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The geometry of the active strike-slip El Tigre Fault, Precordillera
of San Juan, Central-Western Argentina: integrating resistivity
surveys with structural and geomorphological data
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Abstract The geometry and related geomorphological
features of the right-lateral strike-slip El Tigre Fault, one of
the main morphostructural discontinuities in the Central—
Western Precordillera of Argentina, were investigated.
Achievements of this survey include: recognition of
structural and geometrical discontinuities along the fault
trace, identification and classification of landforms asso-
ciated with local transpressional and transtensional sectors,
observation of significant changes in the fault strike and
detection of right and left bends of different wavelength. In
the Central Segment of the El Tigre Fault, 2D electrical
resistivity tomography surveys were carried out across the
fault zone. The resistivity imaging permitted to infer the
orientation of the main fault surface, the presence of blind
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fault branches along the fault zone, tectonic tilting of the
Quaternary sedimentary cover, subsurface structure of
pressure ridges and depth to the water table. Based on this
information, it is possible to characterize the El Tigre Fault
also as an important hydro-geological barrier. Our survey
shows that the main fault surface changes along different
segments from a high-angle to a subvertical setting whilst
the vertical-slip component is either reverse or normal,
depending on the local transpressive or transtensive regime
induced by major bends along the trace. These local vari-
ations are expressed as sections of a few kilometres in
length with relatively homogeneous behaviour and fre-
quently separated by oblique or transversal structures.

Keywords El Tigre Fault - Argentine Precordillera -
Neotectonics - Fault structure - Geomorphology -
2D electrical resistivity tomography

Introduction

The Andean Precordillera of Argentina, a first-order mor-
photectonic unit in the Pampean Segment of flat subduction
(27°5-33°S), is characterized by a high rate of seismicity
and Quaternary tectonic activity (Costa et al. 2006). Along
the San Juan and Mendoza Provinces, in fact, the Pre-
cordillera corresponds to the seismically most active area
of the whole country (INPRES 1977). Hence, identification
and characterization of neotectonic structures are of special
interest among other objectives to estimate the seismic
hazard of the region. In particular, the 120-km-long strike-
slip El Tigre Fault (30°12/S-31°14’S, Fig. 1) is regarded as
a remarkable feature in the Central-Western Precordillera
of the San Juan Province due to its length, quality of
exposure and evidence of its Quaternary activity
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emphasized by pressure ridges, releasing basins and offset
stream channels (INPRES 1982; Bastias et al. 1984; Siame
et al. 1997a, b, 2006; Cortés et al. 1999). The actual
geometry, extension, kinematics and associated deforma-
tional rate of this main fault system have been the subjects
of debate. Despite its conspicuous geomorphological
character and location in a seismically active region of
Argentina, detailed and systematic studies on these features
of the El Tigre Fault are very scarce. Very encouraging
results have been achieved through the application of
geophysical methods for imaging Quaternary structures,
such as seismic reflection (Wang 2002; Donne et al. 2007);
in this case, however, the use of these methodologies in the
study area has just begun (Fazzito et al. 2009; Fazzito
2011). On the other hand, 2D electrical resistivity tomog-
raphy, a fast and economic method for imaging shallow
geological bodies, has been applied with positive conclu-
sions for modelling seismogenic structures along the Pre-
cordillera, resulting in better constrains on its geometrical
and kinematical properties (Terrizzano et al. 2008, 2010,
2012; Fazzito et al. 2009; Terrizzano 2010; Fazzito 2011).
A structural and geomorphological study along the
Central and Southern Segments of the El Tigre Fault
together with the results of 8 shallow electrical resistivity
models performed in the Central Segment is presented.
They contribute to a better characterization of both the
subsurface geometry and kinematics of the fault.

Geological frame

At the latitude of the El Tigre Fault, the eastern margin of
the Central Andes consists of, from west to east, four first-
order morphostructural units: the Frontal Cordillera, the
Calingasta—Iglesia Valley, the Precordillera and the Sierras
Pampeanas. Between 30°S and 32°S, the Precordillera has
been subdivided into three morphotectonic subunits: the
Western Precordillera, where the El Tigre Fault is located,
the Central and the Eastern Precordillera (Ortiz and Zam-
brano 1981; Baldis et al. 1982). The Argentine Precord-
illera is recognized as a fold-and-thrust belt, 400 km long
and 80 km wide, uplifted during the Late Cenozoic
beginning at around 16 Ma in its northern end and sys-
tematically decreasing in age up to 3.5 Ma in its southern
tip (Ramos et al. 2002 and references therein). The
southern end of the Precordillera coincides with the end of
the flat-slab segment (27°S-33°S) of the Central Andes,
which has led to interpretations of the uplift of the
Argentine Precordillera as closely related with shallowing
of the subducted Nazca Plate under South America in
the Late Cenozoic (Allmendinger et al. 1990; Kay and
Abbruzzi 1996; among others). The Neogene tectonic
evolution is characterized by a diachronic migration towards
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the east of the orogenic front up to the Sierras Pampeanas and
the contractional and transpressional deformation of the
foreland basin (Isacks and Barazangi 1977; Jordan et al.
1983a, b; Ramos et al. 2002). The Central and Western
Precordillera, between 30°S and 31° 30’S in the San Juan
Province, constitutes an east-verging thin-skinned belt
(Baldis et al. 1982; von Gosen 1995), whilst the Eastern
Precordillera is a west verging backthrust system with a
deeper level of detachment within the basement, defining a
thick skinned triangle zone underneath the Central Pre-
cordillera (Zapata and Allmendinger 1996). In the central
section of the Precordillera (30°00'S-31°30'S), Quaternary
ruptures generally result from the reverse and oblique
rejuvenation along segments of range fronts faults. In
intermontane basins, folds and fault scarps which affect the
piedmont areas are common (Bastias et al. 1990; Cortés
et al. 1999; Costa et al. 2000). The eastern flank of the
Precordillera, between 31° and 34°S, concentrates most of
this active Quaternary deformation (Costa et al. 2006);
however, evidence of neotectonic activity has been also
reported at the western margin (Cortés and Cegarra 2004;
Cortés et al. 2005a, b, ¢, 2006; Basile 2004; Vallejo 2004;
Yamin 2007; Terrizzano 2010). One such example is the
displaced Pleistocene sediments along the El Tigre Fault
(Bastias and Bastias 1987; Siame et al. 1997b, 2006; Cortés
et al. 1999). The Calingasta—Iglesia Valley is a 30-km-wide
piggy-back intramontaneous basin (Allmendinger et al.
1990; Beer et al. 1990; Jordan et al. 1993) filled in part
with a Miocene—Pliocene volcano-sedimentary succession
and Quaternary deposits (Beer et al. 1990) related to dif-
ferent alluvial-fan events and fluvial sediments (Bastias
1985; Siame et al. 1997a).

Stratigraphy

The El Tigre Fault extends approximately between the
Jachal River, to the north, and the San Juan River, to
the south (from 30°12’S to 31°14’S, Figs. 1 and 2), in the
central region of the Western Precordillera, with a roughly
north—south trend (~N7°E). Its southern half cuts the
intermountain depression between Sierra del Tigre, to the
east, and Sierra de la Crucecita, to the west. On its northern
half, the El Tigre Fault becomes more complex with
several fault strands on the eastern side of the Iglesia—
Calingasta Valley. In this region, the exposed lithostrati-
graphic units can be grouped into a Palaeozoic—Early
Mesozoic substratum constituted by Ordovician marine
sedimentary and volcanic rocks (Furque 1963; Cardé and
Diaz 2005), Permian marine sequences, Permo-Triassic
volcanics and ignimbrites and Late Triassic (Baraldo et al.
1990) continental red beds. On top, some Palacogene
conglomerates and fluvial sandstones underlie the widely
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Fig. 1 a Geologic map and main structural features of the central part of the El Tigre Fault zone. b El Tigre Fault structure [following Siame
et al. (1997b)] on digital elevation model (image from SRTM, 3 arc second, available at http://seamless.usgs.gov)

distributed outcrops of the Iglesia Group which represents a
Neogene succession of continental sediments, volcanic and
pyroclastic rocks. A few small Miocene andesitic intrusive
bodies are also exposed in the area (Leveratto 1976). In the
study region, the Neogene successions represented by the
Iglesia Group are constituted by the Las Flores and Lomas
del Campanario Formations (Wetten 1975a, b; Aparicio
1984; Weidmann et al. 1985; Contreras et al. 1990).
According to published radiometric age data (Johnson et al.
1987; Re and Barredo 1993; Re 1994; Jordan et al. 1997),
the age of the Iglesia Group is comprised between the Late
Miocene (~ 11 Ma) and the Pliocene (~4 Ma). It is gen-
erally accepted that the Las Flores Formation overlies the
Lomas del Campanario Formation by a regional uncon-
formity (Contreras et al. 1990), although Gagliardo et al.
(2001) considered that the two units interdigitate. The

Lomas del Campanario Formation crops out in Cuesta del
Viento, Lomas del Campanario and Iglesia, and is
composed by ignimbrites, andesites, tuffs, agglomerates,
conglomerates and sandstones. Good outcrops of the Las
Flores Formation, composed of epiclastic and pyroclastic
rocks, are present in the upthrown block of the El Tigre
Fault (central sector, between 30°45'11” and 30°49'08") as
part of the bedrock scarp and in the steep slope of the river
valleys that entrench that scarp. Quaternary alluvial
deposits infill the intermountain depressions, in the western
piedmont of Sierra Negra and between Sierra de la Cru-
cecita and Sierra del Tigre. Alluvial fans were studied in
detail by Siame et al. (1997a, b), Siame (1998) and Yamin
(2007). Taking into account the stratigraphical relations
between the alluvial deposits, the presence of morpholog-
ical surfaces and the results of minimum '°Be exposure
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Fig. 2 Structure of the El Tigre Fault along the Central and Southern
Segments on fop of an ASTER satellite image (RGB: 321). The
pressure ridges are marked as PR, releasing basins as RB, splays as SP

ages of alluvial-fan surfaces, the deposits were subdivided
into six units (Siame et al. 1997a, b, Siame 1998), from
(21 £ 4) ka to (670 £ 140) ka. Yamin (2007), on the other
hand, only distinguished four regional levels of alluvial
deposits and a fifth level represented by the recent
sediments.

The El Tigre Fault

The El Tigre Fault has been characterized as a 120-km-long
strike-slip fault with a major right-lateral strike-slip com-
ponent and an uplifted western block on its central sector
(INPRES 1982; Bastias and Bastias 1987; Bastias et al. 1990,
1993; Siame et al. 1996, 1997b, 2006; Cortés et al. 1999).
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Disruptions of Pleistocene surfaces and geomorphological
features like fault scarps, releasing basins, pressure ridges
and offset streams constitute the evidence for its Quaternary
activity (Figs. 2, 3, 4). Pleistocene strata and Neogene suc-
cessions of the Iglesia Group are affected by the fault, except
for its southern ending where it affects the exposed Palaeo-
zoic bedrock at Sierra del Tigre. The reverse east-vergent La
Crucecita Fault that controls the uplift of the eponymous
range, and the reverse faults that limit the eastern margin of
Sierra del Tigre are the regional structures spatially associ-
ated with the El Tigre Fault (Card6 and Diaz 2005). Also, the
western margin of Sierra del Tigre is controlled by a longi-
tudinal structure, probably antithetic with the eastern thrusts
that limit this range to the east, as suggested by satellite
imagery and aerial photographs.
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Fig. 3 a Panoramic sight from the east where several pressure ridges and releasing basins are observed (Central Segment). b Releasing basin
(RBI) and pressure ridge (PRI) in the Southern Segment of the El Tigre Fault; view to the north. Scarps at the sides are recognized

Cordillera Frontal

Fig. 4 a Piedmont and fold-limb scarps in the Central Segment of the El Tigre Fault. b Bedrock scarps (Central Segment); Las Flores Formation
underlies the Quaternary alluvial deposits. Pressure ridges and releasing basins are identified

The actual extent of the El Tigre Fault has been the
subject of important controversies. First studies proposed
that it belongs to an extensive fault system of almost
1,000 km in length (INPRES 1982) called Caida del Tigre
Fault. Later, Bastias et al. (1984), following this model
estimated its length in roughly 800 km, extending the El
Tigre Fault from Sierra de Cortaderas, in the Mendoza
Province, to Laguna Brava, in the La Rioja Province
(Bastias 1985). This long structure was also called the El
Tigre Fault System composed of several individual faults
as Agua del Jagiiel, Jarillal, Tontal, El Tigre, Punilla, La
Bolsa and Bonete (Bastias et al. 1985), Chaschuil, Aguas
Calientes (Bastias and Bastias 1987), Cantaro de Oro,
Infiernillos, Hilario, Carmen Alto, Puesto Tapia and La
Cantera (Bastias et al. 1990). This model was adopted in
many subsequent works: Bastias et al. (1985), Bastias
(1985), Bastias and Bastias (1987), Bastias and Uliarte
(1987), Paredes (1990), Bastias et al. (1990), Bastias
(1990a, b), Abad et al. (1990), Paredes (1990), Card6 and
Diaz (2005), Esper Angillieri (2007), among others. Nev-
ertheless, other authors (Siame et al. 1996, 1997b, 2006;
Cortés et al. 1999) have not found evidence of the El Tigre
Fault extending beyond 120 km, neither to the north of the
Jachal River nor to the south of the San Juan River. In this
interpretation, the other stated faults would not have any

kinematic link with the El Tigre Fault. In this work, we
assume that the latter fault model is valid.

Siame et al. (1996, 1997a, b, 2006) and Siame (1998)
provided important contributions to the knowledge of the
activity of the El Tigre Fault which included '°Be cos-
mogenic dating of aggradation and erosion levels corre-
sponding to Quaternary deposits affected by the fault
activity. They recognized geomorphological markers
which were used as evidence for right-lateral displace-
ments, with a maximum offset of (260 £ 20) m cumulated
during the Late Quaternary. The observed displaced sur-
faces have ages below ~700 ka (Siame et al. 1997b),
which differs from the estimation presented by Bastias
et al. (1985) and Bastias and Uliarte (1991), who stated that
motions and strains are exclusively Holocene. The geo-
logical data indicate that the El Tigre Fault was mainly
originated during the Middle Pleistocene, before the
accumulation of the Late Pleistocene sediments. Then,
during the Late Pleistocene and Holocene, the fault was
reactivated generating smaller relief and displacements.
Though pre-Quaternary activity cannot be completely ruled
out in the central area of the fault, the geological evidence
indicates null or scarce activity in this time due to the
absence of an angular unconformity between the Neogene
and Quaternary sediments. The age data and measurements
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of cumulative horizontal and vertical displacements were
used to calculate slip rates (Siame et al. 1997a, b), resulting
in 1 and 0.3 mm/a, respectively. Siame et al. (1997b, 2006)
have suggested that the El Tigre Fault is a major crustal-
scale fault accommodating a dextral strike-slip component
due to partitioning of deformation induced by the oblique
convergence of the Nazca plate under South America. The
presence of the east-facing steep slope in the Central
Segment was interpreted by Siame et al. (1997b, 2006) as a
result of oblique slip (rake 17°). According to these
authors, the El Tigre Fault is strongly connected to the
Precordilleran fold-and-thrust belt, in which slight strike
variations seem to parallel the El Tigre Fault geometry and
discontinuities (Siame et al. 1997b). If this interpretation is
correct, both systems could be genetically related by par-
titioning the oblique convergence (3—8 mm/a shortening in
the fold-and-thrust belt and 1-mm-dextral strike-slip dis-
placement along the EI Tigre Fault).

Considering the fault trace geometry, Siame et al.
(1997b) proposed to divide the structure into three major
segments: Northern (46 km long), Central (48 km long)
and Southern (26 km long). The northern limit of the
Southern Segment (31°01'30”S and 31°12'00"S, approxi-
mately) is located around 1 km to the south of two
releasing basins (RB1 and RB2, Fig. 2), which are related
to a double pressure ridge (PR1, PR2), whilst its southern
extreme can be placed where the trace loses its geomor-
phological expression in the Palacozoic rocks of Sierra del
Tigre. This segment is characterized by a linear uninter-
rupted trace and a strike-slip component clearly evidenced
by the right-lateral offset of the drainage network
entrenching the alluvial fans that come from the western
piedmont of Sierra del Tigre. This geomorphological
marker has been used by Siame et al. (1997a, b) to measure
the maximum accumulated displacement during the Qua-
ternary and to calculate the horizontal displacement rate
through combining the dating of different alluvial-fan
surfaces.

The Central Segment has its northern limit where the
fault bends to the northwest (~31°35’15”S) and has been
recognized as a complex relay zone (Siame et al. 1997b). It
can be distinguished by a clear piedmont and bedrock scarp
with an east-facing slope which is the result of the vertical
displacement along the fault (Fig. 4). This scarp has a slope
of 18°-24° (Bastias et al. 1984) and, according to mea-
surements by Siame et al. (1997b) and Siame (1998), a
maximum height of approximately 85 m at Los Morros
zone (Fig. 1a). Several transpressive and transtensive
geomorphological features (pressure ridges and sag ponds,
respectively) have been preserved on the western block of
the fault (Figs. 2, 3, 4). Detailed geomorphological and
geophysical studies were concentrated in this segment,
which represent the main focus of this paper.
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The Northern Segment has its northern edge in the
Cuesta del Viento dam (~31°12'00"'S) and was interpreted
as a horse-tail-like termination of the El Tigre Fault due to
the disperse rupture in several strands separated from 1 to
5km (Siame et al. 1997b). Pérez and Costa (2006)
described two major branches between the Negro Hill and
the Jachal River.

Previous geophysical prospection studies in the area
affected by the El Tigre Fault are scarce. Some 2D
reflection seismic lines have been reported from commer-
cial oil industry exploration activities (Beer et al. 1990;
Fernandez 1995; Re et al. 2003), but most of them are of
poor quality or are unsuitable for the purpose of this study.
Preliminary results of a geoelectrical survey were reported
by Fazzito et al. (2009); near vertical to high-angle fault
surfaces have been reported by interpreting four resistivity
models which also suggest that this fault may act in some
areas as a hydro-geological barrier.

The Central Segment of the El Tigre Fault

In the Central Segment (from 30° 47'07"S to 30° 49'08"'S),
the trace of the El Tigre Fault is recognized in the field as a
main fault scarp usually of piedmont or, in part, bedrock
nature, associated with pressure ridges, sag ponds and
secondary branches (INPRES 1982; Bastias 1985; Bastias
and Uliarte 1991; see Figs. 3a and 4). The drainage net-
work coming from Sierra del Tigre on the east is related to
the generation and development of alluvial fans and it is
affected by the deformation associated with the El Tigre
Fault. The vertical entrenchment of the drainage network in
the younger alluvial fans is not significant, whilst in the
older ones it becomes more evident (i.e. deeper). Most of
these streams join major collectors parallel to the foot of
the main scarp, until they follow through main west-
striking antecedent valleys which outline water gaps. Other
fluvial valleys, for which the entrenchment rate has been
slower than tectonic uplifting, have become suspended in
the upthrown block of the fault and appear as beheaded
streams and several wind gaps. Also, the drainage appears
shuttered in diverse releasing basins situated close to the
scarp, as observed by Bastias et al. (1985), Bastias (1989),
Bastias and Uliarte (1991) and Siame et al. (1997b). Along
the whole Central Segment, there is a prominent dip-slip
component of faulting, evidenced not only by the throw,
but also by the beheaded rivers and the wind gaps that are
preserved tens of metres over the foot of the scarp. As a
result of the preservation of younger alluvial deposits close
to the scarp in the eastern-downthrown block, the estima-
tion of the horizontal slip rate of the fault from the offset of
the landforms is not possible. This rate was estimated,
though, in the Southern Segment from the offset stream
channels (Siame et al. 1997a, b) as already mentioned.
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Taking into account the evidence of landforms and palae-
oseismological data, Bastias and Uliarte (1991) recognized
that, between 30°30’S and 31°00'S, the El Tigre Fault has a
combined oblique movement: a dextral strike slip with
normal and reverse components evidenced by the geo-
morphological features. Some of the numerous landforms
associated with right-lateral movement along the Central
Segment of the El Tigre Fault were described by Bastias
et al. (1985), Bastias (1989) and Bastias and Uliarte (1991).
According to these authors, restraining bends are related to
the presence of eight pressure ridges (not mapped), the
internal structure of which would be that of a flower-like
pattern of reverse faults. Releasing bends are associated
with tectonic depressions or sag ponds inside the alluvial
fans (releasing areas).

Four palaeoseismological trenches orthogonal to the
fault trace were previously excavated in the Central Seg-
ment. Three of them (T1, T3 and T4, Fig. 2) have been
carried out in bogs or sag ponds and presented 65° to 70°
east-dipping fault planes (INPRES 1982; Whitney 1990).
Siame (1998) identified four rupture surfaces at T2 (Fig. 2,
30°48'27"S, 69°13'09"W), of which the most important
was a 78° east-dipping fault with a strike direction N17°E.
In all cases, the identified faults record normal displace-
ment associated with a local transtensive regime.

Structural and geomorphological observations

The analysis of aerial photographs (stereoscopic pairs at
scale 1:50,000), ASTER satellite imagery (resolution:
15 m/pixel) and field observations permitted to identify
and map fault trace discontinuities and diverse landforms
of tectonic origin along the Central and Southern Segments
of El Tigre Fault (see Figs. 1, 2).

Fault discontinuities

Transcurrent faults commonly show several geometrical
discontinuities (Crone and Heller 1991) such as bends,
stepovers and gaps (Woodcock and Fischer 1986; Wood-
cock and Schubert 1994), which are expressed as pressure
ridges, sag ponds and pull-apart basins. The right-lateral
strike-slip component of the El Tigre Fault, evidenced by
the offset stream channels of the Southern Segment,
determines that the pressure ridges are associated with left
bends (restraining bends) whilst releasing basins and sag
ponds are connected to right bends (releasing bends). There
are also structural discontinuities (Crone and Heller 1991)
like splays of hundreds of metres to a few kilometres long
and intersections of the main fault with oblique structures
(lineaments, inferred or covered faults). The splays are
expressed in the field as steps or stepped scarps (multiple
scarps, Stewart and Hancock 1991). Pressure ridges,

releasing basins and splays are identified as PR, RB and SP
in Fig. 2. Table 1 contains morphometric data of the
pressure ridges (PR1-PR9Y, labelled from South to North)
that were included in Fig. 2. Their width ranges from 300
to 550 m and their length varies between 0.58 and 2.3 km.
The length/width ratio (from 1.57 to 6.0) indicates a
prevalence of elongated forms (spindle shaped, Mann et al.
1983), instead of the more usual rhombohedral one. Nine
releasing basins observed in the Central and Southern
Segments (referred to as RB1 to RB9 in Fig. 2) display
widths from 150 to 250 m and lengths from 250 to 750 m,
with average values of 200 and 500 m, respectively. The
average of the length/width ratio is 2.5, which also indi-
cates a dominance of elongated landforms.

Sections along the El Tigre Fault

Boundaries of sections along the Central and Southern
Segments of the El Tigre Fault have been defined where the
major change in strike occurs. It has been observed that
tectonic-related geomorphological features, such as sets of
pressure ridges locally associated with small sag ponds,
piedmont or bedrock scarps and splays, are not distributed
homogeneously along the trace, but they variably charac-
terize each section in relation to its strike.

In the Central and Southern Segments, six major sec-
tions (S1-S6, Fig. 2) were defined. The length of these
sections ranges from 5.0 to 7.3 km, the strike of the fault
along these sections varies from N-S to N18°E, whilst the
strike variation between neighbouring sections ranges from
5° to 18°. Principal characteristics of each section are
presented in Table 2. The disposition of landforms and the
variations in strike enable us to interpret some of these
strands as right or left large wavelength bends (several
kilometres long) which define, respectively, major trans-
tensive or transpressive sectors as a result of the right-
lateral strike-slip motion along the fault. Sections S2 and
S4 constitute major left bends, whereas S5 is a notable
major right bend. These three sections represent major
deflections of the fault trace. The main transpressive areas
comprise associations of pressure ridges and small sag
ponds distributed among them. The ridges can be aligned
(S2) or overlapping and imbricated (S4) in restraining
duplexes caused by strike-slip faulting (Woodcock and
Fischer 1986). The other sections, with no or few isolated
pressure ridges or releasing basins, show generally bedrock
or piedmont scarps and splays (S1, S3, S6) and do not
constitute prominent inflexions. The S1 section shows a
prominent strike-slip behaviour with a linear trace (Bastias
1985; Siame et al. 1997b) and a null or small dip-slip
component (a restraining component due to the presence of
an in line pressure ridge in the trace could be inferred).
Section S6 presents one releasing basin and two pressure
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Table 1 Morphometrical details of the features (pressure ridges) along the Southern Segment and the Central Segment of the El Tigre Fault

Pressure ridge Coordinates Length (km) Width (km) Length/width ratio
South latitude West longitude

PR1 30°59'11” 69°14'31"” 1.50 0.45 333

PR2 30°58'25" 69°14'19” 1.50 0.40 3.75

PR3 30°56'06" 69°14'06" 0.50 0.30 1.67

PR4 30°53'12" 69°13'24" 1.00 0.30 3.33

PR5 30°52'01” 69°13'26" 1.80 0.30 6.00

PR6 30°51'06” 69°13'24" 2.20 0.50 4.40

PR7 30°50"27" 69°13'12” 2.20 0.55 4.00

PR8 30°46'05” 69°12'14” 1.70 0.40 4.25

PR9 30°39'17” 69°11'50” 0.58 0.37 1.57
Range of variation 0.50-2.20 0.30-0.55 1.57-6.00
Average values 1.44 0.40 3.59

They are enumerated from PR1 to PR9, from south to north

Table 2 Sections in the Central and Southern Segments, named from S1 to S6 from south to north

Segment (Siame  Section  Landforms and Length  Average strike  Angle between  Dominant inferred

et al. 1997b) structures (km) of the section sections stress regime

Southern Segment south of the fault OF1

Southern S1 Strike-slip fault scarps 7.5 NI0°E S1-S2: 5° Transcurrent
Offset stream channels

Central S2 PR1, PR2, RB1, RB2 5.0 N5°E S2-S3: 5° Transpressive

Central S3 Piedmont scarps 7.5 NI10°E S3-S4: 10° Transtensive?
Splays
SP1
PR3

Central S4 Piedmont and fold-limb scarps 7.5 N-S S4-S5: 18° Transpressive
PR4, PRS5, PR6, PR7, RB3, RB4, RB5

Central S5 Piedmont and bedrock scarps 5.5 NI8°E S5-S6: 13° Transtensive
RB6, RB7

Central S6 Bedrock and piedmont scarps 16.0 N5°E Transpressive

Splays
PR8, PRY, SP2, RB8

Geometric data and type of dominant stress regime by sectors are indicated

ridges, all of them isolated and related to local small
inflections of the fault. In its northern tip, the R2 splay
(upthrown block) presents left bending with a progressive
uplift of pre-Cenozoic bedrock blocks, suggesting a trans-
pressive tectonic regime. Confirmation of the inferred
transtensive or transpressive character of the stress regime
in some of these sections (S3, S4, S5; Table 2) was one of
the main objectives of the geophysical surveys carried out.

Minor geometrical discontinuities have been also iden-
tified and are represented by left bends, which have asso-
ciated pressure ridges from 1 to 2.3 km long, or right bends
and stepovers, which related releasing basins varying from
250 to 750 m in length. The releasing basins are in general
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associated with sag ponds limited by a main fault scarp in
their western margin. In the present work, the subsurface
structure of two pressure ridges and one releasing basin,
along the S3, S4 and S5 sections, were studied through the
electrical resistivity tomography (ERT) method.

Transverse and oblique structures

The longitudinal continuity of the Quaternary deposits in
the piedmont of Sierra del Tigre is disrupted by an oblique
fault with a N70°E direction (indicated as OF1 in Fig. 2)
which uplifts blocks of the Palaeozoic bedrock to the south
within the intermountain valley. In the same way, the
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Central and Southern Segments of El Tigre Fault are
crossed by several transverse and oblique faults, mostly
with WNW-ESE (N110°/114°E) and NW-SE (N134°/
136°E) strike (see Fig. 2). They comprise inferred faults
and lineaments revealed by long linear strands of stream
channels that do not expose the bedrock on surface, as
opposed to the OF1 fault. These features seem to play an
important role in the kinematics of different sections of the
El Tigre Fault. They are not distributed uniformly but
concentrated in specific areas, for example, within the
sections S4, S5 and S6. Several NW-SE trending linea-
ments and faults were inferred to the north of the Quebrada
Ancha (Figs. 1, 2) from the linear pattern of the drainage
network drawing a horse-tail pattern at the northern end of
the Central Segment. In the area between Los Morros and
Quebrada Ancha, on the downthrown block, WNW-ESE
trending gentle piedmont scarps cut the alluvial-fan
deposits and control the drainage network. These structures
were studied by an ERT profile (P7 cross-cut, Fig. 2). A lot
of pre-Quaternary NW-SE trending fractures exposed in
the Palaeozoic basement were mapped at Sierra de la
Crucecita next to the S3 and S4 sections, suggesting that
NW-SE trending Quaternary faults and lineaments are
likely controlled by, and represent reactivations of, inher-
ited structures.

An inferred lineament (L), between the RB7 releasing
basin and the PR8 pressure ridge (Figs. 1, 2), represents
another oblique structure, which is apparently of signif-
icant kinematic importance. The main geological char-
acteristics observed around this structural feature are: to
the south of L, (a) a greater throw of the El Tigre Fault,
(b) the lack of the oldest Quaternary alluvial deposits
(age between (670 £ 140) ka and (180 £ 38) ka, Siame
et al. 1997a, b) over the eastern block, (c) the presence
of a large sedimentary basin (RB6), (d) a remarkable
change in the drainage network from an NW orientation
to the north of L to a WNW orientation to the south of
L, and to the north of L, (e) exposures of folded rocks of
the Las Flores Formation that are only slightly tilted to
the south. This lineament may thus represent a major
structural boundary separating two areas with different
kinematics and might represent an inherited basement
structure controlling locally the behaviour of the El Tigre
Fault.

Minor structures to the east of the El Tigre Fault

Tectonic features of minor dimension were localized
over the eastern block of the El Tigre Fault, in the
piedmont plain of Sierra del Tigre. These structures
affect exclusively ancient Quaternary alluvial deposits
(see Figs. 1, 2). They are localized from 1 to 2 km to
the east of the El Tigre Fault trace and do not have any

surficial direct contact with it or mechanical soft linkage.
They are east- or west-facing piedmont fault scarps and
gentle anticlines subparallel or slightly oblique to the El
Tigre Fault trace of hectometric dimensions. A greater
concentration of these structures is observed at the lati-
tude of Quebrada Ancha (Figs. 1, 2). We will further
discuss these features in a subsequent section where,
based on the results of the geophysical survey, it is
suggested that these structures are likely parts of splays
connected to the Sierra del Tigre backthrust and not to
the El Tigre Fault.

The segmentation of the El Tigre Fault

Taking into consideration the structural observations
presented in this work, we reconsider the geometrical
segmentation model of the El Tigre Fault adopted by
Siame et al. (1997b), suggesting minor changes. The new
boundaries between segments here determined take into
account the geometry, structure and behaviour of each
segment in order to represent a better estimation of the
possible co-seismic rupture behaviour. The boundary
between the Northern and the Central Segments is con-
sidered to be 5.5 km to the south from that proposed by
Siame et al. (1997b), at 30°3800’S, where the fault
bifurcates into two branches, one with an NW strike
(Fig. 2). Furthermore, the boundary between the Central
and the Southern Segments is assumed in correspondence
with the intersection with the OF1 oblique fault, whilst
the limit considered by Siame et al. (1997b) was defined
in the vicinity of PR1 and PR2 pressure ridges. This
intersection represents an irregularity of first order that
strongly affects the morphotectonic configuration of the
El Tigre Fault. The OF1 fault controls the uplift of the
pre-Cenozoic bedrock in the intermountain valley
between Sierra de la Crucecita and Sierra del Tigre. To
the south of this structure, the alluvial deposits are sig-
nificantly reduced in their extension and the El Tigre
Fault appears as the western boundary of the Sierra del
Tigre range. The Southern Segment would, therefore, be
confined only to the highland portion. Under these con-
ditions, the length of the Northern Segment is 52 km,
that of the Central Segment 49 km and that of the
Southern Segment 20 km if we assume that the fault ends
at the San Juan River, though we cannot definitely rule
out a possible extension farther south. Despite this
redefinition of the boundaries, the new segmentation does
not introduce any significant difference in the magnitudes
of the maximum expected earthquake per segment as
calculated by Siame et al. (1997b) according to the
Hanks and Kanamori scaling laws (1979): 7.1 + 0.1 for
the Central Segment and 6.9 + 0.1 for the Southern
Segment.
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2D ERTs

The application of the 2D ERT method for modelling
geological bodies and characterizing Quaternary faults has
led to encouraging results as already published in the last
decade (e.g. Fleta et al. 2000; Giano et al. 2000; Storz et al.
2000; Suzuki et al. 2000; Verbeeck et al. 2000; Demanet
et al. 2001a, b; Caputo et al. 2003, 2007; Wise et al. 2003;
Colella et al. 2004; Rizzo et al. 2004; Nguyen et al. 2005,
2007; Fazzito et al. 2006, 2009; Terrizzano et al. 2008,
2010, 2012; Niviere et al. 2008; Panek et al. 2011). In the
present study, the main objective of applying this meth-
odology has been to provide information on the subsurface
geometry of the El Tigre Fault in its Central Segment. The
survey was carried out with a Syscal R1 Plus Switch 48
Plus Georesistivity-meter (Iris Company) with 48 elec-
trodes normally spaced at 10 m. The resistivity meter is
able to automatically perform a predefined set of mea-
surements according to a suitable type of arrangement and
stores the data of average transmitted current, average
reception voltage, location of electrodes, apparent resis-
tivity values and related standard deviation for each defined
quadripole.

Of the eight ERTs that were carried out, six are
orthogonal to the El Tigre Fault, which they cross about
their middle points. These are distributed along the three
major sections of the Central Segment: S5 (P1 and P2
surveys), S4 (P3 and P4 surveys) and S3 (PS5 and P6 sur-
veys). Another profile runs parallel to the main fault (P7
survey) surveying the northern part of S4 and the southern
of S5. The last profile was carried out across some minor
structures over the piedmont of Sierra del Tigre (P8 sur-
vey). All ERTs included in this work, with the exception of
P7, have been performed with a dipole—dipole array. It is
accepted that this option provides good horizontal resolu-
tion in resistivity surveys (Loke 1996-2011) and therefore
it is more appropriate for imaging subvertical faults
(Caputo et al. 2007; Niviere et al. 2008; Fazzito et al. 2009;
Panek et al. 2011; Terrizzano et al. 2012). For P7, a
Wenner—Schlumberger array was chosen to exploit the
greater vertical sensibility in order to emphasize the lay-
ering of the alluvial deposits. The electrode nodes were
equally spaced every 10 m for the basic arrangement (i.e.
the total length of the electrical array was 470 m). In some
occasions (P4, P5, P7, P8), the basic array was further
extended by means of the roll-along technique. The loca-
tion of the eight geoelectrical profiles (P1-P8) is presented
in Fig. 2 and specified in Table 3; measurement parameters
are listed in Table 4.

The pseudoresistivity measurements are conventionally
arranged in the form of pseudosections or pseudodepth plot
(Telford et al. 1990). These are contour colour fill diagrams
of pseudoresistivity values where the horizontal axis
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Table 3 Strike and coordinates of the midpoint for P1 to P8 survey
lines

Survey Coordinates of the midpoint of the survey lines  Strike
South latitude West longitude

P1 30°46'29.4" 69°12/20.5" N113°E
P2 30°48'28.0" 69°13'08.4" N110°E
P3 30°50'13.4" 69°13'05.5" N62°E
P4 30°51'58.8" 69°13'21.0" N84°E
P5 30°54'45.5" 69°13'49.6” N112°E
P6 30°56'05.3” 69°14'03.6" N105°E
P7 30°49'44.4" 69°12/56.1" N10°E
P8 30°47'40.2" 69°11'05.7" N116°E

represents the geometrical midpoint of a quadripole and
the vertical axis corresponds to the pseudodepth value.
Apparent resistivity values with standard deviation over
4 % were discarded. This criterion implied that the per-
centage of actual data that was kept for resistivity model-
ling was 93 % in average.

For this research, the resistivity modelling was solved
numerically through the RES2DINV software (Geotomo;
Loke 2001; Loke 1996-2011). This model consists essen-
tially of rectangular cells of constant resistivity that adjust
the pseudoresistivity values measured at the surface up to
an acceptable error. Typically, the dimension of the cells is
related to a multiple of the electrode spacing. Concerning
the model discretization, for the presented models, the cell
has been set to a width that is equal to the minimum
electrode separation (10 m) and a cell height that increases
by 10 % in each deeper layer (this option is chosen to
admit the loss of resolution of the geophysical method with
depth). Concerning the matter of the non-uniqueness in the
geophysical problem, we have made the assumption that
resistivity values change smoothly in order to reduce the
number of possible solutions. For the forward model sub-
routine, the finite-element method has been used. The
discrepancy (misfit) between the calculated values of
apparent resistivity and those inferred from field data are
expressed through the root mean square (RMS) which
varied approximately from 4 to 14 %, after 3 to 5 itera-
tions. For every electrical survey, it has been observed that
the calculated pseudosection is roughly similar to the
pseudosection corresponding to the field measurements and
differ only in minor features. The topographic information,
collected in general every ten metres with a barometric
altimeter, was incorporated into the models by a uniformly
distorted grid (all the grid nodes along the same vertical
line are shifted the same distance according to the elevation
of the ground surface). The results of the ERTs are
described and shown in the following section. Four of them
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Table 4 Geometrical and acquisition parameters used in each survey line

Survey Array  Potential Depth level n Section Number of Current Stack Expected Maximum
type dipole length  quadripoles pulse min— standard investigation
length (m) duration max deviation depth of the
(m) (s) (%) 2D model (m)
P1 DD 10 1-6 470 545 1 2-5 5 61
20 3-12
P2 DD 10 1-6 470 589 1 2-4 3 50
20 3,7/2,4,9/2,5,11/2,6
30 4,13/3,14,3,5,16/3,17/3,6
P3 DD 10 1-6 470 503 1 2-6 5 50
20 3-10
P4 DD 10 1-6 710 1,188 1 2-4 3 50
(ra)
20 3,7/2,4,9/2,5,11/2,6
30 4,13/3,14,3,5,16/3,17/3,6
P5 DD 10 1-6 710 867 1 2-6 5 51
(ra)
20 3-10
P6 DD 10 1-6 470 545 1 2-6 5 51
20 3-12
P7 WS 10 1-6 1,910 2,881 1 2-4 3 50
(ra)
20 3,7/2,4,9/2,5,11/2,6
30 4,13/3,14,3,5,16/3,17/3,6,19/
3,20/3,7
P8 DD 10 1-6 710 1,322 1 2-4 3 51
(ra)
20 3,7/2,4,9/2,5,11/2,6
30 4,13/3,14,3,5,16/3,17/3,6,19/
3,20/3,7

It is also specified the maximum penetration depth of the numerical 2D resistivity model. The dipole—dipole array is indicated as DD, the
Wenner—Schlumberger array as WS and “ra” points out the use of the roll-along method

(corresponding to P1, P3, P5 and P6 surveys) have already
been published in Fazzito et al. (2009).

Results
Section S5

The S5 section is characterized by a N18°E-trending
5.5 km-long bedrock or piedmont scarp and is associated
with two releasing basins (RB6 and RB7, Fig. 2) developed
on the downthrown block. Two ERTs were obtained in this
section: P1 across RB7 (Fig. 5a) and P2 (Fig. 5b) also
orthogonal to the fault scarp and parallel to the palaeo-
seismological trench excavated and analysed by Siame
(1998), where evidence of small scale normal faulting
associated with the main fault has been described at this
trench.

The 470-m-long P1 survey lies along a stream channel
approximately orthogonal to the fault trace. The tomo-
graphic model (Fig. 6a) has been described extensively in
Fazzito et al. (2009). It reveals a resistivity discontinuity
immediately below the inferred position of the scarp
(x = 140 m) which has been obliterated by a principal
stream but can be easily interpolated from the scarp at both
sides of the creek. This discontinuity in the resistivity is
interpreted to reflect a subvertical fault plane, which is also
characterized by a relatively broad zone with very low
resistivity (p < 15 Qm). An associated blind fault is sug-
gested some 30 m towards the east of the main fault by a
significant drop in the resistivity values. Distribution of
resistivity values on the eastern half of the model are
interpreted to reflect the stratification of the alluvial sedi-
ments in the eastern block, which seem to dip gently
towards the east, that is, against the natural slope of the
Sierra del Tigre piedmont.
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Fig. 5 Linear arrays for geoelectrical surveys (indicated by arrows) that cross-cuts the El Tigre Fault trace, oblique and minor structures

P2 runs 5 m to the north of the trench excavated by
Siame (1998) and 3.8 km to the south of P1. According to
this ERT (Fig. 6b), a highly resistive zone (p > 500 Qm)
approximately 20 m thick extends from the eastern end of
the profile up to x = 190 m where it is abruptly inter-
rupted. This interruption approximately coincides with the
base of the fault scarp. The highly resistive level continues
also in the upthrown block, having roughly a similar
thickness, but at a higher topographic level as a conse-
quence of displacement along the fault plane. Some thin-
ning close to the scarp is observed which may suggest
some erosion process or less deposition. To the east and
under the high resistive zone, there is a conductive level
(p <90 Qm) that is clearly interrupted below the front of
the fault scarp (x = 190 m). The location of this discon-
tinuity corresponds as well to that of the main rupture
observed in the trench (Siame 1998). So, the ERT indicates
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the presence of an east-dipping fault (x = 190 m) con-
firming a normal slip component of the El Tigre Fault
along this section, in agreement with the dip of a minor
fault associated with the main fault zone observed in the
palaeoseismological trench (Siame 1998). The conductive
layer may correspond to the water table, which would
corroborate the important hydro-geological control of the
fault zone at the site. The presence of a major ditch along
the fault trace between P1 and P2, which works as a water
reservoir for the whole area, is also evidence of such
control. Resistivity stratification in the downthrown block
dips slightly to the east, as in P1, against the regional slope.
This confirms a small but significant tectonic tilting of the
down-thrown block associated with the activity of the El
Tigre Fault all along section S5. As example, we have
chosen this survey to show additional data concerning the
measured pseudosection, the calculated pseudosection and
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Fig. 6 a Electrical resistivity W
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the resistivity block models (see Fig. A of Electronic
Supplementary Material 1).

Section S4

Section S4, characterized by piedmont and fold-limb
scarps, has two associations of pressure ridges (PR4 with
PR5 and PR6 with PR7) and three small sag ponds (RB3,
RB4 and RB5Y).

The ERT P3 is located 3.3 km to the south of P2 and
cross-cuts the pressure ridge PR7. This 470-m-long survey
includes a fold-limb scarp (Scarp 1 in Fig. 5c¢) and a second
scarp of fluvial origin (Scarp 2). The resistivity model
corresponding to this profile (Fig. 7a, also described in
detail in Fazzito et al. 2009), shows a west-dipping high-
angle conductive zone at x = 210 m, just below the fold-
limb scarp, suggesting that the pressure ridge structure is
bounded to the east by a west-dipping fault. At the top of the
downthrown block, the alluvial sediments (p > 200 Qm)
lay, again, against the regional slope, though layering is
poorly defined. Two possible blind faults have been also
inferred to the east of the main fault from resistivity dis-
continuities. In this case, the fault seems to have a lesser
effect on the continuity of the water table.

The P4 survey (Fig. 5d), across the PR7 pressure ridge,
was located approximately 3.3 km to the south of P3. The
section is 710 m long and the maximum penetration depth
of the survey, approximately 50 m. The resistivity model
(Fig. 7b) shows a highly resistive (p > 550 Qm) western
block associated with the structure of the pressure ridge
approximately up to x = 400 m. According to the model,
the sedimentary units that constitute the pressure ridge are
slightly folded forming a broad anticline. This part of the
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ERT differs clearly from the much less resistive eastern
block (p <500 Qm, x > 400 m) probably due to an
important lithological difference. In this profile, the fault
zone is inferred mainly by the sharp contrast in the resis-
tivity values and the presence of a broad more conductive
zone (p < 200 Qm). This subsurface contrast coincides at
surface with the fault-limb scarp (x = 400 m). Although
no narrow conductive zone can be assigned to reflect the
fault plane, a high-angle west-dipping fault plane has been
interpreted (reverse fault). The high-resistivity contrast
between the western and eastern blocks and the presence of
low resistivity values in the fault zone suggest again that
the fault acts as a hydro-geological barrier to the aquifer
fed by the Sierra del Tigre. The model also shows lack of
evidence of any secondary fault bounding the pressure
ridge on the west. This is against a model of the pressure
ridge produced by a positive flower structure in a trans-
pressive zone, as previously proposed in a general way by
Bastias and Uliarte (1991).

Section S3

Section S3 of the El Tigre Fault is dominated by a pied-
mont scarp with a widespread splay (R1) and a small
pressure ridge (PR3, Fig. 2). Two resistivity profiles were
acquired in this section and were exhaustively described in
a previous work (Fazzito et al. 2009), so here, only the
most important remarks will be pointed out.

The ERT PS5 is 710 m long and it is located 5.2 km
south of P4. It runs across a multiple scarp (Fig. 5e), with
two highs, the eastern one being the most recent, since it
affects the youngest sediments and has a lower elevation. A
major discontinuity in the resistivity pattern (Fig. 8a) is
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Fig. 7 a Electrical resistivity tomography associated with the P3
survey (array: dipole—dipole; minimum unit electrode spacing: 10 m;
smooth inversion; maximum penetration depth: 50 m). More details
for this profile were presented by Fazzito et al. (2009). b P4 resistivity

evident at x = 500 m in coincidence with Scarp 2. Its
location and character suggest a subvertical fault. Two less
important discontinuities are apparent at x = 270 m and
x = 390 m. They do not correspond to any special surficial
feature and therefore their meaning is difficult to be
established. They have been speculatively interpreted as
possible blind faults. Scarp 1 is located over 50 m west-
wards from the easternmost “blind fault”, so that if they
are related it would mean a very important erosional
recession of the scarp and a long inactivity. Whether this is
likely it is at least dubious.

The ERT P6 is located 2.6 km to the south of P5 and
cross-cuts the PR3 pressure ridge. Here, the resistivity
model (Fig. 8b), 470 m long and 50 m deep, shows a very
clear discontinuity (x = 220 m) at the eastern boundary of
the pressure ridge, just below the fold-limb scarp. The
resistivity pattern is interpreted as due to a high-angle west-
dipping fault (reverse fault). The eastern, downthrown,
block shows relatively low resistivity values characteristic
of the alluvial deposits (p > 150 Qm) that constitute the
piedmont of Sierra del Tigre and suggest layering against
the regional slope. The low resistivity level in the eastern
block (x > 220 m, z < —40 m, p < 100 Qm) that reflects
high water content is abruptly interrupted at the inferred
fault plane, providing further evidence of the hydro-geo-
logical control exerted by the El Tigre Fault. No significant
geoelectrical structure is evident on the upthrown (western)
block. This is consistent with a pressure ridge not corre-
sponding to a positive flower structure, as it was also seen
in previously discussed ERTs.
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model carried out across El Tigre Fault (array: dipole—dipole;
minimum unit electrode spacing: 10 m; smooth inversion; maximum
penetration depth: 50 m)

Longitudinal survey: P7

The P7 ERT (Fig. 5f) has its southern tip in the prox-
imity of the PR7 pressure ridge (30°49.3’S), where a
local but significant change in strike of the main fault
trace can be observed (from N5°W to N9°E), and it
cuts across the P3 survey at x = 325 m. Its orientation
is roughly parallel to the El Tigre Fault (N9°E). Its
extension of 1,910 m was achieved via the roll-along
method and it was the only tomographic survey done
with a Wenner—Schlumberger configuration. The resis-
tivity model reached a maximum penetration depth of
50 m and mainly shows a lateral homogeneity in
resistivity values without abrupt transitions. Along the
whole profile (Fig. 9), a high-resistivity shallow level
(p > 350 Qm) reaches a typical depth of 10 m. How-
ever, between x = 880 m and x = 1,230 m, this level
deepens up to approximately 20 m and shows a slight
increase in resistivity. Under this shallow level, the
subsurface is characterized by lower resistivities, gen-
erally between 150 and 200 Qm. However, under the
central area (880 m <x < 1,230 m), a much more
conductive layer is evident, with resistivity values well
below 100 Qm, suggesting possibly a larger concentra-
tion of underground water. The important increase in
the thickness of the alluvial coverage and the disposi-
tion of the resistivity contours suggest the occurrence of
two antithetic normal faults bounding the central block
thus defining a small graben-like structure without sig-
nificant superficial expression. Figure 10 shows an
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ASTER image of the area surveyed by P7. Several
lineaments approximately orthogonal to the El Tigre
Fault can be observed. One of them intersects the P7
ERT at x = 1,230 m, therefore strongly suggesting it
could correspond to the interpreted normal fault in the
subsurface.

Minor structures: P8

The P8 survey (Fig. 5g) was carried out on the western
piedmont of Sierra del Tigre at the latitude of Quebrada
Ancha. It is located on top of a very gentle bulge of the
piedmont surface limited by small scarps that affect the
alluvial fans, interpreted as an incipient fold structure of
tectonic origin. The survey, with a N115°E trend (i.e.
almost orthogonal to the El Tigre Fault trace) is located at
2.5 km to the east of the fault. The 710-m-long ERT was
recorded with the dipole—dipole method and its model
reached a depth of about 60 m. In this resistivity model
(Fig. 11), a shallow resistive level (p > 250 Qm) char-
acterizes the whole profile with a normal depth of 10 to

Depth [m]

187 M3 &9 719 13 w7 T

Resistivity [Ohm m]

20 m which increases to approximately 40 m between
x = 260 m and x = 570 m. The latter zone is bounded at
the surface by two fault scarps both facing to the west
(Scarp 1 and Scarp 2). The interpretation of the resistivity
model is not straightforward, and speculatively two high-
angle east-dipping faults are proposed as limiting the
thickened resistive zone also in coincidence with the
topographic scarps. However, it must be accepted that
the usual features used in previous models to identify
the presence of faults (abrupt resistivity contrasts, narrow
subvertical conductive zones, etc.) are more ambiguous
here. If the tectonic interpretation is correct, it would
suggest that neotectonic activity in this area of Sierra del
Tigre piedmont is more likely related to western back-
thrusts of this range than to the motion of the El Tigre
Fault. The presence of the water table at depths of 40 to
50 m below surface is inferred from very low resistivity
values (p <40 Qm) at the bottom of the whole cross
section. Further, systematic geomorphologic and geo-
physical studies are needed to characterize better the
Quaternary tectonic activity at this piedmont.

N
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Fig. 9 P7 electrical resistivity tomography parallel to the El Tigre Fault (array: Wenner—Schlumberger; roll-along method; minimum unit
electrode spacing: 10 m; smooth inversion; maximum penetration depth: 50 m)
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Fig. 10 The P7 survey cross-cuts oblique structures which are
revealed (indicated by arrows) in the ASTER satellite image (RGB:
321, this figure) or aerial photographs. Locations of some electrodes
are indicated as reference

Discussion

Subsurface structures of sections S3, S4 and S5
of the El Tigre Fault

The integration of previously presented data concerning
the geometry of geomorphological features along the El
Tigre Fault with the results of the ERTs allows to point
out several observations regarding the subsurface structure
of sections S3, S4 and S5 and their respective boundaries.
The resistivity profiles P1 and P2, which revealed a

@ Springer

subvertical and a high-angle east-dipping main fault
plane, respectively, and observations reported from pal-
aeoseismological trenches T2 (Siame 1998) and T3 (IN-
PRES 1982), confirm that the S5 section of the fault has a
normal component of displacement. This is consistent
with the occurrence of a large releasing bend, conse-
quence of a dextral strike-slip motion along a major right
bend. The northern boundary of S5 is probably consti-
tuted by a major mechanical discontinuity, superficially
expressed through a major lineament that crosses the El
Tigre Fault (Fig. 2). The presence of significant folding of
the Miocene sediments along S6 section contrasts signif-
icantly with the lack of such deformation in section S5.
The presence of a large pressure ridge (PRS8) at the
southern tip of S6 is consistent with such interpretation as
well as the 13° strike variation of the fault at such
boundary and the different orientation of the trend of
oblique transversal structures and lineaments from S6
(where they trend NW) in contrast to S5 and further south
(where they trend WNW).

In the S4 section, the two profiles P3 and P4 allow to
infer that the internal structure of the pressure ridges is
controlled to the east by a high-angle reverse west-dipping
fault with no evidence of an antithetic fault to depict a
positive flower structure. In contrast, these gentle anticline
structures developed for accommodating a component of
compressive deformation along the main fault. This setting
clearly corroborates a section dominated by a transpressive
regime, as a consequence of the major left bend.

In the S3 section, the resistivity model P5 images a
complex zone, although a subvertical fault could be
inferred under a scarp. The P6 ERT shows a uniform
pressure ridge controlled by a west-dipping fault on its
eastern flank, supporting a reverse component of dis-
placement. In this way, this section presents a complex or
heterogeneous behaviour. The three pressure ridges (PR3,
PRS and PR7) that were imaged, in sections S4 and S3,
through the ERTs, showed a similar pattern with a reverse
fault on the eastern flank, and no evidence of a positive
flower-type pattern as proposed by Bastias and Uliarte
(1991). Another important consideration is that at least four
out of the six resistivity profiles transversal to the El Tigre
Fault (P1, P2, P3, P6) show that the sediments on the east
(down-thrown) block of the fault have been significantly
tilted towards the east against their depositional slope, at
least up to a few hundred metres to the side of the fault.
The systematic disturbance that the main fault shows in the
low resistivity levels associated with the water table per-
mits to consider the El Tigre Fault as an important hydro-
geological barrier. In general, it has been observed that in
this region the water table is probably located between 20
and 40 m deep.
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Integration of structural and geomorphological studies
with ERTs

Many proposals have been presented with reference to
the deep geometry of the El Tigre Fault. Bastias et al.
(1984) considered it a normal oblique-slip fault belong-
ing to a much bigger fault system (named also the El
Tigre Fault system). Later, Card6 and Diaz (2005) also
regarded the fault as belonging to a major system, but as
part of an east-verging thrust system with less than 9 km
of depth. However, the hypothesis of normal faulting is
in contrast with the cases of high-angle reverse faulting
imaged by the ERTs here presented (i.e. P3, P4 and P6
surveys). This is also in contrast with the regional kine-
matics (Siame et al. 2006) and with the relative conver-
gence direction of tectonic plates in this sector of the
South American continental margin during the Quaternary
(DeMets et al. 1990). Nevertheless, high-angle normal
faulting was also revealed by the ERT (P2 survey) con-
firming observations made at palaecoseismological trenches
(Siame 1998).

The remarkable linear fault trace that is observed in
satellite imagery and aerial photographs (especially in the
Central and Southern Segments) is consistent with a
subvertical geometry at depth which is in agreement with
the fault model proposed by Siame et al. (1997b). Fur-
thermore, the geomorphological observations and geo-
physical results in the Central Segment are compatible
with a high-angle fault with irregularities consisting in
major right or left bends which define sections of trans-
tensive or transpressive character, respectively, so that the
fault dip adjusts to a local tectonic regime occurring at
hectometric to kilometric scale. These local variations are
expressed as sections of a few kilometres in length with
relatively homogeneous behaviour and frequently sepa-
rated by oblique or transversal structures. These local
changes are also expressed in abrupt changes in the fault
trace trend that may be of more than 10°. Whether these
boundaries are controlled by major, likely inherited,
structures and their deep geometry and kinematics await
further investigations.

Fault?
) ) ) .

109 35 507 109 236 510 1oz
Resistivity [Ohm m]

Conclusions

The strike-slip El Tigre Fault, in the Central-Western Pre-
cordillera of San Juan Province, Argentina, represents a
significant object of neotectonic interest due to its remark-
able extension, clear geomorphic expression, Quaternary
activity and location in a major seismically active region.
The integration of the geophysical and geological approa-
ches provided original and important information about the
geomorphology, the structure and the geometry at shallow
depth of this outstanding fault. Among the observations
made, we identified (in the Central and Southern Segments of
the El Tigre Fault) geometric discontinuities (left and right
bends, stepovers) and structural discontinuities (splays,
intersection of the main fault trace with other structures), all
of them having an inhomogeneous distribution along the
fault trace. In addition, it was possible to recognize several
pressure ridges and sag ponds corresponding to minor
restraining and releasing bends, respectively, associated
with the right-lateral strike-slip displacement. The presence
of several fault strands differentiated by relative changes in
their strike and the concentration of specific geomorpho-
logical features within those strands allowed to propose the
definition of six major sections along the main fault in the
Central and Southern Segments. Combining that information
with the resistivity surveys carried out in the Central Seg-
ment, it is also suggested that some of these sections are
associated with major restraining or releasing areas,
respectively, as revealed by the west or east-dipping main
fault plane as inferred by the ERTs. Accordingly, the global
geometry of the Central Segment is consistent with an
alternating high-angle west-dipping (reverse) or east-dip-
ping (normal) fault in the different sections. This interpre-
tation is in agreement with that proposed by Siame et al.
(1997b) who considered that the El Tigre Fault has as sub-
vertical geometry at depth. In this work, we also propose
slight modifications to the fault segmentation suggested
previously by Siame et al. (1997b).
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