Cenozoic provenance history of synorogenic conglomerates in

western Argentina (Famatina belt): Implications for

Central Andean foreland development

Federico M. Davila’
Ricardo A. Astini*

Centro de Investigaciones en Ciencias de la Tierra—Consejo Nacional de Investigaciones Cientificas y Técnicas (CICTERRA-
CONICET) and Laboratorio de Andlisis de Cuencas, Universidad Nacional de Cordoba, Avenida Velez Sarsfield 1611, Cordoba

X5016GCA, Argentina

ABSTRACT

In Famatina, at the modern northern flat-
slab segment of the Central Andean belt, syn-
orogenic conglomerate facies provide aunique
opportunity to reconstruct paleogeography
and tectonic setting. Stratigraphically con-
strained provenance analyses record a multi-
event history of the Andean foreland and a
complex pattern of exhumed uplands, which,
in turn, controlled the depocenter history.
Western and eastern sources can be differen-
tiated. The western domain was composed of
equigranular granitoids and lower and upper
Paleozoic volcano-sedimentary and sedimen-
tary units, whereas the eastern domain was
mainly formed by porphyrytic granitoids and
minor slightly metamorphosed lower Paleo-
zoic clastic rocks. The surrounding regions
expose medium- to high-grade metamorphic
rocks, which are not recorded in any Ceno-
zoic conglomerate of Famatina. Unroofing
sequences can be deduced from the composi-
tional trends. Conglomerate composition and
paleocurrent data show input from intraba-
sinal sources and important participation of
basement since the beginning of the Neogene.
We infer an early Miocene broken foreland
during deposition of the Del Creston Forma-
tion. A significant source inversion, with clasts
supplied from the eastern basement domain,
is recorded ~2000 m from the base, within
the middle Miocene Del Abra Formation;
reactivation of western granitic thrust sheets
occurred by the late middle Miocene and late
Miocene, as indicated by provenance studies
of the Santo Domingo and El Durazno For-
mations. In contrast to simple asymmetric
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foreland models, provenance analysis docu-
ments early participation of crystalline rocks,
suggesting early development of intrafore-
land basement highs within the southern
Central Andes. At a regional scale, basement
thrusting and associated intermontane basin
development were diachronous. This inter-
pretation is supported by broad propagation
of basement thrusting from the northern
Sierras Pampeanas (and Famatina) toward
the central and eastern Sierras Pampeanas
between early-middle Miocene and late Mio-
cene—Pliocene time. Early Miocene recon-
structions of the Juan Fernandez Ridge posi-
tion on the Central Andean margin suggest
that during this interval, shallow subduction
was likely unrelated to oceanic plateau sub-
duction under the Sierras Pampeanas.

Keywords: Central Andes, Sierras Pampeanas,
broken foreland, basin analysis, provenance,
conglomerates.

INTRODUCTION

East of the Central Andes along the mod-
ern flat-slab segment and ~500 km east of the
Chile Trench, an intriguing basement foreland
deformation system exists (Fig. 1); it is called
the “Sierras Pampeanas broken foreland.” This
term refers to spatially isolated crystalline base-
ment blocks that partitioned the foreland into a
series of intermontane basins east of the high
Andes (Jordan, 1995). The structural province
is considered to be a modern analogue of the
Late Cretaceous—Eocene Laramide (Rocky
Mountain) province in the western United
States (Jordan and Allmendinger, 1986). For
both the ancient example and the modern
analogue, foreland basement deformation has
been linked to flat-slab subduction because of

associated volcanism (ancient-modern), style
of deformation (ancient-modern), and geo-
physical evidence (modern) that flat subduction
was contemporaneous with the broken foreland
deformation. In the Andes, however, neither the
distribution of depocenters nor the timing of
foreland partitioning is well known.

A key element of foreland basin fill is that
its syntectonic nature records the unroofing his-
tory of related thrust systems (Graham et al.,
1986; DeCelles, et al., 1987; Beck et al., 1988).
Provenance studies on foreland strata provide
information on both location and composition
of adjacent source areas and on the pathways of
transport from source to basin (Graham et al.,
1975; DeCelles et al., 1993), regardless of fac-
tors that may influence the composition of sedi-
mentary rocks (e.g., climate, geomorphology,
and tectonics) (Haughton et al., 1991; Horton et
al., 2002). Thus, time-constrained provenance
data can aid in paleogeographic reconstructions,
sequential restoration, and models for tectonic
exhumation in adjacent uplands (e.g., Graham et
al., 1986; DeCelles, 1994; among others).

Major spatial-temporal variations in retroarc
strata have demonstrated that forelands behave
nonuniformly as a result of along-strike variation
in shortening history (e.g., Cardozo and Jordan,
2001), differential exhumation (e.g., Schluneg-
ger, 1999), and/or paleoclimatic gradients (e.g.,
Horton, 1999). Provenance analysis can, there-
fore, be used as a tool to unravel these variations
(e.g., Graham et al., 1986; DeCelles, 1988).

The aim of this work is to analyze the prov-
enance history of Cenozoic conglomerates
recorded in the Famatina broken foreland region
of western Argentina. This area presents an
outstanding opportunity to study the potential
uplifted source terranes and the resultant proxi-
mal synorogenic deposits in a region where
basement and stratigraphy can be accessed
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Argentine
Plain

Figure 1. (A) Shaded topographic relief image (U.S. Geological Survey), showing: the Sierras
Pampeanas (inside the white line) and its boundary regions (the Argentina Plain to the east
and the Precordillera to the west). The Frontal Cordillera, Main Cordillera, Coastal Cordi-
llera, and Puna Austral (PA) are shown for regional reference. The areas affected by modern
flat-slab segment (MFSS) and transitional subduction zone (TZ) are shown (after Barazangi
and Isacks, 1976). F—Famatina, B—Bermejo Basin, UCI—Calingasta-Uspallata-Iglesia
basins, NSP—northern Sierras Pampeanas, CSP—central Sierras Pampeanas, ESP—east-
ern Sierras Pampeanas, LRB—La Rioja basin, MB—Mascasin basin. The white rectangle
shows the location of Figure 2. (B) Map of the Central Andes (different gray tones), depict-
ing (rectangle) the location of the shaded topographic relief image (A). The Famatina Range
is shown for reference (darker gray). Country borders are shown by the dark lines, and the
Argentina provinces are shown by dashed lines.

through several deep canyons in the rugged
topography. Our results build upon recent con-
tributions (e.g., Davila and Astini, 2002, 2003a,
2003b; Dévila, 2003, 2005; Davila et al., 2004a,

the southern Central Andes. Four major aspects
of the Andean foreland are discussed in this
article: (1) the sharp along-strike variations of
structural styles and complex paleogeography

2004b), which allow us to determine foreland
kinematics at this latitude that contrast with pre-
vious interpretations (e.g., Jordan et al., 2001;
Ramos et al., 2002).

This analysis introduces new composition
information and contributes to better under-
standing of the complex foreland evolution in
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that control composition, (2) the protracted
evolution of the NW Sierras Pampeanas bro-
ken foreland (Famatina belt) during the Andean
cycle, (3) the timing of basement thrusting
and its migration from north to south through
the Neogene, and (4) a novel early Miocene
flat-slab subduction episode, with foreland

partitioning, not linked to the Juan Fernan-
dez ridge collision. The latter point is of par-
ticular interest for geodynamic reconstructions
because Miocene to Holocene flat-slab subduc-
tion in the Central Andes has been closely tied
to southward migration of the Juan Fernandez
aseismic ridge (see Yaiiez et al., 2001; Kay and
Mpodozis, 2002). Our data introduce strong
arguments against that hypothesis, at least for
the early and middle Miocene.

GEOLOGIC SETTING AND CENOZOIC
STRATIGRAPHY

This work focuses on the flat-slab segment
(cf. Barazangi and Isacks, 1976) of the south-
ern Central Andes (28°-33°S), where the Nazca
plate descends at low angle under South Amer-
ica, causing broadly distributed seismologic
activity and obliterating volcanism. In this seg-
ment, four main Andean belts are recognized
from west to east (Fig. 1): the Coastal Cordillera
in the present Chilean forearc; the Main Cordi-
llera along the Chilean-Argentine border; the
thin-skinned fold-and-thrust belt of the Precor-
dillera, and the basement-involved Sierras Pam-
peanas region (the broken foreland). Jordan et al.
(2001, p. 794) differentiated three evolutionary
stages along this broad segment: (1) an asym-
metric “wedge-like simple foreland” between
20 and 7.3 Ma, (2)a “symmetrical foreland
basin” between 7.3 and 6.5 Ma, and (3) a “bro-
ken foreland” between 6.5 Ma and present. The
latest stage is frequently linked to the evolution
of the intraforeland Sierras Pampeanas, where
crustal-scale thick-skinned thrusts affected
depocenter distribution. The Bermejo Valley
(B in Fig. 1) separates the thin-skinned wedge-
top (east-vergent fold-and-thrust belt) from the
broken foreland and serves as a major longitu-
dinal sediment storage region.

The Famatina belt extends for ~400 km
between 27° and 31°S (Fig. 1, inset) in La
Rioja province, western Argentina. It is located
between the Bermejo Valley and the Sierras
Pampeanas region (Fig. 1). Despite its position
in the foreland, at >500 km from the trench,
altitudes are over 6000 m. Its structure has
variously been interpreted as doubly vergent,
high-angle, basement thrusts (see Davila and
Astini, 2002, 2003b; Ramos et al., 2002; Davila
et al., 2003, 2004a). Two major doubly vergent
basement uplifts bound the Angulos-Famatina
Valley (the Cordén de la Cumbre to the west
and the Sierra de Paimdn—Ramblones to the
east), where there are several thousand meters
of accumulated Cenozoic strata (Fig. 2). Paleo-
zoic strata (e.g., Ddvila, 2003; Davila et al.,
2003) crop out in various thrust sheets in the
study area (Fig. 2).
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Figure 3. Synthetic stratigraphic column, showing from left to right, the Tertiary synorogenic strata of Famatina and the maximum con-
glomerate clast sizes along with upward-coarsening (UC) and upward-fining (UF) trends of megasequences (MS) (black bars next to maxi-
mum clast size column). Conglomerate composition (n = 27,000) is shown in the third column by the pie charts, depicting the mean percent-
ages of involved source lithologies (see details in Appendix 3, see text footnote 1). Paleocurrents (n = 166), in the right column (arrows), are
measured from imbrications and cross-stratifications (see details in Fig. 5). Numbers in parentheses, next to the composition pie charts,
correspond to those depicted in the Appendix 3 (see text footnote 1) and characterize the different analyzed sections.

Cenozoic Stratigraphy

The Del Crestéon Formation, the overlying
Angulos Group, and the Santa Florentina Forma-
tion record the complete synorogenic Cenozoic
history within the eastern slope of the Famatina
Ranges (Figs.2 and 3). These >3500-m-thick
alluvial strata are arranged into six continental
megasequences (Fig. 3), represented from bot-
tom to top by: (1) the lower section of the early
Miocene Del Creston Formation (ca. 17-16 Ma,
MS 1), (2) the upper section of the Del Crestén
Formation (MS 2), (3) the early middle Miocene
Del Abra Formation and lower part of the middle
Miocene Del Buey Formation (MS 3), (4) the
upper part of the middle Miocene Del Buey (MS
4) and Santo Domingo Formations (MS 4), (5) the
late Miocene—early Pliocene El Durazno Forma-
tion (MS 5), and (6) the Pliocene—Pleistocene
Santa Florentina Formation. The youngest Plio-
cene-Pleistocene megasequence is not included
in this work, because its depositional systems and
paleocurrents are related to a tectonic landscape
comparable to the present-day situation.

The Del Crestén Formation MS1 unconform-
ably overlies Permian (-Triassic?) red beds.
Recent “Ar-*Ar dating on andesite boulders at
the base of the unit yields an early Miocene age
(17-16 Ma; Dévila et al., 2004b). Two major
upward-thickening and -coarsening sequences
compose this 1800-m-thick sedimentary succes-
sion, MS1 and MS2 (Déavila and Astini, 2002).
The lower megasequence MS 1 (Fig. 3) is com-
posed of a distinct, thin, sheet-like, fine-grained
conglomerate (Fig. 4A) overlain by fine-grained
deposits of saline playa lakes and by ~450 m of
andesite-rich coarse conglomerates (Fig. 4B),
which are interpreted as proximal debris-
flow—dominated alluvial-fan deposits. Davila
et al. (2004b) interpreted these deposits as
lahar sequences. Fine-grained red beds initiate
the second upward-thickening and -coarsening
megasequence MS 2 (Fig. 3). Sandy polymic-
tic conglomerates become more common and
thicker upsection. These, in turn, are capped
by a 370 m, coarse, granite-rich conglomerate
(Figs. 4C and 4D), which is interpreted to be
related to prograding, stream-dominated mega-
fans (Davila and Astini, 2002; Fig. 4C).

The Angulos Group (Ddvila, 2005) is 1942 m
thick and is represented from bottom to top by

612

the Del Abra MS3 (505 m), Del Buey (348 m)
upper MS3-lower MS4, Santo Domingo MS4
(213 m), and El Durazno MS5 (876 m) For-
mations. Late Miocene—Pliocene ages (6.9
+ 1.2 Ma and 4.0 + 0.8 Ma; Tabbutt, 1990) were
originally considered to encompass all synoro-
genic strata in the Famatina region. However,
recent studies have demonstrated that they only
constrain the uppermost section of the Angu-
los Group (Davila, 2005). These three mega-
sequences (MS3 to MSS5) record a complex
middle Miocene to Pliocene foreland evolution
within the Famatina belt.

The upward-thinning-fining cycle MS3 of
the Del Abra Formation (Fig. 4E), with granite
megaboulders in its base, has been interpreted
as related to mid-Miocene normal faulting (see
details in Davila and Astini, 2003a). The Del
Buey Formation, top of MS3 and base of MS4
(Fig. 3), is a dominantly fine-grained aggrada-
tional succession interbedded with fluvial granu-
late conglomerates (Fig. 4F) and paleosols and
laterally continuous stromatolite-rich, fossilifer-
ous carbonates (Fig. 3; see also Ddvila and Astini,
2003a). This interval shows a period of basin
starvation prior to initiation of major sediment
and tectonic loading. The Corbicula stelzneri
bivalves in carbonate intervals (Turner, 1971),
correlated laterally with ca. 14 Ma Paranaense
marine beds (Bossi et al., 2002; Hernandez et
al., 2005), together with palynological studies
(Barreda et al., 2006) on yellowish to greenish
siltstone horizons, indicate a middle Miocene age
for the Del Buey Formation top MS3-lower MS4.
The boundary with the eolian-dominated Santo
Domingo Formation upper MS4 is represented
by a short interval of braided-stream conglomer-
ates and interbedded eolian sandstones (Davila,
2005). The progradation of this fluvial-eolian
succession, together with the uppermost section
of the Del Buey Formation, constitutes the fourth
upward-coarsening megasequence MS4. The El
Durazno Formation overlaps the Santo Domingo
Formation upper MS4 above a major erosional
surface and comprises the fifth upward-thicken-
ing and -coarsening megasequence MSS5, which
is punctuated by pyroclastic-flow deposits (Mar-
tina et al., 2006; Fig.4G). The first laterally
continuous ignimbrite bed is ~1000 m above the
base of the Angulos Group (Fig. 3). This is the
oldest tuff dated by Tabbutt (1990), according to

>

the stratigraphic position, and this is supported by
our own “’Ar-*?Ar isochron ages of 5.2 + 0.85 Ma
(see Appendixes 1 and 2'). Toward the top of the
El Durazno Formation, the unit progressively
coarsens up into sandy cobble conglomerate
(Fig. 4H) and shows deep (>1m) cut-and-fill
structures, indicating unstable braided-fluvial
systems and stream-dominated alluvial-fan envi-
ronments (Fig. 3).

In the Rio Blanco region (Fig.2), two
undated porphyritic dacite domes (Mogote
Cerro Blanco and the Cerrito Blanco) intrude
Lower Miocene rocks but would have sup-
plied dacite fragments during sedimentation
of the Durazno Formation. Preliminary prov-
enance studies (Martina et al., 2006) together
with stratigraphic and structural relationships
(Dévila et al., 2004a) suggest that the domes
formed post—early Pliocene to Pleistocene.

The youngest synorogenic unit in Famatina
is the Pliocene—Pleistocene Santa Florentina
Formation (Lencinas, 1994) (Fig. 3). This unit
forms the higher alluvial terraces and overlies
older formations (Paleozoic to Pliocene) above
an erosional, locally angular, discordance. The
sedimentological features of the Santa Floren-
tina Formation, analogous to the lowermost
terraces, allowed us to compare similar depo-
sitional systems and surface gradients to those
developing at present and draining eastward
from the Cordén de la Cumbre (Fig. 2). The
last major Andean rejuvenation and episode of
deformation in the region took place in Plio-
cene—Pleistocene times based on rotation of
strath and fill terraces and thrusting and fault
scarps involving the terraces. High-gradient
Holocene colluvium and alluvial fans presently
developing within the region form the upper-
most level of terraces and unconformably over-
lie the Santa Florentina Formation.

POTENTIAL SOURCE AREAS

Potential sources within the central Fama-
tina region can be separated into two contrast-
ing domains on the basis of the composition of

!GSA Data Repository item 2007087, Appen-
dixes 1-3, is available on the Web at http://www.
geosociety.org/pubs/ft2007.htm. Requests may also
be sent to editing @geosociety.org.
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Figure 4. Textures and fabrics of synorogenic conglomerates of Famatina. (A) Basal microconglomerate of Del Creston Formation. (B) An-
desite conglomerates of lower megasequence MS1 of Del Crestén Formation. (C-D) Equigranular granite-rich conglomerate at top of the
second megasequence MS2 of Del Creston Formation. (E) Porphyritic granite-rich conglomerate in lower megasequence MS3, Del Abra
Formation. (F) Pebbly conglomerates in lower megasequence MS4, Del Buey Formation (upper section). (G) Thick volcaniclastic succession
interlayered with clastic conglomerate in MS5, lower section of El Durazno Formation. White arrows depict ignimbrites. (H) Large cobble
polymictic conglomerate in the upper section of MS5, El Durazno Formation (left), and granite conglomerates, locally mixed with rhyolite,

dacite, and andesite clasts (darker clasts) in uppermost section of MS5, El Durazno Formation (right).
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major basement uplifts and overlying stratigra-
phy. Presence or absence of certain lithologies
may be used as a first-order discriminator of
source areas.

Porphyritic coarse-grain two-mica granites
and monzogranites with major mylonite zones
and a localized low-grade metamorphic sedi-
mentary cover constitute the eastern domain
(Fig. 2) along the Sierra de Paimdn—Ramblones
(Davila, 2003).

Exposures along the Cordén de la Cumbre
and within the Famatina thrust belt consti-
tute the western domain (Fig. 2). The granit-
oids along the Cord6n de la Cumbre lack big
feldspar porphyroclasts and include partly
mylonitized, equigranular granodiorites, mon-
zogranites, and tonalites of medium to coarse
grain size (>500-m-thick shear zone) (Astini
and Davila, 2004). The western domain base-
ment is covered by a thick (>4500 m) Paleo-
zoic cover, and it is flanked by Cenozoic syn-
orogenic strata (>4000 m) (D4vila et al., 2004a)
(Fig. 2B). These sequences constitute the east-
vergent fold belt of Famatina. Paleozoic rocks
are Lower Ordovician deep-marine sedimentary
and shallow-marine volcano-sedimentary suc-
cessions (Famatina Group), Middle Ordovician
rhyolites and volcano-sedimentary rocks (Cerro
Morado Group), Pennsylvanian coarse whitish-
to-yellowish arkoses with green silty shales and
intervals of black carbonaceous shales (Agua
Colorada Formation), and Permian conglomer-
ates and red beds (De La Cuesta Formation).

Lower Cambrian medium- to high-grade
metamorphic rocks pervasively intruded by
Ordovician granites surround the Famatina belt,
unconformably covered by upper Paleozoic
red beds. Outcrops of metasedimentary rocks
in greenschist facies have patchy exposures in
the region. Several mylonite zones affecting
granites (e.g., Hockenreiner et al., 2003) also
developed within these ranges. A relatively thin
sliver of Grenville-age basement rocks separates
it from the Precordillera thin-skinned thrust belt
region (Fig. 1). Amphibolites, schists, gneisses,
crystalline marbles, and migmatites character-
ize these medium- to high-grade metamorphic
ranges, intruded by a few granite bodies (mostly
pegmatites) and a >1000-m-thick upper Paleo-
zoic sedimentary cover (Caminos, 1979a). Far-
ther west, in the Cordilleran regions, Permian-
Triassic granites dominate, with subordinate
coeval rhyolites (Caminos, 1979b).

METHODS

Conglomerates usually represent the least-
recycled detritus from a source area (Graham
et al., 1991). Complex source terrains preclude
detailed provenance modeling (e.g., DeCelles,
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1988). We complemented the compositional
analysis of conglomeratic deposits with paleo-
current data. The composition analysis was
based on systematic field counting using square-
meter grids for boulder-cobble conglomerates
and quarter-square-meter grids for finer-grained
conglomerates. Along 10 cm equidistant par-
allel lines within each grid, we measured the
various compositional lengths per line. Com-
positional lengths were added and converted
into percentages. An average of 100 clasts per
grid was counted for coarse conglomerates
(>64 mm); for medium- (32—-64 mm) and fine-
grained (2-32 mm) conglomerates, this number
increased. A minimum of 30 grids within each
conglomeratic sequence assured statistically
representative counted clasts. Maximum-clast-
size plots in Figure 3 were calculated using the
method of Surlyk (1978). Compositional data
are summarized in Appendix 3 (see footnote 1),
showing percentages of lithologies throughout
the synorogenic succession (Fig. 3).

For paleocurrents, collection and analysis of
directional structures followed Graham (1988,
and references therein). The bulk of the data, on
fluvial beds, was collected from imbricate clasts
[a(t)-b(i)] and the rest from trough cross-bed-
ding. Additional measurements were taken from
channel-axis orientation and unidirectional
ripple marks to complement other information.
The eolian beds were sampled on foresets of
mega-cross-stratified beds. Measurements were
plotted on current rose diagrams.

CONGLOMERATE COMPOSITION
AND CALIBER

Clast composition is summarized in Appen-
dix 3 (see footnote 1) and variations in the
Cenozoic stratigraphy of Famatina are depicted
in Figure 3.

Del Creston Formation

The base of the Del Crestén Formation (base
of MS1, 1 in Appendix 3 and Fig. 4A) shows
lithologies comparable to the volcanic Ordovi-
cian unit exposed within the Cerro Tocino and
the Cerro Morado (Fig. 2). The small amount
of reddish silty sandstone clasts indicates exhu-
mation of Permian red beds. The upper 273 m
of megasequence MS1 (2 in Appendix 3 and
Fig. 4B) consist almost totally of andesite boul-
ders up to 0.6 m, which provide a ca. 17 Ma
crystallization age (Ddvila et al., 2004b). Trace
amounts of Ordovician, Pennsylvanian, and
Permian sedimentary sources and equigranular
granitoids indicate exhumation of the Cordon
de la Cumbre thrust sheet. The uppermost mega-
sequence of the Del Crestéon Formation MS2 (3

in Appendix 3) is characterized by a short inter-
val with plutonic and sedimentary clasts. Multi-
story red sandstones with local lags of mud chips
and boulders dominate the lower section of MS2
(see Fig. 3). Sandstones are lithic-rich (Davila
and Astini, 2002); lithics are represented by
various volcanic, sedimentary, and granite frag-
ments. The scarcity of gravel sheets in this part
of the section may relate to a low gradient within
the alluvial setting and/or with intense weather-
ing of upper Paleozoic strata in the source area.
Carboniferous arkoses and Permian red beds are
highly erodible in comparison to lower Paleozoic
rocks. We infer that source disaggregation could
have been favored by wetter climate conditions,
as inferred from lithofacies analysis in these flu-
vial strata (Ddvila and Astini, 2002). The oldest
extraformational conglomerate in MS2 at ~300 m
is an ~150-m-thick interval dominated by Paleo-
zoic sandstones clasts, with minor rhyolites and
equigranular granitoids (see 3 bottom in Appen-
dix 3). Immediately on top of this interval (see 3
top in Appendix 3), clasts are mostly represented
by felsic volcanic rocks and equigranular gran-
itoids, with minor Paleozoic sedimentary rocks.
The uppermost section of MS2 (see Fig. 4C) is a
transition to a boulder granite-rich conglomerate
(size range between 0.1 and 1 m), dominated by
equigranular granite clasts.

Del Abra Formation

Conglomerates in the Del Abra Formation
(MS3) are coarse and compositionally homoge-
neous. Granite cobbles and boulders are of the
porphyric granitoid type (Appendix 3 [see foot-
note 1]; Figs. 3 and 4E) and are comparable to
those exposed in the Sierra Paimdan—Ramblones.
Low-grade metamorphic rocks and mylonites
decrease from bottom to top of the formation
(compare 5 and 6 in Appendix 3). Metasedimen-
tary rocks are also like those in patchy exposures
along the Sierra de Paimdn—Ramblones (Astini
et al., 2005).

Del Buey Formation

This unit is composed of a few fine-grained
conglomerate sheets (50-150 mm). Their com-
position is dominated by volcanic and plutonic
clasts, with minor amounts of sedimentary clasts
(see Appendix 3 [see footnote 1]; Fig. 4F).
Toward the base, porphyric granitoid clasts
dominate (uppermost MS 3, see 7 in Appen-
dix 3) similar to those exposed in the Sierras de
Paimdn—-Ramblones, whereas the upper section
(lowermost MS4) is entirely formed by equi-
granular granitoid fragments (see 8 in Appen-
dix 3; Fig. 3) like those exposed in the core of
the Famatina thrust belt. Volcanic pebbles in the
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upper section are andesites comparable to those
in the megasequence MS1 (lower Del Crestén
Formation), plus some felsic volcanic rocks.
Low-grade metamorphic rocks are not present
toward the top of the unit (see Appendix 3).
Sandstones clasts were derived from Paleozoic
strata (see Appendix 3).

Santo Domingo Formation

Conglomerates in this unit (upper MS4)
contain polymictic cobbles to boulders (0.1 m,
Fig. 3). Mean clast composition (9 in Appen-
dix 3) is characterized mostly by equigranular
granite fragments and volcanic clasts derived
from the Famatina thrust belt. Sedimentary clasts
are upper Paleozoic white and red sandstones and
Ordovician silicified green sandstones and black
shales. Arkosic composition of interbedded eolian
sandstone sheets is compatible with conglom-
erate composition (Ddvila and Astini, 2003c).
Sand grains are 30% quartz, 30% rock fragments
(mostly granite grains) and 40% feldspar (20%
potassium feldspar and 20% plagioclases).

El Durazno Formation

The conglomerate composition of the EIl
Durazno Formation (MS5) is very similar to the
Santo Domingo Formation (upper MS4). These
two units, however, do not constitute a single
sedimentary cycle, as indicated by the regional
unconformity that separates MS4 from MSS
(Fig. 3). With respect to the upper MS4, MS5
shows a significant increase in clast size (maxi-
mum mean clast size 0.3 m; Figs. 4F and 4G),
with boulders locally over 1 m. Two interesting
features in this megasequence are the presence of
a few laminated limestone cobbles and channel-
lag deposits, with >99% porphyric dacite clasts.
The rich volcanic composition corresponds to
the Rio Blanco Member, which is distinguished
from the rest of MS5 by interlayered ignimbrites
(Fig. 4G) (Martina et al., 2006).

PALEOCURRENT DATA

The Del Crestén Formation has few paleocur-
rent indicators in MS1, but excellent indicators
in MS2 (see Fig. 5). MS1 preserves a few imbri-
cated and clustered clasts within the hypercon-
centrated-flow deposits that locally intercalate
debris-flow sheets (Davila and Astini, 2002).
The paleoflow pattern in these beds is poly-
modal. In contrast, the Del Creston Formation
MS?2, constituted mostly by imbricated clasts
and fluvial cross-beds, exhibits paleocurrents to
the east (Fig. 5).

From bottom to top, the base of MS3
(lenticular conglomerates of the Del Abra
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Formation) shows west-directed paleoflows
(Fig. 5), measured from imbricated clasts and
trough cross-beds.

The few data collected on the top of MS3
(basal section of Del Buey Formation) show
westward paleocurrents consistent with mea-
surements on top of the upper gradational
boundary with the Del Abra Formation (also
top of MS3). Most paleocurrent data were col-
lected on the uppermost part of the Del Buey
Formation (base of MS4) from cross-stratified
beds and only a few from imbricated conglom-
erates. Paleocurrent distribution in the base of
MS4 shows a polymodal pattern (Fig. 5).

The dominant eolian strata of the Santo
Domingo Formation (top of MS4) were ana-
lyzed independently from the interbedded
braided-fluvial packages. Paleowinds flowed
toward the SSW (see Davila and Astini, 2003c).
Paleocurrents in the fluvial conglomeratic facies
show a unimodal pattern with a mean vector to
the east (see Fig. 5).

The fluvial imbricated conglomerates of MS5
indicate a unimodal distribution of paleocur-
rents to the NE (see base and top sections dia-
grams in Fig. 5).

RECURRENT BASEMENT UNROOFING
FROM PROVENANCE ANALYSIS

Provenance analysis, together with sedi-
mentologic and stratigraphic studies, demon-
strates that Cenozoic sedimentation in Famatina
occurred within proximal alluvial environments,
strongly influenced by unroofing of nearby crys-
talline source areas. The entire synorogenic suc-
cession indicates a local provenance history,
with no input from inner (hinterland) Cordilleran
regions or from eastward cratonic sources. The
succession of clast compositions and associated
paleocurrents can be related to the exhumation
of the two domains presently recognized in the
central region of the Famatina ranges. Changes
in the local source area indicate deformation of
separate basement highs across the region, dem-
onstrating that the foreland basin in the area has
been broken into basement core uplifts since the
beginning of the Andean cycle.

1. Early Miocene (Del Creston Formation,
MS1 and MS2)

Compositional and paleocurrent information
indicates that the main source of Lower Mio-
cene Del Crestén Formation clasts was the west-
ern domain, consisting of the crystalline block
of the Cordon de la Cumbre and the Famatina
thrust front (FTF in Fig. 2). Clasts are mostly
first order, cycling from volcanic terrains and
crystalline sources (Figs. 3 and 6), as suggested

by clast sizes. Underlying Paleozoic units do not
contain boulders as large as those recorded in
Cenozoic strata. Fine grain size and felsic vol-
canic composition suggest that recycling may
have occurred only in the basal sheet-like micro-
conglomerate of the Del Creston Formation
(Davila and Astini, 2002). Although no felsic
volcanic sources are documented to the east of
the Famatina belt, to the west, potential source
areas are the Triassic volcanic sequences in the
Frontal Cordillera (Fig. 1) (e.g., Choiyoi Group;
see Caminos, 1979b) and the Ordovician Cerro
Tocino and Cerro Morado volcanics, which
are exposed immediately west of the Cenozoic
exposures (Fig. 2).

The andesite boulders of the lower mega-
sequence MS1 (Fig.3) suggest derivation
from a volcanic landscape. Regardless of the
precise volcanic source location (see Davila et
al., 2004b), low clast variability suggests that
either bulk rock exposure in the source area
did not change significantly or changes were
buffered within the drainage network (e.g.,
Steidtmann and Schmitt, 1988). The presence
of outsized andesite boulders, plagioclase-rich
matrices, and gravity-flow deposits (lahars)
suggests a close volcanic source (Ddvila and
Astini, 2002; Ddvila et al., 2004b). Only at the
top of MS1 do some granite pebbles occur,
indicating dilution. A bimodal paleocurrent
pattern (Fig. 5) indicates periodic changes in
the stream network of the region, possibly
related to volcanic deposition. The sedimen-
tary package geometry, with apex to the west,
and clast size reduction toward the east, may
indicate an eastward-tilted paleosurface. This
is supported by similarly oriented rotational
unconformities (Davila and Astini, 2003b),
which suggest a local volcanic source toward
the west. Polymodal paleocurrent patterns
point to multiple sources.

Provenance of the next upward-coarsening
megasequence MS2 (Fig. 3) represents a com-
plete unroofing megasequence sourced from the
west (Fig. 7). Paleocurrent patterns support this
interpretation. A high proportion of unequivocal
Cordon de la Cumbre—derived granite clasts at
the top of this megasequence suggests erosion
of deeper levels during later stages of unroofing.
A plot of clast compositional ratio versus strati-
graphic level (Fig. 6) shows plutonic sources
fully exposed by the end of MS2 deposition.
The inverted compositional trend of MS2 with
respect to the local stratigraphy (compare Figs. 2
and 3) is that of a typical unroofing sequence
(Colombo, 1994), derived from removal of
intrabasinal Paleozoic sources. The unroofing
trend ends with crystalline basement exhuma-
tion, as reflected by the granitic conglomerates
at the top (Fig. 3).
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Figure 6. Plot of clast compositional ratio for the Lower Miocene Del Crestén Formation rela-
tive to stratigraphic levels, showing temporal variation in clast composition in megasequence
MS2. Note increasing granite composition upsection, indicating basement unroofing.

Basin Implications

Unroofing of granites and mylonite belts in
the Sierra de Famatina indicates that thrusting
of crystalline basement occurred in the west-
ern Sierras Pampeanas region as early as early
Miocene (Figs. 7 and 8). This indicates that the
retroarc region was partitioned, in contrast to
previous interpretations of a simple asymmetric
foreland (e.g., Jordan et al., 2001; Ramos et al.,
2002), which considered the Famatina stratigra-
phy as part of a distal foredeep or forebulge of a
single foreland basin.

2. Lower Middle Miocene (Del Abra
Formation and Lower Del Buey Formation,
MS3)

During the middle Miocene, the upward-fin-
ing megasequence MS3 (Fig.3) was derived

from sources to the east. Granite megaboulders,
granite-rich blocky conglomerates, and oligomic-
tic composition of sandstones are strong evidence
of first-cycle derivation from crystalline sources
(Fig. 7). The colluvial deposits at the base of this
sequence (Ddvila and Astini, 2003a) and clast
size are strong evidence of local provenance of
a nearby igneous source. Porphyritic granites
located to the east of the present Miocene out-
crops are most likely the source of the conglom-
erates. A subtle but noteworthy gradual upsection
decrease of subordinate low-grade metamorphic
clasts suggests accompanying unroofing of low-
grade metamorphic rocks within the progressively
uplifted proto—Sierras de Paimdn—Ramblones.

Basin Implications
During early middle Miocene deposition of
MS3, provenance from the western sources

was episodically interrupted, and exhumation
of the eastern basement domain began to pro-
vide sediment to the basin. The coarse clast size
suggests unroofing of porphyritic granites that
produced higher gradients and paleoslopes to
the west during an intensive deformation phase.
Atop of MS3, a stable sedimentation phase
dominated, as indicated by deposition in low-
gradient environments (playa lakes, lacustrine
carbonates, and paleosols). This interpretation
is consistent with the highly variable paleocur-
rents recorded from the upper section of the
Del Abra and Del Buey Formations (Fig.5).
Subtle relief during deposition of the Del Buey
Formation suggests tectonic quiescence before
renewal of contraction in the western domain.
Although this interpretation proves basement
deformation to the east, the episodic source and
facies changes, together with mapped structural
and stratigraphic relationships, might relate to
half-graben sedimentation (Fig. 8), as a result of
localized bending extension (Ddvila and Astini,
2003a), instead of an eastward shifting of base-
ment thrusting.

3. Upper Middle Miocene (Upper Del Buey
Formation and Santo Domingo Formation,
MS4)

The overlying upward-coarsening mega-
sequence MS4 (Fig. 3) reveals a short and rapid
change of source area, showing again a marked
provenance from the west. An initially stable
and relatively flattened relief is supported by
development of thick paleosols and extended
carbonate lacustrine horizons interbedded
within the Del Buey Formation (Ddvila, 2005),
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Figure 7. Conglomerate cycling from different source areas. Solid thicker flow lines show first-order provenance, whereas thinner lines
depict potential clast recycling from underlying sedimentary units. Primary source areas—western domain (WD, see location in Fig. 2),
eastern domain (ED, see location in Fig. 2), early Miocene volcanics (EMV), and late Miocene volcanics (LMYV). Cenozoic units were par-
tially cannibalized (see text for details), supplying clasts when exhumed during thrust migration. Note that lower units, Del Crestén Forma-
tion and Del Abra Formation, have first-order clasts derived from primary source areas, WD and ED, respectively. DCF—Del Creston
Formation, DAF—Del Abra Formation, DBF—Del Buey Formation, SDF—Santo Domingo Formation, EDF—EI Durazno Formation.
MS—Megasequences (see text for megasequences and stratigraphic units correlations).
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which is consistent with low-gradient sedimen-
tation and low accumulation rates. Lenticular,
rounded, and polymictic fine-grained conglom-
erates imply recycling from older intrabasinal
stratigraphy (Fig. 7), whereas equigranular
granite cobbles in the upper Del Buey Forma-
tion are clearly derived from the western source
domain. The Santo Domingo Formation, with
eolian-fluvial interaction, represents the upper
part of MS4. Provenance analysis supported by
lithofacies analysis indicates that deposition in
this eolian-rich section occurred in a relatively
proximal alluvial setting surrounded by base-
ment ranges (Ddvila and Astini, 2003c). Even
though sand composition suggests local prov-
enance, possibly the Cordon de la Cumbre belt
(Déavila and Astini, 2003c), only the conglom-
erate is definitive. Composition analysis on the
gravel units, supported by textures and paleo-
current studies, suggests a source area of gran-
ite, sedimentary rock, and possibly older Ceno-
zoic conglomerates (andesite conglomerate
of the Del Crestén Formation). Composition,
together with the lack of porphyritic granite
and metamorphic clasts, constrains the western
domain as the best candidate for the source of
MS4. Although some cobble beds may indicate
recycling from lower units, isolated large plu-
tonic boulders reinforce a first-cycle origin for
at least part of these strata (Fig. 7).

Basin Implications

Renewed tectonic activity in the western
domain (Fig. 3) is suggested by progradation of
thick alluvial fans and provenance of upward-
coarsening megasequence MS4 (Davila, 2003,
2005; Davila and Astini, 2003c¢). Reactivation of
the early Miocene thick-skinned system (Fig. 8)
is inferred from the provenance analysis. First-
cycle, oversized granite boulders from the top
of this megasequence indicate rejuvenation of
thrusting of crystalline basement, exposing plu-
tonic bodies in the west. MS1-derived andesite
clasts indicate that the early Miocene packages
were cannibalized, and, hence, they comprised
part of the active and erosional thrust front with
an eastward migration of deformation during
this episode.

4. Late Miocene—-Pliocene (El Durazno
Formation, MS5)

The youngest upward-coarsening mega-
sequence MS5 (Fig. 3) reveals similarities to
MS4 that match well with the western domain.
Compositional data (Appendix 3, see foot-
note 1) and clast size suggest that first-cycle
material (Fig.3) form the bulk of these con-
glomerate sheets, but some recycling cannot be
discarded, especially of pebbles and granules
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Figure 8. Schematic foreland evolution in Famatina region, southern Central Andes, and
suggested megasequences (MS). (A) Early Miocene foreland history: from bottom to top,
basal microconglomerate deposition (base of MS1) on a regional planation surface. The rest
of MS1 is contemporaneous with andesite volcanism in the retroarc. Granite conglomerate
deposition on top of MS2 records basement thrusting and first broken foreland stage, herein
inferred to have formed during transition from steep to flat subduction. (B) Early-middle
Miocene extensional stage and basin inversion during MS3 formation. (C) Late middle Mio-
cene broken foreland stage during MS4 eolian-fluvial deposition. (D) Late Miocene—Pliocene
broken foreland stage and deposition of MS5 with contemporaneous volcanism (dacites).
(E) Pleistocene deformation and last structural mountain building. Vin—Vinchina Basin,
Fam—Famatina region (study area), SF—Sierra de Famatina, SP—Sierras Pampeanas,
WD—western domain (Sierra de Famatina), ED—eastern domain (Sierra de Paiman—

Ramblones). See present location in Figure 2.

accompanying the boulder conglomerates
(Fig. 7). Composition and paleocurrents indi-
cate a source to the west, from the granitic base-
ment and Paleozoic sedimentary-volcanic pile
exposed in the Famatina thrust sheets. The pres-
ence of rare limestone clasts (see Appendix 3)
suggests that the middle section of the Del Buey
Formation (top of MS3 or base of MS4) was can-
nibalized and converted into a partial source area
during MSS deposition. The Del Buey Forma-
tion is the only unit with carbonate rocks in the
region. Abundant pumice and porphyritic dacite
boulders, analogous to late Miocene—Pliocene
volcanism of the region (Mogote Rio Blanco
Formation), suggest that these volcanic rocks
also contributed to MS5 (Fig. 7). The increase
in clast size (Fig. 3) with respect to the underly-
ing sequences implies progressive exhumation
of the western domain during deposition.

Basin Implications

In the late Miocene—Pliocene, the conglomer-
ates of the MS5 document ongoing unroofing
of western Famatina sources. Deposition of this
megasequence (Fig. 3) indicates higher gradients
and renewed deformation. An eastward shifting
of thrusting is deduced from clast composition,
which shows that the early to middle Miocene
stratigraphy was locally involved within the
thrust system, becoming a source area. The allu-
vial system shows drainage toward the east and
northeast, interacting with volumetrically signif-
icant explosive volcanism (Martina et al., 2006),
as suggested by interlayered ignimbrite sheets
and late Miocene dacite and pumice clasts. It is
possible that local relief due to volcanic infla-
tion (i.e., Pritchard and Simons, 2004) and con-
sequent increase of surface gradients allowed
deep incision between volcanic and nonvolcanic
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stages (MS4 and MS5). The unconformity that
separates MS5 from MS4 may be related to such
volcanically induced phenomena. Foreland sedi-
mentation was, therefore, strongly controlled
by volcanism and ongoing basement thrusting
(Fig. 8). Our results indicate that MS5 is the only
unit that correlates with the late Miocene—Plio-
cene (7-6.5 Ma) stage of Jordan et al. (2001).
Although ages are similar to other broken fore-
land sections in the westernmost, central, and
eastern Sierras Pampeanas (Jordan et al., 2001),
contrasting composition suggests no physical
connection between dispersal systems.

TECTONIC IMPLICATIONS

In the modern flat-slab segment of the south-
ern Central Andes (28°-33°S), most work sug-
gests that basement deformation and associated
broken foreland deposition began ca. 7 Ma (e.g.,
Jordan et al., 2001; Ramos et al., 2002). Devel-
opment of broken foreland basins in the Sierras
Pampeanas has been closely linked to flat sub-
duction. This tectonic regime is characterized by
strong interplate coupling that, together with the
stiff rheology of a cool upper lithosphere (e.g.,
Spencer, 1994), allows deformation to be trans-
ferred several hundreds of kilometers cratonward
(Gutscher et al., 2000). This condition favors the
transmission of compressive stresses well into
the distal portion of the foreland. Although a
discussion on generation of accommodation

Davila and Astini

space in the Central Andean broken foreland is
beyond the scope of this contribution, resulting
basement thrusting is the most likely control
on basin subsidence (McQueen and Beaumont,
1989; Jordan, 1995), and it is overlapped by
the effects of topographic barriers and dynamic
topography (Davila et al., 2005).

As indicated by this study in the northern
transition segment from flat-slab to normal sub-
duction in the southern Central Andes, Cenozoic
synorogenic megasequences show a protracted
broken foreland history from early Miocene
onward, likely interrupted by an extensional
period possibly associated with localized crustal
bending. Farther north of the study region,
although early to middle Miocene (20-12 Ma)
deformation is poorly constrained, recent work
in southern Puna (e.g., Kraemer et al., 1999; P in
Fig. 1) and in northern Sierras Pampeanas (e.g.,
Reynolds et al., 2000; NSP in Fig. 1) indicates
a broken distal foreland. This earlier basement
partitioning matches the Cenozoic history of
Famatina. In contrast, 400 km southward along
the boundary between the western Sierras Pam-
peanas and the Precordillera, the oldest base-
ment uplift is Miocene—Pliocene (e.g., Jordan et
al., 2001; Ramos et al., 2002). As a whole, base-
ment deformation in Famatina, northern Sierras
Pampeanas, and in the southern Puna (at the
present northern transition to normal subduction
segment, between 24° and 28°S, depicted TZ in
Fig. 1) began in the early-middle Miocene, and

later shifted to the east and south to embrace the
central and eastern Sierras Pampeanas in the late
Miocene (Fig. 9). This propagation of early Mio-
cene basement involvement within the foreland
could relate to a shallow-subduction episode,
supported in Famatina by the contemporaneous
magmatic broadening into the foreland (Davila
et al., 2004b). These observations strengthen
the interpretations of eastward and southward
migration of the flat-slab segment as subduc-
tion continued along the Chile margin. Kay and
Mpodozis (2002), based on Yaiez et al. (2001),
suggested that the Miocene—Pliocene to modern
flat-slab segment is a consequence of southward
migration of the Juan Fernandez Ridge. The Juan
Fernandez Ridge would have coupled ca. 20 Ma
with the Andean margin at the latitudes of the
Altiplano (~20°S) and progressively migrated
southward (Fig. 9). It is clear that Famatina and
the northern Sierras Pampeanas were beyond
the influence of the oceanic ridge subduction
ca. 17-16 Ma (early—middle Miocene) (Fig. 9).
For this reason, we propose that broken foreland
development was not coeval along strike and at
least the earlier episode was not triggered by sub-
duction of the Juan Fernandez Ridge. It is likely
that other changes in coupling parameters (e.g.,
Gutscher et al., 2000; Yafiez and Cembrano,
2004) favored the slab flattening during early
Miocene times. An alternative to consider is that
an unrecognized branch or independent oceanic
plateau, parallel to the Juan Fernandez Ridge,
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Figure 9. Maps of southern Central Andes showing temporal migration of Juan Fernandez Ridge (thick gray dashed line) during Miocene
to present (after Yanez et al., 2001; Kay and Mpodozis, 2002). Country borders, continent margin, Famatina Ranges (darker gray area),
and Andean belt (lighter gray areas) are shown for reference. Note that Juan Fernandez Ridge subducted beneath the Andean margin near
21°S at 18 Ma, north of modern flat-slab segment (~32°S). Paleogeography is palinspastically unrestored.
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collided with the margin of the southern Central
Andes since the early Miocene. The migration
of such a ridge may additionally explain the flat
subduction and related magmatism in the Payu-
nia, southernmost Central Andes (29°-34°S),
during the Pliocene (Kay et al., 2004).

Our study in pericratonic areas of South
America emphasize aspects to be taken into
account in similar tectonic scenarios and in the
fossil records. Provenance studies, supported by
geochronology and geodynamic modeling, pro-
vide a powerful tool to unravel basin dynamics
in distant foreland settings where deformation
involves crystalline substrates. This allows us
to understand exhumation of deep basement
roots within the source and to approximate the
tectonic load for subsidence analysis. It is also
evident that provenance studies help to estimate
timing of deformation, paleogeography, and tec-
tonic controls within intraplate settings.

Recurrent stages of basement thrusting and
foreland partitioning can occur in intervals
<10 m.y. Influence of aseismic ridges may par-
ticularly enhance segmentation in the upper
plate, triggering basement thrusting into the dis-
tal foreland. This is particularly significant for
fossil examples where geodynamic setting has
to be inferred. Although foreland partitioning
may link to flat subduction and increase cou-
pling, from this case in the Central Andes, it is
apparent that preexisting fabrics (e.g., stages
of intra-orogenic extension; Ddvila and Astini,
2003a) played an important control on later bro-
ken foreland partitioning.

Present-day intermontane broken foreland
landscapes (e.g., Sierras Pampeanas) are not
necessarily the result of a single basement trust-
ing stage. Foreland thrusting, for example, can
be separated by foreland extension weakening
the strong pericratonic foreland and favoring
reactivation during later compression.

CONCLUSIONS

Chronostratigraphically — constrained — prov-
enance analysis on the Tertiary synorogenic
sedimentary wedge east of Famatina allows us to
understand protracted intermontane-basin forma-
tion within the southern Central Andes, and we
have contributed new evidence to the wealth of
data regarding broken foreland dynamics. The
provenance history of strata in the Famatina belt
can be summarized in three major unroofing
episodes, all of which involved basement defor-
mation from early Miocene to Pliocene (A-B,
C, and D-E in Fig. 8). Basement partitioning
in the foreland basin began much earlier than
has previously been suggested. Along strike in
the southern Central Andes, foreland-basement
thrusting propagated south and did not fully
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match southward migration of the Juan Fernan-
dez Ridge. The earliest broken foreland episode
developed during the early Miocene and involved
the western domain of Famatina, where >4500 m
of Paleozoic strata overlie basement. Sedimenta-
tion during the early Neogene is represented by
a normal unroofing megasequence with superbly
preserved rotated unconformities and clear
evidence, at the top, of basement involvement
within the source. Shortening and initial foreland
partitioning was interrupted by shifting of defor-
mation toward the east. This is consistent with
exhumation and unroofing of the eastern domain
where basement sources predominate to the east
of the early Miocene depocenter, as indicated
from provenance and inversion of paleocurrents.
Renewed shortening in the late middle Miocene
and the Miocene—Pliocene contributed to re-
exhumation of basement sources to the west and
broad reversal of paleocurrents and sources that
persisted throughout the late Cenozoic and into
the present. Basement uplift interrupted drain-
age systems and promoted forced aggradation
in intermontane depozones. For this reason, syn-
orogenic stratigraphy on both sides of Famatina
differs not only in composition, but in preserved
thickness.

Our age-controlled provenance analysis in
Famatina suggests protracted basement involve-
ment in deformation and incorporates new
evidence regarding broken foreland dynam-
ics. Deformation started in early Miocene time
between Famatina and northern Sierras Pam-
peanas, indicating that slab shallowing had
started before arrival of the aseismic Juan Fer-
nandez Ridge, which began to control the study
region since the Miocene—Pliocene onward.
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