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Introduction

The present study, which complements previous ones (Martinez and Gimenez, 2003) presents a profile
perfectly cente red at latitude 20° 18'S (Section A-A , figure 1). Th is profile is extended towards both East and
West with respect to a previous one (Section 8-8, figure 1), so that it includes the subhorizontal subduction
system that bounds to the W the South American continent. For this reason , its western end is in the Pacifie
Ocean, then crosses the Republic of Chile and reaches the Argentine province of Catamarca in the East. In this
transect, therefore , four geomorphostructural provinces are crossed, which, from East to West are: the Pampean
Ranges, the Famatina System Ranges, the PrecordilJera and the Frontal Cordillera , in Argentine territory.

Earlier geophysic studies include: 1- The Bpuguer anomaly map in the Velasco Range (Martinez et al., 1999);
2- The map of simple Bouguer anomalies for the province of La Rioja (Martinez et al., 2000.a); 3- The analysis
of the isostatic behaviour (in the hydrostatic sense) of the Velasco Range (Martinez et al., 2000.b). Ruiz and
Introcaso (2000) carried out a gravimetrie interpretation at the latitude of the Ischigualasto-Villa Union basin,
which is situated to the SW of the Famatina Range, and detected a crustal attenuation show n by the gravimetrie
inversion and hydrostatic methods.

Since no information of earlier geophysic contributions on the region is known to exist, the present studies are
the first ones done here. On the other hand, severalgeologic research works have been published, among them
those by Turner (1962), Caminos (1979), Rapela et al. (1992), Toselli et al. (1996), Lopez et al. (1996), Avila et
al (1999) , Manheim (1993) among others, which have been considered for the present investigation. Gravimetrie
results that indicates sutures shown by a high horizontal gradient have been known after the work of G ibb and
Thomas (1976), Marangoni et al. (1995), Ramé et al. (1995) and Martinez (1997) .

Gravimetrie profile at 29°18' S latitude - A crustal model

The map of Bouguer anomalies (Martinez et al ., 2000.a) was enriched with more than 50 measures points
situated near the studied profile. In figure 2 is observed a window in the Bouguer anomalies map, which includes
the zone between 28° and 30° S latitudes . The profile at 29°18 ' S latitude , which was taken from this map,
ex tends from east to west along a distance surpassing 800 km, with the purpose of determining the configuration
of the interior of the cru st. In the first place, the map of Bouguer anomalies was corrected for the positive
gravimetrie effect of the Nazca plate. Once corrected, the gravimetrie signal for this effect (AB) shoes significant
perturbations directly related to the intersected structures (figure 3) . The first 90 km in the west of the profile
were not considered because correspond to the AB portion in the Pacifie Ocean and here we should change the
coefficient for the calculation of the Bouguer anomalies.

For the construction of this crustal model (figure 3) we used two criterions (Martinez and Gimenez, 2003). In
the first place , the information furnished by the use of methods of maximum depth: a) beneath the Famatina
Range , were the depth of the anomalous mass is in the lower crust ; b) under the Velasco Range were the depth of
the negative anomaly is in the upper crust. In the second place, we incorporated the current knowledge of the
research in plate tectonics .

The model obtained is a model of densities, based on a crust with two layers with ex plains the coupling of
different terranes as a lateral variation of densities. ln this way the model considers, first the subhorizontal
subduction of the Nazca plate and the collision with the Chilenia terrane and, second , the different collision of
the Chilenia, Cuyania , Famatina and Pampia terranes, and the River Plate craton .

The initial densities in the reference model are 2.79 g/crrr' for the upper crust , 2 .9 g/crrr' for the lower cru st and
3.3 g/crrr' for the upper mantle . This values are based on worldwide average densities ( Talwani et al. , 1959) and
were used in our research group in several occasions (lntrocaso and Lion , 1988 ; Martinez, 1997 ; Introcaso et al. ,
2000, among others).
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Inspired mainly by the geologie model given by Ramos, et al. (2002), the geophysic-geologic model in figure
3 contains:

- The Nazca plate in subhorizontal subduction, based on the ideas of Grow and Bowin (1975) and
Introcaso and Pacino (988). In this way, the Nazca plate is subdivided in thrcc portions: the first and the
third ones , with a slope of 30°, both with a density contrast of + 0.05 g/crrr', whilst the portion central of the
plate, which is subhorizontal, has a density contrast of +0.02 g/crrr'.

- The Chilenia terrane , whose densities are those of the reference model. The root excess was modeled
with a differential density of -0.4 g/crrr'. which resulted in a maximum depth of 69 km beneath the central
part of the Andean Cordillera.

- The Cuyania (or Precordillera) terrane, which was modeled with an average differential lateral density
of +0.07 g/crrr'. this positive variation in density is related to the positive gravimetrie anomal y determined at
30° South latitude by Gimenez et al. (1997) . The density assigned to this terrane is based on geologie
evidences which allows to infer that is constitutes an allochtonous fragment of Gondwanaland (Astini et al.,
1996). Mafic and uItramafic rocks have long been known in the Precordillera (Borello, 1963).

- The Famatina terrane which is situated to the east of the former ones. The gravimetrie signal gives
evidence beyond doubt of the presence of a suture zone with vergence to the west, which was mentioned by
several authors (Rames, 1995; Astini et al., 1996; Toselli et al., 1996) among others. A differential density
of +0 .06 g/cm! was determined by us and is ascribed to the positive gravimetrie anomaly under the Famatine
Ranges, interpreted as originated from an insular arc (Toselli et al., 1996; Rapela et al., 1992). The Moho
depth beneath the Famatina system would, then, be 56 km.

- The Velasco Range has been mode lied with two types of mass discontinuity, both in the upper crus!. In
the western part has been interpreted the occurrence of acid igneous bodies with -0.29 g/crrr' differential
density, whilst, in the eastern part, the interpretation postulates the presence of heavy intrusive bodies with a
differential density of +0.26 g/crrr'.

Both differential densities (+ and -) can be explained by following the ideas of Toselli et al. (1996) and Lopez
et al. (1996) who postulated that basic and acid magmas rose through the shear zone between the Famatina and
Eastern Pampean Ranges . The maximum Moho depth beneath the Velasco Range would, then, result in 46.5 km.

- The Villa Uniôn basin was mode lied with a differential density of -0.3 g/crrr', and the same differential was
used for the model of the La Rioja Valley basin . The geometry of the latter was modeled as if it were related to
an extensionaJ basin of the rift type, with basement blocks on echelon, as proposed by Fisher et al., 2002).

- The suture zone between the Pampean and the River Plate cratons was determined based on a lower density
of the former (-0.03 g/crrr') following the considerations of Miranda and Introcaso (1999).

As can be observed in figure 3, the Moho resulting from the gravimetrie inversion is not continuous and shows
sorne thickening and thinning that correspond with the different blocks.

Conclusions

Through the inversion of the gravimetrie signal in this profile , centered at 29° South latitude, are shown
beyond doubt very important structural features that find support in the latest geologie research .

ln this way, from a model based on an anomalous upper mantle, with a subhorizontal subduction of the Nazca
plate under the Andean Cordillera (Chilenia block), can also be distinguished: the suture zone between Chilenia
and Cuyania; the suture zone between the Precordillera and the Famatina Ranges, with the Villa Union basin in
between; the shear zone between the Farnatina and Velasco Ranges; and the La Rioja Valley basin .

In short, considering a collisional model with lateral density discontinuities, in the crust - different terranes,
para-autochtonous or allochtonous- are determined blocks that correspond with the following terranes: Chilenia
(ôo=Û g/crrr'), Cuyania (ôo=+0.07 g/crrr'), Famatina (ôo=+O.06 g/crrr'), Pampia (ôo= -0.03 g/crrr') and the
River Plate craton (ôo=Û g/crrr').

The differentiaJ densities are widely explained as originated from the ophiolites on the Cuyania terrane and
from the probable existence of an island arc in the Famatina Ranges .

This density model gives a gravimetrie response coherent with the observed anomaly.
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Figure 1: Location map of A A gravimetrie inversion profile (this paper) and, B B gravimetrie
inversion profile (Martinez and Gimenez, 2003) . Separation of geomorphostructural provinces: CF : (Frontal
Cordillera), PR (Precordillera), SF (Famatina System) , sr ( Eastern Pampean Ranges), SV (Velasco Range),
SCH( Chepes Range), VLR (La Rioja Valley), VF( Valle Fértil Range), pp (Pie de Palo Range) y, P (Puna).
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Figure 2: Bouguer anomalies map (after Martinez et al., 2000) enriched with more than 50 measure points in
the zone near 29° South latitude. Windows between 28° and 30° South latitudes and between 72° and 64°
West longitudes.
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Figure 3: Crustal model with lateral variation of densities. Above: two-Iayer crustal model resembl ing the
collision between the followin g terranes : Chilenia, Cuyania, Famatina System, Pampia and the River Plate
Craton (inspired by the geologie mode) of Ramos et al., 2002). The numbers without parentheses are the
densities considered for each terrane , and the numbers between parentheses are the differential densities
used for the gravirnetric calculation. Both are in gr/cm'. Tn: normal crust thickness, 33 km. Below: Bouguer
gravimetrie anomaly. In full line, observed Bouguer anomaly corrected for the effect of the Nazca plate. In
dotted line, calculated Bouguer anomaly .

References

Astini , R. A., Ram os, V. A ., Benedett o , J.L. ,Vaccari N. E. Y Canas, F. L. , 1996 . La Precordillera: Un terreno Ex6tico a
Gondwana. 13° Congre so Geol6gico Argentin o y 3° Con greso de Exploraci6n de Hid rocarburos. Acta s V: 293-324.

Avila , le, La zarte , .l.E,, Gianfran cisco , M ., Fogli ata, A. y Ruiz, D., 1999 . Los dep6sitos metalfferos dei none de la sierra de
Vel asco y zonas aledanas (La Rioja-Catarnarca). 14° Congreso Geol6gico Argentino. Salt a. Actas IL: 302-305.

Borrell o , A.V., 1963. Elementos dei magm ati srno simaico en la evoluci6n de la secuenc ia geosinclinal de la Precordillera.
Insituto de lnvestigaci6n de Ciencias Natu rale s, Museo Argentino de Ciencias Naturales " Bernard ino Rivadavia", Re vi sta,
Seri e Ciencia s Geol6gicas, 1: 1-19, Buenos Aires.

Caminos, R., 1979 . Sierras Pampeanas Noro ccidentales Salta, Tucuman , Catamarca , La Rioja y San Juan. Geolog ïa Re gion al
Argent ina, Academia Nacional de Ciencias, C6rd oba. V, 1: 225-291.

Fisher, Nath an D. ; Jordan , Teresa E. and Brown , Larry. 2002 . The structura l and stratig raphie evolution of the La Rioja
basin , Argent ina. Journal of South American Earth Sciences. 15:14 1- 156.

488



6th International Symposium on Andean Geodynamics (ISAG 2005, Barcelona), Extended Abstracts : 485-489

Gibb, R.A. Y T homas, M.D., 1976 . Grav ity sig na ture of foss il plate boundaries in the Canad ian Sh ield . Nature. Vol. 262:199­
200 .

Girne nez , M.E., Ma rtinez, M.P., Introcaso, A., Robles, J.A . y Ulia rte, E., 1997 . Analisis Hidrostâtico en una secci én E-W a
los 30°30'S que atrav iesa la Precordillera Andina. 2° Jornadas de Precordill er a. San Juan . Argentina. Act as: 220 -225 .

Grow, lA. and Bow in, c.a. J975 . Evidence for high -density crus t and rnantle benea th the Chile trench due to the descen d ing
lithosphere. Geophys. res ., 80(11): 1449-1458.

Introcaso , A. y Lion, A., 1988. Modelos gravimétricos prelimin ares so bre las S ierras Pampeanas de Pie de Palo, de La Huerta
y Chepe s. SO Co ng reso Geol6gico Chileno. 2: 11-24 .

Introcaso , A. and Pacino, M.C. 1988. Gravity And ean model associatcd with subduc tion near 24°25' South latitude. Rev . de
Geo ffsica, 44 : 29-44.

Introcaso , A.; Paci no, M.C. y Guspi, F., 2000. Th e And es of Argentina and Chi le: Crus tal co nfiguration, Isostasy, Sho rtening
and Tecton ic fea tures from Gravity Data. UNR Edi to ra. Ternas de Geoci encia N°S. 3 1p. Rosario .

Lopez, J.P ., lb âüez Pa lacios, G., Toselli , A.,1996 . Geolog ïa. pe trografia y tecton ica de la Sierra de Cop acabana, Provincia de
Catarnarca , Argentina . 13° Co ng reso Geol ôgico Arg. y 3° Congreso de Expl or ac ion de Hidrocarbu ros, Ac tas Il : J7 1-177.

Manhe im, 1993. Gé nesis de las vulcanitas eo pa leozoicas de i S iste ma de Farnatina , no roeste de Arge ntina . 12° Co ngreso
Geo logico Argent ino y 2° Co ng reso de Exploraci én de Hidrocar buros. A rge nti no, 4 : 147 -155. Mend oza .

Marangon i,Y.R., Assumpçâo, M. y Ferna ndes, E.P., 1995. Gravi rnetria em Go ias, Brasil. Revista Bra sileira de Geofïsica ,
13(3): 205-220.

Mart inez, M.P.1997. Estud io dei levant amient o de la S ierra de Valle Fért il. (Provi ncia de San Ju an ). Tesis Doctoral.
Unive rsida d Nacion al d e Rosario . Fac. de Ciencias Exactas e Ingenier ia. 153 p.

Mart inez, M. P., G irnenez, M.e lntroc aso, A., 199 9 . Es tudio G ravimétrico pre limi nar de la S ierra de Velasco . 14° Co ng reso
Geol. Arg .. Ac tas 1:302-305. Sa lta.

Mart inez, M. P., Gimenez, ME , Introcaso, A., Ruiz, F., Hün icken . M. c ln trocaso, B., 2000.a . Carta Gravimétri ca de la
Prov incia de La Rioj a ( 1999). Anornalias Simpl es de Bouguer. Publicaci én deI IGSV (Ex Volponi) . UNSJ . FC EFN . San
Juan .

Mart ïnez, M. Pat ric ia , Gimenez , M.E. , lntrocaso, A., 2000. b. Modele de Moh o Isostatico Bajo la Sierra de Velasco. 20°
Congreso de la Asoc iaci6 n Argentina de Geoffsicos y Ge od estas 2000 . Ac tas en C D. Mendoza.

Mart inez, M. Patri cia , Gimenez, M.E ., 2003. Fuerte Anomal ïa Gravimé trica Res idual Pos itiva En El Sisterna De Farnatina Y
Su Relacion Con Paleosuturas. Explicaciones Alternativas. RA GA . N° 58 (2) : 176- 186.

Miranda, S. e lnt rocaso , A ., 1999. Cartas Gravimétricas de la Prov incia de C érdob a. Interp retacion de la estructura pro fund a
de la S ie rra de C6rdob a. Rep üblica Argentina. UNR Editora. Ternas de Geocien cia W 1.45 p. Rosario .

Ramé , G.A .; Kramer, P.E. e Jntrocaso, A., 1995. Evide nc ia geofisica de un O r6ge no Co lisional para el basam en to
Proterozoi co de las Sierras de Cordoba, Ar gentin a. 4° Congresso Intern acion al da Soci edade Brasile ira de Geoffsica. 1°
Co nfe rência da uni ào Latino-Americana de Geoffsica. 2 : 1041 -1044 . Rio de Janeiro.

Rarnos, V.A., 1995. S udarn érica : un mosaico de co ntinente s y océanos . Ciencia Hoy , 6 (32):24 -29, Bu enos Aires.
Rarnos, V. A., Cristal lini, E.O. y Pérez , D.J., 2002. T he Pampean Flat-Slab of the Ce ntra l And es. Journal o f So uth American

Earth Sciences. 15: 59-78.
Rapela, C. W., Co ira, B., Toselli, A. y Saaved ra, J ., 1992. El magm ati smo dei Paleozoi co ln fer ior en el Sudoeste de

Go ndwana Co ngreso Paleozoico lnferior de Ibero-Arnérica. Unive rsidad de Extremad ura. 2J -68.
Ruiz, F. e lntrocaso, A. , 2000. La es truc tura profund a de la cue nca sedirnenta ria Ischi gualasto - Vi lla Un ion: Una

interpretacion tect6n ica a part ir de dat os de gravedad y magneti smo (Pa rte 1). UNR Ed ito ra. Ternas de Geociencia N° 4. 70
p. Rosar io .

Servicio Nacional Min ero Geol ôgico, 1973. Exp loraci on Geol6gico - Miner a de la Provincia de La Rioja (Plan La Rioj a) .
Ministerio de Economia . Subsecretaria de Miner ia.85 pâg.

Talwani, M.; Worze l, J.L. and Landisrnan , M. 1959. Rapid grav ity computations fo r two dimension a1 bodies with app lica tion
to the Mendocin o Su bmarine Fracture zo ne. Journal of Geophysical Reserch, 64 (1) :49-58.

Toselli, AJ ., Durand, F.R., Rossi de Toselli, J.N. y Saavedra, L, 1996. Esquema de Evoluci6n Geot ect6nica y Magrnat ica
Eopaleozo ica deI Sis tema de Farnatina y Sector es de S ierras Pampeanas. 13° Congreso Geol 6gico A rge ntino y 3°
Con greso de Exp lorac i6n de Hidrocarburos. 5: 443 .462.

T urner, lC., 1962 . Estratigrafia deI tramo medio de la Sie rra de Velasco y regi6n oeste (La Rioja). Bolet in de la Academia
Nacional de Cienc ias , Cordoba, 42: 77 -126.

489


