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a b s t r a c t

Structural and geomorphic surface observations are frequently insufficient for a proper geometric and
kinematic characterization of Quaternary faults. In order to improve the geological knowledge of three
Quaternary faults in the Precordillera of western Argentina (30�460 S–32�240 S, 69�070 W–69�150 W), a
shallow 2D Electrical Resistivity Tomography (ERT) survey was performed along seven short cross-sec-
tions, perpendicular to the fault traces. The survey was carried out across the San Bartolo fault, the Los
Avestruces high and the El Tigre fault in the Precordillera of western Argentina in the San Juan and Men-
doza provinces. During the survey, different electrical arrangements were assessed, including different
arrays (dipole–dipole and Wenner–Schlumberger), diverse electrode separations and different depth of
investigation. Tomographic models showed low resistivity zones lying below the fault scarps, as well
as significant resistivity contrasts across the inferred fault-zones in the subsurface. This information per-
mitted better characterization of the geometry and kinematics of these fault zones. ERT results showed
that the San Bartolo fault is extensional. In the Los Avestruces high a positive inversion of an extensional
fault was recorded by the electrical images. In the resistivity sections of the El Tigre strike-slip fault, a
near vertical fault plane associated with blind splays could be identified. Our results confirm that the
resistivity method is a valuable tool to image fault planes and to characterize the general geometry of
extensional, reverse and strike slip faults at depth.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction sent the geometry of major faults at depth. Fortunately, in many
Stratigraphic, structural and geomorphic studies are the usual
methods that have been employed in the recognition and charac-
terization of Quaternary faults in Argentina. Investigation of Qua-
ternary tectonic activity has generally relied on superficial
evidence of Quaternary deformation and the subsequent determi-
nation of the geometry and kinematics of the involved structures.
Geomorphic features, like piedmont or bedrock scarps, pressure
ridges and sag ponds are the main evidence of Quaternary faulting
in the Precordillera of western Argentina (Bastías et al., 1990,
1993; Cortés et al., 1999b; Costa et al., 2000b). Although the trace
of the fault plane is sometimes easily recognized in the field, the
subsurface structural configuration is inferred only from the surfi-
cial features and trench data. These, however, are often poorly pre-
served or have an incomplete expression. Due to the limited depth
of exposure, trench logging information does not necessarily repre-
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cases, different geophysical techniques, such as shallow to stan-
dard reflection seismology, ground penetrating radar or potential
methods as gravity or magnetics, have proved to be successful in
determining the geometry and some structural features of the fault
zone in the first tens to several hundred meters below surface (e.g.
Wang, 2002; Donne et al., 2007). A relatively recent geophysical
method applied to this objective is the electric resistivity tomogra-
phy (ERT, 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, 2001b; Caputo et al., 2003, 2007; Wise et al., 2003; Colella
et al., 2004; Rizzo et al., 2004; Nguyen et al., 2005, 2007). By imag-
ing the fault zone to depths up to around 100 m, this geophysical
technique, together with geological studies and ages of deforma-
tion, can help in achieving a better definition of the neotectonic
activity of an area. Among the main specific targets of the geoelec-
trical investigation of fault zones, are the geometry of the fault
plane, the presence, number and distribution of associated splays
and blind faults, and the throw estimation. In spite of several suc-
cessful cases, the geoelectrical investigation of fault zones has not
yet been globally adopted as a customary technique in studies of
Quaternary tectonics or seismic hazard assessments.
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In this contribution we present the results of 2D ERT across
three Quaternary fault systems in the Precordillera of the Central
Andes of western Argentina. Our aims have been to further inves-
tigate the capabilities and limitations of this technique when ap-
plied to fault zones and to better constrain the geometry and
tectonic regime of these three areas. Quaternary tectonic evolution
of the Precordillera of Mendoza and San Juan, in western Argentina,
has been reviewed by Cortés and Costa (1996), Cortés et al. (1999b,
2006), Costa et al. (1999, 2000a,b, 2006) and Siame et al. (2006),
providing contributions towards a better understanding of the
seismic hazard of the region. However, and in spite of their well
known advantages, shallow geophysical methods have not been
used yet in this region to investigate tectonically active areas.
The results of 10 ERT along seven profiles performed across three
Quaternary fault zones in the Precordillera of western Argentina
are analyzed and interpreted within the geological context. The
studied faults are the regional San Bartolo fault, with poor kine-
matic evidence at surface, the regional strike-slip El Tigre fault
and a minor reverse fault at the Los Avestruces high. These par-
tially different tectonic settings provided further possibilities to
get insights into the capabilities and limitations of the ERT
technique.
2. Neotectonics of the Precordillera

The Precordillera of western Argentina is a first order morpho-
tectonic unit uplifted during the Late Cenozoic on the southern
flat-slab segment (28� S–33� S) of the Central Andes. Its Neogene
tectonic evolution results from the migration towards the east of
the magmatic arc and the contractional and transpressive defor-
mation of the foreland basin as a consequence of gradual flattening
of the Nazca plate in the last 20 Myr (Isacks and Barazangi, 1977;
Jordan et al., 1983).

The central segment of the Precordillera (Fig. 1), between 30� S
and 31�300 S in the San Juan province, is an east verging thin-
skinned belt (Baldis et al., 1982; von Gosen, 1992). This thrusted
and folded system exhibits in its eastern margin an opposite ver-
gence with a deeper level of detachment in the basement, defining
there a thick skinned triangle zone (Zapata and Allmendinger,
1996).

In contrast with the central segment, the Late Cenozoic tecton-
ics of the southern section of the Precordillera, located mainly in
the Mendoza province (31�300–33� S, see Fig. 1), has evolved under
the influence of structural anisotropies as oblique megashear
zones and paleogeographic features of Paleozoic and Triassic age
(Kozlowski et al., 1993; Cortés et al., 2005a; Cortés et al., 2006).
Consequently, this morphotectonic unit, named the Precordillera
Sur (Cortés et al., 2005b), shows a more complex structure, charac-
terized by a combination of tectonic inversion of extensional
Triassic half-grabens (Legarreta et al., 1993; Ramos and Kay
1991; Cortés et al., 1999a), the contractional and transpressive
rejuvenation of Permian structures (von Gosen, 1995; Cortés
et al., 1999a) and strike-slip displacements on NW trending faults
(Cortés et al., 2005a).

The northern margin of the Precordillera Sur is defined by a Late
Cenozoic deformation zone (the Barreal-Las Peñas belt), which is a
left-lateral transpressive belt crossing the whole Precordillera from
the Barreal region in the northwest to Sierra de Las Peñas in the
southeast (Cortés et al., 2006). This tectonic feature consists of five
left-stepping faulted blocks bounded by oblique strike-slip fault
systems.

In the central section of the Precordillera (30�000 S–31�300 S),
Quaternary ruptures generally result from the reverse and oblique
rejuvenation along segments of range-front faults. Other evidence
is commonly exposed at intermontane basins as fault scarps devel-
oped in alluvial fans of piedmont areas (Bastías et al., 1990; Cortés
et al., 1999b; Costa et al., 2000b). The eastern flank of the Precord-
illera, between 31� and 34� S concentrates most of this Quaternary
and active deformation (Costa et al., 2006). Nevertheless, as a
consequence of strain partitioning, Pleistocene sediments at the
western flank have been displaced along the 120-km-long
right-lateral El Tigre fault (Bastías and Bastías, 1987; Siame et al.,
1997; Siame et al., 2006; Cortés et al., 1999b).

South of 31�300 S, in the Precordillera Sur, geomorphic and
structural evidence of Quaternary deformation have been tradi-
tionally observed on the active front at the eastern border of the
Precordillera (Bastías et al., 1993). Here again new neotectonic
evidence were found to the west of the active front near the
western border of the Precordillera Sur (Cortés and Cegarra,
2004; Terrizzano et al., 2007). At 32� S, the Barreal-Las Peñas belt
seems to concentrate a large part of the Quaternary deformation
of the Precordillera Sur (Cortés et al., 2005a; Cortés et al., 2006).
There, the western piedmont of the Precordillera has been uplifted
during the Quaternary by means of folds, blind faults, faults that
shear the surface and faulted blocks that form discrete brittle–
ductile shear zones (i.e. Loma de Los Avestruces high) at different
scales. At the Barreal-Las Peñas belt, the association of contrac-
tional and strike-slip structures, their orientation and the
kinematic indicators of faults are consistent with a left-lateral
transpressive deformation (Cortés et al., 2005b).

The central region of the Precordillera Sur (32�200 S) is charac-
terized by NE trending faults scarps with evidence of local exten-
sional deformation (Cortés et al., 1999b). There, the San Bartolo
fault displays a complex association of geomorphic, stratigraphical
and structural features of Quaternary deformation (Pasini, 1999).

Our studies were carried out in three areas of the Precordillera
with significant Quaternary tectonic activity. They are: (i) the San
Bartolo fault, in the southern region of the Precordillera Sur
(Fig. 2); (ii) the Los Avestruces high, in the western piedmont of
the Barreal-Las Peñas belt (northern region of the Precordillera
Sur, Fig. 3) and (iii) the El Tigre fault, in the central segment of
the Precordillera (Fig. 4).
3. ERT surveys: equipment and methodology

The location of the seven geoelectric profiles (SB1, SB2, A1, T1,
T2, T3, T4) is presented in Figs. 2–4. Measurements were per-
formed with a Syscal R1 Plus Switch 48 Georesistivimeter (Iris
Company), which can be connected to a linear array of 48 electrode
nodes, with a 10 m of maximum spacing. The electrodes are con-
nected on the back of the resistivimeter by means of two strings
of heavy-duty seismic-like cable with 24 output each. Acquisition
and geometric parameters (maximum permitted standard devia-
tion of the measurement, minimum and maximum numbers of
stacks per measurement, input current time per cycle and desired
signal voltage) have to be set. The resistivimeter is able to auto-
matically perform the pre-defined sets of measurements according
to the type of array selected and provides direct reading of input
current, potential difference, electrode location and apparent resis-
tivity. Geometric parameters n (level) and d (electrode spacing)
were assigned according to the desired maximum depth of inves-
tigation and noise level.

The problem of finding an inverse 2D model of resistivity distri-
bution in a profile was solved numerically in the form of a simple
rectangular cell model by means of the RES2DINV program, of Geo-
tomo software (Loke, 2001; Loke, 1996-2002). This program allows
to estimate the resistivity of the cells (model parameters) that ad-
justs the quantities measured at surface, within certain discrep-
ancy. At first, the quantities derived from the field measurements
are presented in the form of a pseudosection, a contour diagram



Fig. 1. Map of main Quaternary structures in the Central Andean Precordillera of western Argentina (from Cortés et al. (2005a, 2006)).
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in which the apparent resistivity values are assigned to a predefined
location according to the array type used (Telford et al., 1990). Dur-
ing the inversion routine the initial model parameters are modified
and improved by solving a least-squares equation (Lines and Trei-
tel, 1984). This Gauss–Newton equation determines the corre-
sponding change in the model parameters that should reduce the
sum of squares of the discrepancies between the apparent resistiv-
ity values calculated from the cell model and the apparent resistiv-
ity values deduced from the real field data, and also minimizes the
change in the model parameters between iterations (smoothness-
constrained least-squares method). The discrepancy between the
calculated values of apparent resistivity and those inferred from
field data are expressed through the root mean square (RMS). A
modification can also be introduced in the optimization algorithm
which consists in minimizing the sum of squares of the spatial
changes in the model parameters (smoothness-constrained least-
squares method with smoothing of model resistivity), thus the model
resistivity values in the section change in a smooth manner. An
alternative optimization method is the blocky inversion (Loke
et al., 2001), in which the quantity to be reduced is the sum of
absolute values of the discrepancies. In this occasion, a final model
with sharp boundaries and homogeneous resistivity distribution
within the bodies is expected (robust modelling alternative). Finally,
a contour diagram based in the resistivity distribution of the model
constitutes the ERT.
In this work, the forward modelling subroutine (calculus of
apparent resistivity from resistivity model parameters) and Jaco-
bian matrix calculation were performed both by finite element
method. For the inverse model, the smoothness-constrained
least-squares method (reduction of l2 norm or Euclidean norm) with
smoothing of model resistivity values was generally used, except
for one profile (SB2), where blocky inversion gave better results.
Topography information in the cell model was incorporated by
means of a distorted finite-element mesh: all nodes along the same
vertical line are shifted the same amount according to the eleva-
tion of the ground surface (uniformly distorted grid). The investiga-
tion depths depended on the number n of levels chosen, the
electrode separation, the total length of profiles and the type of ar-
ray. The results of the geoelectric tomographies are described and
shown in the following section.

4. ERT results and interpretation

4.1. San Bartolo fault

The western margin of the San Bartolo range (Fig. 2) is limited
by, approximately, a 2-km-wide fault zone, which is constituted
by a main fault scarp associated with ‘‘in line” and drag folds and
splays that in some cases bound rhomboidal blocks. Fault scarps
and blocks were formed in Triassic rocks (the Uspallata Group)
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as well as in Pleistocene unconformably overlying alluvial deposits
(Pájaro Muerto Formation). In this area, the fault is exposed as a
north-east trending bedrock scarp that changes into a composite
piedmont scarp to the southwest, in the sense of Stewart and Han-
cock (1990, 1991). Its height decreases from 40 m in the NE to a
few meters in its southwestern end. Scarce kinematic information
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in minor faults and the orientation of oblique folds and faults at
surface show a structural association consistent with a transten-
sive regime (Pasini, 1999). However it is not possible to verify, by
direct observation of the fault plane, whether the relative vertical
component of motion is governed by a normal or a reverse fault.
In this case, three surveys along two cross-sections of the main
fault were carried out to determine the subsurface geometry of
the fault plane. This intends to determine the Quaternary tectonic
regime of the San Bartolo fault zone (i.e. transpressive or
transtensive).

4.1.1. Cross-section SB1 (bedrock scarp)
Two surveys along the same cross-section but with different ar-

rays were performed across this fault scarp, one with a Wenner–
Schlumberger (WS) array (see associated inversion in Fig. 5a) and
the other with a dipole–dipole (DD) array (Fig. 5b). In both cases
a 470 m long survey was recorded with 48 electrodes and a sepa-
ration of 10 meters, with n = 1–25 (n an integer), which produced a
total number of 529 and 825 quadripoles for the WS and DD arrays,
respectively. Time of current injection was 1 s and a minimum of 3
and maximum of 6 repeated measurements at each point was de-
signed in order to obtain a standard deviation <3% for each appar-
ent resistivity value. The contour of the common surveyed area is
marked on Fig. 5a with a dotted line. In the first tomography, with
a modelled maximum penetration depth of 83 m, a significant lat-
eral resistivity variation between about 240 m and 340 m at sur-
face is detected, outlining a high conductive zone with resistivity
values below 100 X m. This feature stands around the localization
of the scarp, suggesting that the low resistivity region corresponds
to the fault zone in the subsurface. A moderately west dipping fault
zone is inferred from the tomographic model. This and the relative
displacement observed at the scarp indicate an extensional slip
component in the fault, with the hanging wall to the west. There-
fore, the ERT permits to characterize the San Bartolo Fault at this
locality as a normal fault. A high resistivity (>1000 X m) zone im-
aged in the subsurface model at the upper part of the eastern block
(profile length (PL) >330 m) is consistent with outcropping consol-
idated Triassic clastic rocks. A second low resistivity anomaly at
around 220 m (q � 150 X m) seen in both ERT is interpreted as
an extensional antithetic blind fault associated to the main San
Bartolo fault system. The variable distribution of low and high
resistivities along the top 30 m of the western block suggests the
presence of other normal faults of the same antithetic set (Fig. 5a
and 5b).

The DD array was performed with the same electrode separa-
tion and position than the WS previously described, and gave a
modelled penetration depth of around 50 m. This resistivity model
is remarkably coincident with the previous tomography, support-
ing the interpretation of the previous ERT. Mainly, the San Barolo
fault zone is again clearly defined as a west-dipping low resistivity
region. The second low resistivity anomaly at PL = 220 m and the
variable resistivity pattern on the west block are also present.
The DD model, however, shows some differences. In particular,
the surficial resistivity distribution on the eastern end of the sec-
tion shows the high resistivity associated to the Triassic rocks out-
cropping beyond the 400 m. This is in contrast with the field
observation of exposures immediately to the east of the scarp
and the WS ERT.

4.1.2. Cross-section SB2 (piedmont scarp)
At approximately 800 m to the south of cross-section SB1, a sec-

ond ERT with a DD array was recorded across the San Bartolo fault
scarp. In this case, the cross-section corresponds to a piedmont
scarp with no exposures of consolidated rocks. Surficial observa-
tions indicate that the scarp affects Pleistocene unconsolidated
alluvial sediments. The DD ERT with 48 electrodes and 470 m
length was obtained with two different dipole lengths: d = 10 m
(n = 1–10) and d = 20 m (n = 5–12). This yielded 621 quadripoles.
Same stacking parameters and injection time were used. Similarly
to cross-section SB1, the resistivity model of Fig. 6 images a strong

http://seamless.usgs.gov


Fig. 5. Electrical resistivity tomographies (ERT) along cross-section SB1 across the San Bartolo bedrock fault scarp. (a) Resistivity model corresponding to WS array with 10 m
electrode separation. Its maximum penetration depth was 83 m. (b) Resistivity model corresponding to DD array with electrodes separated 10 m. The depth of the
tomography is of 51 m.
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surficial lateral resistivity drop between 160 m and 260 m, which
defines a conductive region dipping to the west with resistivity
values lower than 50 X m. This region lies beneath the fault scarp
and is interpreted again as the San Bartolo fault zone. In this case,
the fact that the scarp was developed in Quaternary unconsoli-
dated sediments is reflected by lower resistivity values than in
SB1 at both sides of the scarp (150–900 X m). The overall consis-
tency of the ERT indicates that the interpretation of San Bartolo
as a west dipping normal fault is a robust one. The characteristic
very low resistivity values along the fault zone suggest an in-
creased permeability of this area, and points to a possible diagnos-
tic electrical feature of this fault. However, the wide low resistivity
zone limits the resolution on the exact location and geometry of
the fault plane, interpreted in Fig. 6, similar to what happened with
the previous profiles In this case the low resolution of the fault
zone from the resistivity characteristics does not permit any accu-
rate determination of the fault plane dip. A tentative trace has been
depicted in Figs. 5 and 6. This uncertainty, however, does not pre-
clude to interpret that the fault zone is likely dipping west and that
the latest displacements that produced the scarp correspond to an
extensional regime.
4.2. Los Avestruces high

The Los Avestruces high is located in the western piedmont area
of the Barreal-Las Peñas belt in the Precordillera Sur, where a
strong pattern of paleotectonic anisotropies is present. Its morpho-
tectonic features, in contrast with other zones of the Precordillera,
are partially controlled by Late Cenozoic reactivation and tectonic
inversion of Permian to Triassic structures (Cortés et al., 2005b;
Terrizzano et al., in press). This region of the Precordillera Sur
overlaps with the northern branch of the Triassic Cuyana basin
(Legarreta et al., 1993; Ramos and Kay, 1991; Cortés et al.,
1999a). These Mesozoic structures, then, may have played an
important role in the development of the youngest deformation.

The Los Avestruces blocks comprise a set of 1–2 km long struc-
tural highs developed on Quaternary alluvial fans in the western
margin of the Barreal-Las Peñas belt. Its en-échelon morphotectonic
arrangement defines a minor NW trending sinistral transpressive
zone (see Fig. 3). Recent neotectonic investigations in this region
showed clear evidences of Quaternary deformation. At least three
faulted and tilted piedmont aggradation levels and alluvial fan
deposits have been determined there (Cortés and Cegarra, 2004;
Terrizzano, 2006; Yamin, 2007).

The Los Avestruces zone shows fault scarps developed in Pleis-
tocene levels. Outcrops of Quaternary deposits are still preserved
as high remnants on top of the structural blocks. The highs are ob-
liquely segmented by NE trending faults. In order to complement
the ongoing Neotectonic investigations in the area with informa-
tion about the subsurface geometry of the structurally controlled
geomorphic features, one ERT cross-section was obtained across
this structure. This profile crosscuts, from west to east, the west-
ernmost edge of the central structural high in Pleistocene deposits,
a NNW fault scarp facing to the east, a small outcrop of Paleozoic
clastic metasediments which bounds the central high and Quater-
nary alluvial deposits of the Precordillera.
4.2.1. Cross-section A1
A 470 m long DD array was used in this site, with 48 electrodes

separated by 10 m. Five hundred and forty five quadripoles were
determined with dipole length of 10 m (n = 1–6) and 20 m
(n = 3–12). A maximum penetration of 60 m was modelled. Injec-
tion time was 1 s and 2–6 repeated measurements were performed
at each quadripole.



Fig. 6. Electrical Resistivity Tomography (blocky inversion) performed across piedmont scarp in San Bartolo fault corresponding to DD array. Unit electrode spacing was 10 m
and the final maximum penetration depth was 59 m.

Fig. 7. Electrical Resistivity Tomography performed in the Los Avestruces highs. A DD array was used with a unit electrode spacing of 10 m (smooth-constrained inversion).
Maximum penetration depth was 60 m.
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Fig. 7 shows the inverse model for the subsurface resistivity at
this site. The scarp has a small topographic relief and it is located
at distance 220 m, showing an uplifted western block. The inverse
model is consistent with the presence of Quaternary alluvial fans
beds (q < 325 X m) both at the western (PL < 180 m) and the east-
ern side (PL > 330 m) of the scarp. Beds on the western side are
apparently dipping west, opposing the regional and original slope,
which suggests that the Quaternary infill has been affected by tec-
tonic tilting. A conspicuous resistivity discontinuity is evident in
the subsurface coincident with the location of the fault scarp. This
suggests that the scarp is associated to a west-dipping high-angle
fault. Exposures of Paleozoic metaclastic rocks to the east of the
scarp (PL = 320 m) which coincide with high resistivity values in
the inverse model, allow to assign the high resistivity zones
(q > 900 X m) in the subsurface to these rocks A significant throw
of around 25 m is therefore estimated from the resistivity distribu-
tion across the fault. Since the distribution of the Paleozoic rocks
indicates that the hanging western block is down-thrown, the fault
acted as a normal fault after the Lower Paleozoic. This is opposite
to the reverse movement indicated by the Quaternary sediments
displaced along the scarp. The only possible reconciliation to these
observations is to interpret the Los Avestruces fault as an ancient
extensional fault, probably associated with the Cuyana Basin, that
has been reactivated as a contractional fault in the Quaternary
(Terrizzano et al., 2006). The extensional throw was larger than
the Quaternary contractional displacement allowing us to infer
the tectonic inversion. This small scale survey confirms the tec-
tonic pattern of the area characterized by Late Cenozoic reactiva-
tion of Late Paleozoic–Early Mesozoic structures.

4.3. The El Tigre fault

The El Tigre Fault (see Fig. 4) is a 120 km-long right-lateral
strike-slip fault located in the western region of the central seg-
ment of the Precordillera, in the San Juan province, close to the Cal-
ingasta-Iglesia Valley (Fig. 1, 29�–31� S; Bastías and Bastías, 1987;
Bastías et al., 1990,1993; Siame et al., 1997, 2006). Surface disrup-
tions and geomorphic features like fault scarps, sag ponds, pressure
ridges and offset streams constitute the evidence for a significant
Quaternary activity of this fault. The Quaternary sediments dis-
rupted by the fault are mainly Middle to Upper Pleistocene alluvial
fans. The fault has a mean N10� E strike. Considering the fault trace
geometry, Siame et al. (1997) proposed a subdivision into three
main segments: south, central and north of 26, 48 and 46 km long,
respectively. Siame et al. (2006) have suggested that the El Tigre
fault is a major crustal fault accommodating a dextral strike-slip
component (1 mm yr�1) due to partitioning of deformation in-
duced by an oblique convergence of the Nazca plate under South
America. The geoelectrical survey presented here was carried out
in the central segment of the El Tigre fault. This is a complex fault
zone, with several releasing and restraining zones, that are the
product of bends and splays on the fault trace. A releasing area is
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always marked by a sag pond or a small pull-apart basin within the
alluvial fans, while a restraining area is marked by a pressure ridge.
The presence of an east-facing steep slope, commonly bounded by
several sag ponds on its eastern foot and by beheaded streams on
its western side were interpreted by Siame et al. (1997, 2006) as a
result of an oblique slip (rake 17�) with an uplift of the western
block of the fault (0.3 mm/y).

Six ERT were obtained along four cross-sections in the central
segment of the El Tigre fault (Fig. 7). Cross-sections 1–4 were lo-
cated perpendicular to the fault trace and separated of each other
by 4.5 km (T2-T1), 12.5 km (T3-T2) and 7 km (T4-T3). A total fault
stretch of 24 km was therefore covered in our survey.

4.3.1. Cross-section T1
This is the southernmost cross-section (Fig. 4). It was located

near the southern end of the central segment of the El Tigre fault.
In this area the fault is expressed as a rectilinear single scarp

Two 470 m long ERT across the El Tigre fault trace were ob-
tained. Data was acquired using a WS and a DD arrangement. In
both cases similar recording parameters were used: for the WS ar-
ray, the electrode spacing was 10 m, injection time 2 s and d = 10 m
(n = 1–12), while for the DD array d = 10 m (n = 1–6) and 20 m
(n = 3–12). This gave, respectively, a total number of 408 and 545
quadripoles. In general, data acquisition was of high quality. The
tomographies performed with DD (Fig. 8a) and WS (Fig. 8b) arrays
are remarkably similar. In conformity with the presence of a scarp
at surface, both sections display a strong lateral resistivity contrast
revealing a fault location at around 220 m. This feature could be
interpreted as a near vertical fault in total agreement with the
strike slip-fault model of the El Tigre Fault. The western block is
composed by high resistivity materials (q > 200 X m) that change
to values below 100 X m at the interpreted fault plane. The high
angle resistivity contrast shows a high-angle west dipping attitude
Fig. 8. Electrical resistivity tomographies (smooth inversion) performed across T1 in El T
10 m. Maximum penetration depth was 51 m. (b) Resistivity model corresponding to W
in the DD ERT (Fig. 8a), which should be more resolutive for lateral
changes in electrical parameters than the WS survey. This suggests
that the fault plane appears highly dipping to the west, indicating a
secondary reverse component of displacement at this site of the El
Tigre fault. The eastern side of the fault is characterized by signif-
icantly lower resistivity values than the western block (q = 100–
180 X m) indicating different lithology on both sides of the fault
trace. The eastern block seems to depict a smooth stratification
with a slight tilting towards de east. This is much better depicted
by the WS array (Fig. 8b), as should be expected, due to its much
higher sensitivity to horizontal structures. In addition, both models
show relatively high resistivities near the surface at the eastern
end, which is apparently caused by an east-thickening level of re-
cent alluvium. In the eastern block, very low resistivity values
(q < 50 X m) below �40 m suggest the presence of significant
ground water content (water table?). This indicates that the fault
may be acting as a western barrier to water circulation coming
from the El Tigre range in the east.

4.3.2. Cross-section T2
This cross-section was located 4.5 km north from T1. From aer-

ial photographs (Fig. 4) and ground observations, this is character-
ized as a relay zone, with development of at least two parallel
scarps. The easternmost (scarp 2, Fig. 9) is apparently the most ac-
tive in recent times. At this site a 710 m long ERT was obtained by
means of the roll-along system (sequential displacement of one
half of the entire array (24 electrodes), to yield an effective number
of electrodes equal to 72). In such a way the cross section included
both scarps. The DD array was used with injection time set at 1 s,
d = 10 m (n = 1–6) and d = 20 m (n = 3–10), with a total number of
852 quadripoles. The inverse model of resistivity distribution de-
picted in Fig. 9 shows a major discontinuity around 500 m. This
point coincides with scarp 2. To the east, very high resistivity
igre Fault. (a) Resistivity model corresponding to DD array. Unit electrode spacing:
S array. Unit electrode spacing: 10 m. Maximum penetration depth was 45 m.



Fig. 9. Resistivity model with smoothness restriction corresponding to El Tigre Fault, across T2 (DD array, roll along method). Unit electrode spacing is 10 m. Maximum
penetration depth was 51 m.

S.Y. Fazzito et al. / Journal of South American Earth Sciences 28 (2009) 217–228 225
values (q > 1000 X m) are typical of the first 30–40 m in depth. A
dramatic change is observed to the west with resistivity values un-
der 600 X m and the appearance of a subhorizontal conductive
layer that extends to the western end of the cross-section at about
20 m below surface. The presence of a near vertical fault is inferred
at scarp 2. The width of the low resistivity zone does not permit to
discriminate between a vertical or high-angle west dipping fault.
This fault has apparently acted as a barrier to ground water as al-
ready observed in the previous cross-section. No evidence of dis-
continuity was found under scarp 1 at 350 m, suggesting that
this is not a fault scarp or that this fault did not produce any elec-
trical expression. In addition, two discontinuities suggestive of
possible dead or blind splays with no surficial expression are ob-
served at 270 m and 390 m along the deepest 25 m of the section.
Further geophysical investigations could solve this uncertainty.

4.3.3. Cross-section T3
This is located 12.5 km north of T2. This area is characterized by

a pressure ridge due to a minor bend in the main fault trace. The
cross-section comprises at least two scarps, scarp 1 being of likely
tectonic origin, while the smaller scarp 2 is of dubious origin. The
cross-section however does not cover the whole ridge. A large part
of its western part was not surveyed. Two ERT were obtained at
this cross-section with a DD array and 48 electrodes. One ERT
was performed with the standard 10 m electrode separation
(Fig. 10a), while a second one was centred at the same place but
obtained with an electrode separation of 5 m. This would allow a
higher resolution, both vertical and horizontal, while a smaller
penetration. In both cases 503 quadripoles were defined, injection
time was 1 s and d = 10 m (n = 1–6) and d = 20 m (n = 3–10) for the
long one and half the d values for the shorter array. The inversion
models of both ERT show a remarkable similarity, indicating that
the results are geophysically robust. The overall pattern of resistiv-
ity distribution in this case is more complex than the previous
examples. Apparently, in this case, the fault zone does not produce
a major change of an intermediate depth (15–25 m below surface)
conductive level (water table). Lateral changes of resistivity in the
lowest 10–20 m of the long cross-section model are apparently
suggesting lateral changes in the lithology and may be portraying
the presence of one or more fault planes. The most conspicuous
plane is depicted at about 190–220 m and corresponds to a west
inclined low resistivity zone (q < 100 X m) that bounds a local
deep high resistivity zone (q > 400 X m). The eastern margin of
the conductive zone corresponds at surface with the scarp. In this
case the interpreted fault zone should be a high-angle fault with a
reverse component, consistent with the ridges developed in this
area. The ERT model obtained from the 5 m electrode separation
(Fig. 10b) offers a more detailed image of the shallow subsurface
structures. A sharp resistivity contrast is observed at the same
location than in the previous model, confirming the likely presence
of a fault plane. Its reduced penetration depth, however, is a draw-
back for clearly identifying the fault planes.
Two subvertical fault planes are speculatively inferred to the
east of the previous one at about 250 m and 300 m in the first
ERT model (Fig. 10a). They are interpreted as so from the important
lateral changes in resistivity values in the deepest part of the mod-
el. The inferred fault at 300 m coincides with a second scarp recog-
nized in the field. However, the almost continue low resistivity
level at moderate depths (10–30 m) along most of the cross-
section partially obscures an unambiguous detection of a fault
zone. Therefore, the uncertainty in this cross-section is larger than
in the previous ones and the interpretation more tentative. Further
ETR in the area or the use of other geophysical methods, like
ground penetrating radar (e.g. Demanet et al., 2001) may help con-
firming or refuting our interpretation.

4.3.4. Cross-section T4
This cross-section was located 7 km north from T3. It corre-

sponds to the southern end of a released area that have produced
a small pull-apart basin. The cross-section was performed along a
creek that dissects the main fault scarp. An ERT with a 470 m DD
array was performed here. The acquisition parameters used were:
time injection, 1 s; d = 10 m (n = 1–6) and d = 20 m (n = 3–12); so
545 quadripoles were predefined. This ERT shows (Fig. 11) a signif-
icant different pattern of resistivities on both sides of the scarp,
with much higher resistivities to the east, opposite to the resistiv-
ity distribution observed in T1. Since T4 was recorded along a small
creek dissecting the scarp, no topographic evidence of the scarp
can be seen along the model. The inferred location of the scarp
was obtained from interpolation of its trace (from observations
both north and south of the cross-section). To the east, a very well
defined inverse stratification of the resistivity is observed. This
resembles the pattern also observed at T1 (Fig. 8b). This pattern
corresponds to stratified alluvial sediments and the decrease in
resistivity at depth is likely related to an increase in water content
of the sediments. A significant fall in resistivity values can be ob-
served between 100 m and 140 m. In the subsurface, this is seen
as an irregular area of very low values (q < 20 X m). The disappear-
ance of the eastern pattern and the presence of a near vertical low
in resistivity at the position of the scarp is a clear indication that
these features are related to the presence of the fault zone at depth.
Sediments exposed on the western side correspond to high poros-
ity Late Pliocene–Pleistocene (?) unconsolidated sands and silts
with likely high fluids content as suggested by the ERT. Although
the geometry of the fault zone is not precisely imaged by the elec-
trical properties in this case, a near vertical fault is consistent with
the geological background and the ERT model. A second, blind
fault, has been speculatively interpreted from the geophysical re-
sults, 20–30 m to the east. A sharp lateral decrease in resistivity
values at around 165 m from �10 m to �40 m at depth, which
seems not to affect the most surficial layer of high resistivity, sug-
gests the presence of an associated secondary fault that did not af-
fect the most recent deposits, which explains why it cannot be
determined geomorphically.



Fig. 10. Electrical resistivity tomographies (smooth inversion) performed across T3. (a) Resistivity model corresponding to DD array. Maximum penetration depth was 50 m.
(b) Resistivity model corresponding to DD array with unit electrode spacing of 5 m. Maximum penetration depth was 25 m.

Fig. 11. Resistivity model (smooth inversion) carried out across El Tigre Fault, DD array. Unit electrode spacing was 10 m. Maximum penetration depth was 61 m.
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5. Discussion and conclusions

Electrical resistivity tomographies across three different fault
zones in the Precordillera of western Argentina were reported, pro-
viding useful information regarding the Neotectonic activity in the
region. This methodology was applied where all previous research
has been only of geological and geomorphical nature.

Studies were performed across: (i) the apparently transtensive
San Bartolo fault, in the Precordillera Sur; (ii) the Los Avestruces
transpressive high, near the northwestern border of the Precordill-
era Sur and (iii) the strike-slip El Tigre fault zone in the Western
Precordillera.

The subsurface fault plane orientation obtained from ERT
images combined with geomorphological data allowed us to char-
acterize San Bartolo at the study locality as an extensional fault.

A significant control of the pre-Cenozoic structures on the
neotectonic deformation at the Los Avestruces highs in the Bar-
real del Leoncito area (Uspallata-Calingasta Valley) were con-
firmed by the ERT method. This showed an ancient extensional
fault, probably associated with the development of a Triassic Ba-
sin, that has been reactivated as a contractional fault in the
Quaternary.

Electrical images across the El Tigre fault (Western Precordillera)
are consistent with previous geomorphical information supporting
near vertical to high-angle fault planes of a dominantly strike-slip
fault. Four ERT cross sections on the El Tigre fault showed a complex
and variable interplay between structural, lithological and hydro-
logical features across the fault zone.

The presence of blind or dead splays associated to the main
fault in both the San Bartolo and El Tigre were suggested by the
ERT inverse models of these fault zones.

On general grounds, our results demonstrate that the ERT meth-
od is an economic, speedy and reliable tool to be applied in areas of
Quaternary and active tectonics.
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Our studies confirm previous results that have demonstrated
that resistivity modelling is an effective geophysical method (Fleta
et al., 2000; Giano et al., 2000; Storz et al., 2000; Suzuki et al., 2000;
Verbeeck et al., 2000; Demanet et al., 2001a, 2001b; Caputo et al.,
2003, 2007; Wise et al., 2003; Colella et al., 2004; Rizzo et al., 2004;
Nguyen et al., 2005, 2007) to locate, image and characterized Qua-
ternary active faults. In our examples, the ERT method proved to be
a successful tool to locate, and in cases to determine the orienta-
tion, of the fault planes at subsurface. In several cases the fault
zone itself was recorded as a zone with a significantly lower resis-
tivity. Although generally the anomalous zone was too wide to per-
mit a precise definition of the location of the plane and its
inclination, its general position and orientation could be inferred.
Fault planes were also identified as narrow zones with a remark-
ably high resistivity contrast at subsurface. The distribution of
electrical resistivity on both sides of these structures permitted
to infer areas where the fault plane acted as a hidrogeological
barrier.

Although in our case the dipole–dipole array was generally
used, when a Wenner–Schlumberger array was applied similar re-
sults were obtained.

Considering that ERT is a relatively fast and economic geophys-
ical method its systematic application in areas of neotectonic activ-
ity may be a cost-effective tool to better characterize the tectonic
deformation and to help in active fault hazard assessments. It
could also be used as a preliminary method to image the subsur-
face up to around 100 m deep in advance of other geophysical
methods (like shallow reflection seismology) and/or trench
excavation.
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