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Abstract 

The Argentine Sierras Pampeanas (26’ to 33”s) are reverse fault-bounded mountain blocks of Precambrian to 
Paleozoic basement rocks in the foreland of the central Andes. Uplift in the northernmost Sierras Pampeanas 
fault blocks of Sierra de Quilmes, Sierra Cumbres Cakhaquies. and Sierra Aconquija started about 7 Ma and 
became pronounced between 4 and 3.4 Ma. The movements culminated after 2.9 Ma, when the conformable 
Mio/Pliocene Santa Marfa Group was over&rusted. faulted, and folded in the course of principal basement 
uplift. These movements created climate and base level conditions that resulted in the formation of five 
pediment levels in the deformed basin strata between 2.5 and 0.3 Ma. Tectonically induced base level changes 
in the piedmont resulted in three tectonism-related pediment surfaces between 2.5 and 0.6 Ma, which attest to 
the neotectonic activity in the Andean foreland. In conjunction with the principal uplift of the adjacent Funa 
Plateau the n&themmost Sierras Pampeanas are best explained by E-W compressional stresses superposed on 
a thiied lithosphere and inherited zones of structural weakness that facilitated uplift. 

Introduction 

The “thick-skinned” Sierras Pampeanas (26O and 33OS) are characterixed by Proterozoic to lower Paleozoic 
crystalline mountain blocks that were uplifted along high-angle reverse faults during late Cenozoic time (Fig. 
1). Separated from each other by tectonic depressions that are filed with Tertiary and Quatemary sediments, 
the sometimes more than 5000-m-high ranges protrude out of tbe low-lying Andean foreland (4, 8). The 
ranges define a 450~km-wide belt of Lar&nide-type uplifts and are presently under E-W horizontal 
compression (4). Between 28O and 33”s the location of the ranges correlates well with a flat subduction 
segment (cl@)of the oceanic Naxca plate. In contrast, the north&n Sierras Pampeanas (north of 28%) occur 
over a seismic transition zone to a steeper subduction segment, which is located at about 25’s. This 
transition coincides with a geologic transition into the intra-Andean Puna plateau, an inverted Cmmceous rift 
(Santa Barbara System, Sta. B.), the Cordillera Oriental (Co. 0.). and the “thin-skinned” Sierras Subandinas 
(Sa. Sub., Fig. 1). The transition to different teetonic provinces suggests a relationship between the angle of 
subduction and deformational styles in the overriding plate, One of tbe prime sites to demonstrate the tectonic 
and geologic history of the Sierras Pampeanas with special emphasii on the young deformation exists in the 
Santa Marfa Valley in the northern part of the Sierras Pampeanas. Within a distance of 50 km, elevations 
change from 400 m in Tucumdn to 4000-5400 m in the basement blocks chat the delimit the approximately 
2OC6-m-high Santa Maria Valley (Fig. 2). 
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Geologic setting and stratigraphy of the Santa Maria Valley 

The basement blocks that border the Santa Maria Valley are the Sierras Aconquija. C. Calchaqules and 
QuIlmes that mainly consist of schist, gneiss. and migmatites (Fig. 2). In the transition to the other 
geologic provinces to the north the basement grades into low-grade metamorphic rocks. In the Santa Maria 
Valley there ate seven Tertiary units overlying crystalline basement and allow to evaluate the Late Cenozoic 
faulting history. The lowest unit is the 11 m.y. old Saladillo Formation (G. Bossi, oral communication), a 
fme to medimn-grained sandstone 306 m thick that overlies the Aconquija basement. It possibly correlates 
with the 10.6 m.y. old El Morterito Fm. that overlies the crystalline basement of Sierra Quilmes on the 
west. In the Santa Marla Valley the sedimentary units are a Mm-Pliocene coarsening upward sequence and 
include the San Jod. Las Arcas, Chiquimil, Andalhuala. Corral Quemado. and Yasyamayo formations (Fig. 
2). Except for the Yasyamayo Fm, these formations are treated here as the Santa Maria Group (SMG; 1.8). 

Gcnerakd geologic map of the Sierras Pampeanas; 
Sierras Pampeanas stippled (SaP.); afmr (4) and (8) 

At the base of the SMG are sand-.and siltstones 
of the marine San Jose Fm., which contains 
fossil fmh, stromatolites, and foraminifera. It is 
conformably overlain by brown to dark red 
sandstones of the undated Las Arcas Fm. These 
basal units are overlain by medium- to coarse- 
grained sandstones and sandy conglomerates of 
the approximately 1800-m-thick Chiquimil and 
AndalhuaIa formations, which define an age range 
between about 7 and 3.4 Ma (8). The strata have 
westward transport directions and indicate a 
lowland-type low-energy braided river depo- 
sitional environment with lithologies related to 
Sierra Aconquija and Sierra C. Calchaqules. 
These sediments are covered by the up to lOOO- 
m-thick Corral Quemado Fm, a medium- to 
coarse-grained and blocky conglomerate typical of 
alluvial fans. All sections display westward 
transport directions and a composition derived 
from the basement of Sierra C. Calchaqules and 
Sierra Aconquija. The uppermost parts of the 
conglomerate contain a dacitic lense with a 
fission track age of 2.96 f 0.57 Ma. In the 
northern part of the valley this formation is 
unconformably overlain by the 298-m-thick 
Yasyamayo Fm that consists of alternating 
horizons of pelite and gypsum. Other excellent 
chronostratigraphic reference horizons for the 
evaluation of ncotectonic activity in that region 
are the erosional remnants of five formerly 
continuous pediments and their conglomeratic 
covers that defme an age range between 2.5 and 
-0.3 Ma. The first 3 pediments are tectonically 

deformed and are 2.5.1.2 and >0.6 m.y. old (8). 

Neogene and Quaternary Deformation 

The presence of marine strata at the base of the SMG indicates that the region of the northern Sierras 
Pampeanas was stiIl a lowland more recently than 11 Ma. Initial uplift began between 11 and 7 Ma, when 
the Chiquimil and Andalhuala Formations began to be deposited in front of the uplifting Sierras Aconquija 
andC. Calchaquies. The drastic change in sedimentary environments with alluvial-fan deposition between 4 
and 3.4 Ma is interpreted with increased tectonic uplift. With pronounced tectonism the influx of the 
conglomerates could be interpreted either as a function of increased proximity to an already moving thrust 
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sheet or as the beginning of uplift in the thrust sheet, in either case responsible for uplift of the adjacent 
ranges. In the fm al&native the Corral Quemado Formation is a mountain front facies, which appeared at 
the locus where strata were preserved between 4 and 3.4 Ma. ‘Ihis implies that the Corral Quemado Fm exists 
in the sub-surface of the migrating basement blocks and that the relief of the ranges cannot be inferred to have 
changed significantly through time. In such a scenario the uplift during the initial phase before 4-3.4 Ma was 
of greater magnitude. In this case the tectonism would be explicable with asymmetric basement uplift along a 
westward migrating thrust front. To date, the lack of exact structural data from the east side of Sierra 
Aconquija may support such a view. In contrast, bounding faults at the west and east side, and a partially pre- 
served peneplain in Siam C. Calchaquies. exclude a westward migrating basement block that creeted spatially 
similarfacieormdmigMedvrossitsownbesinf~inthefinalstagesoftheSantaMariadepocenter. 

In any case, the principal tectonic event that de- 
formed the entire Tertiary sequence, and which 
must have been asscciated with major uplift in 
theranges.islaterandtookplaceafter2.97f0.6 
Ma (8) .In the course of these movements Sierra 
Aconquijaand Sierm C. Calchaqules and their ad- 
jacent Piedmont regions were primarily affected 
by fruits with NNE and NW strikes (Fig. 2). 
The range-bounding faults involve throws in ex- 
cess of 7000 m and dip as much as 8YE. Folding 
is associated with reverse faulting. and in several 
locations drape folds developed where basement 
faults lose throw. In general, deformation was 
characteri& by ESE-WNW oriented shortening 
and vertical extension. Uplift of Sierra de 
Quilmes was accomplished along NW-SE tren- 
ding reverse faults within the range (Fig. 2). 
Faults parallel to the trend of bedrock schistosity 
h&ate predisposition of the basement to rupture 
and uplift along older structures. Evidence for 
recurrent tectonic movements postdating the main 
deformation after 2.9 Ma is abundant in the Santa 
Marfa Valley. Faults and folds that were active 
during the Plio-Pleistocene have been reactivated, 
with an amplilication of folds and an increase of 
dip in strata along faults. The continuation of 
tectonic movements is well documented by 
faulted and folded pediments in the Piedmont 
regions and along the moutain-bounding faults. 
For example, pediment II was once a continuous 
surface that originated at the C. Calchaqules 
mountain front and predates uplift of the asym- 
metric northermost portion of the Aconquija 
block. Thrusting and uplift along the Aconquija 
fault after 1.2 Ma brought the higher-grade meta- 
maphic basement rocks into direct contact with 

Geologic map of the Santa Marfa Valley, after (8) the pediment (8). 

The absence of large faults that cut the extensive pediments IV and V (0.6 - 0.3 Ma) does not imply that 
tectonism has ceased 2-ka-old fault scarps in floodplain and alluvial-fan sediments attest to active tectonism, 
and earthquakes in 1906 and 1936 with estimated magnitudes of 6 demonstrate the continuation of tectonic 
movements to the present day. 

Discussion and Conclusions 

Range uplifts in the Sierras Pampeanas above the shallow subduction segment show similar chronologic 
patterns as in the northrzn part of the province above the transition xone to a steeper segment. Initial uplift in 
the Sierras Famatina and Velasco is indicated at about 7 Ma, and uplift of the Sierra Morada in the western 
Sierras Pampeanas occurred after 5.7 Ma (6,7.9). Thus, the tectonic history of the late Cenozoic northern 
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Sierras Pampeanas raises an important question as to whether the ranges are indeed related to processes 
associated with the subhorizontal subduction of oceanic lithosphere or if perhaps other factors have caused 
their uplift. For the northern Sierras Pampeanas, shallow subduction is incompatible with the existence of 
Cenozoic volcanism as far south as 28% In contrast, volcanism in the region between 28O and 33OS 
experienced a progressive decline in activity and migrated east beginning in the Miocene because of the 
shallowing of the subducting plate segment (5). However. no such clear relationships between shallow 
subduction and Sierras Pampeenas-style basement uplifts exist in the Andean foreland above the shallow 
amagmatic subduction segment ofBcuador/Peru between 2“ and 15’S, where fcreland deformation is limited 
and appears to be intbrenced by paleogeographic controls. Basement uplifts occur not only over steep but 
also over shallow subduction segments (R. Coward, oral communication. 1988; 2). Consequently. plate 
geometry does not exclusively determine foreland deformational styles, and certain crustal predispositions 
may be mceasmy to cause widespread deformation over a shallow subduction zone. In the light of crustal 
properties and distinct mechanical responses to an overall compressive regime uplift of the central Sierras 
Pampeanas related to shallow subduction is not at variance with an equal tectonic style within the seismic 
transition zone, if the similar crustal inheritance of the region is considered. In the transition zone the 
mountain Mocks are structurally and morphologically equivalent to the central Sierras Pampeenas. However, 
this situation changes gmdually in the area of the weeker basement and the Cmtaceous rift basins in the Santa 
BarbaraSystem and disappears farther north (4). An explanation to understanding the northern Sierras 
Pampeanas uplifts in this context is through a model that takes the close spatial position of the Puna. 
lithqpheric thinning, and the active volcanism of the region into account, In the seismic transition zone the 
cross-sectional topographic area of the Andes, with mean elevations above 3000 m. increases drastically and 
signals the southern boundary of the wide Puna/Altiplano plateau. The northern Sierras Pampeanas are 
transition&to the plateau, and their uplift may have been linked to the pmcesses that caused the final uplift 
of the plateau. Isacks (3) explains the plateau by a combination of distributed structual shortening and tber- 
mal~on. resulting from a thinned South American lithosphere, which is caused by a broad astheno- 
sphuzc.we&e between a moderately inclined. but not horizontal. subducting plate and the overriding plate. In 
such m. due to thinning, the strength of the upper plate is low and susceptible to thrusting and long- 
wavelength thermal uplift. Because of the same type of inherited structures. paleogeogmphy, and lithology, 
the region of the northern Sierras Pampcanas may thus have reacted to compressive tectonic stresses in a 
similar manner as equivalent reeks above the region of shallow subduction between 28’ and 33’s. 

(1) BaPii:G.E., and R.M. Palma, Reconsideraci6n de la estratigrafIa del Valle de Santa Maria. Provincia de 
Tucum& Argentina, Actas, Congr. L&want. Gcol., V, pp.l53-171, Asoc. Geol. Argent., Buenos Aims, 
Argentina.1982. 

(2) Coward, RJ., and A.M. Aleman, Controls on structural styles in the foreland of Ecuador and northern 
Peru;Gaof. sot. Am. Abs1r. Pr0g1ams. 19,629, 1987. 

(3) Isacks,‘B.L.. The Altiplano-Puns and the Bolivian Orocline. 1. Geophys. Res., 93,321 l-3231, 1988. 
(4) Jordan, T.E., B.L. Isacks. R.W. Allmendinger. J.A. Brewer, V.A. Ramos, and C.J. Ando, Andean 

tectonics related to the geometry of subducted Nazca plate, Geol. Sot. Am. Bull ., 94,341.361,1983. 
(5) Kay. S.M., V. Maksaev, R. Mocoso, C. Mpodozis. and C. Nasi, Probing the evolving Andcan 

Lithosphere: Mid-Late Tertiary Magmatism in Chile (29”-30’S) over the modem zone of subhorizontal 
subduction, 1. Geophys. Res., 92,6173-6189. 1987. 

(6) Ramos. V.A., J.H. Reynolds, T.E. Jordan, and K.D. Tabbutt, Time constraints for the uplift of the 
Sierras de Toro Negro, Umango and Espinal, western Sierras Pampeanas. Argentina. Geol. SOC. Am. 
Absrr. Programs. 20, A61. 1988. 

(7) Reynolds, J.H., D. Malizia, K.D. Tabbutt, N.M. Johnson, and J.J. Nickelsen, Chronology of Andean 
Neogene tectonic events affecting the Camp0 de Talampa. La Rioja Province, ArgentinaGeol. See. Am. 
Abstr. Programs, 20, A380.1988. . 

(8) Strecker, M.R.. P. Cerveny, A.L. Bloom, and D. Malizia, Late Cenozoic tectonism and landscape 
development in the foreland of the Andes: Northern Sierras Pampeanas (26-28’S), Argentina, Tectonics, 8, 
s17-534,1989. 

(9) Tabbutt, K.D., C.W. Naeser, T.E. Jordan, and PP. Cerveny, Edades nuevas por m&do de trazas de 
tlsfon de tobas Mio-Pliocenas en las Sierras Pampeanas y la precordlllem de Argentina, Actss, Congr. Geol. 
Argentina, X. 222-224, 1988. 


