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1. Introduction 

A BST RAC T 

Two orthogneisses have been recognized in the sierras of Espinal and Maz (Wes tern Sierras Pampeanas, 
NW Argentina) that were empl aced within a Grenvillian metasedimentary sequence. Microcline, plagio
clase and quartz are the main rock-forming minerals, with accessory zircon, ap atite-(CaF), m agnetite, 
biotite (Fe/(Fe + Mg) = 0.88-0.91). ferropargasite (Fetotal/(Fetotal + Mg) = 0.88-0.89), titanite (with up to 
1.61 wt% Y203) and an REE-rich epidote. REE-poor epidote and zoned garnet (C a and Fe3+ -rich) are meta
morphic minerals, while muscovite, carbonates and chlorite are secondary phases. Texture is mylonitic. 
Two representative samples are classified as granite (from Sierra de Espinal) and granodiorite/tonalite 
(from Sierra de Maz) on the grounds of immobile trace elements. Some trace element contents are rather 
high (Zr: 603 and 891 ppm, Y: 44 and 76 ppm, 10,000 x Ga/AI: 2.39-3.89) and indicate an affiliation with 
A-type granites (more specifically, the A2 group). Both s amples plot in the field of within-plate granites 
according to their Y and Nb contents. 

Concordant crystallization ages (zircon U-Pb SHRIMP) are 842 ± 5 and 846 ± 6 Ma, respectively. 
87Sr/86Sri (845) ratios are 0.70681 and 0.70666; BNdi (845) v alues are -1.5 and +0.3 and depleted-mantle Nd 
model ages (2TDM*) are 1.59 and 1.45 Ga, respectively. These v alues indicate the involvement of an iso
topically evolved source. 2T DM* val ues are compatible wi th the presence of inherited zircon crystals of up 
to 1480 Ma in one of the rocks, thus implying that magmas incorporated material from Mesoproterozoic 
continental source. This is also indicated by the relatively high contents of Y, Ga, Nb and Ce comp ared to 
magmas derived from sources similar to those of oceanic-island basalts. 

These orthogneisses represent a period of extension at ca. 845 Ma affecting the Western Sierras Pam
peanas continental crust that was already consolidated after the Grenvillian orogeny (1.2-1.0 Ga). They 
are thus a record of the early stages of Rodinia break-up. Metamorphic conditions during the subsequent 
Famatinian orogenic cycle (ca. 420 Ma, SHRIMP U-Pb on zircon) attained 7.7 ± 1.2 kbar and 664 ± 70°C. 

The Sierras Pampeanas in northwestern Argentina constitute 

large exposures of pre-Mesozoic crystalline basement in the fore

land of the Central Andes (Fig. lA). They record a complex 

tectonomagmatic history from the Mesoproterozoic to the Late 

Paleozoic that has not yet been completely deciphered. In the 

Western Sierras Pampeanas evidence for a reworked Grenville-age 

basement was firmly demonstrated by McDonough et al. (1993). 
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This basement has since been considered the counterpart of the 

Grenville orogen along the southern Appalachian margin ofLauren

tia, which drifted away in the late Neoproterozoic to early Paleozoic 

to finally dock against the proto-Andean margin of Gondwana in the 

Ordovician. Whether this process involved an allochthonous exotic 

terrane, i.e., the Precordillera terrane hypothesis (for a review see 

Thomas and Astini, 2003; Ramos, 2004), or para-authoctonous 

translation along the proto-Andean margin of Gondwana (e.g., 

Finney, 2007; Casquet et al., 2008a), remains a matter of dispute. 

However all authors agree that the Western Sierras Pampeanas 

Grenville-age terranes were contiguous to Laurentia by the end of 

Rodinia amalgamation at ca. 1.0 Ga. Moreover Casquet et al. (2008b) 

raised the hypothesis that, at the onset of the Grenvillian orogeny, 
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Fig. 1. (A) Location of the study area in South America and Argentina. (PRE) Precordillera, (A) Ambato, (An) Ancasti, (Ch) Chepes, (Co) C6rdoba, (F) Famatina, (PP) Pie de Palo, 

(VF) Valle Fertil, (SL) San Luis, (UME), Umango, Maz and Espinal, (V) Velasco. Mobile belts where either Grenville-age (1.0- 1 .2 Ga), Pampean (540-520 Ma) or Famatinian 

(490-435 Ma) deformation and metamorphism predominate are distinguished. (B) Geological sketch map of the sierras ofMaz and Espinal, based on Casquet et al. (2006). 

the Western Sierras Pampeanas Grenvillian terranes were part of 

a larger continental mass that embraced other Meso- to Paleopro

terozoic outcrops such as the Arequipa block in southern Peru and 

northern Chile. This view opens new ways to interpret the Protero

zoic history of southern South America (Rapela et al., 2007). 

Rodinia is the name given to a hypothetical supercontinent that 

comprised almost all continental masses on Earth during the late 

Mesoproterozoic. Geological evidence for the existence and evolu

tion of such supercontinent has been growing since the early 1990s 

(e.g., Hoffman, 1991 ; Dalziel, 1991 ; Moores, 1991 ; see Li et al., 2008 

for a review), but consensus is still lacking on issues such as the 

number of participating cratons, their relative positions and the 

chronology of the assembly and subsequent break-up of Rodinia. 

Rodinia break-up and dispersal began around 900 Ma ago or even 

earlier (e.g., Cord ani et al., 2003), but evidence of widespread rifting 

associated with mantle plumes occurred much later, spanning the 

time interval between 825 and 740 Ma (Li et al., 2008). 

Evidence for Rodinia break-up in the Western Sierras Pam

peanas was first recognized in the Sierra de Pie de Palo (Fig. lA). 

Here A-type orthogneisses hosted by reworked Grenvillian base-

ment yielded a zircon U-Pb SHRIMP age of ca. 774 Ma. Protoliths 

were interpreted as resulting from an anorogenic magmatic event 

during early rifting of Rodinia (Baldo et al., 2006). 

This contribution deals with a newly recognized anorogenic 

magmatic event at ca. 845 Ma in the sierras of Maz and Espinal 

(Fig. lA) which records a still earlier event of Rodinia break-up. It 

thus adds to understanding of the Rodina break-up process in this 
part of Western Gondwana both in time and paleogeography. 

2. Geological setting 

The sierras of Maz and Espinal (Fig. 1) were first described 

by Kilmuray and Dalla Salda (1971). Basement outcrops in the 

area, including those of the adjacent Sierra de Ramaditas and Villa 

Castelli massif, consist of metamorphic rocks wi th sedimentary and 

igneous protoliths intruded by a Lower Ordovician suite of metalu

minous and peraluminous granites that occurs east of the sierras, 

near Villa Castelli (Dahlquist et al., 2007) (Fig. 1). The basement out

crops are covered by Late and post-Paleozoic sedimentary rocks in 

angular unconformity. Westward high-angle thrusting during the 



Fig. 2. (A) Dike of met a-granite intruded in amphibolite (Sierra ofEspinal). (B) Meta-granite from Sierra de Maz, showing intense ductile deformation. 

Andean orogeny led to superposition of the basement blocks over 

the sedimentary cover (Jordan and Allmendinger, 1986). 

In the basement of the sierras of Maz and Espinal three domains 

separated by first order shear zones and faults (Fig. 1 B) were 

distinguished on the basis of field, geochronology and isotope 

composition evidence (Casquet et al., 2006, 2008b). The East

ern Domain, consisting for the most part of high-grade rocks, 

i.e., garnet-sillimanite migmatitic gneisses with subordinate mar

bles and amphibolites, is younger than 1.0 Ca. Metamorphism 

took place during the Ordovician-Silurian Famatinian orogeny at 

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

Domain (also known as the Maz terrane) consists of medium-grade 

(kyanite-sillimanite-garnet-staurolite schists, quartzites, amphi

boli tes and marbles) to high-grade intermediate-to-ul trabasic 

meta-igneous rocks and metasedimentary rocks that underwent a 

Crenvillian-age orogeny starting at ca. 1.2 Ca (Porcher et al., 2004; 

Casquet et al., 2006). Massif-type anorthosites of ca. 1070 Ma are 

restricted to the Maz terrane. Anorthosites also show evidence for 

Famatinian metamorphic rejuvenation (431 ± 40 Ma) throughout 

the Maz terrane (Casquet et al., 2005). Moreover, metamorphic 

and geochronological discontinuities within the Maz terrane sug

gest that it is in fact composed of a number of slivers separated by 

shear zones of unknown age, probably Famatinian. The Western 

Domain consists again of metasedimentary rocks younger than ca. 

1.0 Ca that underwent Famatinian metamorphism. One sequence of 

rocks composed of thick marble beds, calcic semipelitic schists and 

quartzites is probably equivalent to the late Neoproterozoic Difunta 

Correa metasedimentary seq uence of the Sierra de Pie de Palo, and 

to isotopically equivalent rocks of the Sierra de Umango (Varela 

et al., 2001; Calindo et al., 2004; Rapela et al., 2005). Most rocks 

within this domain are low-grade but high-grade rocks are locally 

found. A recently descri bed ca. 0.57 Ca alkaline syeni te-carbonati te 

complex (Casquet et al., 2008c) occurs in the eastern margin of the 

Sierra of Maz. 

Two orthogneisses have been found that have provided almost 

the same crystallization age of ca. 845 Ma (see below). Both 

are foliated sheeted bodies concordant with the external foli

ation and bedding. Field evidence suggests that the protoliths 

were intrusive and not tectonically emplaced. The first, in the 

Sierra of Maz (Fig. 2A), is a ca. 100 m thick body of leucocratic 

mylonitic augen-gneiss with streaks of mafic minerals and con

cordant stretched pegmatites; the fabric is S = L It is hosted by 

whitish quartzites, sillimanite-garnet gneisses and garnet amphi

bolites that are assigned on the basis of Nd model ages (Casquet et 

al., 2006) to the Western Domain referred to above. This domain 

underwent Famatinian metamorphism only. The second, in the 

Sierra del Espinal (Fig. 2B), is a mylonitic augen-gneiss hosted by a 

sequence of kyanite-staurolite-garnet schists, amphibolites, mar-

bles and quartzites belonging to the Maz terrane (Casquet et al., 

2006). The extent of this body is unknown, as only a section some 

20 m thick is visible along one creek. This sequence underwent 

medium-grade Crenvillian metamorphism and a low-grade reju

venation attributed here to the Famatinian orogeny (see below). 

3. Sampling and analytical methods 

Two samples were collected that are representative of the two 

orthogneisses: MAZ-603 7 was taken from an outcrop along the Maz 

Creek (29°11/201IW to 68°281481/S). ESP-7066 was collected on the 

western slopes of the Sierra del Espinal, close to Puesto Villalba 

(2900 5/2J11W to 68 °31 14011S) (Fig. 1 B). 

Electron-microprobe analyses were performed on sample MAZ-

6037 and on a host amphibolite (MAZ-12046), the latter for 

estimation of metamorphic conditions, at the Complutense Uni

versity, Madrid (Supplementary data files obtainable from the 

Precambrian Research Data Repository). 

Whole-rock powders of ESP-7066 and of a further sample 

of the MAZ orthogneiss (MAZ-12040) were analysed by ActLabs 

(Canada) for major elements (lCP) and trace elements (lCP-MS) 

(4-Lithoresearch code) (Table 1). 

Rb-Sr and Sm-Nd isotope determinations were carried out 

at the Ceochronology and Isotope Ceochemistry Center of the 

Corn plutense University (Madrid, Spain) on an automated m ulticol

lector VC® SECTO R 54 mass spectrometer. Analytical uncertainties 

are estimated to be 0.01 % for 87Sr/86Sr, 0.006% for 143Nd/144Nd, 

1 % for 87Rb/86Sr, and 0.1 % for 147Sm/144Nd. Replicate analyses of 

the NBS-987 Sr-isotope standard yielded an average 87Sr/86Sr ratio 

of 0.710227 ± 0.00004 (n = 10) and La Jolla Nd isotope standard 

yielded an average 143Nd/144Nd of 0.511844 ± 0.00002 (n= 10). 

Errors are quoted throughout as two standard deviations from mea

sured or calculated values (Table 2). 

U-Th-Pb zircon dating was performed on the two samples at 

the Research School of Earth Sciences, The Australian National 

University, Canberra, Australia, using SHRIMP RC (MAZ-6037) and 

SHRIMP 11 (ESP-7066). Separated zircons were mounted in epoxy 

resin together withchipsof the FCl DuluthCabbro reference zircon. 

Reflected and transmitted light photomicrographs and cathodo

luminescence (CL) SEM images were used to decipher the internal 

structures and to target specific areas wi thin the zircons. Analytical 

methods followed Williams (1998, and references therein). U /Pb 

ratios were normalized relative to a value of 0.01859 for the FCl 

reference zircon, equivalent to an age of 1099 Ma (see Paces and 

Miller, 1993) and data were reduced using the SQUID Excel macro 

of Ludwig (2001) (Supplementary SHRIMP data files are obtainable 

from the Precambrian Research Data Repository). Uncertainties are 

quoted at the 1-sigma level. 204 Pb-corrected data are presented, but 
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Fig. 3. Photomicrographs (crossed polars). (A) Mylonitic texture with porphyroclasts of microcline along with quartz ribbons (ESP-7066). (B) Microdine porphyroclast 

(probably a former phenocryst). with igneous inclusions of quartz blebs and plagiodase crystals. in a strongly deformed matrix (ESP-7066). (C) Protomylonitic texture 

showing quartz ribbons in a matrix composed dominantly of plagioclase. microcline and quartz (MAZ-6037). (D) Poikiloblast of garnet, with pressure shadows defined 

by biotite (which extends further) in a matrix of variably recrystallized quartz. microcline and plagioclase. Accessory phases are concentrated mainly in those biotite-rich 
domains (MAZ-6037). 

(Fig. 3A and B). Titanite and scarce zircon are the main accessory 

minerals. Because of the strong low-grade retrogression this rock 

was not further considered for electron-microprobe analyses. 

The orthogneiss from the Sierra de Maz shows a mylonitic 

texture; microcline and plagioclase constitute rounded porphy

roclasts, while quartz forms recrystallized ribbons (Fig. 3C and 

D). Microcline, plagioclase and quartz are the main rock-forming 

minerals and are inherited from the igneous paragenesis. Zircon, 

apatite, magnetite, biotite, amphibole (ferropargasite), titanite 

and an REE-rich epidote are accessory and except for some biotite 

and titanite are probably also inherited. However, garnet and 

an REE-poor epidote forming mantles around REE-rich epidote 

grains are metamorphic minerals, as are some biotite and titanite, 

and muscovite. The low Mn (7.87-1.74 wt% MnO) and high Ca 

(13.67 -11.02 wt% CaO) contents are not characteristic of garnets of 

magmatic origin and are instead similar to metamorphic garnets 

from meta-granites (Le Goff and Ballevre, 1990; Kotopouli et 

al., 2000). Biotite and amphibole have high Fe/(Fe + Mg) ratios 

(0.88-0.91 and 0.88-0.89, respectively). Muscovite is of secondary 

origin (after biotite and feldspars) and is locally associated with 

opaque minerals. Irregular carbonate concentrations are locally 

observed. 

5. Whole-rock geochemistry 

The two rocks are chemically different (Table 1). Unfortunately, 

identification of the gneiss protolith in terms of major element 

chemistry is subject to uncertainty because of the strong metamor

phic overprint. A more realistic classification should be based on 

immobile elements such as HFS elements. On the Zr/Ti02 x 0.0001 

vs. Nb/Y plot (Winchester and Floyd, 1977), ESP-7066 is a rhyolite, 

i.e., granite, whereas MAZ-12040 plots in the field of rhyo

dacites/dacites, i.e., granodiorite to tonalite. 

Relying on HFS elements only, contents of Zr and Y are high 

in both rocks (603, 891 and 44, 76 ppm, respectively). However, 

Nb and Ce are not so notably enriched (24, 27 ppm; 180, 97 ppm; 

respectively), although their values exceed those considered usual 

for fractionated 1- and S-type granites (as compiled by Whalen et 

al., 1987) and are more typical of A-type grani toids. In fact val ues of 

10,000 x Ga/Al are 2.39 and 3.89, respectively, i.e., close to or above 

the value of2.6 recommended by Whalen et al. (1987) to distinguish 

A-type granitoids. On a Zr + Nb + Ce + Y diagram (Eby, 1990) the two 

rocks plot in the field of A-type granitoids (Fig. 4A). On the other 

hand, contents of mobile elements such as Rb (low: 54-74 ppm), 

Sr (moderate : 97-232 ppm) and Ba (high: 1051-1787 ppm) are 

more typical of non-evolved granitoids. Normalized REE patterns 

are slightly fractionated (LaN/LuN = 13 and 4, respectively), with REE 

concentrations close to 100 times chondri tic val ues (Fig. 4 B). The Eu 

anomaly is negative and moderate (0.64) in ESP-7066 and slightly 

positive (1.09) in MAZ-12040. 

Both samples plot in the field of within-plate granites close to 

the field of vo1canic-arc granites on discriminant diagrams based on 

relative abundances of Ta, Y, Yb, Nb, Hf and Rb (Pearce et al., 1984; 

Harris et al., 1986). Moreover, the two samples belong to the A2 



(A) 10000 

E 
Q. 
S 
>
+ 
Q) 

u 
+ 
.0 
Z 
+ 
N 

(C) 

1000 

100 

10 

y 

ESP-7066 • 

1-, S- and 

M-type granites 

A-type granites 

• 
MAZ-12040 

10000*Ga/AI 

� 
• MAZ-12040 

10 

(8)1000 

2 100 � c 
o 

c. 
� � 
() 
fi. 10 

(0) 

Ce Y 

-ESP-7066 

�� 
�-----:--A--: �:: 

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

Nbl1 

3*Ga 

Fig.4. (A) Diagram showing the concentration range of the 1 04 GalAl ratio vs. Zr+ Nb+ Ce + Y (in ppm) for S-, I- and M-type granites (box) and for A-type granites (Eby, 1990). 

The shaded area corresponds to the compositions found in A-type granitoids from the central and southern Appalachians (Tollo et aI., 2004). (B) Chondrite-normalized plot 

of REE concentrations, using the values proposed by Boynton (1984). (C and D) Diagrams used to discriminate between AI and A2 granites (Eby, 1 992). 

group as defined by Eby (1992), which represents magmas derived 

from continental crust that has been through a cycle of subduction

zone or continent-continent collision magmatism (Fig. 4C and D). 

6. Isotope composition 

87Srj86Srj ratios at 845 Ma - the probable crystallization age 

(see below) - are 0.70681 and 0.70666 for MAZ 12040 and ESP-

7066 respectively (Table 2). sNdj values at the age of 845 Ma are 

+0.32 to -1.5. Depleted-mantle 2-stage Nd model ages (2T DM ) (De 
Paolo et al., 1992) are 1.45 and 1.59 Ca (Table 2). Sr and Nd iso

tope initial ratios are evidence that an isotopically moderately 

evolved source contributed to the magma composition. More
over, Nd model ages suggest that this source might be sought in 

underlying Mesoproterozoic continental crust. This interpretation 

is reinforced by zircon data below. Whether a juvenile component 

was also involved in the magma composition cannot be confirmed 
with the available information. 

7. U-Pb SHRIMP geochronology 

Zircons from MAZ-6037 are elongate to sub-equant, euhedral to 

sub-round grains or fragments that are generally between 200 and 

300 J..Lm in length. The CL images show a dominantly oscillatory

zoned internal structure, with many grains having a thin, <10 J..Lm 
bright CL rim (Fig. SA). Some grains show a more complex internal 

structure, with central areas of oscillatory zonation overgrown by a 

less clearly oscillatory-zoned zircon, in turn overgrown by the very 

thin bright CL outermost rim for which no reliable analyses could 

be obtained. Thirty areas were analysed on 27 zircon grains (data 

obtainable from the Precambrian Research Data Repository). The Pb 

peaks were not correctly centred during the analyses of grains 5 and 

6 and so no data is presented for these. The outer rim and core areas 

were analysed on grain 1 and both yield 207Pbj2o6Pb ages that are 

within uncertainty. The 28 analyses presented in the Data Reposi

tory are a mixture of both the inner and outer areas of grains, both 

types yielding ThjU ratios that are in the usual range recorded by 
igneous zircon (0.3-0.7). Furthermore, on the Wetherill concordia 

plot (Fig. sB) it can be seen that the majority of data lie within uncer
tainty of concordia and there is no consistent difference between 

analyses of these two zircon types. Some dispersion is evident and 

this probably results from correction errors associated with very 

small amount of radiogenic Pb. Twenty-two of the 28 analyses yield 

a self-consistent Concordia age (as in Ludwig, 2001) of 846 ± 6 Ma 
(MSWD=l.4) and this constrains the crystallisation age of the 

dominant zoned igneous zircon. The fact that both inner and outer

zoned components are within uncertainty at ca. 846 Ma indicates 

that they are coeval to within the uncertainty of SHRIMP analysis. 

The zircons from sample ESP-7066 constitute a more heteroge
neous population than those described above. The grains are mostly 
� 200 J..Lm in length, but are more clearly sub-round, with a few sub

hedral, and under transmitted light they have clearly been more 

affected by a metamorphic event. The CL images show a range of 

complex structures. While many show oscillatory zonation, there 

are older central cores to some grains, and more homogeneous 

embayments of low-luminescence metamorphic zircon in others 

(Fig. SC). This complexity is highlighted in the U-Pb data, with 

17 analyses on 14 zircon grains (see table in Droop, 1987: Data 

Repository). Two analyses of the presumed metamorphic embay

ments on grains 4 and 7 yield 206Pbj238U ages of ca. 420 Ma, 

consistent with Paleozoic metamorphism. Older inherited cores 

and whole grains give ages of � 1480, � 1200 and � 1000 Ma(Fig. SC). 

The dominant oscillatory-zoned zircons yield a concordant group 

of analyses with a Concordia age of 842 ± 5 Ma (MSWD = 2.0, nine 

analyses, Fig. SO). This ca. 842 Ma igneous zircon can be seen to 

enclose older components (both igneous and metamorphic), and in 

turn is itself rimmed and embayed by the ca. 420 Ma metamorphic 

zircon. 
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The two samples thus provide crystallization ages that are coin

cident within error at ca. 845 Ma, i.e., Early Cryogenian, according 

to the International Stratigraphic Chart (International Comission 

on Stratigraphy, 2008). Both have been affected by metamorphism 

which, at least in the case of ESP-7066, is shown to be Silurian. 

8. Conditions of metamorphism 

Peak metamorphic P-T condi tions were assessed for the Maz si te 

to contribute to a better knowledge of the orthogneisses petrology. 

Using of multivariate equilibria procedure was however hampered 

by the garnet composition, which is very rich in Ca and Fe, and 

outside the range of thermodynamic models. Therefore, the best 

estimate of metamorphic P-T conditions is obtained from the host 

rocks. 

Calculations were made on a para-amphibolite close to the 

orthogneiss body (sample MAZ-12046) using THERMOCALC 3.1 

(Powell and Holland, 1988). Garnet, amphibole, biotite, quartz, pla

gioclase and ilmenite constitute the dominant assemblage, while 

calcite, epidote and chlorite were formed on the retrograde path. 

Other minor phases incl ude apati te, allani te and zircon. Syntectonic 

garnet displays a very slight zonation, with decreasing Mg (XPy 
from 0.12 to 0.117 -0.105) and Fe (XAlm from 0.654 to 0.645-0.647) 

and increasing Ca (XGro from 0.177 to 0.182-0.190) and Mn (Xsps 

from 0.048 to 0.053-0.059) from core to rim. Neither biotite nor 

amphibole is significantly zoned. Biotite has an average Mg# of 

0.44. Amphibole (ferropargasite according to the classification of 

Leake et al., 1997) has AIrotal between 2.668 and 2.875 apfu and 

# Mg = 0.43. The average Fe3+ /( Fe2+ + Fe3+) ratio is 0.10. Plagioclase 

ranges from AnS4 to An67 (mineral compositions are obtainable 

from the Data Repository). Peak metamorphic conditions were: 

p= 7.7 ± 1.2 kbar and T=664 ± 70 °C. 

9. Discussion 

A-type magmatism is indicative of largely continental within

plate extensional settings (e.g., Eby, 1990, 1992; Bonin, 2007). 

Thus we infer that the A-type granitoids described here represent 

a period of extension at ca. 845 Ma (early Cryogenian) affect

ing the continental crust of the Western Sierras Pampeanas that 

was already consolidated after the Grenvillian orogeny. This mag

matic event implies that rifting of the Western Sierras Pampeanas 

Grenvillian basement started earlier than previously established. 

The oldest crystallization age yet reported for anorogenic A-type 

granitoids in the Western Sierras Pampeanas is ca. 774 Ma (middle 

Cryogenian; Baldo et al., 2006). Compared to the juvenile isotope 

composition of the ca. 774 Ma Sierra de Pie de Palo orthogneisses 

(Sri =0.7005-0.7030, sNd=+4.1 to +4.9; Baldo et al., 2006), those 



of Maz and Espinal orthogneisses resulted from the involvement of 

an isotopically more evolved source. Moreover, depleted-mantle 

Nd model ages of up to 1.46 Ga and inherited zircon crystals of 

up to 1.48 Ga in sample ESP-7066 lead us to speculate that the ca. 

845 Ma A-type magmatism at Maz, largely involved a Mesoprotero

zoic continental source. The latter is also indicated by the relatively 

high contents of Y, Ga, Nb and Ce compared to those of magmas 

directly derived from mantle sources (Eby, 1992). 

Igneous rocks of uncertain chemical signature that might like

wise correspond to the same anorogenic event referred to here 

have been recorded from other locations in the Western Sierras 

Pampeanas. Mu1cahy et al. (2003) reported a U-Pb SHRIMP zir

con age of 839 ± 10 Ma for an orthogneiss from the Sierra de la 

Huerta, southeast of the Sierra de Pie de Palo (Fig. 1). Vujovich et al. 

(2005) reported depleted-mantle Nd model ages between 782 and 

806 Ma for ortho-amphibolites from the Sierra de Umango, west of 

the Sierras of Maz and Espinal (Fig. 1). However, these rocks are 

more probably related to the second extensional event. 

The Western Sierras Pampeanas Grenvillian basement has been 

correlated with other outcrops of Proterozoic basement in South 

America, i.e., the Arequipa-Antofalla block and Amazonia, on the 

basis of geochronology of detrital zircons and Nd and Pb isotope 

geochemistry (Casquet et al., 2006, 2008b). It is probable that 

these continental masses were accreted to Laurentia through the 

Grenville-Sunsas orogeny between 1.2 and 1.05 Ga and thus amal

gamated to the Rodinia supercontinent, with Laurentia in a central 

position. The process involved a still highly conjectural history of 

collision and further protracted lateral displacement of Amazonia 

along the boundary between the two continents (e.g., Loewy et al., 

2003,2004; Tohver et al., 2002, 2004; Boger et al., 2005; Cord ani 

and Teixeira, 2007, among others). In the Neoproterozoic and 

Early Paleozoic, the continental masses mentioned above, i.e., Lau

rentia, Amazonia, Western Sierras Pampeanas, Arequipa-Antofalla 

and other minor cratons such as Rio Apa (Cordani et al., 2008) 

remained attached, forming a large continent that was involved 

in the Pampean orogeny between 535 and 520 Ma (Casquet et al., 

200 8c). This orogeny resul ted from collision wi th other Gondwanan 

cratons to the east (present coordinates), probably Kalahari, and 

led to closure of the intervening Clymene Ocean (Trindade et al., 

2006) and the final amalgamation of SW Gondwana (Rapela et al., 

2007). 

A-type orthogneisses in the Western Sierras Pampeanas are thus 

a record of Rodinia break-up that took place through a sequence 

of events in the Neoproterozoic. Allegedly mantle-plume related 

break-up pulses that affected large areas of the Earth have been 

recognized in different continents at ca. 825, 780 and 750 Ma (Li 

et al., 2008). The age reported by Baldo et al. (2006) (ca. 774 Ma) 

matches well one of the pulses mentioned above, whereas the age 

of the meta-granitoids reported in this contribution is the old

est yet. In the case of the Western Sierras Pampeanas Grenvillian 

basement these events resulted only in aborted rifts, inasmuch 

as no evidence for oceanic crust of Neoproterozoic age has been 

reported so far. Of relevance to our case is the opening of the lape

tus Ocean between Laurentia and Amazonia that took place near the 

Neoproterozoic-to-Cambrian transition after a long rifting initiated 

as early as 765 Ma (Tollo et al., 2004). Drifting apart from Laurentia 

led to development of passive margin sedimentary sequences on 

both sides of the lapetus Ocean almost coeval with the Pampean 

collision (Casq uet et al., 2008b). A record of this process is repre

sented by the Argentine Precordillera carbonate platform, located 

west of the Sierras Pampeanas (e.g., Astini et al., 1995). Regardless 

of whether this platform is an exotic terrane travelled from the 

western margin of the lapetus and accreted to western Gondwana 

in the early Paleozoic (reviews in Thomas and Astini, 2003; Ramos, 

2004) or a para-autochthonous terrane (e.g., Finney, 2007; Casquet 

et al., 2008c), it provides evidence that the Western Sierras Pam-

peanas Grenvillian basement was also part of the drifted conjugate 

margin of lapetus. 

From the above discussion we infer that break-up of Rodinia 

along the Grenvillian boundary between Amazonia (+Western Sier

ras Pampeanas + Arequipa-Antofalla) and Laurentia was protracted, 

starting at least at ca. 845 Ma and ending through drifting and ocean 

opening in the early Cambrian. 

A few examples of A-type granitoids from elsewhere in South 

America coeval with those described here were recognized by 

Basei et al. (2008) in the reworked basement of the Brasiliano -

Panafricano Dom Feliciano Belt, southern Brazil. Ages of 835 ± 9 Ma 

(IDTIMS) and 843 ± 12 Ma (SHRIMP) were obtained that are within 

error of those found here. Whether this rifting event in southern 

Brazil was spatially connected through the continental hinter

land with that in the Western Sierras Pampeanas, or alternatively 

records coeval but independent extensional processes in a sepa

rate craton (such as the Rio de la Plata craton, Kroner and Cordani, 

2003; Fig. 3), remains conjectural. Recent geochronological, pale

omagnetic and geological evidence for southern South American 

cratons in the Neoproterozoic (Rapela et al., 2007) seem to favour 

the second interpretation. 

It is notable that the rifting event at ca. 845 Ma was almost 

coeval with consumption of the Brasiliano Ocean between the 

Sao Francisco/Congo and the Amazonia and Parana cratons in the 

early Neoproterozoic (Kroner and Cord ani, 2003). An intra-oceanic 

magmatic arc, the juvenile Goias magmatic arc in Central Brazil, 

existed between ca. 890 and 800 Ma (Pimentel et al., 2000; Laux 

et al., 2005). Complete consumption of the Brasiliano Ocean took 

probably place at ca. 600 Ma (Laux et al., 2005). This evidence of sub

d uction in the early Neoproterozoic has been taken as a proof that 

some large cratons such as Sao Francisco/Congo and others were 

not part of the Rodinia supercontinent (Cordani et al., 2003 ; Kroner 

and Cordani, 2003). We can only state that the rifting events at 

ca. 845 Ma and ca. 774 Ma were comparatively very short and took 

place while subduction of the Brasiliano Ocean was underway. 

The age of the metamorphic rims in zircon grains from ESP-

7066 (ca. 420 Ma, i.e., Silurian) confirms that a strong metamorphic 

overprint took place during the Ordovician-Silurian Famatinian 

orogeny. Although still poorly known in detail (time and P-T 
conditions) the Famatinian overprint in the sierras of Maz and 

Espinal was widespread, varying from greenschist to upper 

garnet-amphibolite facies conditions (Lucassen and Becchio, 2003; 

Casquet et al., 2008b). Because no conclusive evidence exists in 

the sierras of Maz and Espinal of orogeny between ca. 840 Ma and 

the Famatinian orogeny (however, see Mu1cahy et al., 2007 and 

Casquet et al., 2008c), high-grade metamorphism (664 ± 70 °C) at 

the site of MAZ-6037 was probably Famatinian. The thin low-U zir

con rims in sample MAZ-603 7 were unfortunately undatable. Since 

sample ESP-7066 underwent metamorphism at much lower grade 

than MAZ-6037, it is suggested that zircon overgrowths in this case 

might be related to the pervasive influx of fluids leading to ret

rogression of the igneous association. Zircon crystallization seems 

possi ble from aq ueous fluids under low P and T condi tions ( < 500 °C) 

and high water frock ratios (Corfu et al., 2003; Dempster et al., 2004; 

Rasmussen, 2005). 
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