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ABSTRACT 

New U-Pb SHRIMP zircon ages combined with geochemical and isotope investigation in the Sierra de 

Maz and Sierra de Pie de Palo and a xenolith of the Precordillera basement (Ullun), provides insight into 

the identification of major Grenville-age tectonomagmatic events and their timing in the Western Sierras 

Pampeanas. The study reveals two co ntrasting scenarios that evolved separately during the 300 Ma long 

history: Sierra de Maz, which was always part of a continental crust, and the juvenile oceanic arc and 

back-arc sector of Sierra de Pie de Palo and Ullun. The oldest rocks are the Andino-type granitic orthog­

neisses of Sierra de Maz (1330-1260 Ma) and associated subalkaline basic rocks, that were part of an 

active continental margin developed in a Paleoproterozoic crust. Amphibolite facies metamorphism 

affected the orthogneisses at ca. 1175 Ma, while granulite facies was attained in neighbouring meta-sed­

iments and basic granulites.lnterruption of continental-edge magmatism and high-grade metamorphism 

is interpreted as related to an arc-continental collision dated by zircon overgrowths at 1170-1230 Ma. 

The next event consisted of massif-type anorthosites and related meta-jotunites, meta-mangerites 

(1092 ± 6 Ma) and meta-granites (1086 ± 10 Ma) that define an AMCG complex in Sierra de Maz. The 

emplacement of these mantle-derived magmas during an extensional episode produced a widespread 

thermal overprint at ca. 1095 Ma in neighbouring country rocks. In constrast, juvenile oceanic arc and 

back-arc complexes dominated the Sierra de Pie de Palo-Ullun sector, that was fully developed ca. 
1200 Ma (1196 ± 8 Ma metagabbro). A new episode of oceanic arc magmatism at � 1165 Ma was roughly 

coeval with the amphibolite high-grade metamorphism of Sierra de Maz, indicating that these two sec­

tors underwent independent geodynamic scenarios at this age. Two more episodes of arc subduction are 

registered in the Pie de Palo-Ullun sector: (i) 1110 ± 10 Ma orthogneisses and basic amphibolites with 

geochemical fingerprints of emplacement in a more mature crust, and (ii) a 1027 ± 17 Ma TTG juvenile 

suite, which is the youngest Grenville-age magmatic event registered in the Western Sierras Pampeanas. 

The geodynamic history in both study areas reveals a complex orogenic evolution, dominated by conver­

gent tectonics and accretion of juvenile oceanic arcs to the continent. 

In the 26-33°5 flat-slab segment of the Nazca plate in the 

Southern Andes, landforms result from basement up­
lift on Miocene-to-Recent reverse faults located up to 900 km away 

from the trench. These basement exposures of the Sierras Pampe­

anas a to test models of lateral accretion 

of the continent, from the 2.0-2.2 Ga Paleoproterozoic sequences 

of the Rio de la Plata craton in the east, to t he modem Andes in 

the west 1). Based on lithological differences, eaminos 
(1979) was the first to recognize an eastern group of sierras dom­

inated by abundant Paleozoic and rocks 

(the Eastern Sierras Pampeanas), and a western group character­

ized by abundant meta-basic, ultrabasic and cale-silicate rocks 

(the Western Sierras Pampeanas). Modern geochronological stud­

ies have demonstrated that the Western Sierras Pampeanas 

(WSP) preserve a different ge()lo:glcal 

an exposed Mesoproterozoic crystalline basement (e.g., McDonoug h 
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Fig. 1. Location of Grenville-age rock exposures in southwestern South America as well as large Paleozoic units with inferred Mesoproterozoic basement. The outline of the 
San Rafael and Las Matras blocks are after Sato et al. (2000). 

et al., 1993; Pankhurst and Rapela, 1998; Varela et al., 2003; Cas­
quet et al., 2001, 2004; Vujovich et al., 2004). From north to south, 

the main sierras of the WSP are Toro Negro, Umango, Espinal, Maz, 
Pie de Palo and El Gigante (Fig. 1). Mesoproterozoic ages have been 



also reported to the south of the WSP, in low-relief outcrops of the 
San Rafael block at 35°S (Astini et al., 1996; and Varela, 
1999) and scattered outcrops of tonalite-trondhjemites in the 
Las Matras block at 36° 46'S (Sato et al., 2000, 2004) 1). To 
the west of the WSP, the basement of the Paleozoic sequences 
of the PrecordiUera is inferred to be Mesoproterozoic in age, based 
on studies of xenoliths in voleanic rocks (Abruzzi et al., 
1993; Kay et al., while data obtained from 

scattered outcrops of the basement in the Late Paleozoic Frontal 
CordiHera show that the GrenviHe-age basement extends further 
west (Ramos and Basei, 1997; Basei et al., (Fig. Therefore, 
a sector of the Southern Andes basement and foreland, at 
least 1100 km is formed by blocks whose rela­
tlOnsnl�)s to each other are largely unknown. 

The aim of this paper is to start the 
this of continental blocks by means of a cOlmplar.ati'/e 
of the chemistry, isotopic and mC:lgrnal:lC··m,et<'lm,OI 
phic history of Sierra de Maz and Sierra de Pie de Palo, two of 
the and best units of the WSP. As in any geological 

of the WSP, ours is hampered by a number of uncertainties 
derived from the numerous and events nue>rn'rin'rpn 

on the basement. Some of the detected overprinting 
events include: (a) recorded intrusion 

at 840 and 770 Ma (Baldo et al., 2006, 2008), and carbon­
atites and nepheline syenites at 570 Ma (Casq uet et al., 2008), (b) 

Paleozoic associated with the dockingjcolli-
!C'.,r,v''''_C'J1''' ats:pl,KemE�nt of the WSP and the Precordillera ter­

their final attachment to Gondwana (this has been the 
of much debate in recent years, and reviews have been re-

in a of the 33rd IGC (Casquet et al., 
2008; Finney, 2008; Thomas and Astini, 2008), and deformation 
related to the Late Paleozoic and Andean nrr\o"P,nH>� 

The effect of the important Late Paleozoic deformation on the base­
ment is known, whereas the block on 
reverse faults and imbrication have been better studied. As a result 
of the Paleozoic and Andean tectonics, blocks 
are imbricated with terranes (Casquet et al., 
2008), and very detailed studies are needed to establish connec-
tions between even domains. 

2. Geollogical 

2.1. Sierra de Maz 

In the basement of the sierras of Maz and three do-
mains, by first-order shear zones and younger faults 
(Fig. can be distinguished on the basis of field, geochronology 
and evidence (Casquet et al., 2006; 2008 and 
references therein). The Eastern Domain consists for the most part 
of rocks younger than 1.0 Ga 

with subordinate marbles and 
ME�tall1orptllSI11 took the Famatinian 

orogeny at ca. 440 Ma (see also Lucassen and Becchio, 2003). The 

Central Domain (also known as the Maz consists of med-
11Itn_'D'r�inp meta-sediments 
schists, and 
ultramafic to intermediate mE�ta'-I\lne()US 
rocks that underwent a orogeny starting at ca. 
1.2 Ga et al., 2004; Casquet et al., 2006). of 
the protolith sequences occurred the Paleopro-
terozoic (between 1.7 and 1.9 Ga, U-Pb SHRIMP age of detrital zir­
con, Casquet et al., 2006). Massif-type meta-anorthosites and 
associated dykes of 1070 ± 41 Ma are restricted to 
the eastern side of the Central Domain and show evidence for Fam­
atinian at 431 ± 40 Ma (observed 

VU,;::"U'JUL the domain, Casquet et al., Moreover, metamor-
gel:)(11rClno'lol�lcal discontinuities within the Maz Domain 

suggest that it is in fact COInp,ose�a 
by shear zones. All the in this are from the 
Maz Central Domain 2). The Western Domain consists of 
mE�ta:secllrrlentaIY rocks younger than 1.0 Ga that underwent Fam-

atinian mE�talmo'rplhism 
marble beds, caleic 

One sequence of rocks of thick 
schists and 

alent to the Neoproterozoic Difunta Correa mE�ta:secllITlenltaIY 
quence of Sierra de Pie de Palo, and to rocks 
of Sierra de Umango (Varela et al., 2001; Galindo et al., 2004). Most 
rocks within this domain are low- to but 

rocks are found locally. 
Mylonitic A-type orthogneisses of 840 Ma have been .. ",r·",nn" 

in the Maz Central Domain and Sierra de (Baldo 
et al., 2008), while ca. 570 Ma carbonatites and associated Ne-sye­
nites probably represent the latest event of the GrenviUe­
age block before amalgamation to Gondwana (Casquet et al., 2008). 

22. Sierra de Pie de PaIo 

Sierra de Pie de Palo exposes a meta-igneous and metasedimen-
tary of stacked nap pes thrust towards the west the 

Paleozoic (Fig. 3). The nappes rest upon the almost unmeta-
morphosed PrecordiHera sequence of Cam-
brian age (Caucete below the basal thrust 

et al., 2004; Ramos et al., 1996; Muleahy et al., 2007) 
{Fig. 3). 

GrenviHian ages from Sierra de Pie de Palo first reported by 
Varela and Dalla Salda (1993), et al. (1993) and Pank­
hurst and (1998) were later confirmed in other studies 
(e.g., Casquet et al., 2001; Vujovich et al., 2004). Two domains 
with well-constrained lithologies are recognized. 
A lower unit of mostly meta-mafic and meta-ultra­
mafic rocks composed of serpentinite and bodies, 
massive metadiorites, mafic schists, 
and garnet-amphibolites (Vujovich and Kay, 1998 and references 

This unit is referred to in the geological map (Fig. 3) as 
the Grenvillian "oceanic arc back-arc (see below). It 

over lies the siliciclastic and carbonate seq uences of the 
Paleozoic Caucete Group along the thrust (Vujovich 

and Kay, 3). An upper imbricate thrust sequence of 
marbles, cale-silicate rocks, schists, subordi-
nate amphibolites and abundant acidic including 

and meta-tonalites, dominate the central 
and eastern part of the sierra Isotope studies and detrital 
zircon ages obtained from marbles, cale-silicate schists, qu,arztltl�s 
and schists in the southern part of the sierra, 
VI<:::VIL'U"IV considered indicate that these rocks 
in fact constitute a distinct Neoproterozoic sequence, 
the Difunta Correa sequence (580-620 Ma, Galindo et al., 2004; 
Rapela et al., 2005), which overlies Mesoproterozoic basement. 
A-type dated at 870 Ma (Baldo et al., 
2006), the Difunta Correa sequence and the 

Mesoproterozoic basement are thoroughly imbricated in the cen­
tral and eastern part of the sierra. a detailed Irn<'llMlp,IO"P 

of the Mesoproterozoic basement in the upper imbricate thrust 
sequence is still but the assembled includes 
different types of amphibolites, orthogneisses and metasedimen­
tary rocks. Determination of is how­

by the strong deformation and difficult access. 
Ordovician (470-481 Ma, Pankhurst 

1998; Baldo et at, 2005) and Middle Ordovician 
ampnmome facies (455-460 Ma, Casquet et al., 

et al., 2004) are among the later events rej"l�ls[ere'a 
in Pie de Palo. 
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Fig. 2. Geological map of the Sierras Maz, Espinal and Umango, modified after Casquet et al. (2006, 2008), with the location of samples considered in this work (Tables 1 and 
4). 

Based on gec'Cn€�mlICal data, Vujovich and Kay (1998) inter­
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A U-Pb age of 1204 ± 5 Ma obtained in a 
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Fig. 3. Geological map of Sierra de Pie de Palo and adjacent Precordillera outcrops, modified after Vujovich and Kay ( 1998) and Baldo et al. (2006), with the location of 
samples considered in this work (Tables 3 and 4) .  

pe'gnlat:ite of the lower unit constrains the of the assumed 

arc rifting and back-arc stage (Vujovich et al., 2004). 
U-Pb ages of 1169 ± 8 and 1174 ± 43 Ma obtained from tonalitic­
gr.amJdloflltlc sills and dykes that intrude both Mesoproterozoic do-
mains were relDfE�SentJing either arc activity 
and after back-arc "' ...... �� ...... �.� or a tectonicaHy-unrelated arc (Vujo­
vich et al., 2004). 

23" The basement of the Precordillera: the Ulhin xenoliths 

The Cambrian and Ordovician sequence of 
the PrecordiHera, located adjacent to the west of Sierra de Pie de 
Palo (Fig. has no underlying basement. Only indirect 
evidence of the age and of this basement comes from 
xenoliths induded in Miocene dacitic to andesitic rocks that pene­
trated the Cambro-Ordovician strata. The best studied localities are 
the UHun and Cerro Blanco volcanic centres described by Leveratto 
(1968) and Abruzzi et al. (1993), subsequently studied in more de­
tail by Kay et a!. (1996). 

Metamorphic xenoliths, in size from <3 cm up to 25 cm 
across, were considered by Abruzzi et al. (1993) and Kay et al. 
(1996) to have been derived from mafic == 48-54%) 
and felsic (Si02 == 69-71%) Three distinct xeno-
lith suites were re(=o��mze,d: 

(i) mafic pyroxene and pyroxene-garnet 
interpreted as derived from basaltic to basaltic­

andesitic magmas formed in an oceanic back-arc or juvenile 
continental crustal back-arc setting. 

(ii) deformed mafic schists as repre-
unfractionated mantle-derived arc magmas. An U-Pb 

zircon age for one from this suite yielded an upper 
interceot age of 1102 ± 6 Ma, which was considered a 
lization age. Two zircon fractions from the same but 
with lower U and Pb concentrations, defined a r.J 1083 Ma 
207Pbj

206Pb age, interpreted as a metamorphic event. 
hl(ltll-p-hp,;:lnnO' acid of dacitic cOlmploslltlCm inter­
preted as crustal melts. Zircon data from two salTIoles of this 



group are discordant: three fractions from one 
an upper age of 1096 ± 50 Ma, while if the all 

six fractions from the sarDPles are regressed the 
upper age is 1118 ± 54 Ma. 

3. Ge()Chemlistlry and Nd 

affinities 

3.1. Sierra de Maz 

data: te(:tolooll1lagrrlatiic 

The database for Sierra de Maz consists of 26 new whole-rock 
chemical and 12 Nd determinations on selected 
sarDples of the main units of the Central Domain 
(see Tables 1 and 2 repository), and 2 for loca-
tion). Amphibolites and of the Central Domain exhi-
bit a silica range from 45% to 74% Si02 and can be subdivided in 
two main groups (Fig. 4). A first group of subalkaline (cal-

cic to calc-alkaline fields, 4a and b), is of medium-K 
amphibolites by a silica gap of 62-74% 

Si02 from (Fig. 4c). This subalka-
line group, as well as schists and are 
the country rock of the anorthosite massif in the northeastern side 
of Sierra de Maz (Fig. 

A second group includes meta-anorthosites, and 
an alkali-calcic series defined by orthogneisses that plot in 
the monzonite and quartz monzonite fields of the TAS dia­
gram (Fig. 4a and b). High-K amphibolites with shoshonite compo­
sItIOn are linked to this group 4c). Note that the 
massif-type meta-anorthosites of Sierra de Maz plot in the monzo-
diorite and fields (Fig. The trace element geo-
chemistry and Nd signature of both groups are described 
in more detail below (Figs. 5, 6 and 10). 

3.1.1. Sub alkaline series: Andean type, cordilleran and 

subduction-related basic rocks 

The first group of subalkaline orthogneisses consists of meta-
diorites, tonalites, and 

with Si02 62-74%, Na20 + K20 5.2-6.7%, FeOt + MgO 3-7%, REE 
patten1s with [LajYblN '" 10-45 and a weak positive Eu :In,''UYl:l!\, 
(EujEu '" 1.1-1.4) (Table 1, Fig. The overall subalkaline geo-

rocks is with Gaj AI 
(1000 Gal Al '" FeOtjMgO Zr INb (>17) and 
(15-50) ratios that are characteristic of metaluminous magmas 
emplaced in convergent rather than 
(Pearce et al., 1984; Whalen et al., 1987; 1990). Normalized 
to Ocean Ridge Granites (ORG) the subalkaline are 
enriched in K, Rb and Ba and depleted in Ta, Nb, Hf, Zr, Y, and 
Vb, which is also typical of arc-related magmas (Fig. 5b), in 
ular the cordiUeran tonalitic to suites (e.g., Herve et al., 
2007). The .sNdt values range from +4.1 for the to 
-0.8 in the and -7.2 in the (Fig. 6, Table 1). 
This indicates a amount of mature continental crust 
contamination of the acidic units, whereas the pre-
serves the mantle of cordiHeran tonalites. 

The medium-K subalkaline amphibolites show some arc geo­

chemical affinities, such as LILE- and Th enrichment and compati­
ble element depletion when normalized N-MORB, but they 
do not show other characteristics such as LREE enrichment and Nb 
aelPlenon (Fig. .sNdt varies from +3 to -1.5, with the 
range of Zr content for subalkaline rocks (30-60 ppm, 
in the case of the subalkaline this variation in .sNdt 
correlates with an increase of silica content, from 45.8% to 48.5% 
(Fig. 4, Table 1), again crustal contamination of the ori­

basic magmas. These sub alkaline meta-basic rocks, and the 
suite, have the typical lithology formed in 

convergent such as the southern Andes, where basalt 
and basaltic-andesite stratovolcanoes and cordiUeran batholiths 
largely constitute the edge of the continent (Herve et al., 2007). 

3.1.2. Alkali-calcic nrthmmpissl"s and rYlrl'" "_.,,nD anorthosites: an 

AMCG complex 

The high-K alkali-calcic and amphibolites of the 
Central Domain show all the characteristic of a mag-

matic series that is transitional to the alkaline field. The 
neisses are meta-monzonite and meta-quartz monzonites with 
Si02 57.1-68.4%, Na20 + K20 6.8-8.6%, FeOt + MgO 3.8-9.2%, REE 
pa�[en1S with [La/Yb IN '" 3-15 and a Eu (Eu/ 
Eu == 1.1-1. 7) (Table 1, This mild alkaline ':Ha'UClLUI 
observed in the relatively high contents of elements, 
both LILE and HFSE (Fig. 5b), and the ratios of Gal Al (1000

" 
Gal 

Al == and FeOtjMgO (7-25) are of A-type gran-
ites and, of acidic within-plate (Pearce 
et al., 1984; Leat et al., 1986; Whalen et al., 1987; Eby, 1990). 
The Zr content has been considered useful for the of 
alkaline in rocks, and low-Zr «300 ppm) rocks 
are termed "subalkaline", while (> 350 ppm) are classed as 
"peralkaline" (Leat et al., 1986). The Zr content of the high-K 
ortho��nelssE�s is very (450-1150 ppm), and they also have 
.sNdt values of +0.3 and -4.5 6), the latter mCllGltlrlg n"rr.r .... "_ 

tion of the crust in the 

zonite and 
associated with massif-type anorthosites, 
AMCG conlplE�x 
(Emslie, 1978), which are common in the GrenviHe nrr", .. , r", 

Canada (Corrigan and Hanmer, 1997; Rivers, and in the 
Grenvillian basement. The anorthosites, 

monzonites and quartz monzonites of Sierra de Maz underwent a 
Lower Paleozoic medium to high-grade event that transformed 
the original fabric and the of the Wes-
tern Sierras Pampeanas Gondwana (Casquet et al., 2008a). 
It is considered here that the high-K alkali-calcic and 
uu.jIU'-'_UL anorthositic massif of Sierra de Maz (Fig. 2) formed an 

AMCG broad mag-

3.1.3. The Maz massif anorthosite 

The anorthositic massif of Sierra de Maz 2) was first de-
scribed by Casquet et a!. (2004). Although this body has been also 
affected by Lower Paleozoic medium to high-grade metamorphism 
and deformation, it is one of the best nn>.;:e:> .. "",·n 
matic units of the Western Sierras Pampeanas. 

between the different anorthositic facies 
10tlLlnites are still recognized, so that mathematical model­

ge(JCtlermcal trends can be used to constrain the 
A refinement of the data and 

model by Casq uet et a!. (2004) is based on 12 new chem-
ical analyses reported in Table 2 (data repository). 

The main facies of the anorthosites is dominated intermedi-
pICllj?;t()(I,aSe showing sparse small of mafic minerals. 

the of mafic minerals increases, for'mlng 
a jotunite groundmass with plagioclase or SVI1plutl�nllC 

within the main facies. The bulk leucocratic anorthosites 
have high Ah03 (23.5-27.5%) and Sr (720-930 ppm), and low to 
moderate K20 (0.4-1.5%). They LREE-enriched 

patterns (La/YbN", 32-5) and Eu 
== 13.5-2.5) The Si02-poor 10tlLlnites 
are enriched in FeO, Ti02, MgO, P20S, Zr, Hf, 

aelpletea in Ah03, Na20, and Sr; their REE patterns 
are enriched total REE with a to Eu 
anomaly == 0.85-1.1) 4 and 7a). The Nd com-
positions of the anorthosites are variable: .sNdt '" +3.4 



Table 1 
Geochemical and isotope data of orthogneisses and amphibolites from Sierra de Maz. 

Sample 
(wt%)* 

Subalkaline Series 

Amphibolites 

1 2,079 7202 

Si02 45.87 48 .38 
Ti02 1 . 1 5  0.44 
Ah03 1 7. 13 1 6.54 
Fe203 t 1 3.36 1 1 .53 
MnO Q 1 7  Q 1 8  
MgO 6.57 8 . 1 9  
CaO 1 1 .22 9.93 
Na20 1 .71 1 .98 
K20 0.95 0.96 
P20S 0. 1 2  0. 1 0  
LO! 1 .20 1 35 

Total 99.45 99.58 
(ppm)* 

Cs 0.1 0.2 
Rb 1 2  27 
Sr 428 264 
Ba 265 1 73 
La 1 1 .6  4.8 
Ce 21 .8  1 1 .7 
Pr 3 .25 1 .68 
Nd 13 .2 8 .4 
Srn 3 .07 2.57 
Eu 1 .00 1 .04 
Gd 2.75 3 .08 
Tb 0.49 0.58 
Dy 2.95 3 .3 9  
Ho 0.57 0.7 1 
Er 1 .60 1 .97 
Tm 0.23 0.30 
Yb 1 .42 1 .82  
Lu 0.22 0.28 
U 034 Q 1 5  
Th 1 . 1 5  0.53 
Y 1 �8 1 �6 
Nb 2.6 4.6 
Zr 43 56 
Hf 1 .5 1 .6 
Ta 0.14 0.68 
Sc 38 54 
Ga 21 1 7  
Ni 40 137  
Co 40 56 
Cr 50  3 1 8  
Pb 5 n 

Nd isotope data** 
Srn (ppm) 
Nd 

2.57 
8 .41  
0. 1 847 

7105 

48 .54 
1 . 1 5  
12.86 
16.22 
0.21 
6.26 
10.82 
1 .99 
0.89 
0. 13 
0.44 

99.5 ] 

n.d 
4 
1 1 7  
108 
3.9 
9. 1 
1 .45 
7.7 
2.61 
0.94 
3.55 
0.75 
4.84 
1 .06 
3.21 
0.5 1  
3.21 
0.52 
0.04 
n.d 
3 1 .8 
6.2 
62 
1 .9  
0.08 
52 
16 
80 
56 
81 
n.d 

2.61 
7.67 
0.2057 

Orthogneisses 

7099 

62. 14  
0.64 
17.80 
4.64 
0.07 
2.27 
5 .57 
4.89 
1.24 
0. 1 8  
0.58 

] 00.02 

0.4 
20 
824 
640 
1 1 .5 
27.6 
2.93 
13 . 1  
2.59 
0.91 
2.09 
0.3 
] .53 
0.28 
0.8 1 
0.1 1 
0.77 
0 .11 
0.09 
0.2 
8.0 
6.0 
124 
3 .1  
0. 1 2  
8 
] 9  
n 
13 
3 2  
8 

2.59 
13.1 
0. 1 195 

1 1 ,060 12, 1 09 12,013 

62.26 66.27 72.04 
Q59 Q74 Q50 
17 .67 14.60 13.56 
4.25 5.68 3.87 
0.06 0.09 0.06 
1 .99 2.02 0.43 
5.49 4.09 2.46 
4.78 3.31 2.66 
1.35 2.04 4.12 
Q16 Q24 Q 1 5  
2.70 0.75 0.49 

101 .3 99.83 100.34 

0.3 0.3 0. 1 
33 59 60 
888 586 284 
596 1273 141 6  
1 1 .6 43.2 90.4 
24.7 85 182 
3.05 9. 12  19.90 
12.7 33.1 72.6 
2.51  5.41 10.9 
0.99 1 .93 3.29 
2. 14 4.01 7.86 
Q31 Q59 1 . 13 
].59 3. 1 5.74 
0.29 0.59  1 .00 
0.85 1 .66 2.72 
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10.9 
72.60 
0.0907 

1 2,048 

73.66 
0.26 
14. 1 1  
2.58 
0.04 
0.65 
2.61 
3 .05 
2. 1 6  
0.06 
0.87 

1 00.05 

0.4 
34 
494 
1 636 
43 
80.4 
7 .86 
25.4 
3 .57 
13 
2.21 
0.26 
1 .28 
0.24 
0.7 1 
0.1 
0.65 
0.1 
0.44 
7 .48 
5.8 
2.9 
149 
4.2 
0.09 
4 
1 5  
20 
3 
90 
3 0  

3 .57 
25.4 
0.0849 

Alkali�calcic Series 

Amphibolites 

12,034 

45 .06 
1 .80 
14.03 
14.90 
0.2 1  
10.79 
8.49 
1 . 14 
1 .29 
0.34 
1 .69 

99.74 

1 .6  
33 
57 
1 1 4  
5.59 
16.4 
2.41 
12.7 
3.7 
1 .71  
4.24 
0.79  
4.94 
0.94 
2.64 
0.38 
2.39 
0.35 
0.27 
0.43 
26. 1  
5.7 
96 
2.7 
3.71 
26 
18  
240 
65 
690 
5 

3.7 
12.7 
0. 1 761 

7085 

47. 18  
1 .86  
1 5.33 
1 2.93 
0.20 
7 . 14  
8 . 1 7 
2.84 
2.66 
0.38 
1 35 

1 00.04 

0.7 
59 
247 
431 
1 1 .2  
31  
3 .63 
1 7.6  
4.8 
1 .79  
5.29 
o 
5 . 1 7 
1 .03 
2.86 
0.4 
2.63 
0.40 
0.6 
1 .03 
28.2 
7.6 
140 
3.2 
0.34 
28 
1 6  
74 
44 
214 
7 

4.8 
1 7.6  
0. 1 649 

o rthogneisses 

1 2,01 7 1 2,020 

54. 1 1 57.1 1 
2.38 1 .29 
12.72 1 5 .93 
1 6.01 1 0.43 
0.27 0. 1 8  
1 .70  1 .01  
6.05 5.42 
2.04 3 .99 
2.28 2.88 
1 .24 0.52 
0.34 0.92 

99. 14  99.68 

0.5 0.2 
57 3 1  
304 468 
797 2735 
8 1 .2 54.1 
1 93 1 3 1  
24.60 1 7 . 1 0  
1 05 73.8 
21 1 5  
4.94 5.9 
1 8 .5 13 .5 
3 .08 2.21 
1 7 .50 1 2.30 
3 .22 2.26 
9. 1 9  6.3 
1 .34 0.87 
8 .33 5 .42 
1 .27 0.84 
0.5 0.59 
1 .94 1 .28 
9 1 .5 64. 1  
64.9 1 06 
863 1 1 01 
1 8 . 1  25.9 
3.85 6.9 
28 24 
24 27 
20 130  
18  1 1  
20 20 
9 1 2  

1 5 .0 

1 1 ,055 1 2,072 

57.67 68.45 
1 .03 0.47 
1 6.56 1 5. 1 7  
8 .54 3 .62 
0. 17  0.05 
0.81  0.44 
4.96 2. 1 2  
3.76 2.86 
3.77 5 .73 
0.32 0. 19  
2.42 1 .01 

1 00.01 1 00. 1 1  

o 0.4 
33 1 32 
584 403 
5592 2995 
38.3 35.8 
83.6 70.7 
1 0.70 8 .29 
47.9 3 2.7  
9.97 6. 1 9  
7.44 3 .3 
1 0.3 5 .3 2  
1 .54 0.74 
8 . 1 6  3 .84 
1 .6 0.73 
4.55 1 .92 
0.65 0.26 
4. 1 7  1 .56  
0.62 0.22 
0.5 0.4 
1 . 1 2  0.97 
41 .5  1 9.0  
48.2 7.7 
1 150 450 
24.8 1 0.4 
4.5 0.47 
1 9  5 
22 23 
n 20 
1 6  5 
n 80  
7 23 

6. 1 9  

0.5 12532 0.51 2634 0.5 12212 0.5 1 1726 0.5 1 1 35 1 0.5 1 2601 0.5 1 2513  

73.8 
0. 1 229 
0.5 1 2 1 23 
0.3 

3 2.7  
0. 1 1 44 
0.51 1 81 9  
-4.5 eNdt -0.1 - 1 .5 4.1 -0.8 -7.2 2.2 2.0 

All Sample Nos. have the prefix MAl 
Minor elements determined by ICP-MS spectrometry. 
*Analyses carried out by ACTMajor elements determined by ICP spectrometry. 
rHl<UYLlLGl methods as in Galindo eta!. (2004 ). 143r44Nd measured on sector 54 mass spectrometer. Analytical errors (2a) are 0.2% and 0.0006% for the 147Smrt44Nd and 

respectively. 

to -1.2 indicating a mantle source with moderate con­

tamination by old continental crust (Casquet et al., 2004). A refined 
model of trace element fractional in which a 

of the main fades (MAZ12052, Table 2) and the are late 
stage residual liquids, is 7b. The modelled daugh­
ter melts after 80%, 90%, and 95% 
in REEt and Zr, a decrease in the initial 
becomes slightly at 95% 
the Sr anomaly, which becomes 
melts at 90-95% 7b). Patterns 
the jotunites (Si02 39-42%, are very similar to 

the modelled residual melts, in the production of which Zr behaves 

as an element. 

3" 1.4" Alkali-calcic amphibolites 

Alkali-calcic with Si02 45.1-54.1%, K20 1.3-2.7 
and Na20-2.0 � K20 (Table 1 and lc) show affinities with the 
shoshonitic series (Ewart, 1982; Le Maitre, 1989). with 
Si02 45-47% have REE with [LajYb]N == 2-2.5 and weak po-
sitive Eu anomalies (Eu/Eu == while a with 54% 
Si02 shows an pattern with [La/YblN '" 7 and a negative 
Eu anomaly == 0.75) (Table 1, 5a). Normalized 



Table 2 
Geochemical and isotope data of the anorthositic massif of Sierra de Maz. 

Sample (wt%)* 

Si02 
Ti02 
Ah03 
Fe203t 
MnO 
MgO 
CaD 
Na20 
K20 
P205 
LO! 

Total (ppm)* 

Cs 
Rb 
Sr 
Ba 
La 
Ce 
Pr 
Nd 
Srn 
Eu 
Gd 
Tb 
Dy 
Ho 
Er 
Tm 
Yb 
Lu 
U 
Th 
Y 
Nb 
Zr 
Hf 
Ta 
Sc 
Ga 
Ni 
Co 
Cr 
Pb 

Anorthosites 

12,050 

5 1 . 1 7  
1 .53 
23 .72 
6.93 
0. 1 3  
1 .08 
9.27 
4.3 
0.65 
0.27 
0.77  

99.82 

0.3 
7 
727 
287 
9.93 
22.6 
2.93 
12.60 
2.49 
2.37 
2.42 
0.38 
2. 19  
0.43 
1 .23 
0. 1 8  
1 . 1 7  
0. 1 8  
0.09 
0. 14  
1 1 .60  
16.4 
51  
1 .1 
1 .20 
8 
20 
20 
1 1  
70 
5 

2.49 
12.6 
0. 1 1 95 
0.5 1 22 1 9  
2.4 

1 2,027 

52.54 
0.88 
23.81  
5 .85  
0.09 
].4 
8 .97 
4.41 
0.54 
0. 12  
0.87 

99.48 

0.2 
5 
745 
247 
6.29 
1 2.8  
1 .47 
6.03 
1 . 1 9  
1 .84 
1 . 1 6  
0.20 
1 .22 
0.25 
0.73 
0. 12  
0.82 
0. 13 
0.03 
0.27 
7 . 1 0  
8.5 
30 
0.7 
0.59 
8 
20 
20 
1 2  
1 00 
5 

All Sample Nos. have the prefix MAZ. 

1 2,053 

53. 1 2  
0. 12  
26.77 
1 .03 
0.02 
0.21 
9.71 
4.82 
1.13 
0.04 
2.09 

99.06 

0.5 
]8 
927 
543 
4.32 
9 
1 .06 
4.04 
0.82 
1 .06 
0.71  
0. 1 1  
0.66 
0. 13 
0.36 
0.05 
0.33 
0.05 
0.07 
0.35 
3 .50 
1.4 
40 
0. 9 
0. 14 

1 8  
20 

20 
5 

Minor elements determined by ICP-MS spectrometry. 

1 2,073 

53.52 
0.61 
25.46 
2.83 
0.04 
0.52 
9.36 
4.67 
0.85 
0.08 
1 .65 

99.59 

1 .2 
1 3  
7 63 
299 
6.27 
1 2.4 
1 .40 
5.34 
1 .02 
2.25 
0.93 
0. 15  
0.86 
0. 17  
0.48 
0.07 
0.48 
0.08 
0. 10  
0.25 
4.60 
4.5 
54 
1 3  
0.34 
4 
21  
20 
5 
30 
5 

12,024 

53 .82 
0. 10  
26.36 
1 .07 
0.01 
0. 1 
9.09 
5.3 
0.88 
0.08 
1 .75 

98 .56 

2.6 
15  
838 
323 
5.24 
9.9 
1 .06 
4.03 
0.70 
1 .68 
0.51  
0.08 
0.39 
0.07 
0. 17  
0.00 
0. 1 1  
0.02 
0.01 
0.05 
1 .80 
1 .2  
4 
0. 1 
0.02 

22 
20 

20 
5 

*Analyses carried out by ACTL major elements determined by ICP spectrometry. 

12,023 

54. 1 1 
0.28 
26. 1 5  
2.09 
0.03 
0.29 
9.57 
5.27 
0.89  
0.09 
1 .59 

100.36 

1 .5  
18  
812  
270 
6.52 
12.9 
1.44 
5 .71 
1 .06 
1 .74 
0.90 
0. 1 5  
0.82  
0. 1 5  
0.42 
0.06 
0.39 
0.06 
0.08 
0. 1 0  
4.20 
3.5 
6 
03 
0. 1 5  
2 
21 
20 
3 
20 
5 

12,052 

54.61 
0. 1 0  
27 .56 
0.77  
0.01  
0.06 
10.34 
5.06 
0.63 
0.04 
0.91  

100.09 

0.2 
5 
857 
264 
4.25 
8.0 
0.86  
3. 1 1  
0.48 
1 .95 
0.40 
0.06 
0.29 
0.05 
0. 14  
0.00 
0.1 2  
0.02 
0.08 
0. 1 8  
1 . 40 
0.8 
6 
0.2 
0.05 

21 
20 

40 
5 

0.48 
3. 1 
0.0933 
0.5 1 1939 
0.5 

1 2,068 

55.05 
0.28 
25.39 
1 .46 
0.02 
0.22 
8 .68 
5 .25 
1 .04 
0.07 
1 .58  

99.04 

2.3 
1 7  
801 
436 
6.5 1 
1 2.5  
1 .3 9  
5 . 1 5  
0.88 
1 .91  
0.76 
0. 12  
0.65 
0. 12  
0.34 
0.05 
0.28 
0.04 
0.03 
0. 13 
3.50 
2.4 
21  
0.5 
0. 15  
2 
25 
20 
2 
30 
5 

Jotunites 

1 2,025 

38.91 
3 .61 
]3.81  
22.80 
0.28 
4.07 
]1 .07 
1 . 1 3  
0.59 
2.33 
0.09 

98.69 

0. 1 
2326 
1 23 
55  
8 1 .7  
222.0 
3 2.60 
1 54.0 
35 .20 
9.84 
3 1 .90 
5 .53 
3 0.30 
5 .41  
]4.70 
].97 
]1 .00 
].57 
0. 1 1  
0.24 
147.0 
58.3 
232 
8.2 
3 . 1 8  
5 1  
27 
40 
27 
20 
5 

1 2,049 

3 9. 1 0  
3 .69 
1 ].82 
25.30 
0.41 
3 .89 
9.90 
2.8 1 
0.56 
2.60 
0.26 

1 00.34 

0. 1 

582 
509 
62.9 
1 67.0 
24.20 
1 1 1 .0 
25.20 
8 .02 
25.00 
3 .87 
20.90 
3 .78 
9 .82 
1 .22 
7 . 1 2  
1 .02 
0.29 
1 .04 
92. 1 
19.0 
157 
5 .3 
1 .55  
55  
26 
20 
23 
20 
5 

25.2 
1 1 1 .0 
0.0997 
0.51 2332 
2.2 

1 2,028 

3 9.30 
3 .59 
1 1 .70 
25.04 
0.41 
3 .91 
9.37 
2.40 
0.54 
2.1 1 
0.57 

98.94 

0.1 

553 
424 
54.2 
144.0 
20.80 
99.2 
22.30 
7 .70 
20.80 
3 .3 1  
1 8.30 
3 .28 
8.5 1 
1 . 1 0  
6.29 
0.90 
0.30 
0.63 
87.4 
1 9.5  
1 50 
5.2 
1 .3 9  
58  
26 
30 
21  
20 
5 

1 2,026 

48. 1 1  
2.02 
1 7.40 
1 7. 1 2  
0.30 
2.58 
8.44 
2.58 
0.46 
1 .13 
0.11 

1 00.25 

0.1 

437 
1 50 
27.5 
68.6 
9. ] 8  
4 1 . 1  
8 .96 
2.46 
8 .46 
1 .49 
8 .3 1  
1 .59  
4.50 
0.65 
4. ] 5  
0.66 
0. ] 8  
0.37 
44.7 
24.4 
42 
1 .2 
1 .54 
23 
22 
30 
26 
20 
5 

**A":ll'"tir:ll methods as in Galindo et al. (2004) . 143{144Nd measured on Sector 54 mass spectrometer. Analytical errors (20-) are 0.2% and 0.0006% for the 147Smr44Nd and 
respective Iy. 

Analytical errors (20-) are 0.2% and 0.0006% for the 147Smr44Nd and 143/144Nd. respectively. 

N-MORB these rocks are enriched in LILE and LREE (Fig. and 
have high abundances of HFSE elements, the most 
acidic (MAZ12017, Si02 == 54%, Nb == 65 ppm, and 
Ta '" 3.9 ppm, Table 

32 Sierra de Pie de PaID 

The and Nd of the orthog-
neisses and mafic units from Sierra de Pie de Palo (Fig. 3) are based 
on of 12 new 3, Data and re-
sults reported by and Kay (1998) and Vujovich et al. 
(2004). 

3.2. t The oceanic arc/bad-arc complex 

In the lower mafic-ultramafic unit of Sierra de Pie de Palo 
3), with N-MORB, back-arc like, geclchl�mlCal 

natures are common (pattern field, 9a and b) (Vujovich and 
Kay, 1998). However, both in the lower unit and in the ov,enaVllnll 
imbricate thrust domain, there are also abundant subalkaline 
amlphlbclllt(�s and that do not 

chemical characteristics field, 
the SHRIMP-analysed SPP2067, show 

Si02 == 44.5-53.3%, K20 == 0.2-1.1%, Ah03 11.4-17.1% and REE pat­
terns with [La/Yb IN == 0.6-2.7 and ,. == 0.75-1.06) (Table 3, 

Normalized against N-MORB they are enriched in LILE, 



(a) 20 
18 
16 

q, 14 
:::re 12 + 
ON 10 ro z 

8 
6 
4 
2 
0 
30 

(b) 
9 

5 ° ro U 
0" 
:lC 
+ -3 0" 
ro Z -7 

-11 

-15 

(C) 

6 

5 

ON 4 
:lC 

3 

2 

Sierra de Maz 
:.6.Li 

Amphibolites , )( � 
Meta-anorthosites: 0 
Meta-jotunites : * 

35 40 45 50 55 60 65 70 75 80 85 90 
Si02 

Sierra de Maz 
Alkaline-calcic series 

.6. High-K orthogneisses 

Sierra de Maz 
Alkaline-calcic series 

.6. Orthognelsses 

)( Amphibolites 
Subalkaline series D Orthogneisses 

� Amphibolites 

)( Shoshonitic amphibolites 
Subalkaline series 

li Medium-K orthogneisses 

MAZ12072 

.6. � (1090 Ma) 

High-K 

� Medium-K amphibolites 

50 55 60 65 
Si02 

70 75 80 

4. Harker plots for the meta-igneous rocks of Sierra de Maz. Dividing lines and 
are from: (a )  Middlemost ( 1 997 ), (b )  Frost et al. (2001 ), and (c )  Le Maitre 

( 1 989). Identified samples in (b) and (c) are those with U-Pb SHRIMP ages 
determined in this study. 

Th and LREE elements, which is taken as evidence that they formed 

in a zone environment, although they do not 
show the Nb of many arc basalts (Fig. 9b). The pattern 
of the 1204 ± 5 Ma VL38 metagabbro dated by et at 
(2004) is also shown for A mantle source is 
inferred for the caleic arc-related amphibolites and metagabbros 
(ENdt '" +4.5 to +8, 6). This suggests that the lower mafic-ultra­
mafic unit is probably built on of arc and back­
arc rocks (Vujovich and Kay, 1998). 
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� Medium-K amphibolites Si02 = 46-49% 

CsRbBa Th U Nb K La Ce Pr SrNd Zr SmEuDy Y Yb Lu 

Fig. 5. Trace-element abundances in meta-igneous rocks of Sierra de Maz normal­
ized to (a) chondrites (Nakamura, 1 974), (b) ocean ridge granite (ORG, Pearce et aI., 
1984), and (c) N-MORB (Sun and McDonough, 1 989). Identified samples in (a) and 
(b) are those with U-Pb SHRIMP ages determined in this study. 

322. Arc-related cale-alkaline orthogneisses 

Subordinate and sparse outcrops of a cale-alkaline orthogneiss 
series can be in Sierra de Pie de PaiD. The dated sam­
ple SPP6076 is a cale-alkaline 8) that shows a 
moderately steep REE pattern ([LajYblN == 12.5) with weH-devel-

middle REE depletion and a weak Eu sug-

and fractionation lOa). It is 
enriched in LREE and Ba, and shows Nb and Sr anomalies 
when normalized against N-MORB (Fig. lOb). The 1108 ± 13 Ma 
cale-alkaline from Sierra de Umango studied 
Varela et al. (2003) show similar but even steeper REE patterns 
(Fig. lOb), equilibration with a residue. 
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Fig. 6. Variation of eNdt vs log Zr (ppm) for (a )  the meta-igneous rocks of Sierra de 
Maz and (b )  me ta-igneous rocks of Sierra de Pie de Palo, an Ullun xenolith 
(Precordillera). Garnet-bearing and the field for 570 Ma Ne-syenites of 
Sierra de Maz are from Casquet et respectively. Identified samples in 
(a) and (b) are those with U-Pb SHRIMP ages determined in this study. The age and 
Zr content of the jotunite MAZ7210 is from Casquet et al. (2004). The fi eld for the 
TTG rocks of Las Matras block is from Sato et al. (2000), while the field of the 
Umango orthogneisses is from Varela et al. (2003 ). 

Subduction under more mature crust is the preferred tectonic envi-
ronment for this which shows the least Nd 
isotope in this sierra (ENdt == -0.2, 6b). 

3.23. The Mogote-Corralito TTG suite 

At the top of Sierra de Pie de Palo, within the imbricate thrust 
domain, a distinct sequence of metaluminous m(�ta-tJ'Ondtl]elmltes 
and meta-tonalites forms the dominant lithology Mo-

with Si02 73.6-77.1%, Na20, 4.9-5.1%, 
FeOt + MgO 2.5-3.3%, REE with [La/YblN == 2.3-3.0 and a 

Eu (Eu/Eu == 0.56-0.72) 3, Fig. 10c). Asso-
ciated leucocratic veins that plot on the same Rb-Sr iso-
chron (Pankhurst and 199B), show a of the 
REE patterns (Fig. 10c), suggesting fractionation of a LREE-rich 

accessory mineral such as aUanite the late 
stages. AUanite is an accessory mineral in the host trondhjemites. 
A mantle signature is indicated by the low 87Sr/86Sr initial ratio 
(0.7045, Pankhurst and 199B), which is confirmed by a 
juvenile ENdt of +3.B for the meta-trondhjemite dated by 
U-Pb SHRIMP in this study (SPP414a, 6). Generation of this 
TIG suite in an arc environment is consistent with the low abun­
dances of HFSE such as Nb and Ta, low Ga/AI ratio (1000

*
Gaj 

AI == and low SrjY (3.7-4.0) (Table while the low 
Yb IN ratios suggest a source outside the garnet field. Note 
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Fig. 7. (a )  Chondrite-normalized REE, Sr and Zr patterns of meta-anorthosites and 
jotunites from Sierra de Maz (data from Table 2 and Casquet et al., 2004), (b)  
modelled residual formed by Rayleigh fractional of a parental 
anorthosite (main sample MAZ12050, Table 2) an extracted cumulate 
assemblage represented by the leucocratic anorthosite MAZ12052. See text for 
further details. The jotunite MAZ7210 is from Casquet et al. (2004). 

that the 1244 ± 42 Ma metaluminous tonalites and trn.nrllhl''''O'l 

from Las Matras block (Fig. 1, Sato et al., 2000, 2004) show similar 
but slightly steeper REE patterns [La/Yb IN == 3.7-5.5 (Sato et al., 
2000) lOc). 

33. Precordillera basement: the Ullun xenoliths 

The chemical analysis of a SHRIMP-dated foliated mafic xeno­
Iith enclosed in a Miocene dacite intruded in the Precordillera 
(sample ULLU21 00, 3) is shown in Table 3 repository) 
and Figs. 6b, Bc and 9c. Relative to the compositions of the xenolith 
groups recognized in the same outcrops by Kay et al. (1996), the 

and trace element abundances of ULLU2100 are very 
similar to the least siliceous of the mafic amphibolite 
group (Si02 == 47.7-50.9%, Bc and 9c), while the ENdt (+4.5) 
is slightly less primitive than those of the most mafic amphibolites 

(+3.2 to +3.5, Table 4 of Kay et al., 1996). Altogether these charac­
tenstlCs point to unfractionated mantle-derived arc mag­
matic rocks for the protoliths of the amphibolites, as was first 
inferred Abruzzi et al. (1993). 

It is worth out that a more siliceous mafic amphibolite 
xenolith described by Kay et at (1996) (UZ93B, 
Si02 == 53.4%, ENdt == +2.1, 1102 ± 6 Ma) (Fig. Bc), shows a distinct, 
steeper, REE pattern (Fig. 9c) that resembles that of the roughly 
coeval calc-alkalic orthogneiss of Sierra de Pie de Palo (SPP6076, 
Si02 == 6B.2%, ENdt == -0.2, 1110 ± 10 Ma) (Fig. lOa and which is 



Table 3 
Geochemical and isotope data of Sierra de Pie de Palo and Ullum xenolith (Precordillera). 

Pie de Palo Ullum Xenolith 

Oceanic arc rocks Mogote-Corralito meta-trondhjemites Granitic veins Ca le -alkaline 
orthogneiss 

Amphibolites 

Sample 429 
(wt%) 
Si02 44.5 
Ti02 3 . 1 7  
Ah03 1 1 .3 5  
Fe203t 20.81  
MnO 0.33 
MgO 7.61 
CaO 9.5 
Na20 1 .7 1  
K20 0.24 
P205 0.21 
Lal 1 .3 1  

Total (ppm)* 1 00.74 

Cs 0.2 
Rb 
Sr 95 
Ba 90 
La 8 .90 
Ce 26.0 
Pr n.d 
Nd 1 8 .00 
Srn 5 .02 
Eu 1 .65 
Gd n.d 
Tb 1 . 1 0  
Dy n.d 
Ho n.d 
Er n.d 
Tm n.d 
Yb 4.07 
Lu 0.60 
U 0.40 
Th 0.70 
Y 43.00 
Nb 6.0 
Zr 203 
Hf 4.1 
Ta 0.30 
Sc 
Ga 
Ni 
Co 
Cr 
Pb 
Nd isotope 

46 
1 6  
8 2  
59 
177  
n.d 

Srn (ppm) 5.02 
Nd (ppm) ]8 
147Sm !144N 0 . 1686 
143/144Ni 0.5 12827 
eNdt 8 

Metagabbro 

423 427 2067 

47 .58 47.98 53 .25 
1 .07 2. 1 1  0.8 1 
16. 1 6  1 2.98 17 .07 
11.79 1 6.0 1 7.79 
0. 18  0.26 0. 14  
8.86 6.07 6.69 
10. 1 8  9.46 9.08 
2.88 2.48 3.27 
0.73 0.79 1 . 1  
0. 1 1  0.21 0. 1 1  
1 .08 0.56 0.91 

100.62 98 .91 100.22 

1 .6  1 .4 0.5 
1 1  3 9  28 
223 95 289 
95 1 62 242 
3.60 7.00 9.24 
1 1 .0 25.0 22.6 
n.d n.d 3.37 
8.00 1 8.00 14.20 
2.40 6.15 3 .59 
0.94 1 .85 1 .34 
n.d n.d 4.04 
0.60 1 .70 0.67 
n.d n.d 4. 12  
n.d n.d 0.85 
n.d n.d 2.48 
n.d n.d 0.35 
2.49 7 .95 2. 17  
0.37 1 . 18  0.31 
0. 10 0. 10 0.83 
0.20 0.70 0.87 
25.00 72.00 23.20 
8.0 1 0.0 5.5 
78 1 73 94 
1 .6  4.4 2.4 
0.30 0.30 0.32 
37 
10 
139 
44 
1 21 
n.d 

48 
9 
50 
53 
1 23 
n.d 

27 
16 
o 
26 
380 
7 

3.41 
13 .69 
0. 1 505 
0.5 1 2502 
4.5 

412 

73.64 
0. 19  
]2.48 
2.87 
0. 1 
0. 1 3  
].64 
5.08 
1 .49 
0.04 
0.28 

97.94 

1 .0 
45 
1 3 1  
330 
1 0.70 
25.0 
n.d 
14.00 
3.53 
0.78 
n.d 
0.80 
n.d 
n.d 
n.d 
n.d 
2.73 
0.41 
0.90 
2 .10 
33.00 
4.0 
1 28 
3 
0.30 
1 2  
1 5  
50 

80 
n.d 

414a 

74. 1 1 
0.21 
12.32 
3.52 
0.11 
0.16 
1.71  
4.97 
1.51  
0.05 
0.22 

98 .89 

1. 1 
41 
]22 
370 
11 .80 
28.0 
n.d 
] 6.00 
3.70 
0.86 
n.d 
0.70 
n.d 
n.d 
n.d 
n.d 
3.32 
0.50 
0.80 
1.30 
34.00 
2.0 
]25 
3.3 
0.30 
] 2  
] 5  
50 

57 
n.d 

4.06 
] 9.08 
0.1459 
0.5 1 2493 
3.8 

Pie de Palo samples have the prefix SPP; the xenolith is ULLU21 00. 
elements determined by INAA. 

carried out by ACTLABS, Canada. * Major elements determined by XRF. 

411 

76.36 
0. 17  
1 2.2 
2.78 
0.07 
0. 19  
1 .45 
4.89 
1 .81  
0.04 
0.24 

1 00.2 

1 .0 
62 
1 17 
500 
1 0.50 
24.0 
n.d 
13.00 
2.96 
0.65 
n.d 
0.50 
n.d 
n.d 
n.d 
n.d 
2.49 
0.36 
0.50 
1 . 1 0  
29.00 
2.0 
1 35 
2.8 
0.60 
8 
5 
50 
2 
67 
n.d 

41 6 

77 . 1 5  
0. 1 7  
1 1 .92 
2.73 
0.08 
0.1 
1 .29 
5. 1 1  
1.43 
0.03 
0.24 

100.25 

1.3 
28 
100 
450 
13 .00 
32.0 
n.d 
16.00 
4.06 
0.78 
n.d 
0.70 
n.d 
n.d 
n.d 
n.d 
2.95 
0.46 
0.40 
1.40 
28.00 
2.0 
149 
3.5 
0.30 
10 
14 
50 

62 
n.d 

413 

73 .61 
0.0 1 
14.04 
0.35 
0.03 
0.0 1 
0.95 
5.2 
4 
0.0 1 
0.28 

98.49 

36.5 
97 
91 
420 
1.80 
6.0 
n.d 
4.00 
1.08 
0.39 
n.d 
0.40 
n.d 
n.d 
n.d 
n.d 
3.29 
0.5 1 
0.50 
3.40 
28.0 
2.0 
37 
0.9 
0.30 
3 
18  
50 
0.5 
37 
n.d 

1 . 1 5  
2.97 
0.2350 
0.5 13146 
4.9 

414b 6076 

74.92 68.24 
0.02 0.52 
14. 1 6  15.3] 
0.72 4.36 
0.07 0.09 
0.01 0.95 
0.98 2.48 
4.85 3 .48 
4.34 4.37 
0.01 0.21 
0.34 0.82 

1 00.42 1 00.83 

0.5 0.40 
88  97  
1 05 210 
3 26 1 222 
1 .60 50.60 
6.0 1 00.0 
n.d 1 1 .90 
3.00 3 9.50 
0.91 7 .20 
0.37 1 .60 
n.d 6.00 
0.30 0.89 
n.d 4.93 
n.d 0.96 
n.d 2.8 1 
n.d 0.42 
2.70 2.66 
0.42 0.38 
1 .60 2.38 
2.50 12.00 
28.0 28.9 
2.0 1 0.3 
83 3 14 
2 7 .3 
0.30 0.58 

1 9  
50 
0.4 
1 7  
n .d  

8 
1 8  
o 
7 
1 5  
1 1  

7.2 
3 9.5  
0. 1376 
0.51 2201 
-0.2 

2100 

50. 12  
0.70 
14.08 
1 0.05 
0.22 
8 . 1 8  
9.21 
3 .06 
1 .24 
0.57 
2.20 

99.63 

0.4 
25 
755 
212  
7 .73 
1 6.60 
2.94 
1 2.60 
3 .33 
0.95 
3 .26 
0.5 1 
2.96 
0.60 
1 .83 
0.27 
1 .69 
0.24 
0.99 
0.45 
1 8.9  
5 .7  
43 
1 .7 
0.66 
36 
14 
1 00 
29 
290 
32 

4.53 
1 8.03 
0 .1 520 
0.512550 
4.5 

elements determined by ICP spectrometry. Minor elements dtermined by ICP-MS spectrometry . 
. r".ldl�'ULdl methods as in Pankhurst and Rapela Srn and Nd by MS isotope dilution at NIGL: (±1 %, 143r44Nd measured on MAT 262 

methods as in Galindo et al. (2004 ). measured on Sector 54 mass spectrometer. rUl<UYLILQl errors (2a) are 0.2% and 0.0006% and 
143/144Nd, respectively. 

however more siliceous and does not show the 
Ni contents of the mafic amphibolite xenolith group. 

4. U-Pb zircon �ej[)dlro,"o'lo�� 

4. t Samples and method 

Salmplling for SHRIMP U-Pb zircon was LlLCH&ll'-Ll 

Cr and 

vide information on crystallization ages of the main 11l0l&111C1LIL ser-

ies in the sierras of Maz and Pie de Palo (Figs. 
and of a xenolith as derived from the basement of 
the Precordillera (Fig. 8c and 1 Qc). Under CL HlI,lgHlg 

zircon were seen to have so an 
additional aim was to constrain the timing Sam-

localities are shown in the maps (Figs. 2 and coordi-
nates and a short of the mineralogy and fabric for each 

are in the following section. Mineral abbrevia-
tions foHow Kretz (1983). 
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Fig. 8. Harker plots for the meta-igneous rocks of Sierra de Pie de Palo (a and b) and 
Ullun xenoliths in the Precordillera (c). Dividing lines and fields are from: (a) 
Middlemost ( 1 997 ) and (b  and c )  Frost et al .  (200 1 ). Identified samples are those 
with U-Pb SHRIMP determined in this while metagabbro W38 and 
shoshonite PPlO from Sierra de Pie Palo are from Vujovich et al. 
(2004) and Vujovich and Kay (1 998 ), respectively. UlIun xenoliths from the 
Precordillera are from Kay et al. ( 1 996). The fi eld of Umango orthogneisses is from 
Varela et al. (2003). 

The zircons were mounted in epoxy together with 
reference zircons, sectioned and U-Tb-Pb were 
made SHRIMP n or SHRIMP RG at the Research School of 
Earth Sciences, The Australian National University, Canberra, fol­
lowing methods given in WiHiams (1998) and references therein. 
Cathodo-luminescence (CL) for all zircon 

and were used to target areas for The data 
were processed the SQUID Excel macro (Ludwig 2001). U-Pb 

(/) 
J!l '1:: "0 C � 100 
u 32 t.l o 0::: 

(b) 

10 

� 100 
° � 
Z 32 t.l &. 10 

.1 

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

Sierra de Pie de Palo 

CsRbBa Th U Nb K La Ce Pr SrNd Zr SmEuDy Y Yb Lu 

(C)1000 
(/) 
.$ 
:§ c o B 100 
32 (..l o 0::: 

10 

Fig. 9. (a) Trace element abundances in the arc/back-arc meta-igneous rocks of 
Sierra de Pie de normalized to chondrites (Nakamura, 1 974), Trace element 
abundances in the arc/back-arc meta-igneous rocks of Sierra Pie de Palo 
normalized to N-MORB (Sun and McDonough, 1 989). The fields of N-MORB 
amphibolites from Sierra de Pie de Palo in (a) and (b) are from Vujovich and Kay 
( 1 998 ), and (c) Trace elements abundances in the Ullun xenoliths of the Precord­
illera and U-Pb dated xenolith UZ93B are after Kay et al. ( 1 996). The field of N­
MORB amphibolites from Sierra de Pie de Palo is that of Vujovich and Kay ( 1 998 ). 
Identified samples are those with U-Pb SHRIMP ages determined in this study, 
while metagabbro W38 from Sierra de Pie de Palo is from Vujovich et al. (2004). 

data are in Table 4 repository); details of the reference 
zircons used to calibrate the U/Pb ratios and the calibration uncer-
tainties are also in data tabulations. Uncertainties 
in Table 4 for individual (ratios and are at the one-
sigma level. 

Wetherill Concordia with 
stacked and We�Un1[ea mean and Concordia age calcu-
lations were carried out IsoplotjEx (Ludwig, 2003); age 
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Fig. 1 0. (a) Trace element abundances in cale-alkaline meta-igneous rocks of Sierra 
de Pie de Palo normalized to chondrites (Nakamura, 1 974) and (b) N-MORB (Sun 
and McDonough, 1989). The fields of Umango orthogneisses are from Varela et al. 
(2003) and the Ullun xenolith is from Kay et al. ( 1 996). (c) Trace element 
abundances in meta-trondhjemites and related granitic veins from Sierra de Pie de 
Palo normalized to chondrites. The fi eld for the 1244 ± 42 Ma tonalite-trondhje-
mites from Las Matras block 1) is from Sato et al. (2000). Identified samples are 
those with U-Pb SHRIMP ages in this study. 

uncertainties are reported as 95% confidence limits. In some cases, 

the "mixture modelling" algorithm of Sambridge and Compston 
(1994) was used (via to separate age popu-
lations or Due to the difficulty in rl ", j-ar'rn " n' ." ,.,. 

common Pb corrected, 
207Pbj

206Pb ratios for ca. 1 Ga zir-
cons by SHRIMP, a range of was employed to calculate 
individual best age estimates. The choice of was based 
on factors such as the U content of the zircon area (which 
flows onto the amount of 

207Pb), the ability to detect 

204Pb, the ctran'Tth ion beam used for the .... " .... ",,,., 
and whether the area :In:l nl'�,,,n is considered to have lost radio-
genic Pb, etc. This is discussed below on a 

4.2. Analytical results 

n\f·· ';!I"TI I"l I P  basis. 

MAZ7099, Sierra de Maz (29016' 06.4", 68°21' 09.1"). This sam-
is a subalkaline, medium-K, metadioritic 4); 

its main is with accessory 
Op, Ap, and Zrn. The original fabric is still pre-
served, but an coronitic texture with Cpx, Anf, 
PI, and Ep is also well Zircons are 
("",200 )lm and sub-round to somewhat often 
with faceted forms. A summary of the initial results was nr�,,,,a'nh:l.rl 

by Casquet et al. (2005) but a is presented 
into account a larger database. 

The zircons from this show internal structure 
under CL (Fig. 11). In general the grains have an igneous compo­
nent that shows weak (as which 

is overgrown by a sector-zoned zircon component reflect-
a Some are dom-

inated by the metamorphic zircon component. A few have 
thin bright luminescent rims that are less than 10 mi­

crons in width and so difficult to 
The analyses cluster close to or within uncertainty of Concordia 

plot) and have ages from ca. 980 to 
ca. 1290 Ma. The U content is variable, up to 300 ppm, but 
many areas analysed have less than 44 ppm U. The Th content is 
covariant and, whilst the CL indicate a mE�talmClrplnlC 

the ThjU ratios are in the range of normal 
(ca. 0.4-0.8). This suggests that the zir-
con growth has occurred without a feature 
that has been documented (see Goodge et al., 2001). The 
low U contents make it difficult to determine 

207Pbj
206Pb 

ratios and ages. Given the concordance of the "n '�I",c",,, 

our treatment of this low U data-set is based on the 
radiogenic 

206Pbj
238U ages, as shown in the probability density plot 

Fig. 11). There is a defined older grouping of dates, 
with one at about 1260 Ma and a subordinate one at about 
1330 Ma. These to the core and 
are taken reflecting the time of igneous crystallization of the 

onno�gm�lss protolith. Two younger are better defined 
as discrete events, one at ca. 1175 Ma and a younger at ca.l 095 Ma. 
These younger ages are interpreted as re�)re:serltirlg ITletarrtOrpnllc 
events, the older of which was probably at rather n l crn_ur =ln ", 

the basis of the zircon t"nrlrnhnl nCl'" 

MAZ12020, Sierra de Maz (29015' 37.3", 68°22' This is an 
alkali-calcic, high-K meta-monzonitic (meta-mangerite) orthog­
neiss (Fig. 4b and c). Its main is Pl-Hbl-Grt-Qtz 

- Bt, with accessory Ttn, Czo, Hm, Zrn, and Ap. The meta­
I"TIr,r nhl r  ass:errlbl,lge Grt + Bt + PI + Hbl indicates garnet ClU .'1JIJllU\J­
lite facies conditions. 

The zircons from this are elongate, subhedral 
up to 400 )lm in most with sub-round terminations. 

Many have colourless inclusions of The CL 
show either oscillatory zoning or areas with broad zones, 

sometimes rimmed by oscillatory zonation. These features are 
zircon 

including cores and rims to three 
concordant to near-concordant data 

tlgmE�en of the 21 areas form a 
concordant to within giving a Con-
cordia age of 1092 ± 6 Ma (MSWD '" 0.23), which constrains the 
time of There is no evidence within 

growth. However the subhe­
and sub-round nature of terminations suggests 



Table 4 
U-Pb SHRIMP Zircon Analytical Data for Western Sierras Pampeanas (data repository) SHRIMP Data. 

U Th Th/U 206Pb' 204Pb/206Pb f206 % Total Ratios Radiogenic Ratios Grain. 
spot (ppm) (ppm) (ppm) 

---------------------------
238U/206Pb ± 

(a) Summary of SHRIMP U-Pb zircon results for sample MAZ7099 

2003 SHRIMP II 
1 . 1  
2.1 
3.1 
4.1 
4.2 
5.1 
5.2 
6.1 
6.2 
7.1 
7.2 
8.1 
8.2 
9.1 

1 33 
3 00 
24 
27 
25 
132 
48 
42 
1 8  
2 6  
22 
1 9  
3 09 
1 7  

2008 SHRIMP RC 

1 0. 1  
3 .2 
1 1 . 1  
1 1 .2 
1 2. 1  
1 2.2 
4.3 
13 . 1  
13 .2 
14.1  
9.2 
1 5 . 1  
1 6. 1  
1 7 . 1  
1 8 . 1  

3 2  
87  
74 
1 15 
264 
49 
29 
1 95 
3 1  
33 
37 
22 
74 
58  
97  

51  
176 
12  
15  
1 3  
1 53 
20 
22 
1 0  
1 4  
1 1  
1 0  
3 5  
8 

1 5  
40 
34 
91 
130  
34  
16  
109 
15  
17  
17  
11  
37  
46 
90 

0.38 24.5 
0.59 50.9 
0.52 4.5 
0.56 4.9 
0.53 3.8 
1 . 1 6  24.7 
0.42 8.5 
0.5 1 7.0 
0.54 2.5 
0.55 3.9 
0.53 3.7 
0.49 3.1 
0.1 1 48.4 
0.50 2.7 

0.47 5.8 
0.46 15 .0 
0.45 12.7 
0.80 19.9 
0.49 45 .0 
0.69 9.7 
0.54 4.7 
0.56 3 1 .0 
0.49 6.0 
0.52 5.5 
0.46 7.0 
0.5 1 3 .6 
0.50 13.6 
0.79 11 .0 
0.92 18 .7 

0.000117 0. 19  4.663 
<0.01 5 .060 

0.000407 0.68 4.456 
0.00031 0  0.52 4.703 
0.00061 0 1 .05 5.688 
0.000114 0. 19  4.600 
0.000158  0.26 4.799 
0.000305 0.51  5 .209 

<0.01 6.033 
0.000133 0.22 5 .6 1 2  
0.000115 0. 19  5 .015  
0.000079 0. 13 5 .401 
0.000001 <0.01 5 .479 
0.000753 1.30 5 .341 

0.000473 0.80 4.785  
0.000054 0.09 4.998 
0.000291 0.49 5.043 
0.000197 0.33 4.953 
0.000026 0.04 5 .044 
0.00051 5  0.86 4.369 
0.000601 1 .02 5 .349 
0.000076 0. 13 5 .3 94 
0.000628 1 .05 4.443 
0.001466 2.60 5 .098 
0.000962 1 .64 4.530 
0.000905 1 .58  5.366 
0.000345 0.58 4.652 
0.000237 0.39 4.561 
0.000179 0.30 4.479 

0.054 0.0848 
0.054 0.0796 
0.076 0.0850 
0.077 0.0826 
0.097 0.0797 
0.053 0.0843 
0.067 0.0859 
0.075 0.0844 
0. 1 1 4  0.0795 
0.093 0.0793 
0.086 0.0830 
0.099 0.08 1 5  
0.059 0.0764 
0. 100 0.0785  

0.087 0.0837 
0.066 0.0786 
0.070 0.0824 
0.063 0.0808 
0.057 0.0809 
0.068 0.0877  
0. 101  0.0834 
0.064 0.0783 
0.078 0.0877  
0.098 0.0809 
0.08 1 0.0859 
0. 121  0.0788  
0.068 0.0855  
0.07 1 0.0848 
0.061 0.0840 

Error in Fel reference zircon calibration was 0.43% & 0.55% for the two analytical sessions. 

(b) Summary of SHRIMP U-Pb zircon results for sample MAZ 12072. 

1 . 1  84 52 0.62 13 . 1  0.000148 0.25 5.520 
2.1 
3.1 
4.1 
5.1 
6.1 
7.1 
8.1 
9.1 
14.1 
12.2 
15 . 1  
1 6. 1  
17 . 1  
17 .2 
18 . 1  
19 . 1  
20. 1  

298 
527 
1 1 6  
1 1 1  
5 6  
7 7  
73 
1 08 
95 
264 
87 
1 1 4  
199 
90 
69 
83 
126 

161 
187 
105 
104 
53 
74 
103 
59 
81  
128  
87  
137  
97 
61 
54 
59 
74 

0.54 46.6 
0.36 80.2 
0.91 18.3 
0.93 17 . 1  
0.94 8.8 
0.96 12.0 
1 .41  11 . 1  
0.55 16.8 
0.85 14.8 
0.49 43.8 
1 .00 13.4 
1 .21  17 .2 
0.49 30.6 
0.68 14.5 
0.79  1 1.2 
0.7 1 12.7 
0.59  20.6 

0.000013 0.02 5.505 
<0.01 5.650 

0.000032 0.05 5.460 
0.000209 0.35 5.593 

<0.01 5.484 
<0.01 5.474 

0.0001 54 0.26 5.663 
<0.01 5.523 
<0.01 5.53 8  

0.000859 1 .45 5. 173 
0.000147 0.25 5.597 
0.000029 0.05 5.666 
0.00001 5 0.02 5.583 
0.000052 0.09 5.3 1 1 
0.000068 0. 1 1  5.287 

<0.01 5.595 
0.00001 5 0.03 5.240 

0.067 0.0772 
0.066 0.0762 
0.059 0.0753 
0.063 0.0767 
0.065 0.0776 
0.072 0.0763 
0.068 0.0783 
0.07 1 0.0767 
0.065 0.0764 
0.078 0.0767 
0.066 0.0886 
0.073 0.0776 
0.1 70 0.0762 
0.063 0.0741 
0.082 0.0753 
0.070 0.0752 
0.072 0.0763 
0.063 0.0759 

0.0006 0.2141 
0.0004 0. 1976 
0.001 5 0.2241 
0.0014 0.21 28 
0.001 5 0. 1747 
0.0006 0.21 70 
0.001 1 0.2078 
0.001 1 0. 1910  
0.001 8 0. 1658 
0.001 5 0. 1778 
0.001 5 0. 1990 
0.001 8 0. 1849 
0.0004 0. 1825 
0.001 8 0. 1858 

0.0014 0.2073 
0.0009 0. 1999 
0.0009 0. 1973 
0.0007 0.2012 
0.0006 0. 1982 
0.001 2 0.2269 
0.001 7 0. 1851  
0.0006 0. 1852 
0.0014 0.2252 
0.001 6 0. 1947 
0.001 5 0.21 96 
0.0020 0. 1850 
0.001 0 0.2137 
0.001 1 0.21 84 
0.0009 0.2226 

0.0007 0. 1807 
0.0004 0. 1 8 1 6  
0.0003 0. 177  0 
0.0006 0. 1830 
0.0007 0. 1782 
0.0009 0. 1825 
0.0008 0. 1828 
0.0008 0. 1761  
0.0007 0. 18 1 1  
0.0007 0. 1806 
0.0005 0. 1905 
0.0008 0 .1782 
0.0007 0 .1764 
0.0005 0 .1791 
0.0008 0. 1 8 8 1  
0.0009 0 .1889 
0.0008 0 .1788 
0.0007 0. 1 908 

0.0025 2.455 
0.0021 2 .170 
0.0038 2.592 
0.0035 2.445 
0.0030 1 .792 
0.0025 2.474 
0.0029 2.398 
0.0028 2.1 10  
0.0031 1 .828 
0.0030 1 .898 
0.0035 2.232 
0.0034 2.049 
0.0020 1 .921 
0.0035 1 .839 

0.0038 2.200 
0.0026 2.146 
0.0028 2 .131  
0.0026 2. 1 66 
0.0022 2.200 
0.0035 2.5 17  
0.0037 1 .909 
0.0022 1 .972 
0.0043 2.732 
0.0041 2.01 6 
0.0042 2.470 
0.0046 1 .857 
0.003 1 2.376 
0.0034 2.453 
0.003 1 2.499 

0.0022 1 .870 
0.0022 1 .903 
0.001 9 1 .841 
0.0021 1 .924 
0.0021 1 .834 
0.0024 1 .942 
0.0023 1 .991 
0.0022 1 .8 1 0  
0.0021 1 .9 1 1  
0.0025 1 .918  
0.0025 2.007 
0.0023 1 .854 
0.0053 1 .844 
0.0020 1 .824 
0.0029 1 .934 
0.0025 1 .933 
0.0023 1 .897 
0.0023 1 .991 

0.040 0.0832 
0.026 0.0796 
0.063 0.0839 
0.057 0.0833 
0.050 0.0744 
0.038 0.0827 
0.059 0.0837 
0.07 1 0.0801 
0.054 0.0800 
0.073 0.0774 
0.086 0.081 3  
0.095 0.0804 
0.024 0.0763 
0.061 0.071 8  

0.082 0.0770 
0.041 0.0779 
0.056 0.0783 
0.040 0.0780 
0.030 0.0805 
0.072 0.0804 
0.140 0.0748 
0.030 0.0772 
0.1 19  0.0880 
0. 1 23 0.0751  
0.1 19  0.08 16  
0 . 138  0.0728 
0.057 0.0806 
0.067 0.08 15  
0.050 0.08 14 

0.035 0.0751  
0.025 0.0760 
0.021 0.0754 
0.028 0.0762 
0.038 0.0746 
0.036 0.0772 
0.033 0.0790 
0.039 0.0745 
0.028 0.0765 
0.033 0.0770 
0.058 0.0764 
0.037 0.0755 
0.059 0.0758 
0.025 0.0739 
0.040 0.0746 
0.036 0.0742 
0.033 0.0769 
0.030 0.0757 

p Age (Ma) 

0.0009 0.7 15  1250 
0.0004 0.900 1 1 63 
0.001 5 0.698 1304 
0.0014 0.706 1244 
0.001 6 0.608 1038 
0.0008 0.752 1266 
0.001 7 0.575 1 2 1 7  
0.0024 0.434 1 1 27 
0.001 8 0.643 989 
0.0027 0.437 1055 
0.0028 0.451 1 1 70 
0.0034 0.403 1094 
0.0005 0.875 1081 
0.0020 0.565 1098 

0.0025 0.488 1214 
0.001 1 0.693 1 1 75 
0.001 7 0.534 1 1 61 
0.001 0 0.691 1 1 82 
0.0006 0.827 1 1 65 
0.001 9 0.541 131 8 
0.0053 0.269 1095 
0.0007 0.780 1095 
0.0028 0.773 1309 
0.0036 0.741 1 147 
0.0029 0.750 1 280 
0.0043 0.722 1 094 
0.0015  0.61 0  1 249 
0.0018  0.579 1 273 
0.0012 0.683 1 296 

0.00 1 1  0.655 1 07 1  
0.0004 0.908 1 076 
0.0003 0.933 1 05 1  
0.0007 0.797 1 084 
0.0013 0.569 1 057 
0.0010 0.704 1 08 1  
0.0009 0.739 1 082 
0.0013 0.591  1 046 
0.0007 0.800 1 073 
0.0007 0.827 1 07 1  
0.0020 0.452 1 124 
0.00 1 1  0.659 1 057 
0.0008 0.940 1 047 
0.0005 0.839 1 062 
0.0010 0.744 1 1 1 1  
0.0010 0.7 1 0  1 1 1 6  
0.0009 0.740 1 061  
0.0007 0.794 1 126 

1 3  1 273 
11 1 188  
22 1 290 
20 1 277 
1 8  1 052 
1 3  1 262 
1 6  1 286 
1 5  1 200 
17 1 196 
1 6  1 133 
19 1 230 
19 1 206 
1 1  1 104 
21 981 

20 1 120 
14 1 143 
15 1 155  
14 1 148 
12 1 21 0  
1 9  1 208 
20 1 064 
1 2  1 127 
22 1383 
22 1 070 
22 1 235 
25 1 009 
17 1 213 
18 1 233 
16 1 232 

1 2  1 070 
12 1 095 
10 1 080 
12 1 1 02 
11 1 059 
13 1 1 25 
12 1 1 72 
1 2  1 056 
1 2  1 1 09 
14 1 1 21 
13 1 1 06 
13 1 08 1  
29 1 090 
11 1 03 8  
1 6  1 057  
14 1 047 
13 1 1 19 
12 1 087  

% 
Disc 

22 2 
1 0  2 
34 -1  
3 2  3 
45 
20 0 
3 9  5 
60 6 
44 17  
69 7 
68 5 
83 9 
1 2  2 
56  -12 

65  -8 
27  -3 
44 0 
26 -3 
1 5  4 
48 -9 
142 -3 
1 9  3 
60 5 
95 -7 
7 1  -4 
1 20 -8 
3 7  -3 
44 -3 
29 -5 

28 0 
1 1  2 
8 3 
1 8  2 
34 0 
27 4 
22 8 
3 5  
1 8  3 
1 9  5 
51  -2 
30 2 
22 4 
15  -2 
28 -5 
27 -7 
23 5 
18  --4 



20.2 
21 . 1  
21 .2 
22. 1  
23 . 1  

288  
68 
80 
60 
138 

1 1 8  
80 
55 
52 
177  

0.41 45 .9 
1 . 1 7  1 1 .3 
0.69 12.5 
0.86  9.4 
1.29 21 .0 

0.000039 0.07 5.390 
0.000035 0.06 5. 195 
0.000078 0 .13 5.457 
0.00001 0  0.02 5.450 
0.0001 1 5  0.20 5.625 

0.059 0.0759 
0.090 0.0770 
0.086 0.0756 
0.074 0.0744 
0.066 0.0756 

Error in Temora reference zircon calibration was 0.36% and 0.61 % for the analytical sessions. 
NB due to a multiplier malfunction analyses of grains 1 0- 13 were not cons idered meaningful 

(c) Summary of SHRIMP U-Pb zircon results for sample JI.1AZ 12020. 

1 . 1  63 42 0.67 1 0.0 <0.01 5.401 
2. 1 
2.2 
3. 1 
3 .2 
4. 1 
5. 1 
6. 1 
7. 1 
8. 1 
9. 1 
10 .1  
1 1 . 1 
12 .1  
13 .1  
14 .1  
15 .1  
16 .1  
17 .1  
1 8. 1  
1 9. 1  

77  
124 
72 
127 
141 
77 
94 
102 
98 
106 
90 
159 
1 1 9  
63 
40 
157  
75  
1 1 6  
1 1 6  
82 

65 
156 
43 
154 
45 
45 
55 
80 
29 
54 
61 
53 
57 
41 
3 1  
3 5  
24 
62 
3 9  
56 

0.84 1 2.3 
1.25 1 9.5  
0.60 1 1 .6  
1.22 1 9.4 
0.32 229 
0.58  1 2.3 
0.59  1 5.2  
0.79  1 6. 1  
0.30 14.8  
0.5 1 1 7.0  
0.68 14.3 
0.33 25.3 
0.48 1 8.8  
0.65 1 0.0 
0.76  6.3 
0.22 24.8 
0.32 1 1 .6  
0.54 1 8.6  
0.33 1 8.6  
0.68 1 2.8  

<0.01 5.369 
0.000032 0.05 5.489 
0.000035 0.06 5.33 1 
0.000031 0.05 5.63 1  

<0.01 5.286 
<0.01 5.364 

0.00001 6  0.03 5 .3 1 8  
<0.01 5.424 
<0.01 5 .691  

0.000071 0. 1 2  5 .360 
0.00001 7  0.03 5.430 
0.000050 0.08 5.403 

<0.01 5.443 
0.000332 0.56 5 .3 65 
0.0001 1 6  0.20 5.469 
0.000013 0.02 5.447 
0.000047 0.08 5 .548 
0.000026 0.04 5 .375 

<0.01 5 .370 
0.000039 0.07 5.5 19  

Error in Temora reference zircon calibration was 0.36% for the  analytical session. 

(d) Summary of SHRIMP U-Pb zircon results for sample SPP2067. 

1 . 1  539 1 24 0.23 93 0.000039 0.07 4.983 
2.1 
3 .1  
4.1 
5.1 
6.1 
7.1 
8.1 
9.1 
1 0. 1  

517  
324 
261 
642 
306 
405 
159 
550 
448 

1 23 
7 1  
5 7  
1 68 
69 
91  
26 
1 21 
1 12 

0.24 89 
0.22 55 
0.22 46 
0.26 1 13 
0.23 54 
0.22 7 1  
0. 17  28  
0.22 97 
0.25 79 

0.000024 0.04 4.976 
0.000042 0.07 5 .01 9 
0.0001 08 0. 1 8  4.851  
0.000004 om 4.864 
0.000066 0.1 1 4.899 

<0.01 4.869 
0.0001 1 8  0.20 4.958 
0.000082 0.14 4.848 
0.000075 0. 1 3  4.857 

Error in AS3 reference zircon calibration was 0.37% for the analytical session 

(e) Summary of SHRIMP U-Pb zircon results for samples SPP 6076 

1 . 1  578 1 26 0.22 82.6  0.000021 0.04 6.013 
2.1 
3 .1  
4.1 
5.1 
6.1 
7.1 
8.1 
9.1 
1 0. 1  
1 1 . 1  

1038 1 92 
536 1 06 
404 7 1  
1077 47 
791 1 03 
738 52 
596 
787 
5 1 5  
745 

1 26 
1 95 
95 
132 

0. 18  98.7 
0.20 79.4 
0. 18  49.8 
0.04 1 36.2 
0. 13 82.7  
0.07 68. 1 
0.21 68.8 
0.25 1 13.6 
0. 18  79.3 
0. 18  1 16.3 

0.000370  0.62 9.029 
0.000087 0. 1 5  5 .804 
0.000099 0. 1 7  6.964 
0.000009 0.02 6.796 
0.000462 0.79  8 .218  
0.000482 0.82  9.3 18  
0.000095 0. 1 6  7.440 
0.000053 0.09 5.949 
0.000059 0. 1 0  5.580 

<0.01 5.501 

0.093 0.078 1 
0.066 0.0769 
0.063 0.0770 
0.066 0.0779 
0.064 0.0763 
0.060 0.0752 
0.077 0.0757 
0.065 0.0764 
0.064 0.0763 
0.069 0.0764 
0.062 0.0764 
0.065 0.0755 
0.067 0.0765 
0.063 0.0758 
0.080 0.0799 
0.076 0.0749 
0.061 0.0754 
0.068 0.0743 
0.062 0.0760 
0.062 0.0757 
0.067 0.0752 

0.053 0.08 14 
0.052 0.08 15  
0.055 0.0808 
0.054 0.08 10 
0.051 0.0803 
0.054 0.08 12 
0.053 0.0802 
0.059 0.08 12 
0.051 0.0805 
0.052 0.0797 

0.065 0.0759 
0.093 0.08 19 
0.065 0.0775 
0.080 0.0773 
0.069 0.07 19 
0. 1 08 0.0802 
0.095 0.0822 
0.096 0.0768 
0.099 0.0769 
0.099 0.0766 
0.056 0.0767 

0.0004 0.1 854 
0.0009 0.1 924 
0.0008 0. 1 83 0  
0.001 0 0. 1 83 5  
0.0006 0.1 774 

0.0009 0.1 853 
0.0008 0.1 863 
0.0007 0.1 821 
0.001 0 0.1 875 
0.0006 0.1 775 
0.0006 0.1 892 
0.0008 0.1 866 
0.0007 0.1 880 
0.0007 0. 1 846 
0.0007 0.1 758 
0.0006 0.1 863 
0.0007 0. 1 841  
0.0005 0.1 849 
0.0006 0. 1 83 8  
0.0009 0. 1853 
0.001 2 0. 1 83 1  
0.0006 0. 1 83 6  
0.0008 0.1801 
0.0006 0. 1860 
0.0006 0.1863 
0.0008 0.1 81 1 

0.0004 0.2006 
0.0004 0.2009 
0.0005 0. 1 991  
0.0005 0.2058 
0.0003 0.2056 
0.0005 0.2039 
0.0005 0.2054 
0.0007 0.2013 
0.0004 0.2060 
0.0004 0.2056 

0.0004 0. 1 663 
0.0004 0. 1 1 01 
0.0004 0. 1 7 20 
0.0005 0.1433 
0.0003 0. 1471 
0.0004 0. 1 207 
0.0006 0. 1 064 
0.0005 0. 1342 
0.0003 0. 1 680 
0.00 1 1  0. 1 7 90 
0.0003 0. 181 8 

0.0020 1 .927 
0.0033 2.030 
0.0029 1 .879 
0.0025 1 .879 
0.0021 1 .809 

0.0032 2.006 
0.0023 1 .975 
0.0021 1 .923 
0.0023 2.000 
0.0020 1 .856 
0.0021 1 .963 
0.0027 1 .964 
0.0023 1 .973 
0.0022 1 .970 
0.0021 1 .857 
0.0022 1 .938 
0.0022 1 .9 1 0  
0.0023 1 .932 
0.0021 1 .935 
0.0028 1 .920 
0.0029 1 .9 1 7  
0.0021 1 .903 
0.0022 1 .827 
0.0022 1 .939 
0.0022 1 .961 
0.0022 1 .864 

0.0021 2.235 
0.0021 2.247 
0.0022 2.202 
0.0023 2.254 
0.0022 2.275 
0.0022 2.257 
0.0022 2.275 
0.0024 2.207 
0.0022 2.254 
0.0022 2.230 

0.0018  1 .733 
0.00 1 1  1 . 1 63 
0.0019 1 .808 
0.0016 1 .500 
0.0015  1 .457 
0.0016 1 .225 
0.00 1 1  1 . 1 06 
0.0017  1 .395 
0.0028 1 .765 
0.0032 1 .8 7 1  
0.0018  1 .925 

0.025 0.0754 
0.044 0.0765 
0.039 0.0745 
0.035 0.0743 
0.030 0.0739 

0.042 0.0785 
0.032 0.0769 
0.028 0.0766 
0.038 0.0774 
0.028 0.0758  
0.027 0.07 52 
0.036 0.0763 
0.03 1 0.0761  
0.03 1 0.0774 
0.028 0.0766 
0.030 0.0754 
0.030 0.0752 
0.029 0.0758 
0.028 0.0763 
0.050 0.0752 
0.099 0.0759 
0.027 0.0752 
0.034 0.0736 
0.029 0.0756 
0.030 0.0763 
0.034 0.0747 

0.028 0.0808 
0.027 0.081 1 
0.03 1 0.0802 
0.035 0.0794 
0.026 0.0803 
0.033 0.0803 
0.029 0.0803 
0.044 0.0795 
0.029 0.0794 
0.030 0.0786 

0.021 0.0756 
0.01 9 0.0766 
0.025 0.0762 
0.021 0.0759 
0.01 6 0.071 8  
0.029 0.0736 
0.022 0.0753 
0.022 0.0754 
0.03 1 0.0762 
0.044 0.0758 
0.021 0.0768 

0.0005 0.846 1 096 
0.0010 0.800 1 134 
0.0010 0.767 1 083 
0.0010 0.725 1 086 
0.0008 0.719 1 053 

0.0009 0.826 1 096 
0.0008 0.756 1 101  
0.0007 0.779 1 078 
0.00 1 1  0.655 1 1 08 
0.0007 0.763 1 053 
0.0006 0.822 1 1 1 7  
0.0009 0.785 1 103 
0.0007 0.789 1 1 10 
0.0008 0.739 1 092 
0.0007 0.791 1 044 
0.0008 0.757 1 1 02 
0.0007 0.773 1 089 
0.0006 0.836 1 094 
0.0007 0.794 1 088 
0.001 6 0.576 1 096 
0.003 1 0.766 1 084 
0.0007 0.787 1 086 
0.001 0 0.666 1 068 
0.0007 0.77 1 1 099 
0.0007 0.767 1 1 02 
0.001 0 0.675 1 073 

0.0005 0.856 1 1 78 
0.0005 0.866 1 1 80 
0.0007 0.768 1 1 70 
0.0008 0.726 1 206 
0.0003 0.926 1 205 
0.0008 0.754 1 196 
0.0006 0.841 1 204 
0.0013 0.600 1 1 82 
0.0006 0.826 1 207 
0.0006 0.813 1 205 

0.0004 0.900 991 
0.001 0 0.628 67 3 
0.0006 0.800 1023 
0.0006 0.805 864 
0.0003 0.920 885 
0.0014 0.570 735 
0.0013 0.5 1 3  652 
0.0006 0.832 812  
0.0004 0.949 1001 
0.001 2 0.759 1062 
0.0003 0.926 1 077 

1 1  1079 
18  1 1 09 
16 1054 
14 1049 
11 1040 

17  1 1 61 
12 1 1 19 
1 1  1 1 1 0  
1 3  1 1 3 0  
1 1  1090 
12 1075 
15  1 1 04 
12 1098 
12 1 1 3 1  
12  1 1 1 1  
1 2  1080 
12  1075 
12  1089 
12  1 1 04 
15 1073 
16 1093 
1 1  1074 
12 1030 
12  1085 
12  1 1 03 
12 1059 

11 1 2 1 7  
1 1  1224 
12 1202 
12 1 1 83 
12 1203 
12 1204 
12 1205 
13 1 185 
12  1 182 
12  1 1 63 

10 1 084 
7 1 1 1 1  
1 1  1 101  
9 1 092 
8 980 
9 1 03 1  
6 1 078 
10 1 079 
16  1 100 
17  1 090 
10  1 1 1 6  

14 -2 
26 -2 
26 -3 
26 -3 
23 -1  

23 6 
21 2 
19  3 
28 2 
19  3 
16  -4 
23 0 
19  -1  
21  3 
19  6 
20 -2 
20 -1  
16  0 
18 
43 -2 
81 
18 -1 
28 -4 
1 9  - 1  
1 9  0 
27 -1  

1 3  3 
1 2  4 
1 8  3 
21  -2 
8 0 
1 9  
1 4  0 
3 2  0 
14 -2 
15  -4 

1 0  9 
26 65 
1 7  8 
1 7  26 
9 11 
3 9  40 
3 5  65 
1 7  33 
1 1  10 
3 1  3 
8 4 

( continued on next page) 



Table 4 ( continued) 

Grain. 
spot 

U Th Th/U 206Pb' 204Pb/206Pb f206 % Total Ratios Radiogenic Ratios 
(ppm) (ppm) (ppm) 

---------------------------

1 2. 1  
13 . 1  
14. 1  
1 6. 1  
1 7. 1  
1 8. 1  
1 9. 1  
20.1 
2 1 . 1  
22. 1 
23. 1  

380 
617 
616 
849 
538 
3 67 
805 

1 01 
1 27 
130 
205 
3 8  
143 
40 

215  66 
1 282 587  
425 78  
895 97 

0.27 55 .2  
0.21 76.6  
0.21 92.7 
0.24 1 02.5 
0.07 77.7 
0.39 60.9 
0.05 1 10.9 
0.3 1  23.3 
0.46 1 73 .3 
0. 18  58 .8  
0. 1 1  1 37.2 

238U(06Pb ± 

<0.01 5.913 
0.000398 0.67 6.923 
0.000029 0.05 5 .7 1 1  
0.000937 1 .59 7 . 1 16  
0.000025 0.04 5.943 

<0.01 5 . 1 74 
0.000005 0.01  6.235 
0.000064 0. 1 1  7 .939 
0.000020 0.03 6.354 
0.000073 0. 1 2  6.208 
0.000006 om 5 .602 

0.065 0.0773 
0.071 0.08 10  
0.059 0.0771  
0.082 0.0872 
0.061 0.0753 
0.061 0.0767 
0.067 0.0741 
0.089 0.0774 
0. 1 08 0.0749 
0.065 0.0772 
0.063 0.0743 

Error in FCl reference zircon calibration was 0.95% for the analytical session. 

0.0005 0. 1 691 
0.0007 0. 1435 
0.0003 0. 1 750 
0.0072 0. 1383 
0.0006 0. 1 682 
0.0005 0. 1 933 
0.0003 0.1 604 
0.0006 0. 1 258 
0.00 1 1  0. 1 5 73 
0.0005 0. 1 609 
0.0003 0. 1 785 

For areas younger than �800 Ma correction for common Pb made using the measured 238U (06Pb and 207Pb/206Pb ratios 

(f) Summary of SHRIMP U-Pb zircon results for sample SPP-414A 

1 . 1  1 187  33 0.028 1 7 1  <0.01 5 .976 
2.1 
3 . 1  
4 . 1  
5 . 1  
6 . 1  
7 . 1  
8 . 1  
9 . 1  
1 0. 1  
1 1 . 1  
1 2. 1  
13 . 1  
14. 1  
1 5. 1  
1 6. 1  
1 6.2  
1 7. 1  
1 8. 1  

962 
624 
933 
863 

22 
26 
20 
1 21 

942 1 5  
1 133 4 
1 196 213 
930 59 
925 
793 

62 
41 

143 8  145 
1 1 1 5  130 
1 1 1 2  721 
1 041  7 
696 66 
497 28 
143 9  1 55 
1 001 54 

0.022 1 28 
0.042 86 
0.022 1 34 
0. 140 75  
0.01 6 1 27 
0.004 1 68 
0. 178  141 
0.063 131 
0.067 1 34 
0.052 1 09 
0. 101  1 59 
0. 1 1 6  96 
0.648 1 26 
0.007 1 60 
0.095 97 
0.056 7 1  
0. 1 08 1 66 
0.054 1 28 

<0.01 6.449 
0.000135 0.23 6.237 
0.000036 0.06 5 .983 
0.001415 2.51  9.912  
0.000292 0.50 6.392 
0.000001 <0.01 5 .806 
0.000084 0. 1 5  7 .292 
0.000046 0.08 6.087 
0.000058 0. 1 0  5.913 
0.000078 0. 1 3  6.277 
0.000405 0.7 1 7.778 
0.000480 0.85  9.968 
0.002386 4. 17  7 .5  69 
0.000009 om 5.578 
0.000106 0. 1 8  6.1 61 
0.000065 0. 1 1  6.033 
0.000176 0.3 1 7 .435 
0.000064 0. 1 1  6.743 

(g) Summary of SHRIMP U-Pb zircon results for sample UILU2100 

1999 SHRIMP II 

1 . 1 lw 
2.1 1w 
3.1 Ir 
4.1 1w 
5 . 1  Ir 

1 75 
1 19 
388 
241 
1 14 

88  
1 01 
95 
1 09 
3 2  

6 . 1  Ir 730 1 07 
7 . 1  Ir 215  3 0  
8 . 1  Ir 285 76 
9.1 dc 1388 1 84 
1 0. 1  dc 4938 614 
1 1 . 1  lw 462 143 

2008 SHRIMP RC 

6.2 le 287 
6.3 1r 943 
7.2 1r 419  
7 .3 l e  1 20 
1 2. 1 Ir 1 83 

1 26 
1 62 
85  
40 
54 

0.50 30 
0.85 8 
0.25 42 
0.45 1 7  
0.28 1 8  
0.15 1 20 
0.14 33 
0.27 44 
0.13 223 
0. 1 2  9 1 8  
0.3 1 79  

0.44 49 
0.17 1 5 8  
0.20 63 
0.33 21  
0.30 28 

0.00001 9 0.03 5.063 
0.000898 1 .67 1 2. 159 
0.00028 1 0.48 7.877 

<0.01 1 2.497 
0.000399 0.68 5.589 
0.000097 0. 1 6  5 .250 
0.00021 5 0.37 5 .583 
0.000170 0.29 5 .543 
0.000006 om 5.349 
0.000074 0. 1 2  4.623 
0.000025 0.04 5 .018 

0.00001 1 0.02 4.999 
0.000034 0.06 5 . 1 1 9  
0.000047 0.08 5 .7 1 2  
0.000044 0.07 4.984 
0.000118 0.20 5.526 

0.062 0.07 38 
0.068 0.07 37 
0.069 0.0749 
0.064 0.07 35 
0. 1 07 0.0901 
0.068 0.0778 
0.061 0.0737 
0.076 0.07 14 
0.064 0.0736 
0.062 0.0737 
0.074 0.0746 
0.084 0.0783 
0. 1 05 0.0785 
0.080 0. 1079 
0.068 0.0739 
0.066 0.0738 
0.066 0.0751  
0.077 0.0729 
0.071 0.0732 

0.060 0.0781  
0. 1 62 0.0610 
0.089 0.0753 
0. 148 0.0590 
0.071 0.0768 
0.056 0.0765 
0.064 0.0758 
0.062 0.0781  
0.055 0.0760 
0.047 0.0772 
0.054 0.0779 

0.057 0.08 13 
0.067 0.0761 
0.063 0.0755 
0.066 0.0830 
0.066 0.0760 

0.0003 0. 1 673 
0.0003 0. 1 551  
0.0005 0. 1 600 
0.0004 0. 1 670 
0.0038 0.0984 
0.0004 0. 1 557 
0.0003 0. 1 7 22 
0.0003 0. 1369 
0.0003 0.1 642 
0.0005 0. 1 690 
0.0004 0. 1 591 
0.0005 0. 1 277 
0.0004 0.0995 
0.0019 0. 1 266 
0.0006 0. 1 7 92 
0.0004 0. 1 620 
0.0005 0. 1 656 
0.0003 0. 1341 
0.0004 0. 1481 

0.0007 0. 1 975 
0.00 1 1  0.081 0  
0.0007 0. 1 263 
0.0008 0.0801 
0.0009 0. 1 780 
0.0004 0. 1 906 
0.0006 0. 1 786 
0.0006 0. 1 7 99 
0.0002 0. 1 8 69 
0.0001 0.21 61 
0.0004 0. 1992 

0.0005 0.2000 
0.0003 0. 1954 
0.0004 0. 1749 
0.0008 0.2005 
0.0007 0. 1806 

0.0019 1 .802 
0.0015  1.490 
0.0018  1 .85 1 
0.0020 1 .409 
0.0017  1 .73 8  
0.0023 2.052 
0.0017  1 .637 
0.0014 1 .327 
0.0027 1 .61 9 
0.0017  1 .691  
0.0020 1 .827 

0.0017  1 .705 
0.0016 1 .577 
0.0018  1 .609 
0.0018  1 .68 1  
0.0012 0.947 
0.0017  1 .580 
0.0018  1 .749 
0.0014 1 .326 
0.0017  1 .65 1  
0.0018  1 .697 
0.0019 1 .61 2 
0.0014 1 .276 
0.0010 0.982 
0.0015  1 .289 
0.0022 1 .822 
0.0017  1 .61 5 
0.0018  1 .694 
0.0014 1 .302 
0.0016 1 .476 

0.0023 2. 1 1 8  
0.0013 0.543 
0.0014 1 .241  
0.0010 0.666 
0.0024 1 .774 
0.0021 2.01 7 
0.0021 1 .808 
0.0020 1 .878 
0.0019 1 .957  
0.0022 2.268 
0.0021 2. 130 

0.0023 2.238 
0.0026 2.048 
0.0019 1 .805 
0.0026 2.278 
0.0022 1 .850 

0.022 0.0773 
0.029 0.0753 
0.021 0.0767 
0. 1 99 0.0739 
0.023 0.0750 
0.027 0.0770 
0.01 9 0.0741 
0.020 0.0765 
0.036 0.0746 
0.022 0.0762 
0.022 0.0742 

0.01 9 0.0739 
0.01 8 0.0738 
0.023 0.0730 
0.020 0.0730 
0.076 0.0698 
0.022 0.0736 
0.020 0.0737 
0.01 6 0.0702 
0.020 0.0730 
0.023 0.0729 
0.022 0.0735 
0.021 0.0725 
0.01 5 0.071 6  
0.065 0.0739 
0.026 0.0737 
0.021 0.0723 
0.023 0.0742 
0.01 7 0.0704 
0.01 8 0.0722 

0.032 0.0778 
0.05 1 0.0486 
0.032 0.071 3  
0.01 5 0.0602 
0.05 1 0.0723 
0.030 0.0768 
0.033 0.0734 
0.036 0.0757 
0.021 0.0759 
0.024 0.0761 
0.027 0.0775 

0.029 0.081 2  
0.038 0.0760 
0.023 0.0749 
0.041 0.0824 
0.030 0.0743 

p Age (Ma) 

0.0005 0.882 1007 
0.001 3 0.520 864 
0.0004 0.902 1040 
0.0104 0. 1 02 835 
0.0006 0.782 1002 
0.0005 0.882 1 139 
0.0003 0.928 959 
0.0008 0.730 764 
0.001 1 0.752 942 
0.0006 0.808 962 
0.0003 0.929 1059 

0.0003 0.934 997 
0.0003 0.913 929 
0.0007 0.764 957 
0.0004 0.894 996 
0.0056 0.148 605 
0.0007 0.768 933 
0.0003 0.929 1024 
0.0004 0.877 827 
0.0004 0.879 980 
0.0006 0.781  1006 
0.0005 0.876 952 
0.0009 0.659 775 
0.0008 0.670 61 1 
0.0036 0.230 768 
0.0006 0.837 1063 
0.0005 0.829 968 
0.0006 0.820 988 
0.0006 0.790 81 1 
0.0005 0.852 891 

0.0007 0.784 1 1 62 
0.0040 0.743 502 
0.001 6 0.447 767 
0.001 2 0.5 16  497 
0.001 5 0.753 1056 
0.0005 0.905 1 1 24 
0.0008 0.8 18  1059 
0.001 2 0.585 1066 
0.0002 0.960 1 1 05 
0.0002 0.978 1261 
0.0005 0.852 1 1  71 

0.0005 0.869 1 1 75 
0.0006 0.926 1 1 50 
0.0005 0.872 1039 
0.001 0 0.732 1 1 78 
0.0008 0.729 1070 

10 1 128 
8 1 078  
1 0  1 1 1 3  
1 1  1 03 8  
1 0  1 068 
12 1 121  
1 0  1 043 
8 1 108 
15 1 058  
9 1 10 1  
1 1  1 048 

10 1 03 8  
9 1 03 5  
1 0  1 01 3  
1 0  1 014 
7 923 
9 1 03 1  
1 0  1 03 2  
8 934 
1 0  1 01 3  
1 0  1 01 0  
1 0  1 028 
8 1 000 
6 974 
8 1 03 8  
1 2  1 034 
10 994 
1 0  1 047 
8 940 
9 993 

13 1 142 
8 
8 965 
6 612  
1 3  994 
1 1  1 1 1 5  
1 1  1 025 
1 1  1 087  
1 0  1 093 
12 1 099 
1 1  1 13 5  

1 2  1 226 
14 1 096 
1 1  1 065 
14 1 255  
1 2  1 050 

% 
Disc 

1 2  1 2  
34 25 
1 0  7 
283 24 
1 6  7 
1 3  -2 
9 9 
21  45 
3 0  12  
15  14  
9 -1  

8 4 
9 10  
19 6 
1 1  2 
164 35 
1 8  1 0  
8 1 
1 2  1 1  
1 2  3 
1 7  0 
1 3  7 
25 23 
24 37 
98 26 
1 6  -3 
1 5  3 
1 5  6 
1 7  14 
13 10 

1 9  -2 

47 21 
43 19 
42 -6 
13 -1 
22 -3 
3 1  2 
6 -1  
4 -15  
1 3  -3 

1 3  4 
1 6  - 5  
1 3  2 
24 6 
23 -2 
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that the intrusion occurred close to 
conditions as observed elsewhere. 

MAZ12072, Sierra de Maz (29018' 15.9/1, 68°21' 37.7/1). This 
rock is an alkali-calcic, meta-q uartz monzonitic orthog­
neiss The main mineralogy is Kfs-Pl-Qtz-Bt-Grt, with 
accessory Ap, Zr, Ttn, Gp, and All. The rock shows a mylonitic fab­
ric, with Kfs porphyroclasts surrounded by a mantle of r"'r'nl'�t-"l L 
Iized quartz ribbons and 

biotite aggregates. The fabric suggests a metamor­
phism (Grt-Bt) developed ductile deformation in a shear 

a or subvolcanic 

The zircons from this range from small, 
eq uant anhedral to elongate subhedral forms with sub-
round terminations, up to 500 ).lm in The 

tend to have boundaries and rare 
central cavities consistent with the entrapment of vapour 

rapid crystallisation in a volcanic The CL images 
show either a dominant or a mixture of 
this and broad more homogeneous internal structure, the latter 
common in volcanic zircon Some have thin meta-
morphic overgrowths, and this the irregular 

noted above. 

The areas do not yield a 
on the WetheriH plot, such as that seen in 
Rather, there is some in both and 
206Pbj

238U ages 12b). The U contents range from ca. 60 to 
ca. 525 ppm, most between 60 and 130 ppm; ThjU ratios 
are in the normal for zircon. the low U con-
tent, the ratios and ages are 
well defined, but the plot some dis-

and on the younger-age side of the dominant age 
group. This is probably a consequence of the high-grade metamor-

leading to modification of the zir-
racJllO��enlC Pb loss and thin newly-

formed zircon. Notwithstanding this a 
weighted mean for 21 of the 23 in the Table 
gives 1086 ± 10 Ma (MSWD == 1.2) and this an estimate 
for the time of zoned zircon 

SPP2067, Sierra de Pie de Palo (31 °29' 12.0/1, 68°10' 51.0/1). This 
is a subalkaline, calcic, metagabbro-diorite (Fig. 8). The main min-

is Hbl-PI-Bt ± Kfs ± Qtz-Czo, Ttn-Zrn, with accessory Ttn 
and Zrn. The fabric is dominated by porphyroblasts of green 
dino-amphiboles and biotites set in a fine granob-
lastic fabric of PI, Qtz and Czo. The zircons are tabular 

with broken terminations and tragnlellts 
commonly seen in zircons from rocks. The 

are usually dark in colour and some have central cavities consistent 
with of vapour during The CL 

show a simple internal structure of 
lerHHn-Daralllel zonation consistent with a 
U contents are quite high > 300 ppm) giving rise to weU-
defined ratios and ages in the SHRIMP 

at ca. 1 Ga; ThjU ratios are relatively uniform around 
0.20-0.25. All 10 yield coincident and concordant 
U-Pb data (Fig. 12c) and a Concordia age of 1196 ± 8 Ma 

(MSWD '" This is older than the two ortnol�nE�ISS 
salnples from Sierra de Maz and indicates an older 
broic zircon crystallisation. 

SPP6076, Sierra de Pie de Palo (31 °14' 06/1, 68°05'18/1). This is a 
calc-alkaline of gr;:lnOCllc,ntlC OJmposltlon 
(Fig. 8); its main is Kfs-Qtz-PI-Bt-Ms, with accessory 
Ep, Zrn, Ap, and Gp. The rock displays a conspicuous fab-
ric with er-type Kfs muscovite and euhe-
dral epidote, surrounded by a matrix of biotite and 
quartz. 
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Fig. 1 1 .  (a) Wetherill Concordia plot o f  SHRIMP U-Pb zircon data for orthogneiss sample MAZ7099, ( b )  typical cathodo-luminescence image for MAZ7099, showing relict 
igneous cores with broad mantles and occasional outer rims developed during metamorphism. Analysed areas and the determined ages (Ma, shown without errors) are 
identified (Table 4). See text for detailed interpretation. 

The zircons from this sample are equant to elongate grains, sub­

hedral to euhedral, most with sub-round terminations, or are frag­

ments of such grains. They are notably smaller than grains in the 

other samples, being generally � 1 00 )lm in length. The CL images 

show a range of internal structures. Most have oscillatory zoning, 

or length-parallel zones consistent with an igneous paragenesis. 

However, many have a two-part internal structure with either 

bright CL zoned centres and darker CL zoned outer or rim compo­

nents. Some grains have an outermost rim or zone with dark, more 

homogeneous CL. The areas analysed have relatively high U con­

tents, ranging from ca. 215  to ca. 1 280 ppm, mostly more than 

500 ppm U. Th/U ratios are generally in the range ca. 0. 1 -0.45 with 

several grains having ratios �0.07; grains 5 and 19 being the low­

est at 0.04 and 0.05, respectively. On a standard Wetherill Concor­

dia plot ( Fig. 1 2d) the data range from concordant within 

uncertainty to ca. 65% discordant. Note that the analysis of grain 

16 is very imprecise and is not considered in this discussion, nor 

plotted on Fig. 12d. Nineteen of the remaining 22 analyses define 

a simple Pb loss discordia line with an upper intercept at 

1 1 1 0  ± 10 Ma (MSWD 1 .4). The lower Concordia intercept for this 

line at ca. 77 Ma, albeit with a very large uncertainty, could reflect 

Andean reactivation but is not relevant to the Grenville-age his­

tory. Three analyses plot to the younger-age side of the dominant 

discordia regression line and it is notable that two of these have 

the lowest Th/U ratios (grains 5 and 1 9) .  The third analysis ( grain 

23 ) also has a low Th/U ratio of 0.1 1 ,  but there are no distinguish­

ing morphological or CL features to indicate that these three ana­

lysed areas are otherwise different from those within uncertainty 

of the dominant Pb loss discordia line. The three analyses scatter 

about a line that has an upper intercept at about 1 055 Ma (MSWD 

6.7, not shown on Fig. 1 2d). The upper Concordia intercept for 

zoned igneous zircon at 1 1 1 0 ± 1 0  Ma is considered to be the best 

estimate of the protolith age, with indications that a younger meta­

morphic overprint has given rise to non-zero age radiogenic Pb 

loss. 

SPP414a, Sierra de Pie de Palo ( 3 1  °1 8' 40.0//, 69°55' 45.0//) .  This 

(Fig. 8) from the imbricate thrust domain belongs to an orthogneiss 

suite that yielded a Rb-Sr whole-rock isochron age of 1 02 1  ± 1 2  Ma 

(Pankhurst and Rapela, 1 998);  it was analysed on SHRIMP as a fur­

ther control and comparison with the other more recent samples. 

The main mineralogy is PI-Qtz-Kfs-Bt-Anf-Grtl -Grt2; accesso­

ries are All, Ep, Ap, and Zrn and the metamorphic assemblage is 

Grt2-Bt-Anf. The granular texture is dominated relict crystals of 

plagioclase and granular quartz. Two different types of garnet are 
recognized: Grtl (igneous ?) which is larger, subhedral and devoid 

of inclusions, and Grt2 (metamorphic), smaller, poikilitic and euhe­

dral, and associated with Bt and Anf. 

The zircons from this sample are dominantly metamict elon­

gate, subhedral grains. They are mostly are dark and clouded with 

alteration products, but a few grains are clear, or there are clear 

areas on the tips to otherwise metamict zircon. The CL images rein­

force the metamict nature of most of the zircon; the few clear areas 

have weak zoning, but most are dark and featureless. U contents 

are high, ranging from ca. 500 to ca. 1440 ppm, mostly greater than 

900 ppm U. Th contents vary widely, with the Th/U ratio ranging 

from ca. 0.004 to ca. 0.65; most are <0.07 suggesting that the zircon 

areas analysed are of a metamorphic origin. As may be expected 

from the analyses of such metamict and U-rich zircons, most of 

the analyses are discordant (up to ca. 3 5%), although 1 3  are only 

1 0% discordant or less. A regression line fitted to all 1 9  areas ana­

lysed has excess scatter ( MSWD == 3.2) with an upper Concordia 

intercept at 1 027 ± 1 7  Ma ( Fig. 1 2e). The lower Concordia intercept 

of 1 66 ± 94 Ma is of doubtful geological significance. A weighted 

mean of 207Pb/2o6Pb ages for the least discordant group gives 

1 025 ± 10 Ma (MSWD == 1 .7 ). This is in agreement with the pub­

lished Rb-Sr age, but is significantly younger than any other Gren­

ville-age event so far determined from the Western Sierras 

Pampeanas ( see Fig. 1 3 ). On the basis of the CL images and Th/U 

ratios it is likely that this reflects a period of metamorphic zircon 

growth, although it must be noted that the metamict nature of 

the grains indicates that even the more concordant of analyses 

may have lost radiogenic Pb during a late Grenville-age fluid move­

ment or thermal episode. 

ULLU21 00, Precordillera ( 37028' 34.01//;  68°49' 27.07//). This 

sample is of a metamorphic xenolith within a Miocene diorite in­

truded through the Precordillera sequence and cropping out at 

Ullun, as described by Abruzzi et al. ( 1 993 ) and Kay et al. ( 1 996). 

The sample is a cale-alkaline - metagabbro ( Fig. 8c), and geochem­

ically it corresponds to the mafic amphibolite group described by 

those authors. Its main mineralogy consists of PI-Hbl-Cum/Tr­

Bt-Qtz, with accessories Ep, Zrn, Op, and quite common alteration 

to Chi, Hm, and sericite. The fabric is formed by a coarse-grained 

equigranular aggregate of Hb, PI and clusters of fibrous Cum/Tr 

clino-amphiboles, probably replacing primary Fe-Mg pyroxene. 

The zircons from this sample are quite unusual. Under 

transmitted light there are two distinct types: a relatively clear 
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Fig. 1 2. Wetherill Concordia plots o f  SHRIMP U-Pb zircon analyses of gneiss samples from Sierra d e  Maz (a-c ), Sierra d e  Pie d e  Palo (d  and e )  and the Ullun xenolith locality in 
the Precordillera ( f). See text for detailed descriptions and interpretation. 

anhedral component that forms discrete, larger elongate to sub­

equant grains, and a component that is inclusion-rich, in places 

metamict. The inclusion-rich zircon occurs as elongate to sub­

equant, smaller grains that have round to sub-round grain shapes. 

In places, the clear component can be seen to rim the other. The 

CL images highlight these markedly different zircon types. The clear 

zircon is seen as very bright luminescent rims and whole grains. The 

inclusion-rich component has mottled and very irregular darker CL 

characteristics, often rimmed by the bright CL component. In some 

large grains ( grains 6 and 7) both rims and cores have bright CL. 

The analyses of these complex zircon grains concentrated on 

the bright CL areas, the dark mottled CL areas being considered 

metamict and so unlikely to yield consistent or meaningful U-Pb 

data. Nevertheless, for completeness, some dark mottled CL areas 

were analysed (see Table 4). Overall there appears to be little cor-

relation between age e07Pbj206Pb or 206Pb/238U) and spot location, 

though in general terms the whole clear grains tend to give older 

ages, greater than 1 1 30 Ma. On the other hand, two clear grains 

(2 and 4) give Cambro-Ordovician dates that undoubtedly reflect 

the late history of the Precordillera terrane. There is also little cor­

relation between grain type or CL characteristics and U content; 

some light CL rims have >500 ppm U, others <200 ppm U; overall 

the Th/U ratios are in the range ca. 0.2-0.45, which is normal for 

igneous zircon. The enlarged Wetherill Concordia plot shown as 

Fig. 1 2f excludes the two Palaeozoic grains (2 and 4), the normally 

discordant analysis of grain 3 and the reversely discordant, dark CL 

core to grain 10 ( metamict). The data on this plot form two distinct 

groupings that are concordant to within analytical uncertainty and 

distinguished in the relative probability plot of 206Pb/238U ages 

(shown inset). One group is concordant at about 1 1 65 Ma and 



AGE Sierra de M az U-Pb ages (Ma) S ierra de Pie de Palo U-Pb ages (Ma) 
M a  Met & UUun Cryst. Met 

1 000 -
- 1. 03 Ga: Emplacement of TTG suites 

- 1. 09-1.07 Ga: Climax of lithospheri c 1 070±41 (2) 
extension, emplacement of AMCG 1 086±1 0 (1 ) 
complexes. Exhumation of high-grade 1 092±6 (1 ) ca. 1 095 (1 ) 

1 1 00 - terrains 

- 1. 1 1  Ga: New subduction related acid 

and basic magmatism 1 1 1 0±10 (1 ) 

- 1. 17 Ga: Arc-related magmatism ca 1 1 65 (1 ) 
ca. 1 1 75 (1 ) 1 1 69±8 (5) 

1 20 0  ca. 1 1 80 (3) - 1. 20 Ga: Arc/back-arc oceanic complex 1 196±8 (1 ) 
ca. 1230 (3) N-MORB and oceanic arc lavas 1204±5 (5) 

- 1. 24 Ga: Intra oceanic arc subduction 1244±42 (4) 
in 1 330-1260(1 ) (Las Matras block) 

Fig. 1 3. Summary 
references: ( 1 )  

that affected t h e  Sierra de Maz a n d  Sierra de Pie d e  
Casquet e t  al. (2006), (4) Sato et al. (2004), (5 ) Vujovich 

sectors of Western Sierras Pampeanas. U-Pb age 
and (6) Kay al. 

the other at about 1060 Ma, with of two discor-

dant ana:lysles 

Cl!." .... .. '-Cl. CL characteristics 
..,L"-'UH ... LH ... .." we suggest that the 

DfC)Vl(leS an estimate for zircon crys-
tallisation in the of this xenolith, 
whereas the ca. 1060 Ma group reflects a 

5. Discussion: the R:el[)d�{D,clmic 

Pampeanas 

of the Western Sierras 

A summary of the main lithotectonic elements in 
the Sierra de Maz and Sierra de Pie de PaIo-Ullun sectors of the 

13, based on U-Pb SHRIMP of 

laE�nt:me:a in each sector 
imbrication and the several over-

WSP, the in 

ort:hognelsses of Sierra 

acteristic intruded in a continental 
crust rocks in the SE sector of 
the Maz Domain that are the country rocks of this series con-
tain 1 .7-1.9 Ga detrital zircons, mdllGlltlnlg 

source for the mE�ta;secLirrlenltalry elnVI:lOoe. 
zoic Nd model ages 
dence to constrain the 

stage of corltinlenltal-ed��e rrlagmatislm 
tended to aplJroxinnately 

No similar environment has been identified in 
Sierra de Pie de Palo where, in contrast, the oldest rocks 

SPP2067, 1196 Ma, ... t>r,,...r,f-t>rI an 
age of 1204 8 Ma in similar 
dence of formed in an oceanic arc:/b;KII:-alrc 

\/ l 1 , r\\/lrn and KaYl 1998; et at. 
13 shows the arc:/b;KII:-alrc 

... ""'" ... . • ... /-,,,1,, from the !'\nmrlO-[V(.e 
Maz. The different oceanic Sierra 
de Pie de Palo and the continental, mature environment of Sierra 
de Maz, is well their Nd 

The of the Las Matras 
block, further suggest an oceanic arc at ca. 
1244 Ma (Sato either as an earlier stage of the Pie 
de Palo system, or as an arc 

An fades event affected 
the metadiorite MAZ7099, and an age ca. 
1175 Ma defined concordant spots in metamor-

zircon rims 11 ). rims a coeval 

at ca. 1180 Ma and an older one at ca. 1230 Ma were in 
IT .. .  �.n ,,, l i h,,,, within a different sliver of the 

al., Granulite fades 
of ca. 29 km were calculated 

metarnorphiism (Casquet et al., 2006). which 
is here ascribed to an arc-continent collision in the Sierra de Maz 
sector After the collision, the of 
Sierra de Maz became a deformed foreland environment and the 

mtraJ,lal:e continental The inferred suture be-
continent and the accreted oceanic arc is not CA�JU;:)CU, 

sheared zone, reactivated 
the Cambrian? of the WSP 

Plata Craton et al., 2007; Casquet 

CU 'lH V'c;lIt:Ul rnflr:>rr\ril"lt",iI coeval rims have been 
dl1.:Hv:�eu rocks of the Sierra de Pie de PaIo-Unun 

sector and the Las Matras block al., that 

these arc and systems were not involved in 
the Maz arc-continent collision. What is so far found at ca. 

in­

:l r,..' I n:l r ll'_ :llrr sequence of Sierra de Pie de Palo 
basic arc in the Precord-



iUera (ULLU21 00, ca. 1165 Ma, 12f, Oceanic arc subduction 
was at the time an arc-continent collision occurred in 
the Maz sector, either they were two arc 
systems or that the Pie de Palo-Ullun sector is a southern (present 
coordinates) remnant branch of the same arc system, not affected 
by the collision. The UHun sector has been considered as an oceanic 
arc/back-arc environment near a continental margin (Kay et al. 
1996). 

C0l1VE�r\!len(=e in the Pie de Palo-UUun sector is 
ret:lre�;ented by 1110 ± 10 Ma cale-alkaline orthogneisses (SPP6076, 

8b, 12d, 13) and mafic xenoliths (1102 ± 6 Ma, 
Kay et al., These ages within errors, and suggest that 
the Pie de Palo outcrops and the UHun xenoliths to the 
same basement at that time. Compared with the (ca. 
1200 Ma) subduction event of Pie de Palo, the cale-alkaline 
ses show a ratio 10), a 
Clalse'-DClOr mineral residue formed in a thicker crust. This event 
probably affected large sectors of the WSP, taken into account that 
a suite of 1108 ± 13 Ma cale-alkaline with similar 
geeJCflermcal characteristics lOa and b), has been also reported 
in Sierra de Umango et al. 2003) (Fig. lOa, b). Altogether the 
1A","1 ",c'nrt�'"lr1 ca. 1100 suggests that the Pie de Palo-Ullun 
sector was accreted or to the continent at that age. 

A final Mesoproterozoic subduction event is by the 
1027 ± 17 Ma Mogote-Corralito tonalite-trondhjemite 

121"', 13), which show low [LajYb]N between 2.4 and 2,9 
9c), a source located above the garnet field 

and therefore within thin crust. An tectonic event must 
have taken place between these two younger convergent CIJI�U�iC�, 
to their Such a 

event is in Sierra de Maz by the 
intl'apllate intrusion of AMCG (Fig. 13). The 

age of the 1070 ± 41 Ma massif anorthosite of Sierra de Maz (Cas­
quet et al., 2004) within errors both the 1092 ± 6 Ma 
me�ta-mcmg:erite (MAZ12020, 12a) and the ca. 1088 Ma meta-

(MAZ12072, Fig. here, and interpreted 
collectively as an AMCG complex. The large in the 
anorthosite age does not allow to confirmation are coe-
val, but if this is correct the age of the whole com­
plex would be ca. 1090 Ma, i.e., the age of the more nn:'r1(�".IH 

dated Intrusion of these slightly contaminated 

mantle-derived magmas a widespread ex tensional episode 
would have produced an important thermal in surround­
ing rocks. The 1330-1260 Ma meta-granitic suite located dose to 
the AMCG (see 2) shows a age of zircon mantle 
overgrowths at 1095 Ma 11). The mafic xenoliths of 
the PrecordiUera show zircon overgrowths at ca. 

1060 Ma (Fig. 12f), and the 1 102 ± 6 Ma mafic amphibolite xenolith 
contains two zircon fractions with lower U and Pb 
concentration, as a mE�talmo,rplhic 
(Kay et al., 1996). This evidence to a thermal event 
that we here relate to the ponding of mantle magmas at the base of 
the crust and the intrusion of AMCG during an exten-
sional Intramontane basins most probably 
formed during this and should therefore contain only 
pre-l060 Ma detrital zircons, as is the case of the Morteritos schists 

in Sierra de El et al., 2007). 
the complex imbrication by the 

Paleozoic and Mesozoic (Andean) orogenies, the inferred major 
1\1I�> cn,nr,nt.:'rn'7njir glE'Ologllcal events and their seem to define 
a but coherent for the Western 
Sierras Pampeanas. This started at ca. 1330 Ma and ended at ca. 

1030 Ma with convergent events at a continental margin, and in­
duded between these limits the formation of oceanic arc/back­
arc complexes, arc-continent collisions, renewed subduction and 
an extensional with intrusion of AMCG com-

plexes. This is the of a complex, composite arc system 
a ocean, 

Although the issues of provenance of the Western Sierras 
Pampeanas and their original links with other Grenville-age oro­
gens of the terrane are beyond the scope of this work, it 
is necessary to mention that several of the stages described above 

have been as evidence for Laurentian provenance, e.g., 
the basement of the Precordillera (Kay et al., 1996), the " r r l h " rL-_ 

arc sequence of Sierra de Pie de Palo (Vujovich and Kay, 1 998) 
and the anorthosites of the Sierra de Maz Central Do­
main (Casquet et al., 2004), among others. There is no doubt that 
several of the entities identified in the Western Sierras 
Pampeanas (Fig. 13) have also been described in the Laurentian 
Grenville belt, such as Andean cale-alkaline magmatic arcs and 
coeval back-arc as well as of extension and 
intrusion of AMCG complexes, the youngest of which was em-

at ca. 1090-1050 Ma (Rivers, 1997; and Hanmer, 
1997) and was thus broadly coeval with the Maz AMCG '-v. " v  ...... .". 
(Fig. Nevertheless, as Rodinia reconstruction is still a matter 
of debate, these should be taken with 
caution. For an arc-continent collision at ca. 1170 Ma 
and an bracketed at ca. 1090-1050 Ma 
have been identified in the Natal-Namaqua belt of southern Africa 

et al., 2003 and references which in some recon-
struction is the GrenviHe orogen. Both of these events 

are features now identified in the Western Sierras 
Pampeanas. 

6. Conclusions 

The study of Mesoproterozoic rocks of the sierras of Maz and Pie 
de Palo reveals a (300 Ma long) geological history. As 
these terrains represent crustal environments that 
sometimes coeval events, it is possible to reconstruct 
and their evolution. Sierra de Maz seems to have 
been part of a continental crust throughout this starting as 
a continental during Andean r url"'_cl I l"I_ 

duction at least 1330 Ma ago. This became a foreland intra-
site after an arc-continent collision, developing nill:n-\!rC'lae 

at 1230-1170 Ma. During an extensional event 
deltmlmg the culmination of the in the 

Maz the intrusion of ca. 1050-1090, mantle-derived, intra­
plate AMCG a strong thermal on 
VII:::; VR'U.:> continental-arc suites. On the other hand, the Mesoprote­
rozoic sequences of the Sierra de Pie de Palo-Ullun sector are dom­
inated by oceanic arc and back-arc rocks, which were products of a 
fully developed and active arc system ca. 1200 Ma ago. A new sub­
duction event at rv 1170 Ma the old arc/back-arc, while 
a 1110 Ma seems to have been into crust that 
had become more mature. Now located at the continental 
the juvenile accreted terranes underwent later errtpl'3.Ce�m!:'nt 
subduction-related at 1027 Ma. As in other L. r,emJllle-�I\!e 
terrains, the of the l\i1Q,cn , ... rn.ta.·n?,n'r 

dominated by convergent tectonics, either at continental mclrgms 
or intra-oceanic arcs, with of arc-continent collisions 
and of AMCG ex tensional events. 
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