neoproterozoic zircon dates from a rhyolite beneath the metaclastic section and detrital
zircon ages from the section indicate a late Neoproterozoic to Early Cambrian depositional age, making this section time equivalent with the
Puncoviscana Formation (sensu lato) of northwest Argentina. A synkinematic granite porphyry gives a crystallization age of 534 + 5 Ma, pro-
viding a limit on the age of dextral mylonitization in the Sierra Norte area (D, event). The new age is consistent with ages of 533 + 4 Ma from
a mylonitic granite with dextral sense-of-shear fabrics and 531 + 4 Ma from a late-synkinematic dacitic porphyry, which broadly indicates
the final age of dextral deformation. A crystallization age of zircons from the postkinematic, high-level ElTio granite (530 + 4 Ma) suggests
that both stages of Pampean deformation and regional metamorphism, accompanied by synkinematic intrusions, were followed by uplift
and took place during a very short time span in the Early Cambrian.This is supported by zircon dates of 523 + 5 Ma from a rhyolite to dacite
in the western part of the Rodeito area and dates from the undeformed El Escondido rhyolite and granite of 519 + 4 Ma and 521 + 4 Ma,
respectively. These three crystallization ages also indicate that ductile dextral shearing and mylonitization associated with the Pampean D,
event terminated in the Early Cambrian. Both stages of Pampean deformation in this segment of the western pre-Andean Gondwana margin
seem to represent a continuous event that can be related to oblique dextral convergence between the overriding plate in the east and the
subducting and finally colliding plate in the west. The postkinematic intrusions and extrusions are related to the late stage of the Pampean

magmatic history, which terminated before Early Ordovician (Famatinian) time.
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INTRODUCTION

The tectonic history of the Eastern Sierras
Pampeanas metamorphic complex in western
Argentina (Fig. 1) has been interpreted in two
fundamentally different ways. The first set of
models interprets the complex as a continental
terrane. This crustal fragment was referred to
as the allochthonous Pampean terrane (Ramos,
1988) or “Pampia” (e.g., Ramos, 1999; Ramos et
al., 2010), which collided with the western mar-
gin of Gondwana in Early Cambrian time (e.g.,
Rapela et al., 1998a, 2001; Baldo et al., 1999)
along a collision zone exposed in the Sierras
de Cérdoba in the easternmost part of the East-
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ern Sierras Pampeanas (Fig. 1). The interpreta-
tion of the Pampean terrane as a fragment of the
autochthonous Rio de la Plata craton that rifted
from the margin and subsequently collided
again (Rapela et al., 1998a, 2001; von Gosen et
al., 2002) has been excluded by the models of
Rapela et al. (2007) and Casquet et al. (2012).
Pampia has more recently been interpreted as a
cratonic fragment of Rodinia that collided with
the Rio de la Plata craton in the east (Ramos et
al., 2010, with references therein). As an alter-
native, it has been proposed that the continental
terrane, named MARA (Casquet et al., 2012),
consists of basement of Mesoproterozoic or
“Grenville” age and represents the Western Sier-
ras Pampeanas (Rapela et al., 2007; Casquet et
al., 2012). In this interpretation, the terrane col-
lided with the Eastern Sierras Pampeanas dur-
ing the Pampean orogeny (Casquet et al., 2012;

Iannizzotto et al., 2013). Similar models have
been proposed by Siegesmund et al. (2010) and
Escayola et al. (2011).

A second set of models suggests that contrac-
tional deformation, metamorphism, and magma-
tism recorded in the Eastern Sierras Pampeanas
metamorphic complex resulted from ridge sub-
duction and subsequent ridge collision (Simp-
son et al., 2003; Gromet et al., 2005; Schwartz
et al., 2008). Models that do not invoke collision
of a continental fragment (Simpson et al., 2003;
Whitmeyer and Simpson, 2004; Schwartz et al.,
2008) are supported by the lack of clear base-
ment rocks of the Rio de la Plata craton exposed
in the Sierras de Cérdoba. Paleoproterozoic zir-
con ages from drill cores in the central and south-
eastern Cordoba Province, east of the Sierras de
Coérdoba, provide the first definitive evidence
for the western extent of the Rio de la Plata cra-
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Figure 1. Geological map of the northwestern Argentine Andes showing main geotectonic units
(modified from von Gosen and Prozzi, 2009; and information in Verdecchia et al., 2007; de los Hoyos
et al., 2011; Larrovere et al., 2011). Frames show locations of maps of Figures 2 and 6 in the Sierra
Norte de Cérdoba and southern part of the Santiago del Estero Province.

tonic basement (Rapela et al., 2005, 2007). East-
or northeast-directed subduction led to wide-
spread arc-related magmatism and formation of
an accretionary prism in the western portion of
the complex (e.g., Northrup et al., 1998; Rapela
et al., 1998a), all of which were accreted to the
western Gondwana margin during contractional
Pampean deformation (e.g., Pifidn-Llamas and
Simpson, 2006; Steenken et al., 2011).

Schwartz and Gromet (2004) and Rapela
et al. (2007, 2011) proposed that the Rio de la
Plata craton was displaced along dextral shear
zones during or after the Pampean orogeny. In
this scenario, the craton did not represent the
western Gondwana margin in the Cérdoba area
before Pampean deformation. Verdecchia et al.
(2011) recently inferred that the Rio de la Plata
craton reached its present relative position dur-

ing the mid- to Late Cambrian, after the main
Pampean tectonothermal event, whereas lanniz-
zotto et al. (2013) proposed a strike-slip trans-
fer of the craton during dextral mylonitization in
the Early Cambrian.

A central factor in these tectonic models is
the inferred role of a thick clastic and mostly tur-
biditic sequence in northwest Argentina known
as the Puncoviscana Formation (sensu lato).
Deposition of the sequence comprises the late
Neoproterozoic—Early Cambrian interval (e.g.,
Acenolaza and Miller, 1982; Acefolaza, 2003;
Acefiolaza and Acefiolaza, 2005; Adams et al.,
2008, 2011; Escayola et al., 2011; Toselli et
al., 2012) before the Early Cambrian Pampean
orogeny and subsequent unconformable clas-
tic deposition of the Mesén Group in the early
Late Cambrian (Adams et al., 2011, with dis-
cussion therein). The Puncoviscana Forma-
tion succession grades into higher-grade meta-
morphic rocks to the south (e.g., Willner et al.,
1985; Willner and Miller, 1986; Acefolaza et al.,
1988; Willner, 1990). Metaclastic sequences in
the southern and southeastern parts of the East-
ern Sierras Pampeanas (e.g., Sierras de San Luis,
Sierras de Cérdoba; Fig. 1) have been interpreted
as time equivalents of this formation (e.g., Pro-
zzi and Ramos, 1988; Prozzi, 1990; Baldo et al.,
1996; Rapela et al., 1998a, 2007; von Gosen and
Prozzi, 1998; Sollner et al., 2000; von Gosen et
al., 2002; Schwartz and Gromet, 2004).

Deposition of the Puncoviscana Formation
sediments in a large approximately N-S—trending
basin was related either to the passive margin
of western Gondwana (e.g., Willner et al., 1987;
Acefiolaza et al., 1988; Rapela et al., 1998a; Pifidn-
Llamas and Simpson, 2006; Adams et al., 2008,
2011) or a foreland basin in front of the develop-
ing Pampean orogen in the east (e.g., Kraemer et
al., 1995; Keppie and Bahlburg, 1999; Zimmer-
mann, 2005). Escayola et al. (2011) proposed
that Puncoviscana Formation sediments older
than 530 Ma were deposited in the arc-trench gap
of the west-facing Pampean arc and/or the asso-
ciated trench, whereas sediments younger than
530 Ma were deposited in a syncollision fore-
land basin. In the model of Rapela et al. (2007),
the Neoproterozoic sediments represent a forearc
sequence along the proto-Pacific Gondwana mar-
gin, affected by dextral strike-slip displacement
at its eastern border, whereas deposition of the
Puncoviscana Formation in an aulacogenic basin
was proposed by Toselli et al. (2012).

In the northeastern continuation of the Sier-
ras de Cérdoba, the Sierra Norte de Cérdoba is
underlain by widely distributed granitoid intru-
sions (Fig. 1) commonly referred to as the Sierra
Norte—Ambargasta batholith. The intrusions are
thought to represent a calc-alkaline arc (e.g., Lira
et al., 1997) emplaced from ca. 555 to 525 Ma,
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with later peraluminous magmatism between ca.
525 and 515 Ma (Mir6 et al., 2005; Schwartz et
al., 2008). The magmatism was related to east-
directed subduction beneath the western Gond-
wana margin, perhaps the Rio de la Plata craton
(cf. Schwartz et al., 2008; von Gosen and Prozzi,
2010), and possibly combined with the approach
of the Pampean terrane in the west (e.g., von
Gosen and Prozzi, 2010). Subduction is inter-
preted as dextral oblique (von Gosen and Pro-
7zi, 2010), leading to final oblique collision (e.g.,
Rapela et al., 2007; Casquet et al., 2012) with
dextral transpressive kinematics (e.g., von Gosen
and Prozzi, 2010; Iannizzotto et al., 2013).

The Cambrian magmatic rocks are intruded
by Ordovician granitoids in the Sierra Norte
and Sierras de Cérdoba (e.g., Baldo et al., 1998;
Rapela et al., 1998a; Bonalumi and Baldo,
2002), which are related to the Famatinian mag-
matic arc in the western part of the Eastern Sier-
ras Pampeanas complex (Fig. 1). The Famatin-
ian continental arc (Pankhurst et al., 1998, 2000;
Dahlquist et al., 2008, 2013; Ducea et al., 2010)
is interpreted as the product of the Upper Cam-
brian-Middle Ordovician subduction beneath
the Eastern Sierras Pampeanas, and it was
demonstrably affected by compressive deforma-
tion and metamorphism during subsequent colli-
sion of the Cuyania (Precordillera) terrane (e.g.,
Pankhurst et al., 1998; Rapela et al., 1998c; von
Gosen and Prozzi, 1998, 2005¢; von Gosen et
al., 2002; Sato et al., 2003; Thomas and Astini,
2003; Astini and Ddvila, 2004; Gonzilez et al.,
2004; Ramos, 2004; Steenken et al., 2006).

Herein, we provide U-Pb zircon data from
magmatic rocks with different structural rela-
tionships to determine the timing of sedi-
mentation and different stages of compres-
sive deformation(s) and igneous activity in the
Sierra Norte de Cérdoba, representing the east-
ernmost segment of the Eastern Sierras Pam-
peanas close to or at the (unexposed) Rio de
la Plata craton as western pre-Andean Gond-
wana margin. The relationships define a con-
tinuum of partitioned contractional and dextral
deformation that affected clastic sedimen-
tary sequences deposited on this margin. The
new data allow regional correlation of strati-
graphic and deformational histories and greatly
strengthen earlier conclusions for the impor-
tance of dextral transpression during Pampean
orogenesis (von Gosen and Prozzi, 2010; Ian-
nizzotto et al., 2013).

GEOLOGIC SETTING

Intrusive rocks exposed in the Sierra Norte
de Cérdoba and their northern continuation in
the southernmost part of the Santiago del Estero
Province enclose thin N-S— to NE-SW-strik-

ing screens of low-grade metamorphic rocks
(Fig. 2) that represent relics of a former widely
distributed clastic sequence. The metaclastic
rocks have been extensively studied (Lucero,
1958, 1969; Methol, 1958; Quartino et al., 1978;
Lucero Michaut, 1979, 1981; Lucero Michaut
and Daziano, 1985, 1988; Llambias et al., 2003;
Martino et al., 2004; von Gosen and Prozzi,

2005b, 2009, 2010; von Gosen et al., 2009) and
either assigned a Proterozoic or Proterozoic—
early Paleozoic age (e.g., Lucero, 1958, 1969;
Lucero Michaut, 1979, 1981) or interpreted as
time equivalents of the Neoproterozoic—Early
Cambrian Puncoviscana Formation of north-
west Argentina (e.g., Llambias et al., 2003;
von Gosen and Prozzi, 2005b, 2009, 2010; von
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Figure 2. Geological map of the central parts of the Sierra Norte de Cérdoba (modified from von
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Gosen et al., 2009) with a southeastern extent in
the Sierras de Cérdoba (see previous section).
The metasedimentary rocks were assigned to
the La Lidia—Simbol Huasi Formation by Lucero
Michaut (1979) based on comparison with the
La Lidia Formation of Beder (1922). More
recent studies have shown that the sequence can
be separated into two different units associated
with acid meta-igneous rocks (e.g., von Gosen
and Prozzi, 2005a, 2005b, 2005d, 2009, 2010).
The Lower Unit, exposed in the La Lidia, Talay-
aco, and Agua del Rio areas (Fig. 2), consists of
thick metaconglomerate layers associated with
metasandstone, quartzite, and quartz schist inter-
layered with metarhyolite to metarhyodacite
volcanic units. The Upper Unit includes quartz-
ite and metasandstone, with minor metasiltstone
to mudstone, and some intercalated metarhyo-
lite to metadacite layers. Metaconglomerate in
the Upper Unit only occurs at Rodeito and west
and northwest of Simbol Huasi (Fig. 2). Minor
local metaconglomerate units were also found
in the El Tio and Cerro Resbaladero sections.
The clastic members of the Lower Unit have
been interpreted as a fluvial to alluvial-fan sec-
tion deposited in proximity to synsedimentary
normal faults (von Gosen and Prozzi, 2005b,
2005d, 2009). Deposition of the Upper Unit
presumably took place under continuing subsid-
ence. The entire succession is related to a pas-
sive-margin setting, most likely on the west-
ern margin of the Rio de la Plata craton (cf. von
Gosen and Prozzi, 2005b, 2005d, 2009, 2010;
Schwartz et al., 2008; von Gosen et al., 2009). A
metarhyolitic ignimbrite at the base of the sec-
tion in the La Lidia area gave a conventional
thermal ionization mass spectrometry (TIMS)
U-Pb zircon age of 584 +22/—14 Ma (Llambias
et al., 2003) that was considered to be the age
of crystallization by the authors. However, the
ignimbrite could have included different zircon
populations that might have led to a mixed age.
U-Pb secondary ionization mass spectrometry
(SIMS) dating of detrital zircons from a quartz-
ite gneiss in the southernmost part of the Sierra
Norte de Cérdoba suggests a 560 Ma maximum
age for deposition of its protolith (Iannizzotto et
al., 2013). Both dates point to a maximum Neo-
proterozoic depositional age for the clastic units.
The clastic succession was affected by at
least one compressive deformation event (D)
that led to folding and cleavage or foliation for-
mation. D, deformation is interpreted to record
strain partitioning with a dextral component
related to distinct shear zones (von Gosen and
Prozzi, 2010). The clastic units and magmatic
rocks that intrude them were locally deformed
during subsequent dextral shearing and
mylonitization (D, event: von Gosen and Pro-
zzi, 2010; see also Mird et al., 1999; Martino,

2003; Iannizzotto et al., 2011, 2013). Metamor-
phism accompanying deformation ranged from
subgreenschist- to lower-greenschist-facies con-
ditions. The metasedimentary rocks have also
been locally overprinted by contact metamor-
phism of variable grade and areal extent related
to intrusive events (e.g., Guereschi and Martino,
2002; Martino and Guereschi, 2005).

Many published ages from this area and the
adjacent southernmost part of the Santiago del
Estero Province in the north are based on K-Ar
and some Rb-Sr data that span the Neoprotero-
zoic-Silurian interval (e.g., Castellote, 1982,
1985a, 1985b; Rapela et al., 1991; Koukharsky
et al., 1999; Massabie et al., 2002; Millone et
al., 2003; overview in Leal et al., 2003). Sev-
eral U-Pb zircon ages from the Sierra Norte de
Coérdoba, however, give more precise time con-
straints (e.g., Rapela et al., 1998a, 1998b; Stu-
art-Smith et al., 1999; Leal et al., 2003; Llam-
bias et al., 2003; Mir6 et al., 2005; Schwartz et
al., 2008; Siegesmund et al., 2010; Iannizzotto
et al., 2011, 2013) and point to a short-lived
deformational and magmatic history. lanniz-
zotto et al. (2013) established an Early Cam-
brian age for dextral mylonitization in the south-
ernmost part of the Sierra Norte through U-Pb
zircon (SIMS) dating of the pre-/synmylonitic
Juan Garcia granodiorite (537 + 4 Ma) and post-
mylonitic Villa Albertina granite (530 = 4 Ma).

We present U-Pb zircon data from eight
magmatic rocks collected in the Sierra Norte de
Cérdoba, north of the Iannizzotto et al. (2013)
study area, in the context of their differing struc-
tural relationships with adjacent units. In the
text, we use the terms ‘“Pampean” (latest Neo-
proterozoic—mid-Cambrian) and “Famatinian”
(early-mid-Ordovician) for the two main oro-
genic events (Dahlquist et al., 2008, with refer-
ences therein). Concerning the assignments of
the isotopic dates, we have used the time scale
of Walker et al. (2012).

SAMPLE LOCATIONS

Samples for this study were collected at
localities identified during structural studies of
clastic metasedimentary rocks and their con-
tacts with extrusive and intrusive igneous rocks
in the Sierra Norte area and its continuation in
the southernmost part of the Santiago del Estero
Province (Fig. 2; von Gosen and Prozzi, 2009,
2010). The Lower Unit, exposed in the western
strip of the Agua del Rio occurrence (Fig. 3A),
includes vertical to overturned metaclastic rocks
intercalated with several layers of foliated meta-
rhyolite to metarhyodacite. The volcanic layers
are interpreted as flows and pyroclastic depos-
its rather than sills. A sample of massive red
metarhyolite with well-developed quartz phe-

nocrysts was taken from the northern portion of
the occurrence (CE-54D; Fig. 3A).

In the south, the Talayaco metaconglom-
erate of the Lower Unit is intruded by a gran-
ite that is widely exposed in the east (Fig. 3B).
Both the granite and the clastic succession to the
west experienced compressive deformation. The
metaconglomerate and enclosing quartz schist
are foliated and show an increase in deformation
toward the granite contact to the east. The gran-
ite at the contact is mylonitized and thrust west-
ward over the metaconglomerate, with a local
thin layer of mylonitized quartz schist within
the thrust zone. West-directed reverse faulting
was followed by dextral shearing, recorded by
granite mylonite also east of the thrust contact
(von Gosen and Prozzi, 2010). A sample was
collected from the dextral mylonitic granite for
U-Pb analysis (CE-56D; Fig. 3B).

The wide, NE-SW-trending strip of dex-
tral granite mylonites south of San Pedro Norte
(Fig. 2) is part of a long mylonite zone, which
was named “faja de deformacion Sauce Punco”
by Martino et al. (1999a, 1999b) and described
by Martino et al. (1999a, 1999b), Mir6 et al.
(1999), Martino (2003), and von Gosen and Pro-
zzi (2010). The deformation zone also contains
thin bands of mylonitized schist that are inter-
preted as parts of the La Lidia—Simbol Huasi
Formation (von Gosen and Prozzi, 2009). South
of San Pedro Norte (southwest of Santa Cruz),
the granite and schist mylonites are intruded
by a granite porphyry (Fig. 4; von Gosen and
Prozzi, 2010). At its western margin, the gran-
ite porphyry is affected by several subvertical,
meter-thick mylonite zones. Northeastern expo-
sures of the intrusion are either undeformed or
locally affected by a conjugate set of thin dextral
and sinistral shear zones. The shear zones die
out over a short distance along strike into mag-
matic fabrics. The eastern margin of the intru-
sion contains no evidence of ductile deforma-
tion. These observations suggest that the granite
porphyry intruded the mylonite zone during
dextral shearing and was affected only by the
final stage of the overall dextral mylonitiza-
tion (von Gosen and Prozzi, 2010). Prekine-
matic emplacement for the intrusion is ruled
out because it is not penetratively foliated and is
discordant to the mylonite foliation in the coun-
try rocks at its northern margin. A sample of the
synkinematic intrusion was collected east of the
mylonite zone that marks the western contact of
the intrusion against the mylonitized schist (CR-
49D; Fig. 4).

Subvertical to slightly overturned metaclas-
tic rocks of the Lower Unit intercalated with acid
meta-igneous layers in the Agua del Rio area are
intruded by a coarse-grained, amphibole-bear-
ing dacite porphyry (Fig. 3A). The country rocks
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map is indicated in Figure 2. Location of sample
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were foliated and rotated into the subvertical
position before emplacement of the intrusion,
and the porphyry is locally dextrally sheared
at its eastern intrusive margin (von Gosen and
Prozzi, 2010). Thus, the emplacement proba-
bly took place during the final stage of Pampean
compressive deformation. Minor deformation
at its eastern contact indicates that intrusion of
the porphyry was late synkinematic with shear-
ing active during cooling. A sample of the dacite
porphyry was taken in the northern part of the
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Figure 5. (A) Sketch map of the lithology in the central part of the Rodeito occurrence of clastic
metasedimentary and acid magmatic rocks. Map is based on our field work. (B) Geological map
of the ElTio area, modified from von Gosen and Prozzi (2010). (C) Geological sketch map of the El
Escondido occurrence west of Villa Ojo de Agua (Santiago del Estero), based on our own field work.
In the maps, the sample locations are shown. For locations of maps A and B, see Figure 2; location
of map C is shown in Figure 6.

ferent sizes. Chilled margins occur at the xeno-
lith contacts, suggesting a high level of granite
intrusion with brittle fracturing of the crust (von
Gosen and Prozzi, 2010). The intrusion produced
contact metamorphism of the deformed country
rocks. The granite was not ductilely deformed.
A sample was collected from the intrusion near
its southern contact with the metaclastic country
rocks (CE-66D; Fig. 5B).

Folded and cleaved rocks of the approxi-
mately NNE-SSW-striking metaclastic succes-
sion in the Rodeito area (Fig. 2) are intruded by
a hypabyssal rhyolite to dacite. The intrusion
also cuts the thin layer of the Rodeito metacon-
glomerate. A sample of the intrusion was col-
lected just west of the metaconglomerate (CD-
22D; Fig. 5A).

The small El Escondido occurrence of clas-
tic rocks in the southernmost Santiago del Estero
Province (Fig. 1) lies in a morphological depres-
sion between the Sierra de Ambargasta to the
west and Sierra de Sumampa to the east (Fig. 6).
The El Escondido Formation sandstones and
conglomerates record synsedimentary folding
but are not ductilely deformed (Martino, 2004;
von Gosen et al., 2005). They are entirely dif-
ferent from the low-grade clastic rocks in the
Sierra Norte de Cérdoba, hornfelses in the La
Clemira area, and medium-grade metamorphic
rocks of the Pozo del Macho Formation (Cas-
tellote, 1985b) and equivalents in the east and
southeast. The clastic rocks depositionally over-
lie a basal rhyolite in the El Escondido area. The
rhyolite is intruded by a granite that does not
cut but appears as angular clasts in the overly-
ing sedimentary rocks of the El Escondido For-
mation (Fig. 5C; Martino, 2004; von Gosen et
al., 2005). A sample was taken from the unde-
formed rhyolite beneath the El Escondido For-
mation sedimentary rocks (CD-7D). A sam-
ple of the El Escondido granite was analyzed
to obtain a maximum age for the El Escondido
clastic deposits and a minimum age for the Pam-
pean igneous history (CD-8D; Fig. 5C).

DESCRIPTIONS AND AGES OF THE
ZIRCONS

Zircons for this study were analyzed as frac-
tions of one to three grains using the thermal
ionization mass spectrometry (TIMS) method
and/or by the secondary ionization mass spec-
trometry (SIMS) method. SIMS analyses were
employed on samples analyzed by the TIMS
method to help resolve problems associated with
inheritance and Pb loss. The sample preparation
and analytical procedures for each method are
summarized in Appendixes 1-3. The results of
the SIMS analyses are shown in Table 1. The
results of the TIMS analyses are presented in
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bolite, migmatite (Pozo del
Macho Fm. and equivalents)

Late Proterozoic - Cambrian [

Table DR1 and Figures DR1-DR3." Although
the TIMS results are not extensively discussed
in the text, the data are presented because
they provide insight into the complex zircons
observed in these samples, demonstrate some
of the undetected problems with other published
data, and provide a rationale for integrated
SIMS and chemical-abrasion TIMS (Mattinson,
2005) analysis in future work. Rare earth ele-
ment (REE) data collected simultaneously with

'GSA Data Repository Item 2014169, Table DR1 and
Figures DR1to DR3, thermal ionization mass spectrom-
etry data, is available at www.geosociety.org/pubs
/ft2014.htm, or on request from editing@geosociety
.org, Documents Secretary, GSA, P.0. Box 9140, Boul-
der, CO 80301-9140, USA.

the SIMS U-Pb analyses help to distinguish dis-
turbed and undisturbed zircon populations and
are presented in Table 2. The age results provide
time markers for the sedimentary, tectonic, and
igneous histories in this easternmost part of the
Eastern Sierras Pampeanas unit.

The zircon crystals analyzed from the meta-
rhyolite of the Agua del Rio occurrence (CE-
54D) are middle to long prismatic, colorless
clear, or have a slight honey-like color. Grains
show clear oscillatory growth zoning with some
inherited cores, opaque inclusions, and zones
of resorption/recrystallization (Fig. 7A). SIMS
analysis of oscillatory zoned domains gave
27Pb-corrected 2*Pb/>8U ages ranging from 495
to 546 Ma. Assuming the younger ages reflect
Pb loss, as is demonstrated by the TIMS data for

this sample (Fig. DR1 [see footnote 1]), 7 of 12
zircon analyses give a concordia age of 535 =5
Ma (Fig. 7B), which is interpreted as the crystal-
lization age of the metarhyolite. The light REE
elements (LREEs) are variable for three of the
analyses (Fig. 8A), but there is little correlation
of REE disturbance with observed U-Pb age.

The analyzed zircons from the granite
mylonite at Talayaco (CE-56D) are short pris-
matic, partly isometric, and colorless to pale
white. In cathodoluminescence (CL) images,
the grains are oscillatory zoned with occasional
cores (Fig. 9A). The SIMS results gave *’Pb-
corrected 2*Pb/*%U ages ranging from 478
to 547 Ma. The LREEs in roughly half of the
grains are elevated (Fig. 8B), indicating modifi-
cation of the original igneous signature by alter-
ation. The disturbed REE patterns are associated
with younger 2*Pb/**U ages. Assuming discor-
dance is due to Pb loss, the oldest nine analyses
give a concordia age of 533 + 4 Ma (Fig. 9B).

The granite porphyry sample CR-49D has
colorless short prismatic to elongate zircons
with oscillatory zoned mantles that surround
either similarly zoned cores or obvious cores
with irregular zoning patterns (Fig. 10A) that
might be related to rapid growth in the melt.
Thin (5-20 um) CL-dark, higher-U rims are
present on roughly half of the grains. Single-
grain TIMS analyses demonstrate significant
Pb loss (Fig. DR2 [see footnote 1]), whereas
the SIMS data show complexities of combined
inheritance and Pb loss (Fig. 10B). SIMS analy-
ses from domains that have suffered Pb loss are
generally associated with elevated LREE pat-
terns (Fig. 8C). Excluding older inherited cores
and younger ages associated with disturbed
REE concentrations, 6 of 16 analyses provide
a weighted mean 2°Pb/?*U age of 534 + 5 Ma
(Fig. 10B). We interpret this date as the age of
zircon crystallization.

Zircons from the Agua del Rio dacitic por-
phyry (CE-55D) yielded stubby to elongate,
prismatic, colorless zircons with opaque and
colorless inclusions common and no obvious
cores (Fig. 11A). The grains have well-devel-
oped oscillatory zoning, with thick (10-30
wm) CL-dark, higher-U rims common. SIMS
analyses targeting uniform oscillatory zoned
domains, including the higher-U rims, have uni-
form REE patterns (Fig. 8D), and 15 of 16 U-Pb
analyses give a concordia age of 531 + 4 Ma
(Fig. 11B). One younger SIMS analysis and the
scatter observed in the TIMS data (Fig. DR3
[see footnote 1]) are attributed to Pb loss.

The colorless clear zircons from the EIl
Tio granite (CE-66D) are subequant to elon-
gate, euhedral, and oscillatory zoned grains
(Fig. 12A). Most grains have CL-dark, higher-U
rims, and a minor subset of the population shows
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TABLE 1. SECONDARY IONIZATION MASS SPECTOMETRY (SIMS) U-Pb GEOCHRONOLOGIC DATA AND APPARENT AGES

Spott CLt U Th Th/U 00pp*s  f205pp § 238 /200ppk 207Pp/206pp# 206P /238 J** 207Pp/206pPh
(ppm)  (ppm) (ppm) (Ma) (Ma)
Sample CE-54D
1.1 om 490 232 0.49 36 0.13 11.624 (1.1) .05908 (1.0) 531 (6)
2.1 om 414 187 0.47 31 0.03 11.663 (1.1) .05822 (1.2) 530 (6)
3.1 om 297 142 0.49 22 0.01 11.620 (1.0) .05814 (1.4) 532 (5)
41 om 495 273 0.57 38 0.02 11.312 (0.9) .05860 (1.0 546 (5)
5.1 om 398 209 0.54 29 0.09 11.907 (1.0) .05847 (1.2) 519 (5)
6.1 om 114 44 0.40 9 <0.01 11421 (1.1)  .05755 2.1) 542 (6)
71 c 176 130 0.77 13 0.45 11.306 (1.1) .06204 (1.7) 544 (6)
8.1 c 111 72 0.68 8 0.35 12.499 (1.2) .05992 (2.2) 495 (6)
9.1 om 309 163 0.55 22 <0.01 12.161 (1.0) .05640 (1.4) 510 (5)
10.1 om 240 113 0.49 18 <0.01 11.616 (1.0) .05670 (1.5) 533 (5)
11.1 c 171 82 0.50 13 <0.01 11.607 (1.1) .05685 (1.7) 534 (6)
121 om 243 127 0.54 17 0.14 12.075 (1.0) .05869 (1.5) 512 (5)
Sample CE-56D
11 r 410 142 0.36 29 0.30 12.008 (0.9) .06007 (1.1) 514 (5)
21 c 432 123 0.29 32 0.08 11.637 (0.9) .05866 (1.6) 531 (5)
3.1 om 304 158 0.54 23 0.15 11.597 (0.9) .05929 (1.3) 532 (5)
4.1 c 811 309 0.39 60 0.06 11.687 (0.8) .05843 (0.8) 529 (4)
5.1 c 779 404 0.54 56 0.36 11.905 (0.9) .06060 (0.9) 518 (4)
6.1 c 202 151 0.77 13 0.36 12.954 (1.0 .05955 (1.7) 478 (5)
71 c 204 77 0.39 14 0.30 12.169 (1.0) .05987 1.7) 508 (5)
8.1 om 777 591 0.79 56 0.06 11.888 (0.9) .05826 (0.9) 520 (4)
9.1 om 1063 410 0.40 77 0.07 11.787  (0.8) .05847 (0.7) 525 (4)
10.1 c 1049 338 0.33 76 0.20 11.887 (0.8) .05936 (0.7) 520 (4)
1.1 om 304 141 0.48 22 0.14 11.913  (0.9) .05888 (1.2) 519 (5)
121 c 285 168 0.61 21 <0.01 11.422 (0.9) .05772 (1.2) 541 (5)
13.1 c 557 283 0.52 41 0.05 11.707 (0.9) .05835 (1.1) 528 (4)
141 c 197 95 0.50 15 <0.01 11.310 (1.0) .05790 (1.5) 547 (5)
15.1 om 1003 415 0.43 74 0.07 11.652 (0.8) .05855 (0.7) 530 (4)
16.1 c 576 184 0.33 42 0.06 11.738 (0.9) .05841 (0.9) 527 (5)
Sample CR-49D
1.1 c 134 57 0.44 10 0.03 11.441 1.1) .05853 (1.8) 540 (6)
2.1 c 260 67 0.27 15 1.56 15157  (1.0) 06747 (1.9) 406 (4)
3.1 om 195 76 0.40 14 <0.01 11.742 (1.0 05743 (1.5) 527 (5)
4.1 om 214 111 0.54 16 0.09 11.351  (1.0)  .05910 (1.4) 544 (5)
5.1 om 142 54 0.39 11 0.13 11.468 (1.1) .05931 (1.7) 538 (6)
6.1 c 333 86 0.27 60 0.04 4.805 (0.9) .08121 (0.7) 1218 (17) 1231 (13)
71 om 185 94 0.52 14 0.08 11.739 (1.0 .05857 (1.5) 527 (5)
8.1 om 312 253 0.84 17 1.50 15.459 (0.9) .06674 (1.2) 398 (4)
9.1 om 194 67 0.36 12 1.84 13.350 (1.0) .07108 (1.4) 457 (5)
10.1 om 194 119 0.64 14 0.08 11.624  (1.0)  .05872 (1.5) 532 (5)
11 r 521 81 0.16 36 1.52 12.267 (0.9) .06952 (1.1) 498 (4)
12.1 r 1028 342 0.34 40 4.70 21934  (0.8)  .08941 (0.9) 274 @)
13.1 r 247 252 1.05 18 0.27 11.823 (1.0) .06000 (1.3) 522 (5)
141 c 200 184 0.95 16 1.00 10.569 (1.0) .06746 (1.5) 577 (6)
15.1 c 21 14 0.67 3 10.09 6.166 (4.9) .15208 (7.5) 877 (44)
16.1 c 3023 593 0.20 84 16.27 30.751 (0.9) 17931 (6.1) 173 (3)
Sample CE-55D
1.1 om 148 102 0.71 1 0.05 11.70 1.1) .05835 (1.9) 529 (6)
21 om 229 157 0.71 17 <0.01 11.64 (1.0) .05751 (1.6) 532 (5)
3.1 om 129 82 0.66 9 0.43 12.37 (1.1) .06066 (2.0 499 (5)
41 c 164 156 0.99 12 0.15 11.75 (1.1) .05909 (1.8) 526 (5)
5.1 om 214 108 0.52 16 <0.01 11.51 (1.0) .05729 (1.6) 538 (5)
6.1 om 174 100 0.59 13 0.06 11.73 (1.0 .05844 (1.8) 527 (5)
71 c 168 133 0.82 12 0.12 11.94 (1.1) .05866 (1.8) 518 (5)
8.1 c 91 78 0.89 7 <0.01 11.45 (1.2) .05781 (2.5) 540 7)
9.1 om 165 105 0.66 12 0.14 11.71 (1.1) .05907 (1.8) 527 (5)
10.1 c 132 66 0.51 10 <0.01 11.82 (1.2) .05570 (2.6) 525 (6)
10.2 r 297 138 0.48 22 <0.01 1.77 (1.0)  .05611 (2.1) 527 (5)
1.1 c 273 188 0.71 20 0.04 11.49 (1.0) .05854 (1.3) 538 (5)
12.1 om 143 108 0.78 11 <0.01 11.63 (1.1) 05747  (2.5) 532 (6)
13.1 om 257 107 0.43 19 <0.01 11.57 (1.0)  .05805  (1.4) 535 (5)
141 c 101 72 0.74 7 <0.01 11.70 (1.2) .05644 (2.2) 530 (6)
15.1 c 285 195 0.71 21 0.01 11.72 (1.0) .05807 (1.2) 528 (5)
Sample CE-66D
1.1 om 278 94 0.35 20 <0.01 11.703 (1.0) .05785 (1.5) 529 (5)
2.1 om 559 257 0.47 4 <0.01 11.587 (1.0) .05793 (1.1) 534 (5)
3.1 r 232 91 0.41 18 <0.01 11.340 1.1) .05841 (1.6) 545 (6)
4.1 om 126 55 0.45 9 0.20 11.785 (1.2)  .05951 (2.1) 524 (6)

(continued)
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TABLE 1. SECONDARY IONIZATION MASS SPECTOMETRY (SIMS) U-Pb GEOCHRONOLOGIC DATA AND APPARENT AGES (continued)

Spott CLt U Th Th/U 206pp*s  f206phs  238/206Ppk 207Pp/206Pp# 206Ppy/238** 207Pp/206Ph
(ppm)  (ppm) (ppm) (Ma) (Ma)
Sample CE-66D
5.1 om 188 65 0.36 14 <0.01 11.498 (1.0) .05811 (1.7) 538 (6)
6.1 om 284 124 0.45 22 <0.01 11.076 (1.0) .05825 (1.3) 558 (5)
7.1 om 318 140 0.45 24 <0.01 11.295 (1.0)  .05753  (1.3) 547 (5)
8.1 om 751 242 0.33 56 0.25 11.599 (0.9) .06013 (0.8) 532 (5)
9.1 om 337 118 0.36 25 <0.01 11.803 (1.0) .05696 (1.2) 525 (5)
10.1 om 712 100 0.15 11 10.07 53.485 (1.0) .12818 (1.0) 107 (1)
11.1 c 286 175 0.63 21 <0.01 11.577 (1.0) .05674 (1.3) 535 (5)
121 om 157 59 0.39 12 0.05 10.978 (1.1) .05923 1.7) 562 (6)
Sample CD-22D
1.1 c 182 139 0.79 13 0.01 11.640 (1.0) .05812 (1.5) 531 (5)
2.1 om 166 93 0.58 12 <0.01 11.670 (1.0 .05757 (1.8) 530 (5)
3.1 c 118 61 0.54 9 0.13 11.897  (1.1) .05880 (2.1) 520 (6)
4.1 om 218 104 0.49 16 0.20 11598  (1.0)  .05970 (1.6) 532 (5)
5.1 c 120 98 0.85 9 0.22 11.863 (1.2) .05955 (2.2) 521 (6)
6.1 c 86 53 0.64 6 <0.01 11.708 (1.2) .05732 (2.5) 529 (6)
71 r 293 162 0.57 21 0.32 12.076 (0.9) .06013 (1.3) 511 (5)
7.2 c 162 104 0.66 12 0.34 12.044 (1.1) .06033 (1.8) 512 (6)
8.1 om 252 153 0.63 19 0.31 11.556 (1.0) .06064 (1.5) 533 (5)
9.1 c 460 295 0.66 33 1.33 11.944 (0.9) .06834 (1.0 512 (4)
9.2 r 752 764 1.05 43 6.04 14.882 (0.8) .10339 (0.9) 395 (3)
10.1 c 165 148 0.93 12 0.05 11.704 (1.1) .05835 (1.9) 528 (5)
11.1 c 156 87 0.58 12 0.34 11.445 (1.1) .06099 (1.8) 538 (6)
12.1 c 209 130 0.64 16 0.22 11.177 (1.0) .06034 (1.7) 551 (6)
13.1 c 90 74 0.85 7 <0.01 11.743 (1.4) .05727 (2.4) 527 (7)
14.1 om 423 221 0.54 32 0.28 11.390 (1.0) .06060 (1.1) 541 (5)
15.1 c 222 128 0.60 14 1.47 13.927 (1.0) .06760 (1.4) 441 (4)
16.1 c 167 91 0.56 13 <0.01 11.431 (1.1) .05797 (1.7) 541 (6)
Sample CD-7D
1.1 om 408 455 1.15 29 0.07 11.892 (0.9) .05833 (1.2) 520 (5)
21 om 385 93 0.25 28 0.22 11.891 (0.9 .05952 (1.2) 519 (5)
22 c 550 218 0.41 38 0.43 12.289 (0.9 .06079 (1.0 502 (4)
3.1 r 3869 514 0.14 68 17.02 48.827 (0.8) .18338 (0.5) 109 (1)
3.2 c 172 100 0.60 13 0.04 11.786 (1.1) .05817 (1.9) 525 (5)
4.1 r 1491 189 0.13 65 3.40 19.786 (0.8) .07985 (1.2) 307 (3)
5.1 om 350 155 0.46 25 0.25 12.123 (1.2) .05950 (1.3) 510 (6)
6.1 r 1966 806 0.42 80 8.60 21.176 (0.8) .12065 (0.9) 272 2)
6.2 c 83 112 1.40 6 0.34 11.898 (1.3) .06047 (4.8) 519 (7)
71 om 674 185 0.28 36 2.33 15.963 (0.9) .07307 (0.9) 383 (3)
8.1 om 158 128 0.84 12 <0.01 11.754  (1.1)  .05681 (2.9) 527 (6)
9.1 c 204 189 0.96 14 0.55 12.473 (1.0) .06153 (1.6) 495 (5)
10.1 r 886 125 0.15 38 5.75 20.267 (0.9) .09835 (1.0) 293 (3)
10.2 om 511 108 0.22 36 0.84 12.301 (0.9) .06403 (1.1) 500 (4)
111 om 475 325 0.71 34 0.06 12.135 (0.9) .05799 (1.1) 510 (4)
Sample CD-8D
1.1 c 93 158 1.75 7 0.04 11.756 (1.4) .05821 (2.3) 526 7)
2.1 c 92 120 1.35 7 <0.01 11.375 (1.2) .05790 (2.2) 543 (7)
3.1 om 550 300 0.56 41 0.23 11.526 (0.9 .06002 (0.9 535 (5)
4.1 c 179 49 0.28 13 <0.01 11.508 (1.0 .05750 (1.6) 538 (5)
5.1 om 189 97 0.53 14 <0.01 11.417  (1.0)  .05822 (1.5) 541 (5)
6.1 c 103 17 1.18 7 0.37 13.168  (1.2) .05948 (2.0) 470 (6)
71 c 320 358 1.15 23 0.1 11.748 (0.9) .05876 (1.2) 526 (5)
8.1 c 90 122 1.39 6 0.23 11.971 (1.2) .05954 (3.0) 516 (6)
9.1 om 205 178 0.90 15 0.04 11.825 (1.0) .05815 (1.5) 523 (5)
10.1 c 169 249 1.52 12 0.14 11.846 (1.1) .05889 (1.7) 522 (5)
11.1 c 74 56 0.78 5 <0.01 12.965 (1.2) .05629 (2.6) 479 (6)
12.1 c 56 59 1.09 4 0.15 12.010  (1.4) .05881 (2.8) 515 (7)
13.1 c 86 152 1.82 6 0.17 11.972 (1.3) .05906 (2.3) 516 (6)
141 c 156 187 1.24 11 <0.01 11.852 (1.1) .05644 1.7) 523 (5)
15.1 c 172 257 1.55 12 0.09 11.882 (1.0) .05852 (1.6) 520 (5)
16.1 om 107 104 1.01 8 0.52 12.015 (1.1) .06176 (1.9) 513 (6)

Note: All analyses were performed on the sensitive high-resolution ion microprobe—reverse geometry (SHRIMP-RG) at the U.S. Geological Survey—Stanford Micro-
analytical Center at Stanford University. The analytical routine followed Barth and Wooden (2006). Data reduction utilized the SQUID program of Ludwig (2005).

fAbbreviations: 1.1 = grain number and spot number. Cathodoluminescence (CL) designations: c—core; om—oscillatory zoned mantle; r—rim.

SPb* denotes radiogenic Pb; Pb_denotes common Pb; 2%Pb_= 100 x (***Pb /2°Pb, ).

*Calibration concentrations and |sotop|c compositions were based on repllcate analyses of CZ3 (550 ppm U) and R33 (419 Ma; Black et al., 2004). Reported
ratios are not corrected for common Pb. Errors are reported in parentheses as percent at the 1c level.

**Ages were calculated from 2°°Pb/?®U ratios corrected for common Pb using the 2°’Pb method (see Williams, 1998). Initial common Pb isotopic composition
was approximated from Stacey and Kramers (1975). Uncertainties in millions of years are reported as 1c. Ages in italics were omitted from age calculations
discussed in the text.
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TABLE 2. ZIRCON TRACE ELEMENT DATA

Spott  CLt Y La Ce Nd Sm Eu Gd Dy Er Yb Lu Hf Ce/Ce* Eu/Eu* Yb,/Gd
(x10%)
Sample CE-54D
1.1 om 1275  21.75 57 11.8 4.5 0.46 25 102 227 470 92 13 2 0.13 231
2.1 om 1174 0.009 25 0.45 1.5 0.26 17 91 211 447 89 14 363 0.16 32.2
3.1 om 732 0.018 18 0.26 0.9 0.20 10 55 132 292 59 13 195 0.21 34.2
4.1 om 1128 0.736 28 0.66 1.6 0.30 16 86 201 430 85 13 19 0.18 32.1
5.1 om 1103  20.48 54 9.35 3.4 0.44 20 88 198 421 82 13 2 0.16 25.2
6.1 om 755 0.004 9 0.43 1.4 0.50 16 69 137 264 51 10 224 0.32 19.5
71 c 1627 0.038 21 1.51 4.0 1.03 38 147 274 481 90 1 77 0.25 15.3
8.1 c 1590 14.29 30 9.19 9.0 1.71 50 169 264 419 78 10 1 0.24 10.1
9.1 om 1130 0.004 22 0.62 1.8 0.42 20 92 200 396 77 13 462 0.21 24.3
10.1 om 1613 0.253 31 1.13 3.2 0.82 31 145 299 548 105 11 36 0.25 21.1
11.1 c 829 0.030 17 0.49 1.4 0.37 14 66 149 318 64 12 105 0.25 26.6
121 om 702 0.011 19 0.40 1.0 0.29 11 55 129 291 59 13 252 0.26 30.9
Sample CE-56D
1.1 r 1325 433 714 36.7 20.1 4.38 55 141 248 440 1 8 0.40 9.7
21 c 1609 0.077 9 0.44 1.6 0.43 22 138 314 609 " 31 0.22 33.6
3.1 om 1274 0.024 19 0.69 2.4 0.42 26 123 240 439 12 124 0.16 20.5
41 c 3571 0.240 8 1.46 4.4 1.03 60 340 676 1158 12 9 0.19 23.3
5.1 c 3197 0.115 14 1.44 5.1 1.48 66 327 611 990 11 25 0.24 18.0
6.1 c 1722 14.8 1344 50.4 48.2 11.23 125 213 297 456 10 29 0.44 4.4
71 c 823 0.645 82 3.23 3.9 1.09 21 82 155 291 12 36 0.37 17.0
8.1 om 4953 6.45 108 19.7 225 6.26 158 560 902 1333 10 6 0.32 10.2
9.1 om 2734 0.162 16 0.95 2.9 0.77 43 245 514 951 12 27 0.21 26.9
10.1 c 3200 0.016 7 0.33 2.2 0.56 4 275 621 1112 12 79 0.18 32.6
11 om 1294 1.27 315 7.45 8.7 2.1 41 145 248 436 12 66 0.34 13.0
121 c 1446 0.026 21 1.08 3.1 0.59 32 145 270 478 13 1 0.18 18.0
13.1 c 3031 0.720 26 3.16 7.0 1.96 72 304 542 852 12 " 0.26 14.3
141 c 916 0.024 17 0.41 1.6 0.36 19 88 173 312 13 130 0.20 20.0
15.1 om 3719 0.738 18 2.64 4.4 1.15 54 325 688 1197 12 8 0.23 26.6
16.1 c 2226 0.047 7 0.53 2.1 0.56 31 192 436 855 1 33 0.21 33.4
Sample CR-49D
1.1 c 1204 0.021 7 0.73 2.28 0.29 25 115 221 384 11 51 0.11 18.6
21 c 1230 3.12 114 11.1 14.5 0.83 52 147 212 386 12 12 0.09 9.0
3.1 om 1457 0.026 6 0.67 2.67 0.31 29 142 273 490 12 37 0.11 20.4
41 om 1718 0.020 10 1.27 3.66 0.44 38 174 316 544 11 60 0.1 171
5.1 om 1025 0.032 6 0.61 2.14 0.27 21 98 190 341 1 36 0.12 19.5
6.1 c 752 0.048 15 0.50 1.57 0.17 16 74 138 243 1 68 0.10 18.0
71 om 1208 0.318 27 1.23 2.78 0.22 26 116 214 364 11 26 0.08 17.2
8.1 om 1352 3.69 142 10.5 12.8 0.94 51 169 235 384 10 13 0.11 9.1
9.1 om 1567 2.19 29 6.13 8.23 0.56 44 162 277 481 11 5 0.09 13.3
10.1 om 1626 0.030 12 1.27 3.79 0.39 38 163 290 488 11 54 0.10 15.5
11.1 r 1989 8.11 240 14.8 10.0 0.84 59 176 297 539 6 12 0.10 10.9
121 r 3527 15.1 283 411 49.3 2.38 178 551 582 899 1 7 0.08 6.1
13.1 r 1850 0.300 90 1.81 3.56 1.81 36 161 341 663 10 80 0.48 222
141 c 1054 2.34 57 7.32 4.80 2.34 27 95 176 326 8 8 0.62 14.5
15.1 c 257  10.01 27 4.10 0.43 0.86 10 23 39 79 5 2 1.27 9.7
16.1 c 16723 148 1861 345 319 1542 1131 2957 2722 4604 16 5 0.08 4.9
Sample CE-55D
1.1 om 949 0.014 16 0.87 22 0.81 20 88 178 342 9 143 0.37 20.6
2.1 om 704 0.168 21 0.87 1.4 0.43 12 57 133 304 11 35 0.32 31.6
3.1 om 620 1.04 17 1.23 1.6 0.37 11 55 117 252 9 8 0.27 27.7
4.1 c 2315 0.254 19 3.81 7.6 2.80 71 253 413 634 9 14 0.37 10.8
5.1 om 1422 0.021 17 0.80 2.3 0.81 23 114 269 561 10 116 0.34 29.0
6.1 om 610 0.017 14 0.26 0.8 0.22 9 47 117 286 1 156 0.26 39.9
71 c 1890 0.333 24 3.33 6.3 1.97 51 195 344 559 10 17 0.33 13.2
8.1 c 1397 0.025 13 2.15 4.8 1.78 40 147 249 400 9 56 0.39 12.0
9.1 om 710 0.078 18 0.48 1.1 0.37 11 57 136 316 11 59 0.31 34.1
10.1 c 786 0.031 15 0.56 1.6 0.56 17 74 150 278 10 92 0.34 20.3
10.2 r 940 0.022 22 0.54 1.5 0.34 16 79 186 393 12 165 0.21 29.8
11.1 c 1030 0.752 26 3.75 2.8 0.63 20 87 193 414 12 10 0.26 25.3
121 om 778 0.023 20 0.41 1.3 0.38 15 70 146 294 12 164 0.26 24.3
13.1 om 865 0.020 16 0.25 1.1 0.26 13 75 167 361 12 169 0.21 329
141 c 1106 0.026 14 1.21 3.0 1.02 28 17 205 348 10 73 0.33 15.0
15.1 c 1534 0.021 25 1.22 3.4 0.91 33 149 295 568 12 150 0.26 21.0
(continued)
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TABLE 2. ZIRCON TRACE ELEMENT DATA (continued)

Spott  CLf Y La Ce Nd Sm Eu Gd Dy Er Yb Lu Hf Ce/Ce* Eu/Eu™ Yb,/Gd,
(x10%)
Sample CE-66D
1.1 om 665 0.004 1 0.36 1.1 0.31 1 50 17 264 55 12 298 0.27 28.1
2.1 om 865 0.037 20 0.46 1.5 0.37 16 73 157 323 63 13 115 0.23 24.8
3.1 r 372 0.004 9 0.25 0.7 0.21 6 29 64 146 30 1 258 0.30 27.3
41 om 781 0.013 10 0.57 1.5 0.50 15 67 139 280 55 10 107 0.33 23.1
5.1 om 1110 0.013 14 0.76 2.0 0.62 20 88 199 406 80 10 134 0.30 24.8
6.1 om 1712 1.21 19 3.68 5.9 1.56 47 173 298 515 95 1 5 0.28 13.3
71 om 988  17.46 44 9.79 4.3 0.56 21 83 177 372 73 12 1 0.18 21.0
8.1 om 812 0.014 12 0.62 1.6 0.45 15 65 141 305 63 1 125 0.29 25.3
9.1 om 638 0.082 12 0.36 1.0 0.32 10 49 116 274 58 12 44 0.30 32.9
10.1 om 1372 26.02 129 34.0 23.1 217 69 162 230 377 67 8 2 0.17 6.6
1.1 c 1028 0.011 17 0.60 17 0.51 18 83 183 377 76 10 197 0.28 25.4
12.1 om 293 0.007 8 0.18 0.5 0.20 5 23 52 124 26 11 195 0.39 32.0
Sample CD-22D
1.1 c 1397 0.024 22 1.00 3.5 1.01 36 138 243 385 10 128 0.27 12.9
21 om 731 0.015 18 0.49 1.5 0.42 16 73 135 238 1 183 0.26 18.3
3.1 c 581 0.027 1 0.36 1.1 0.27 12 58 114 212 1 85 0.23 21.5
4.1 om 985 0.016 17 0.43 1.6 0.29 19 94 188 344 12 178 0.16 22.2
5.1 c 1272 0.040 14 0.99 3.5 0.95 35 134 230 368 10 60 0.26 12.8
6.1 c 471 0.022 14 0.44 1.1 0.25 1" 44 80 140 10 13 0.22 15.2
74 r 1522 0.186 66 1.44 3.4 1.09 32 144 286 507 10 87 0.32 19.2
7.2 c 1279 0.054 24 1.52 35 0.98 32 132 234 388 10 70 0.28 14.6
8.1 om 1042 0.023 22 0.83 2.4 0.60 24 104 195 331 1 143 0.24 16.8
9.1 c 1563 1.32 62 3.80 5.3 1.40 37 168 295 508 12 16 0.31 16.7
9.2 r 5168 16.70 363 57.4 47.3 19.99 208 665 814 1303 1 7 0.61 7.6
10.1 c 1991 0.045 14 3.61 7.4 2.06 61 217 355 551 9 34 0.29 1.0
1.1 c 1382 0.018 14 1.02 2.9 0.72 31 134 253 451 12 93 0.23 17.7
121 c 1316 0.026 18 1.18 3.3 0.94 33 135 246 420 " 97 0.28 15.6
13.1 c 1178 0.020 " 1.44 37 1.20 34 130 215 352 " 65 0.33 12.6
141 om 877 0.034 24 0.56 1.5 0.39 16 77 166 357 13 135 0.24 275
15.1 c 1264 2.05 142 7.02 7.2 2.95 38 143 227 382 12 22 0.54 12.1
16.1 c 1161 0.023 14 1.20 2.8 0.76 26 119 226 402 1 78 0.27 18.8
Sample CD-7D
1.1 om 3379 0.123 65 7.33 14.9 6.24 112 372 599 971 9 66 0.46 10.5
21 om 1291 0.593 20 3.25 3.8 1.52 30 125 242 437 9 9 0.43 17.7
22 c 1336 1.09 63 12.4 10.2 5.28 39 132 242 504 12 12 0.80 15.5
3.1 r 27359 0.112 5398 1096 715 562.16 2744 4731 3703 4511 14 1089 1.22 2.0
3.2 c 1029 0.055 15 0.80 2.2 0.47 23 104 193 334 il 54 0.20 17.3
41 r 8112  35.6 960 226 151 104.05 500 1016 1191 2053 13 7 1.15 5.0
5.1 om 1458 0.668 44 6.98 8.1 3.24 49 157 250 415 12 15 0.49 10.3
6.1 r 16228 131 1668 252 151 61.84 612 2439 3388 6434 17 5 0.62 12.7
6.2 c 1311 0.341 31 2.95 4.9 2.81 35 127 237 469 8 22 0.65 16.0
71 om 3844 9.28 245 59.2 471 27.87 189 465 543 774 10 7 0.90 4.9
8.1 om 874 0.668 32 1.82 2.7 1.02 22 87 160 277 10 17 0.40 15.0
9.1 c 2258 1.06 82 8.04 12.0 5.37 82 260 393 624 7 19 0.52 9.1
10.1 r 5041 225 600 126 83.9 54.90 285 649 761 1222 " 7 1.08 5.2
10.2 om 2367 2.32 44 127 1.1 5.13 60 239 425 778 12 5 0.60 15.6
1.1 om 1259 0.055 23 1.23 2.0 1.18 19 99 227 503 7 71 0.59 32.8
Sample CD-8D
1.1 c 1583 0.086 33 5.63 8.8 5.70 57 163 267 468 8 46 0.77 9.9
2.1 c 1479 0.046 27 3.65 6.6 3.54 47 151 256 448 9 66 0.61 11.6
3.1 om 2299 0.084 83 0.77 2.3 0.98 31 186 434 893 13 229 0.35 34.5
4.1 c 450 0.131 8 0.41 0.6 0.20 6 37 87 197 13 21 0.31 40.6
5.1 om 754 0.019 10 0.76 1.8 0.47 18 77 139 245 10 74 0.25 16.3
6.1 c 786 0.714 41 2.38 2.4 1.12 19 75 143 272 10 19 0.51 17.4
74 c 2579 0.043 97 2.51 5.6 2.91 53 231 461 852 10 280 0.51 19.4
8.1 c 1206 0.213 25 2.41 4.6 2.56 35 123 217 404 8 25 0.61 13.8
9.1 om 1556 0.027 57 1.05 2.7 1.62 28 131 289 576 10 305 0.57 25.1
10.1 c 2103 0.072 44 5.10 8.8 4.80 67 215 371 666 9 72 0.60 12.1
1.1 c 568 0.124 17 0.95 1.6 0.81 13 54 103 204 6 34 0.54 18.5
12.1 c 779 0.030 16 1.06 2.3 1.35 19 76 143 277 9 79 0.62 17.3
13.1 c 1191 0.087 36 3.68 6.3 3.54 43 127 204 353 9 57 0.65 9.8
14.1 c 1536 0.024 45 2.26 5.4 2.62 43 154 270 482 1 198 0.52 13.4
15.1 c 1983 0.103 56 4.7 8.8 4.19 64 208 351 594 10 73 0.54 1.2
16.1 om 1087 0.058 27 1.04 2.4 1.41 22 96 199 399 8 87 0.59 21.8

Note: All analyses were performed on the sensitive high-resolution ion microprobe—reverse geometry (SHRIMP-RG) at the U.S. Geological Survey—Stanford Uni-
versity Microanalytical Center, Stanford, California, following procedures outlined in Mazdab and Wooden (2006). All abundances are expressed in ppm.
tSpot labeled as grain number.spot number. Cathodoluminescence (CL) designations: om—oscillatory zoned mantle; c—core; r—rim.
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evidence for inherited cores. TIMS analyses of
single grains indicate clear Pb loss. LREE pat-
terns for three grains analyzed by SIMS show
variability (Fig. 8E), indicating disturbance of
the systematics. Excluding the four oldest anal-
yses and one obviously disturbed analysis, the
remaining seven give a concordia age of 530 =4
Ma (Fig. 12B), which is interpreted as the crys-
tallization age of the zircons. The older rejected
analyses are interpreted to represent slightly
older xenocrystic cores, assuming the U-Pb sys-
tematics have not been disturbed.

Subequant to elongate oscillatory zoned zir-
cons from the Rodeito rhyolite to dacite (CD-
22D; Fig. 13A) give a range of discordant to
concordant analyses that result from the com-
bined effects of inheritance and Pb loss. Several
analyses have elevated LREE patterns (Fig. 8F),
but the analyses are overall consistent with one
another and do not vary as a function of U-Pb
age. Excluding older ages assumed to reflect
inheritance and younger ages attributed to Pb
loss, 10 of 18 analyses give a concordia age of
523 + 5 Ma (Fig. 13B), which is interpreted to
reflect the age of crystallization of the zircons.

The sample from the El Escondido rhyolite
(CD-7D) contains clear colorless, oscillatory
zoned zircons with minor inclusions (Fig. 14A).
Five analyses of higher-U core and rim por-
tions of the grains give discordant results with
younger *Pb/>¥U ages and elevated LREE pat-
terns (Fig. 8G). Rejecting an additional three
analyses with slightly younger *Pb/*$U ages
but relatively undisturbed REE spectra com-
pared to the concordant analyses, the remaining
seven analyses define a concordia age of 519 +
4 Ma (Fig. 14B).

The El Escondido granite (CD-8D) contains
a heterogeneous population of colorless to yel-
low-brown, elongate to equant, euhedral zir-
cons. The grains typically have cores mantled by
oscillatory zoned zircon (Fig. 15A). SIMS anal-
yses yield 2Pb/*¥U ages ranging from 470 to
544 Ma. The four oldest ages are from domains
that differ in REE pattern with slightly lower
middle REE abundances (Fig. 8H). Excluding
these four analyses as inherited xenocrysts and
the two youngest analyses that record Pb loss,
the remaining 10 give a *™Pb/*¥U weighted
mean age of 521 + 4 Ma (Fig. 15B).

INTERPRETATION

The crystallization age of 535 + 5 Ma for the
rhyolite at Agua del Rio (CE-54D) suggests an
Early Cambrian (Terreneuvian) age (time scale
of Walker et al., 2012) for this part of the clastic
succession with intercalated rhyolite to rhyoda-
cite layers. The new age is within uncertainty of
a K-Ar whole-rock date of 527 + 21 Ma from a

0.095 [ CD'_22D , 580 B
Rhyolite to Dacite
[ 540
0.085 [
-
o0
m
(}L\ -
o)
o
§ 0.075 | 460
i SIMS DATA
Concordia age:
0.065 [ 523+5 Ma
MSWD =0.9
380
0.4 0.8

0.6
207 Pb/235U

Figure 13. Rodeito rhyolite to dacite (sample CD-22D; for location, see Fig. 5A).
(A) Representative cathodoluminescence photographs of zircons. Ellipses
indicate sensitive high-resolution ion microprobe-reverse geometry (SHRIMP-
RG) U-Pb and trace-element analysis spots labeled by grain number, spot
number. (B) Concordia diagram of secondary ionization mass spectrometry
(SIMS) data. Light-gray ellipses represent analyses not used in the calculation.
MSWD —mean square of weighted deviates.

rhyolitic porphyry in the La Lidia area (Massa-
bie et al., 2002). Combining the SIMS age with
the older conventional U-Pb zircon age from
the basal rhyolite that is overlain by the clas-
tic succession in the La Lidia area to the south
(584 +22/-14 Ma; Llambias et al., 2003) and
the 560 Ma detrital zircon age (U-Pb, SIMS),
indicating the maximum age of deposition in
the southernmost part of the Sierra Norte (Ian-
nizzotto et al., 2013), suggests that sedimentary
deposits along with the underlying and interca-
lated acid volcanic rocks are Neoproterozoic to
Early Cambrian in age.

The SIMS age of 534 + 5 Ma for the syn-
kinematic granite porphyry that intruded the
dextral mylonite zone south of San Pedro Norte

(CR-49D), interpreted as the age of crystalliza-
tion, provides a time marker for the age of dex-
tral shearing and mylonitization in this part of
the Sierra Norte area related to the second stage
of the Pampean deformation (D,). It falls in the
time span of dextral mylonitization in the south-
ernmost part of the Sierra Norte found by lan-
nizzotto et al. (2011, 2013).

The 533 + 4 Ma SIMS age from the granite
mylonite of Talayaco (CE-56D) is interpreted as
the crystallization age of the protolith. This date
also provides a lower age limit of sedimentation
in this part of the Sierra Norte, since the granite
intruded the section, and an upper age limit of
D, mylonitization, since the granite is deformed.
This age is older than the 531 +4 Ma SIMS date
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from the dacitic porphyry of Agua del Rio (CE-
55D), which we interpret as the age of crystal-
lization for this sample. It provides the approx-
imate timing of the final stage of compressive
Pampean D, deformation.

The SIMS zircon date of 530 + 4 Ma from
the postkinematic El Tio granite (CE-66D) sug-
gests that the intrusion is not part of the unde-
formed Cambrian Ambargasta granite pluton
(Figs. 5B and 6), the age of which was broadly
estimated in the La Clemira area by K-Ar biotite
dates of 517 = 15 and 500 = 15 Ma (Castellote,
1982). The SIMS date suggests that compressive
deformation and regional metamorphism of the
clastic rocks in the Sierra Norte area (La Lidia—
Simbol Huasi Formation) should be Early Cam-
brian in age. The results presented here broadly
point to a time span between 535 + 5 and 530 +
4 Ma for the first and second Pampean compres-
sive deformation events (D, D,), accompanying
regional metamorphism, and subsequent uplift
in the Sierra Norte de Cérdoba. This time span
is similar to that obtained by lannizzotto et al.
(2013) from the southernmost part of the Sierra
Norte. The narrow age range is consistent with
the SIMS dates of 519 + 4 Ma from the unde-
formed El Escondido rhyolite (CD-7D) and 523
+ 5 Ma from the Rodeito rhyolite to dacite (CD-
22D), both interpreted as reflecting the age of
crystallization of igneous rocks that record acid
magmatism after clastic sedimentation and ces-
sation of the D, deformation in the Sierra Norte
de Cérdoba.

The El Escondido granite (CD-8D), with
an interpreted emplacement age of 521 + 4 Ma
(SIMS), records late-stage Pampean magma-
tism. Overlying clastic rocks of the El Escondido
Formation can be estimated to be mid-Cambrian
or younger in age. The lack of deformation of
the El Escondido granite indicates that no duc-
tile deformation has taken place during Middle
Cambrian—Ordovician and later times. Thus,
Pampean deformation and metamorphism ter-
minated before the Middle Cambrian, and this
area was not affected by later Famatinian com-
pression and regional metamorphism. The
slightly deformed Ojo de Agua granite to the
east, however, yielded a late Early Cambrian
age (515 + 4 Ma, U-Pb, zircon, SIMS; Stuart-
Smith et al., 1999), suggesting that Pampean
deformation may have locally persisted into
Middle Cambrian time.

The SIMS date from the Rodeito rhyolite
to dacite (CD-22D) is older than the age of the
Los Burros dacite that intruded the eastern part
of the Rodeito occurrence of clastic metasedi-
mentary rocks (Fig. 5A). In the Totorillas area,
the undeformed Los Burros dacite has been
shown to be lowermost Middle Cambrian in age
(512.6 = 3.5 Ma; U-Pb, zircon, SIMS; Leal et

al., 2003), which gives a further constraint for
the lower time limit of the Pampean deforma-
tional history.

MODEL OF PAMPEAN EVOLUTION
ATTHE WESTERN PRE-ANDEAN
GONDWANA MARGIN

The isotopic dates provide additional time
constraints for the different stages of the sedi-
mentary, tectonic, and magmatic evolution in
this easternmost segment of the Eastern Sierras
Pampeanas and provide a more robust interpreta-
tion of the tectonic evolution of the pre-Andean
Gondwana margin. Our present interpretation
partly modifies those given by Rapela et al.
(2007), von Gosen and Prozzi (2010), Casquet
et al. (2012), and Iannizzotto et al. (2013). The
isotopic dates presented here partly overlap in
the range of errors, reflecting the complex sys-
tematics of the zircons as defined by both the
TIMS and SIMS data. Use of both techniques
enhances the characterization of zircon system-
atics and strengthens the reliability of the inter-
preted crystallization ages. Additional chemi-
cal-abrasion-TIMS analysis (Mattinson, 2005)
of grains screened for simple systematics is an
obvious next step in further refining the timing
of magmatism and deformation in this setting.
Nevertheless, we interpret the chronological
succession of different events as follows (com-
pare interpretative chart of Fig. 16 and diagrams
of Fig. 17). The geographic orientations cited
refer to present coordinates.

Sedimentation (Ediacaran-Early Cambrian)

The time interval of deposition of the clas-
tic sediments in the Sierra Norte de Cérdoba is
constrained by two isotopic dates. Detrital zir-
cons from metasedimentary rocks in the south-
ernmost Sierra Norte have a minor peak at 560
Ma defined by individual ages ranging from 537
+ 9 Ma to 570 + 7 Ma (Iannizzotto et al., 2013).
Considering the unresolved potential for Pb loss
to skew the detrital zircon ages to younger ages,
these results broadly limit the time of depo-
sition to younger than ca. 560 Ma. Given this
uncertainty, the detrital data are consistent with
the greater age of 584 +22/-14 Ma reported
by Llambias et al. (2003) from the basal meta-
rthyolite (ignimbrite) beneath the clastic suc-
cession in the La Lidia area. Additional high-
precision data are needed to further refine limits
on the depositional age of these units.

The new crystallization (SIMS) age of 535
+ 5 Ma for the intercalated and deformed meta-
rhyolite at Agua del Rio suggests that cessation
of sedimentation and the onset of D, deforma-
tion took place sometime after this date. The

intrusion of the later mylonitized Talayaco gran-
ite (533 £ 4 Ma, SIMS, crystallization age)
into the clastic deposits provides an additional
approximate time marker in the Early Cambrian.
However, the precise lower age limit of clastic
sedimentation remains uncertain. These ages,
combined with the loose constraint provided by
lannizzotto et al. (2013), suggest that deposi-
tion of the clastic sediments and acid magma-
tism in the Sierra Norte area took place in the
Ediacaran—-Early Cambrian interval. Thus, the
metasedimentary rocks are time equivalents and
represent the southern continuation of the Pun-
coviscana Formation (sensu lato) of northwest
Argentina (see introductory section).

The clastic deposits in the Sierra Norte are
characterized by metaconglomerates and fine-
grained metaclastic rocks with intercalated metar-
hyolites and metadacites. The clastic deposits
include locally derived detritus of clastic, mag-
matic, and metamorphic rocks with paleocur-
rent indicators indicating an approximately west-
directed sedimentary transport (von Gosen and
Prozzi, 2009, with further information therein).
Geochemical analysis of clastic metasedimentary
rocks shows that those from the Sierra Norte de
Cordoba were deposited in a passive-margin set-
ting, whereas those from the Sierras de Cérdoba
and Sierra de Guasayan point to an active arc set-
ting (von Gosen et al., 2009).

Observations from the clastic succession in
the Sierra Norte combined with the presence
of acid magmatism suggest a postrift passive-
margin setting for the sequence (von Gosen and
Prozzi, 2009, 2010; von Gosen et al., 2009).
Although geochemical data from the interca-
lated magmatic rocks do not exist, we inter-
pret the magmatism as extension-related prior
to emplacement of the arc intrusions (see fol-
lowing). The precise configuration of the mar-
gin remains uncertain.

It is unclear whether and to what extent the
clastic sequence is underlain by basement rocks
because rocks with a clear Proterozoic age are
still not known from the Sierra Norte area. The
only possible candidate is the Pozo del Macho
Formation (compare Martino and Gueres-
chi, 2004). At least one deformation event and
regional metamorphism of these mica schists
and gneisses and equivalent rocks in the south-
east (Fig. 6) may be Neoproterozoic in age. This
is consistent with the interpretation of Martino
and Guereschi (2004) and two K-Ar whole-rock
dates of Castellote (1985b). If such an age is con-
firmed by later studies, then these rocks may rep-
resent part of the Proterozoic “basement” below
the La Lidia—Simbol Huasi Formation (Fig. 16).

Our interpretation of a west-facing passive
margin (Fig. 17A) during the Ediacaran—Early
Cambrian interval is comparable with that of
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Figure 16. Interpretation of the different stages of the evolution of the Sierra Norte de Cordoba and
adjacent parts of the Santiago del Estero Province (simplified and schematic chart), based on von
Gosen and Prozzi (2010), isotopic dates of the present study, and dates from (1) Castellote (1982),
(2) Castellote (1985b), (3) Rapela et al. (1991), (4) Koukharsky et al. (1999), (5) Stuart-Smith et al.
(1999), (6) Correa (2003), (7) Koukharsky et al. (2003), (8) Leal et al. (2003), (9) Llambias et al. (2003),
(10) Schwartz et al. (2008), (11) Siegesmund et al. (2010), and (12) lannizzotto et al. (2013). The left
column is based on the time scale of Walker et al. (2012). SIMS — secondary ion mass spectrometry.

Schwartz et al. (2008), although they proposed
a Neoproterozoic age. This contrasts to mod-
els of Rapela et al. (2007) and Iannizzotto et al.
(2013), who postulated a forearc setting and to
that of Siegesmund et al. (2010), who proposed
deposition in arc-related basins. The passive-

margin interpretation, however, is similar to
the geotectonic model of Casquet et al. (2012).
These authors do not exclude a passive-margin
setting for the older part of the Puncoviscana
Formation on the western margin of the Kala-
hari craton with the Clymene Ocean in the west

(their Fig. 4). Based on Cordani et al. (2013), we
think that the Sierra Norte passive margin faced
westward to the Puncoviscana Ocean of Escay-
ola et al. (2011), and clastic sediments were
shed from the east into this depocenter (Punco-
viscana tract of Escayola et al., 2011).

Subduction and D, Deformation
(Early Cambrian)

In conjunction with the other isotopic dates
(see following), the previously presented Early
Cambrian ages are time markers for the com-
pressive D, deformation and accompanying
regional metamorphism of the clastic metasedi-
mentary succession in the Sierra Norte de Cor-
doba. Deformation led to the formation of large-
scale anticlines and synclines accompanied by
an S, cleavage.

The D, deformation in the Early Cambrian
(Fig. 16), interpreted as the result of partitioned
dextral transpression (von Gosen and Prozzi,
2010), probably was related to east- to north-
east-directed subduction with the Sierra Norte
de Cérdoba representing the upper plate on the
Gondwanan side (von Gosen and Prozzi, 2010)
and the accretionary complex developing in
the southwestern and western footwall (e.g.,
Northrup et al., 1998; Fig. 17B herein). Oblique
subduction was also proposed by Rapela et al.
(2007) and Iannizzotto et al. (2013). According
to Rapela et al. (1998a), it seems that compres-
sive deformation led to the destruction of the
passive margin. The mechanism operating dur-
ing this change from passive to active margin,
however, is unclear. It is possible that subduc-
tion initiation along the margin was preceded
and localized by a strike-slip fault.

Geochemical analyses in the central part of
the Sierra Norte area have shown that the gran-
itoid intrusions of the Sierra Norte—Ambargasta
batholith are products of a precollisional active
continental margin forming a calc-alkaline mag-
matic arc (e.g., Lira et al., 1997). This is sup-
ported by geochemical analyses in the south-
ern part of the Sierra Norte (lannizzotto et
al., 2013). We propose that the magmatic arc
formed in the former passive-margin segment
now representing the upper plate (compare Figs.
17A and 17B).

The timing of the onset of subduction is not
well constrained. U-Pb zircon dates (TIMS) of
two intrusions in the Sierra Norte reported by
Schwartz et al. (2008; Fig. 16 herein) suggest
subduction was on going by ca. 555 Ma. In this
scenario, clastic sedimentation in the developing
accretionary complex was coeval with intrusive
activity in the eastern upper plate. Compressive
D, deformation in the newly formed arc then
may have begun prior to the Early Cambrian
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Figure 17. Schematic, simplified, and composite profile cartoons (not to scale) to illustrate the inter-
preted different stages of the Pampean evolution at the western Gondwana margin in the Cérdoba
area (western Argentina). Sketches in A and B are modified from von Gosen and Prozzi (2010). In C,
the situations during and after collision are summarized. The entire development is similar to that
given by Schwartz et al. (2008). In our preliminary interpretation, the collision of the oceanic ridge
was followed by the approach and collision of a continental terrane in the west, which is similar to
the model of Siegesmund et al. (2010) (see text for further explanations).

and impacted pluton emplacement and continu-
ing clastic sedimentation. However, evidence
for these older relationships was not found dur-
ing our field studies in the Sierra Norte or by the
isotopic dates reported here.

Collision and D, Deformation
(Early Cambrian)

The SIMS date of the granite porphyry (534
+ 5 Ma), intruded in the dextral mylonite zone
south of San Pedro Norte (part of the “faja de

deformacion Sauce Punco” of Martino et al.,
1999a, 1999b) and locally affected by dextral
mylonitization, provides an indication for the
timing of this shearing, interpreted as the D,
event (von Gosen and Prozzi, 2010). It shows
that this stage of compressive deformation took
place in the Early Cambrian just after cessation
of the D, event (Fig. 16). This is supported by
the SIMS date of the Talayaco granite mylonite
(533 + 4 Ma). It seems possible that the San
Miguel gneiss, with its 533 + 12 Ma SIMS age
(Siegesmund et al., 2010), belongs to this stage,
although the date is affected by a larger error.

The 531 + 4 Ma SIMS date of the intrusion
of the Agua del Rio dacitic porphyry, affected by
local dextral shearing at its eastern margin dur-
ing cooling of the magmatic body, is interpreted
as the age of crystallization. It points to the
approximate timing of the latest stage of ductile
dextral shearing, which was followed by uplift
and subsequent intrusion of the high-level El
Tio granite, dated at 530 = 4 Ma (U-Pb, SIMS;
Fig. 16). Our results fall in the 537 + 4 Ma to
530 + 4 Ma time span for dextral mylonitiza-
tion constrained by U-Pb zircon (SIMS) dates in
the southernmost part of the Sierra Norte (lan-
nizzotto et al., 2013). It should be noted that
the younger age reported by lannizzotto et al.
(2013) from the postkinematic Villa Albertina
granite is identical with the age of the El Tio
granite given herein, suggesting a stage of uplift
after dextral mylonitization also in the southern-
most part of the Sierra Norte (see also follow-
ing discussion).

Rapela et al. (1998a, 1998b) mentioned
U-Pb zircon ages from granitoids of the Sierra
Chica and Sierra Norte de Cérdoba of 530 + 3
Ma and suggested that the intrusion was par-
tially coeval with, or closely followed, sedimen-
tation of the Puncoviscana Formation (Rapela et
al., 1998a). During our studies, however, we did
not find field evidence for sedimentation during
compressive D, deformation and intrusive activ-
ity in the Sierra Norte area.

Overall, the dates presented herein show that
the D, deformation in the Sierra Norte area was
also related to the Pampean orogeny in the Early
Cambrian. This is according to the interpre-
tations of Martino et al. (1999a, 1999b), Mird
et al. (1999), and Rapela et al. (2007) for dex-
tral shearing and mylonite formation of gran-
ites. In particular, our time estimates for dex-
tral shearing and mylonitization confirm the
interpretation of von Gosen and Prozzi (2010),
who showed that the affected granitoids were
synkinematically emplaced. The dates confirm
the isotopic results and similar interpretation
of Iannizzotto et al. (2013). An emplacement
of the foliated granitoids in the Sierra Norte
within shear zones, as proposed by Mir6 et al.
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(1999), seems probable. It is possible that plu-
ton emplacement was enabled in areas between
right-stepping, en échelon and overlapping dex-
tral strike-slip faults or shear zones, consistent
with pluton emplacement in a transpressional
setting (Iannizzotto et al., 2013).

The isotopic dates furthermore show that
the Pampean D, event in the Sierra Norte area,
recorded by dextral shearing and mylonitiza-
tion, in time overlaps with the D, deformation.
It seems that the D, event heterogeneously over-
printed some areas of the Sierra Norte, while
distinct parts remained unaffected. This part
of the orogen, east of the accretionary prism
in the Sierras de Cérdoba and to the west (e.g.,
Northrup et al., 1998; Rapela et al., 1998a), was
part of the upper (overriding) plate affected by
a different style of compressive deformation in
the Pampean history (von Gosen and Prozzi,
2010). Overall, both the initial D, deformation
and the dextral mylonitization (D,) seem to rep-
resent a continuous event that can be related to
oblique (dextral) convergence between the over-
riding plate in the east and the subducting and
finally colliding plate in the west (von Gosen
and Prozzi, 2005a, 2010; Rapela et al., 2007;
Iannizzotto et al., 2013). In their model, Ianniz-
zotto et al. (2013) pointed to the possibility that
deformation in the Pampean belt was diachron-
ous and became progressively younger toward
the north due to oblique dextral collision with a
continental terrane. They suggested a large dex-
tral displacement of the Pampean belt relative to
the Rio de la Plata craton during D, mylonitiza-
tion. In our interpretation, ridge subduction
(e.g., Schwartz et al., 2008) and collision might
have been followed by collision of a continental
terrane (Fig. 17C). This interpretation is similar
to that proposed by Siegesmund et al. (2010).

Our time dates for the Pampean deforma-
tional and metamorphic events slightly contrast
with the timing of the main events in the Sier-
ras de Cordoba in the southwest, which took
place at ca. 525 Ma and were followed by uplift
and widespread anatexis at ca. 520 Ma (Rapela
et al., 1998a). The deformational events in the
Sierra Norte area, however, seem to coincide
with the ca. 540 to ca. 520 Ma interval reported
by Sims et al. (1998) for deformation and high-
grade metamorphism during the Pampean orog-
eny. New SIMS U-Pb ages have shown, how-
ever, that the metamorphic history in the main
ranges of the Sierras de Cérdoba started at 553
Ma (Siegesmund et al., 2010).

Uplift and Postkinematic Magmatism
(Early Cambrian)

Intrusive activity in the Sierra Norte is rep-
resented by granitoids emplaced during the D,

deformation (synkinematic) and after cessation
of the deformational history (postkinematic;
von Gosen and Prozzi, 2010; Iannizzotto et al.,
2013). The EI Tio granite is a high-level post-
kinematic intrusion with chilled margins, abun-
dant angular xenoliths of the deformed country
rocks, and well-developed contact metamorphic
aureole (von Gosen and Prozzi, 2010). These
observations suggest that both Pampean defor-
mational events were followed by an important
phase of uplift. The 530 + 4 Ma crystallization
(SIMS) age of the undeformed El Tio granite
indicates that D, and D, deformation ceased and
uplift in the Sierra Norte area was ongoing in the
Early Cambrian and continued through the Mid-
dle Cambrian (Fig. 16; see also following). The
timing of this uplift event was regionally vari-
able, since it occurred prior to intrusion and con-
tact metamorphism at ca. 530 Ma in the Sierra
Norte, whereas deformation and metamorphism
in the Sierras de Cérdoba continued up to ca.
520 Ma (Rapela et al., 1998a).

The SIMS zircon dates from the Rodeito
rhyolite to dacite and El Escondido rhyolite
(523 £ 5 Ma and 519 = 4 Ma, respectively)
also argue for uplift after cessation of Pampean
deformation because neither rock shows duc-
tile deformation. The younger ages in the Sierra
Norte area seem to represent the final stage of
the overall Pampean history. The slight defor-
mation of the Ojo del Agua granite, with its
514 + 4 Ma crystallization age (Stuart-Smith et
al., 1999), may represent local late-stage Pam-
pean deformation, deformation related to post-
Pampean pluton emplacement, or a Famatin-
ian (Ordovician) overprint. On the basis of the
undeformed El Escondido rhyolite, however, it
can be assumed that the Famatinian deforma-
tion did not affect the northern and northeastern
areas of the Sierra Norte.

Continuing uplift in the Sierra Norte area
was accompanied by the intrusion of the Los
Burros dacite in the lowermost Middle Cam-
brian (512.6 = 3.5 Ma, U-Pb, zircon, SIMS;
Leal et al., 2003; Fig. 16). A roughly compara-
ble age was found by Koukharsky et al. (2003)
for a dacitic dike (514 + 15 Ma, K-Ar, whole
rock) cutting across the El Escondido gran-
ite, with its late Early Cambrian zircon SIMS
date of 521 + 4 Ma (see previous). The unde-
formed Ambargasta granite appears to belong
to the final stage of the Pampean cycle as well,
and on the basis of K-Ar biotite ages (Castellote,
1982), we assume a Middle Cambrian age. All
the age data suggest that a combination of gran-
itoid intrusions and rhyolitic to dacitic extru-
sions were emplaced after cessation of Pampean
deformation in the Middle Cambrian.

Our results, combined with additional dates
from Iannizzotto et al. (2013) and structural

observations of von Gosen and Prozzi (2010),
demonstrate that many parts of the Sierra Norte—
Ambargasta batholith consist of post-D, intru-
sions with different ages. The same is observed
for extrusive units ranging from the Rodeito
rhyolite to dacite at 523 + 5 Ma (U-Pb, zircon,
SIMS) to the Los Burros dacite at 512.6 + 3.5
Ma (U-Pb, zircon, SIMS; Leal et al., 2003). An
older U-Pb zircon age (TIMS) of 535 + 8 Ma
described by Mir6 et al. (2005) and Schwartz et
al. (2008) from a porphyritic dacite in the area
of the Los Burros dacite shows that the wide
area of the Los Burros dacite does not consist
of only lowermost Middle Cambrian magmatic
rocks but also includes older components.

Intrusive igneous rocks with younger isoto-
pic dates reported from the Sierra Norte de Cor-
doba (e.g., Rapela et al., 1991; Correa, 2003;
present Fig. 16) and Sierras de Cérdoba (e.g.,
Rapela et al.,, 1998a; Gromet and Simpson,
1999) are related to the Famatinian cycle and are
interpreted as an effect of the Famatinian (Ordo-
vician) subduction beneath the continental mag-
matic arc at the western margin of the Eastern
Sierras Pampeanas unit.

CONCLUSIONS

New isotopic dates from the Sierra Norte de
Cérdoba, in combination with structural data
and previously published isotopic dates and
interpretations, suggest four successive stages
of the sedimentary, magmatic, and tectonic evo-
lution in the easternmost segment of the Eastern
Sierras Pampeanas at the western pre-Andean
Gondwana margin as follows.

(1) Deposition of the clastic sediments,
which are interpreted as time equivalents of
the Puncoviscana Formation (sensu lato), took
place in the Ediacaran—Early Cambrian inter-
val. Clastic sedimentation, accompanied by acid
magmatism, is interpreted to be related to a pas-
sive-margin setting, probably on marginal west-
Gondwanan crust (Fig. 17A).

(2) Sedimentation was directly followed by
eastward-directed subduction beneath the west
Gondwana margin and the generation of arc
intrusions. In the developing upper plate (former
passive margin), partitioned dextral transpres-
sive D, deformation and regional metamor-
phism are assigned to a very short time interval
during the Early Cambrian (Fig. 17B). An onset
of subduction in the latest Neoproterozoic, how-
ever, cannot be excluded.

(3) Local D, deformation and metamorphism
in the hanging-wall plate were accompanied by
synkinematic intrusive activity. This stage of
dextral shearing and mylonitization between
ca. 534 and 531 Ma can be related to intraplate
compression due to ridge subduction and/or
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collision, which might have been followed by
accretion of a continental terrane (Fig. 17C).

(4) Both short periods of Pampean (Early
Cambrian) deformational events at the west-
ern pre-Andean Gondwana margin in the Sierra
Norte de Cérdoba were followed by uplift prior
to 530 + 4 Ma. Subsequent emplacement of dif-
ferent postkinematic intrusions and extrusive
units suggests an end of the Pampean magmatic
activity in the Middle Cambrian (Fig. 17C).

The undeformed igneous rocks in the Sierra
Norte show that this segment of the eastern-
most Sierras Pampeanas was not significantly
affected by Famatinian (Ordovician) defor-
mation and metamorphism, which dominated
along the western margin of the Eastern Sierras
Pampeanas complex.

APPENDIX 1. SAMPLE PREPARATION

Samples were cleaned and crushed to a <10 mm grain
size. Further pulverizing to a grain size of <1 mm was done by
a disk mill. A heavy mineral separate from the sieved fraction
of <0.25 mm was concentrated using a Wilfley-type wet shak-
ing table. Further concentration of the zircons was achieved
by heavy liquids and a Frantz isodynamic separator. The
high-quality zircons for single-grain TIMS and SIMS analyses
were selected from the bulk sample. Most of the zircons ana-
lyzed by TIMS were not air abraded; only the zircons marked
inTable DR1 (sample CE-54D; see footnote 1) were abraded
to ~90% of the original size.

APPENDIX 2. ANALYTICAL PROCEDURES
(TIMS DATA)

The handpicked crystals were washed with 3.6 N HNO,
for 30 min at 80 °C and then rinsed with distilled water and
dried with acetone. Individual crystals and fractions were
decomposed with 2 ul of 24 N HF in steel-cased multi- or sin-
gle-hole Teflon containers for 3-4 days at 180 °C.The decom-
posed zircon was spiked with an appropriate amount (2 ul)
of a 25Pb-2U tracer solution. After drying, the sample was
converted to the chloride form with 2 ul of 6 N HCI overnight.
The dried sample was loaded with a mixture of silica gel, HCI,
and phosphoric acid on a Re single filament. Measurement
of U and Pb was performed on a VG 354 mass spectrometer
equipped with a Daly multiplier and an ion counting device
by peak hopping, with Pb at 1250-1350 °C and U at 1400-1450
°C. Mass fractionation was controlled by the measurement of
the standards NBS 982 (0.13%) and U 500 (0.06%). Samples
with high concentrations of 2°T| were quickly heated to 1400
°C (within 10 min) and then kept at this temperature for a
maximum of 2-3 min until the 2Tl signal fell to 1%-2% of the
estimated spike intensity (given by the 205 signal). The worst
measured 2%Pb/?*Pb ratio was 111 (for a sample dissolved
in a new Teflon container); usually, the ratios were scattered
around 500-1500, and the maximum measured **Pb/**Pb
ratio during the analyses was >5000, which is indicative
of a constant and low procedural blank. Calculations were
corrected with a maximum Pb blank of 0.01 pg with the fol-
lowing composition: 6/4 = 17.72, 7/4 = 15.52, 8/4 = 37.7, and a
U blank of 0.5 pg. The initial Pb composition was calculated
according to Stacey and Kramers’ (1975) Pb evolution model.

Some of the performed analyses had to be rejected from
concordia calculation due to their position above the concor-
dia line. This effect appeared preferentially on zircons that
had a high content of TI. We presume that mainly an errone-
ous calculation of the Pb concentration led to the variable
degree of discordance. The individually valid mass fraction-
ation of Pb and U, according to the variable premeasurement
conditions (in the course of getting rid of theTl), could not be
correctly verified by standard measurements at comparable
conditions (flashing time and temperature).

The errors in theTable DR1 (see footnote 1) are quoted at
the 1o level, whereas the errors of the calculated discordias
are given for the 95% confidence level. For data processing,
programs were used as follows: PBDAT version 1.24, 30 July

1993, and ISOPLOT version 2.49 (2001) and 3.50, 21 June
2006, with kind permission of K. Ludwig (Berkeley Geochro-
nology Center).

APPENDIX 3. ANALYTICAL PROCEDURES
(SIMS DATA)

Zircons for SIMS analysis were handpicked under
alcohol, mounted in a 2.5 cm epoxy round, and polished
to expose the grain centers. The grains were imaged with
transmitted light, reflected light, and CL prior to analysis.
U-Pb isotopes and trace-element compositions were col-
lected simultaneously on the sensitive high-resolution ion
microprobe-reverse geometry (SHRIMP-RG) instrument at
the U.S. Geological Survey-Stanford University lon Probe
Laboratory, Stanford, California, using a 25-30-um-diameter
spot size. The U-Pb analytical routine followed Barth and
Wooden (2006), and data reduction utilized the SQUID pro-
gram of Ludwig (2005). U-Pb isotopic composition was cali-
brated by replicate analyses of zircon standard R33 (419 Ma;
Black et al., 2004), and U concentration was calibrated using
zircon standard Madagascar Green (MAD, 4196 ppm U; Barth
and Wooden, 2010). Calibration errors for 26Pb/?®U ratios of
R33 for the two analytical sessions were 0.62% and 0.39%
(20). Ages were calculated as concordia ages or weighted
mean ?°Pb/?*8J ages using the Isoplot/Ex program of Ludwig
(2003). Common Pb compositions were estimated from Sta-
cey and Kramers (1975).

Trace-element data collection was simultaneous with
U-Pb analysis, following Mazdab and Wooden (2006) and
Mattinson et al. (2009). The REE routine measured *°La, °Ce,
‘\46Nd, ‘\47Sml 153EU, 157Gd150, 16]Dy‘\60' 1SSEr1EO' 172Yb150, and
®0Hf16Q (Table 2).The routine for samples CE-66D and CE-54D
included analysis of 7°Lu'®0. Concentration calibrations used
trace-element values of zircon standards CZ3 and MAD (Maz-
dab and Wooden, 2006). Estimated errors based on repeated
analysis of CZ3 are 5%-10% forY, Hf, Th, U, and the REEs
except for La (30%) and include both analytical reproduc-
ibility and real abundance variation in the gem-quality zircon
(cf. Mattinson et al., 2009). Chondrite-normalized REE plots
(Fig. 8) use the chondrite REE abundances of Anders and
Grevesse (1989) multiplied by a factor of 1.36 (Korotev, 1996).
Chondrite-normalized values for Pr were calculated by inter-
polation (Pr(N, = La(N)‘mx Ndm,“’). Discussion of Eu anomalies
is based on Eu{M/Eu* and Ce(N,/Ce*, with Eu* and Ce* calcu-
lated as geometric means (e.g., Eu* = [Sm(N) X de)]“f’).
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Table-TIMS-DR1: TIMS U-Pb geochronologic data and apparent ages (von Gosen et al.)

Sample CR-49D

Sample Pos-6 Pos-7 rc Pos-8(1)  Pos-9 ic Pos-10 Pos-11 Pos-6 ic Pos-7 Pos-8(2) Pos-9 rc Pos-10 sl

no. of grains 2 1 1 1 1 1 1 1 1 1 1
ppm U 6172,85 1952.26 2824.92 3262.65 1432.36 4309.81 2691.02 1298.06 917.10 1993.27 1425.85
ggmmm Pb 37,99 15.26 20.33 23.03 18.63 20.99 19.85 82.17 41.45 16.66 11.94
[206]nmoles/g 1510,48 544.496 515.325 950.62 397.19 1181.3 664.9 390.1 3117 703.9 234.7
206/204 579,8 500.1 362.0 591.3 303.6 801.9 4771 628.8 111.0 595.0 272.8
206/204 (corr.) 597,9 536.4 381.1 620.7 320.6 846.4 503.8 713.9 1131 635.3 295.6
206*/238 0,0568956 0.0646179 0.0416634 0.0678242 0.0627366 0.0643149 0.0571187 0.0702359 0.0684472 0.0822652  0.0370468
207*/235 0,453841 0.465799 0.3354 0.57173 0.503113  0.511914 0.503293 0.560911  0.542554 0.636306 0.327455
207*/206* 0,0578528 0.0522811 0.0583857 0.0611371 0.0581626 0.0577277 0.0639059 0.0579206 0.0574892 0.0560981 0.0641063
206*/238 m.y. 356,7 403.6 263.1 423.0 392.2 401.8 358.1 437.6 426.8 509.6 234.5
207*/235 m.y. 380,0 388.3 293.7 4591 413.8 419.7 413.9 452.1 440.1 500.0 287.6
207*/206* m.y. 524,2 297.7 544.3 644.1 535.9 519.4 738.5 526.8 510.3 456.3 7451
206/204 %err 2,6 7.26 4.73 4.26 5.1 4.72 4.89 11.9 2.08 5.9 12.2
206*/238 %err 0,333 0.461 0.423 0.241 0.396 0.356 0.249 0.549 0.521 0.241 1.08
207*/235 %err 0,417 2.09 0.55 0.324 0.497 0.409 0.329 0.605 1.4 0.387 8.17
207*/206* %err 0,241 1.93 0.334 0.205 0.285 0.194 0.209 0.242 1.22 0.286 7.52

Rho 0,81635 0.4582 0.79523 0.77377 0.81929 0.88058 0.77406 0.916667 0.5062 0.67545 0.64464
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Sample CE-54D

Sample

no. of grains
ppm U
common Pb
ppm  ppm
[206]nmoles/g
206/204
206/204 (corr.)
206*/238
207*/235
207*/206*
206*/238 m.y.
207%/235 m.y.
207*/206* m.y.
206/204 Y%err
206*/238 Y%err
207*/235 Y%err
207*/206™ Y%err
Rho

Pos-12
abr/ic

2
4956.59

20.95

1705.59
1158.6
1224.4

0.0812864
0.695349
0.0620417
503.8
536.0
675.5

4.91

1.72

1.75

0.298
0.985402

Pos-13
abr/ic

1
2258.06

17.14

906.18
744.9
794.9

0.0940314
0.80397
0.0620105
579.3
599.1
674.5

5.77

0.367
0.446
0.241
0.84127

Pos-14
abr/ic

2
4730.51

10.38

1434.67
1866.6
2079.0

0.0720838
0.605001
0.060872

448.7
480.4
634.7
9.63
0.349
0.366
0.104
0.958495

Pos-15 Pos-16
abr/ic abr/ic

1 2
2348.52 5037,93
8.078 21,22
920.03 1574,32
1496.5 1056,8
1712.6 1115,8
0.0929359 0,073711
0.783533  0,569075
0.0611467  0,055993
572.9 458,5
587.5 4574
644.4 452,1
12.4 4,76
1.03 1,91
1.05 1,93
0.174 0,273
0.986151 0,98995

Pos-12

2
4087.85

17.59

1327.91
1064.05
1135.15
0.0766457
0.613693
0.0580714
476.1
485.9
532.5

6.67

1

1.42

0.962
0.73729

Pos-13

3
11064

9,349

3812.33
5434.85
6131.54
0.0823726
0.65589
0.0577493
510.3
512.1
520.3

10.8

0.667
0.677
0.113
0.985907

Pos-14

1
1817.26

10.71

669.42
849.48
940.21
0.0866239
0.690041
0.0577745
535.5
532.8
521.2

9.23

0.35

0.408

0.2
0.87227

Pos-15

1
1759.85

14.26

618.34
604.39
652.06
0.0819083
0.653104
0.0578299
507.5
510.4
523.3

6.87

0.475
0.528

0.22
0.909628

Pos-16

2
3464.2

16.56

1047.41
888.65
950,991
0.0711152
0.559718
0.0570829
442.9
451.3
494.7
6.02
0.982

1.03
0.308
0.954599



Sample CE-55D

Sample Pos-6 Pos-7 Pos-8 Pos-10 Pos-11 Pos-12 Pos-13 Pos-14 Pos-15 Pos-16

no. of grains 1 1 2 3 1 1 1 1 1 1
ppm U 2163.48 2044.34 4549.89 5043.23 2463,38 1329.42 2301.71 1868.74 1059.83 1107.26
commen Pb 70.88 77.71 14.54 20.72 1355  4614.00  6012.00 1151 446800  5952.00
[206]nmoles/g 710.10 730.59 1518.39 1870.2 843,6 438.5 708.8 591.7 348.5 388.0
206/204 1294.9 1230.5 14521 1283.2 863,0 1144.8 1485.9 703.6 935.5 823.9
206/204 (corr.) 1506.4 1413.7 1570.2 1357.0 936,4 14291 1772.8 772747.0 1172.9 980154.0
206*/238 0.0777521 0.0845905 0.0790935 0.0877285  0,080525 0.0780781 0.0730858 0.0741465 0.0776237 0.082464
207%/235 0.606264 0.666655 0.625809 0.707356 0,640901 0.625825  0.582605 0.577407 0.623965 0.63858
207*/206* 0.056552 0.0571582 0.0573852 0.0584784 0,057724 0.0581329 0.0578149 0.0564794 0.0582995 0.0561629
206*/238 m.y. 482.7 523.5 490.7 542.1 499,3 484.6 454.7 461.1 481.9 510.8
207*/235 m.y. 481.2 518.7 493.5 543.2 502,9 493.5 466.1 462.8 492.3 501.4
207%/206* m.y. 4741 497.6 506.4 547.7 519,3 534.8 522.8 471.3 541.0 458.8
206/204 Y%err 141 12.8 6.95 4.91 7,3 21.5 16.6 8.68 22.2 16.7
206*/238 Y%err 0.533 1.18 0.333 0.822 0,606 0.393 0.337 0.462 0.44 1.31
207*/235 Y%err 0.588 1.21 0.407 0.853 0,644 0.498 0.419 0.775 0.58 1.48
207*/206* %err 0.235 0.254 0.22 0.215 0,208 0.297 0.236 0.586 0.358 0.646
Rho 0.917041 0.977847 0.84193 0.967738 0,946442 0.80266 0.82603 0.65704 0.78804 0.89938

analytical errors are quoted at 1 sigma level

data point ellipses are 2 sigma

grey marked positions are excluded for concordia calculation: ic = inherited core, rc = reverse concordant, sl = strong Pb-loss, abr = abraded

calculated concordia data are quoted at 95% level

used programs: PBDAT vers. 1.24, July 30, 1993, and ISOPLOT vers. 3.50, June 21, 2006 with kind permission of K.J. Ludwig (Berkeley Geochronology
Center)
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Figure-TIMS-DR1: Concordia diagram of single zircons (TIMS),
sample CE-54D. Abraded zircons with cores are not used for
the calculation (von Gosen et al.).

The TIMS analyses define a linear array indicating Pb-loss at about
145 Ma (lower intercept) and a crystallization age of 522.7+5.8 [+8.4]
Ma (upper intercept). Abrasion of some grains clearly enhanced the
presence of inherited cores. Analyses impacted by the presence of
cores are not included in the regression and not plotted.
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Figure-TIMS-DR2: Concordia diagram based on single zircons
(TIMS), sample CR-49D (von Gosen et al.)

Excluding two reversely concordant analyses and one showing extreme
Pb-loss and forcing a lower intercept of 0+10 Ma, the remaining analyses
define a Pb-loss cord with an upper intercept of 527+9.8[+11] Ma.



data-point error ellipses are 20

0.76

0.092 |
CE-55D
Porphyry, dacitic
0.088 |
D
% 0084 |
S
o)
o
S 0080
0076 TIMS DATA
Intercepts at
0.072 0410 & 514+18 [+19] Ma
MSWD =19
0.068 I/ 1 1 1 1 1
0.52 0.56 0.60 0.64 0.68 0.72
207Pb/235 ]

Figure-TIMS-DR3: Concordia diagram based on single zircons
(TIMS), sample CE-55D (von Gosen et al.)

Concordant to discordant single grain TIMS analyses show considerable
scatter ranging from 460 to 540 Ma and defining a linear array with an

upper intercept of 514+18[+19] Ma.
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