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HIGHLIGHTS 

1. Quaternary analysis of the western piedmont of Sierra del Tigre is presented.  

2. Topographic and geoelectrical surveys were done across fault and fold scarps. 

3. Three geoelectrical levels and subvertical conductive zones were identified. 

4. A frontal splay of the backthrust of the Sierra del Tigre was inferred.  

5. Quaternay compressive deformation has originated the piedmont deformation belt.  
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The El Tigre fault provides a significant example of Pliocene-Quaternary tectonic activity at the West 

of Precordillera, receiving considerable attention in the last years. However, longitudinal thrusts of 

the nearest Sierra del Tigre and a minor piedmont deformation belt identified in its western 

piedmont are still poorly understood. The present work comprised a detailed map of the 

geomorphological features of tectonic origin and Quaternary alluvial fan terraces located between 

the Sierra del Tigre and the El Tigre fault. Several topographic and geoelectrical profiles across minor 

fault and fold scarps were surveyed to define the displacement scarps, the geological structure 

geometries at subsurface and their relationship with main structures. Geoe lectrical models allowed 

us to recognize three geoelectrical levels: A (> 200-300 Ω.m) correlated to Pleistocene alluvial fan 

terraces Q4 and Q3; B (ranging from 50-300/450 Ω.m), under level A and correlated to the Neogene 

substratum (Rodeo Formation); C (< 30-40 Ω.m) intercalated in level B, conforming aquifers (20 and 

40 m deep) within the Neogene substratum. Subvertical conductive zones (10-40 Ω.m) were 

correlated to high angle (~60°-80°) reverse faults, which are associated with open anticlines and 

synclines that affect the Quaternary levels and the Neogene substratum. The structural style 

interpreted here allows us to conclude that the main piedmont thrust is a frontal splay of the 

backthrust of the Sierra del Tigre with western vergence. A better connection to the compressive 

deformation component, which uplifts the range, instead of to the strike-slip deformation 

component of the El Tigre Fault is demonstrated. This tectonic propagation probably happens during 

Middle-Upper Pleistocene to Holocene. The observations show that minor deformation belt is 

subjected to piedmont compressive movements while the El Tigre Fault absorbs the strike-slip 

movements, so a local partition of the deformation in the western margin of Precordillera probably 

happens during Quaternary. 

 

KEYWORDS: Electrical Resistivity Tomography, Neotectonics, Morphotectonics, Argentine 

Precordillera, El Tigre Fault. 

 

1. INTRODUCTION 

 

The Andean foreland of Argentina (Figure 1) at the latitude of the Pampean flat-slab segment 

(30°-32°S; Anderson et al., 2007; Cahill and Isacks 1992) concentrates most of the deformation and 

shortening of the region. The last significant tectonic phase at the western margin of South America 
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that produced a major uplift of the main Andes occurred during the Miocene (Ramos, 2009). 

Afterward, the deformation migrated eastward due to of shallowing of the subduction zone (Figure 

1a), uplifting the foreland and leading to the present-day configuration of the Precordillera and its 

broken foreland (Figure 1b). The highest crustal seismicity of the southern Central Andes is located 

here, as can be inferred from historically and instrumentally recorded earthquakes (Alvarado and 

Ramos, 2011; Alvarado et al., 2007; Smalley and Isacks, 1987, 1990; Smalley et al., 1993; 

www.inpres.gov.ar, accessed June 2019) and from structural and geomorphological evidence (Casa 

et al., 2014; Costa et al., 2006, 2015a). The present frontal deformation zone is located at the 

eastern margin of the Precordillera (Figure 1b) with most Quaternary-active contractional structures 

(Bastías, 1985; Brooks et al., 2003; Casa et al., 2014; Cortés et al., 1999; Costa et al., 2000a, b 2006, 

2015a; Meigs et al., 2006; Rockwell et al., 2014; Schmidt et al., 2011; Siame et al., 2002, 2005, 2006; 

Vergés et al., 2007). Moreover, at the Western and Southern Precordillera (Figures 1b and c), several 

Quaternary-active structures have been reported (Cortés et al., 2015; Fazzito et al., 2013; Terrizzano 

et al., 2012). The El Tigre fault (Figures 1b, c and 2) constitutes a remarkable Pliocene-Quaternary 

strike-slip fault of 120 km long and an N-S trend that disrupts Pleistocene alluvial fan terraces 

located at the western piedmont of the Precordillera. Its almost pure strike-slip displacement is well 

registered at the southern segment of this fault (Siame et al., 1997a, b; Figure 2a) while a vertical 

component is better observed at its central segment (Bastías et al., 1984; Siame, 1998, Fazzito et 

al., 2013, 2016). The El Tigre fault provides one significant example of Pliocene-Quaternary activity 

(Bastías and Bastías 1987; Cortés et al. 1999; Fazzito et al., 2013, 2016; INPRES, 1982; Siame et al., 

1997a, b, 2006) at the west of Precordillera.   
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Figure 1. Geological setting. a ) Pampean flat-slab segment. The continuous black lines represent contour slab deep. The 

crusta l seismicity of the area is shown in gray ci rcles, historical crustal earthquakes are shown in red circles (Alvarado and 

Ramos, 2011) and focal mechanisms are a lso presented (Siame et al., 2005; Alvarado and Ramos, 2011). The dashed red 

box shows the location of figure b. b) Main morphotectonic units: Precordillera (CP: Central Precordillera, EP: Eastern 

Precordi llera, SP: Southern Precordillera, WP: Western Precordillera), Iglesia-Calingasta basin, Pampean Ranges. Main 

s tructures as the El Tigre fault (ETF), thrusts, and backthrusts are also plotted. Shortening rates are shown (see text). The  

black box shows the location of figure 2a. c) Schematic structural cross-section located at figure b. 3-COLUMNS Jo
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Figure 2. Loca l  geological setting and location of ERTs. a) Geological map of the western piedmont of Sierra del Tigre. The 

Sierra del Tigre and Sierra de la Crucecita, main structures and segments of the El  Tigre Fault (ETF) are i llustrated. Insets 

show the location of figure b. Sites of surface cosmogenic dating by Peri et al. (2018; under review) and Siame et al. (1997a, 

b) are indicated as yellow and white stars, respectively. b) A detail of the s tudy area is shown with geomorphological 

features of tectonic origin on the Quaternary a lluvial fan terraces. Location of a  previous ERTs s tudy (white lines; Fazzito 

et al., 2013) and for this contribution (red lines). Topographic cross-sections are plotted as yellow lines. 2-COLUMNS 
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Although the El Tigre Fault has received significant attention in the last two decades by several 

research groups, minor piedmont deformation identified in the eastern hanging wall of this fault, is 

still poorly understood (Figures 2a and b). At the surface, the eastern hanging wall of El Tigre Fault 

is formed by dissected and undissected Quaternary alluvial fans that were deformed by several NNE-

SSW trending fault and fold scarps (Figure 2). East- and west-facing scarps are present, although 

natural transversal sections to observe the related underground structures are absent. Previous 

geoelectrical surveys in the area suggest the presence of high angle east-dipping covered reverse 

faults (Fazzito et al., 2013) associated with some of these minor fault scarps. The geometry and 

kinematics of these covered structures must be determined in order to understand how these minor 

piedmont scarps are related to the main structures of the western margin of Precordillera, such as 

the El Tigre fault and the thrusts of the Western Precordillera. This knowledge will improve our 

understanding of the Andean orogenic processes and their seismic potential  in the region. The 

electrical resistivity tomography (ERT) is a well tested and documented geophysical methodology of 

investigation of the shallow subsurface (e.g., Sharma, 1997). Its application to locate and 

geometrically characterize faults and other structures with neotectonic activity has proven 

successful in many investigations (Bufford et al., 2012; Caputo et al., 2003, 2007; Colella et al., 2004; 

Fazzito et al., 2009, 2013; Nguyen et al., 2005, 2007; Nivière et al., 2008; Pánek et al., 2011; Peri et 

al., 2017; Rizzo et al., 2004, 2019; Terrizzano et al., 2010, 2012; Wise et al., 2003). The ERT allows to 

characterize the subsurface resistivity distribution and thus to recognize geoelectrical layers and 

discontinuities up to around one to two hundred meter depths, depending on the geometrical array 

used and the electric current introduced in the ground. It has been applied rather successfully in the 

study of neotectonic structures of the Southern Precordillera (Terrizzano et al., 2010, 2012) as well 

as the western margin of the Precordillera (Fazzitto et al., 2009, 2013; Peri et al., 2017). 

In order to investigate the subsurface structures related to the piedmont deformation at the 

western margin of the Precordillera and to analyze their structural style and possible association 

with the main structures of the area as El Tigre fault and longitudinal thrusts of the large mountain 

blocks (Figure 2), we surveyed five sections across piedmont fault and fold scarps. The dipole-dipole 

and Wenner-Schlumberger arrays were applied at the north, central, and southern sectors of the 

Sierra del Tigre western piedmont combining the geophysical studies with topographic and 

geomorphological quantification scarps displacements. The results obtained were analyzed 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



together with a previous testing survey across some of these scarps presented by Fazzito et al. 

(2013). 

 

2. GEOLOGICAL SETTING 

 

Since the middle to late Miocene, subduction of the Nazca plate beneath the South American 

plate has developed a flat-slab segment at latitudes between 30° S and 32° S (Figures 1a and b) 

(Anderson et al., 2007; Cahill and Isacks, 1992; Gutscher et al., 2000; Ramos et al., 1996, 2002). 

Significant deformation near the continental margin in the Andean Cordillera (Ramos et al., 2002; 

Ramos, 2009) was produced and horizontal shortening has been propagated by the migration of 

deformation toward the Andean foreland of Argentina. Consequently, the highest and most 

extensive crustal seismicity of the southern Central Andes and whole Argentina is recorded here 

(Figure 1a; Alvarado and Ramos, 2011; Alvarado et al. 2007; Smalley and Isacks 1987, 1990; Smalley 

et al. 1993; www.inpres.gov.ar, accessed June 2019). This deformation raised a series of 

morphotectonic units: the Frontal Cordillera, the Calingasta-Iglesia Valley, the Precordillera, and the 

Pampean Ranges, from west to east, respectively (Figure 1b). The current Andean frontal 

deformation zone is located along the eastern margin of the Precordillera, in a narrow north‐south 

belt, where Quaternary-active contractional structures are concentrated (Bastías et al., 1984; 

Brooks et al., 2003, Cortés et al., 1999; Costa et al., 2000a, b, 2006, 2015a, b; Casa et al., 2014; Meigs 

et al., 2006; Rockwell et al., 2014; Schmidt et al., 2011; Siame et al., 2002, 2005, 2006; Vergés et al., 

2007). However, at the Western and Southern Precordillera (Figures 1b and c), several Quaternary-

active structures have been reported (Cortés et al., 2015; Fazzito et al., 2013; Terrizzano et al., 

2013). From regional GPS survey and models, the changes in the crustal velocity field are 

concentrated between the Precordillera and the Pampean Ranges at estimated rates of ~2–4 mm/a 

(Kendrick et al., 2003, 2006), and an east‐west shortening of 4.5 ± 1.7 mm/a (Brooks et al., 2003). 

Shortening rates in the Pampean flat‐slab segment over a geological timescale of millions of years 

(Allmendinger et al., 1990; Giambiagi and Ramos, 2002; Jordan et al., 1993; Ramos et al., 2004; 

Vergés et al., 2007; Zapata and Allmendinger, 1996) has been roughly constant and remarkably 

similar to the rates measured on millennial and decadal timescales. Still, long- (million years time 

scale), intermediate- (millennial time scale), and short-term (decadal time scale) rates must be 

discriminated to understand how the upper crustal deformation is accommodated through 
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individual structures of the Andean orogenic processes and improve our knowledge about their 

seismic potential. 

The study area is located between the Precordillera and the Calingasta-Iglesia Valley (Figure 

1b), in the San Juan province of Argentina. The Precordillera represented the Andean foreland 

during Neogene and recorded the deformational and depositional history of the last ~15-13 Ma 

since uplift started around such time (Allmendinger and Judge, 2014; Levina et al. 2014; Suriano et 

al., 2017; Walcek and Hoke, 2012). The Precordillera (30° - 32° S) constitutes a north-trending 400 

km long and 80 km wide fold-and-thrust belt off, which is subdivided into four morphotectonic 

subunits: Western, Central, Eastern, and Southern Precordillera (Figure 1b; Baldis et al. 1982; Cortés 

et al., 2005b; Ortiz and Zambrano 1981). The Western and Central Precordillera conform a ~NNE 

trending thin-skinned fold-and-thrust belt with tectonic vergence towards the East and a 

detachment zone at 10-15 km depth (Allmendinger et al. 1990; Cristallini and Ramos, 2000; Jordan 

et al. 1993; von Gosen 1992). Meanwhile, the Eastern Precordillera conforms a ~NNE thick-skinned 

fold-and-thrust belt with western tectonic vergence (Figure 1c). Into the Precordillera (30° - 32° S) 

Quaternary ruptures are the product of both reactivated and new thrusts oblique or longitudinal to 

the mountain front faults. Piedmont fold and fault scarps on alluvial sediments are common in the 

intermontane basins (Bastías et al., 1990; Cortés et al., 1999; Costa et al., 2000a). Most of the 

evidence of neotectonic deformation in the Andean foreland is concentrated along the eastern flank 

of the Precordillera, between 31° and 34° S (Cortés et al., 2014; Costa et al., 2006, 2015a). However, 

evidence of neotectonic activity has also been reported at its western margin. Especially at the 

western margin of Southern Predcordillera (Figure 1b; Basile, 2004; Cortés and Cegarra 2004; Cortés 

et al., 2005a, b, c, 2006; Terrizzano et al., 2012; Vallejo, 2004; Yamin, 2007) and at Western 

Precordillera where the main Quaternary structure is the El Tigre fault (Figures 1b and c) that is 

located in a Neogene intermountain tectonic depression, which to the north is part of the called 

Calingasta-Iglesia Valley (Figure 1b). This 300 km long and 30 km wide tectonic depression (Beer et 

al., 1990) was filled by a sequence up to 3.5 km thick in its center made up by Neogene pyroclastics, 

andesites, and clastic sediments, the Rodeo Formation, which constitute synorogenic deposits 

associated with the uplift of both, the Frontal Cordillera and the Precordillera. The Neogene Rodeo 

Formation (Furque, 1979; Wetten, 1975a, b) is divided by Alonso (2011) into the Lomas del 

Campanario Member (pyroclastic lithology) integrated by four Facies Associations, and the Las 

Flores Member (epiclastic lithology) integrated by six Facies Associations. An upper Miocene (9.5 ± 

0.2 Ma to 11.1 ± 0.3 Ma; Alonso, 2011) to Pliocene (~4 Ma; Johnson et al., 1987; Jordan et al., 1993) 
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age was assigned by Ar-Ar and U-Pb dating to the lower Lomas del Campanario Member. The 

Calingasta-Iglesia Valley is interpreted as a piggyback basin that was developed simultaneously with 

the eastward progress of the Precordilleran thrusts (Beer et al., 1990; Jordan et al., 1993). The 

infilled sequence was capped by sediments of Quaternary alluvial fans (Furque, 1979; Bastías, 1985; 

Peri et al., 2017, 2018; Perucca and Martos 2009; Siame et al., 1997a, b), and playa deposits were 

observed in the lowest part of the tectonic depression, constituting the local base levels of the 

ephemeral rivers (Perucca and Martos, 2012). Inselbergs and ridges of the Paleozoic basement were 

raised above the plain, with heights between a few tens up to 200-300 meters. 

The tectonic depression where the El Tigre fault is located is flanked by the Sierra del Tigre to 

the east and by the Sierra de La Crucecita to the west (Figure 2a), which constitute a part of the 

Western Precordillera and were uplifted by eastern vergence thrusts (Cardó and Díaz 2005). The 

Sierra del Tigre has developed a prominent NNE-SSW trending backthrust with western vergence 

and represented by a conspicuous rectilinear trace at the mountain-piedmont union, suggesting a 

Quaternary tectonic activity (Figures 2a and b). Other regional structures in the study area are ~NW-

SE to NNW-SSE lineaments and inferred fault trace (Figure 2a; Fazzito et al., 2013; Peri et al., 2017) 

that have been associated to the rejuvenation of the bedrock basement. These old structures have 

influenced the evolution, kinematics and segmentation of the El Tigre fault (Fazzito et al. 2013, 

2016), which provides one significant example of Pliocene-Quaternary activity (Bastías and Bastías 

1987; Cortés et al. 1999; INPRES, 1982; Siame et al., 1997a, b, 2006) at the western margin of 

Precordillera. Siame et al. (2006) suggested that at 30° S both the Calingasta-Iglesia Valley and the 

Precordillera fold-and-thrust belt can be interpreted as a part of a crustal-scale transpressive zone, 

whose dextral strike-slip component is occurred mainly along the El Tigre Fault zone. 

Morphotectonic features reveal the Quaternary activity of this fault zone (fault scarps, releasing 

basins, pressure ridges and offset streams) and disruptions of Plei stocene surfaces (Siame et al. 

1997a, b; Fazzito et al., 2013; Figure 2). The Pliocene-Quaternary activity of the El Tigre fault has 

been inferred by direct observation of the main and associated structures in trenches (Bastías et al., 

1984; Bastías, 1985; INPRES, 1982; Siame, 1998), by indirect observation along ERTs (Figure 2; 

Fazzito et al., 2013), by paleomagnetic studies (Fazzito et al., 2016), and by detailed slip-rates 

estimations (Siame et al., 1997a, b). All this evidence suggested that the El Tigre fault was originated 

at Pliocene times (Fazzito et al., 2016) and was reactivated and evolved during the Pleistocene 

(Fazzito et al., 2013; Siame et al., 1997a, b). Based upon geometrical variations along its strike, the 

El Tigre fault was divided into three major segments: the northern, central and southern segments 
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(Figure 2a; Siame et al. 1997b, Fazzito et al. 2013). In the northern segment, based on the analysis 

of seismic profiles and several outcrops, Álvarez-Marrón et al. (2006) interpreted a positive flower-

type structure during the Neogene while Pérez and Costa (2011) observed transpressive 

deformation in outcrops of Neogene rocks with a dextral component. The southern segment of the 

El Tigre Fault (Figure 2a) is characterized by an almost pure dextral strike-slip component that offset 

alluvial surfaces labeled by Siame et al. (1997b) as A6 to A2 following a chronological order. Its 

recalculated exposures ages (Peri et al., under review) by cosmogenic dating (10Be) indicate an age 

span from 1,000 ± 100 ka to 135 ± 8 ka, respectively. Siame et al. (1997b) found that the tectonic 

activity of the El Tigre Fault has continued after 135 ± 8 ka (A2) with estimated horizontal and vertical 

slip-rates of 1 and 0.5 mm/a, respectively, since that time. In the central segment of the El Tigre 

Fault (30°47’07” - 30°49’08” S) (Figures 2a and b), its vertical component by dominant transtensive 

style disrupted the alluvial western piedmont of the Sierra del Tigre, configuring a scarp fault which 

exposes Neogene rocks (Rodeo Formation) and uplifted a western block (Figure 2). In this sector, 

the fault is expressed by an eroded east-facing scarp of 18°–24°dip (Bastías et al., 1984) and a 

maximum height of ~85 m (Siame, 1998; Siame et al., 1997a, b). Pressure ridges and releasing bends 

along the trace of the El Tigre fault (Fazzito et al., 2013) indicate the presence of a strike-slip fault 

component (Figure 2), defining transpressional and transtensional sections, respectively. The 

western uplifted block preserves dissected alluvial fans, terraces and abandoned fluvial channels. 

The hanging wall is formed by dissected and undissected alluvial fans affected by the minor fault 

and fold scarps with Quaternary activity (Figures 2b). Previous ERT cross-sections suggest the 

presence of high angle east-dipping covered reverse faults (Fazzito et al., 2013) related to some of 

these minor fault scarps. The alluvial fan terraces and the minor piedmont fault and fold scarps are 

the primary study object of this work in order to characterize its geometry and the relationship of 

these piedmont structures with the main structures as El Tigre fault and longitudinal thrusts of the 

Sierra del Tigre. 

 

3. METHODOLOGY 

3.1. GEOMORPHOLOGICAL AND STRUCTURAL MAPPING. TOPOGRAPHIC PROFILES 

The present work comprised a detailed map of the geomorphology features of tectonic origin 

and Quaternary alluvial fan terraces located between the Sierra del Tigre to the east and the El Tigre 

fault to the west (Figure 2), based mainly on aerial and satellite images interpretation (Digital Globe-

WorldView-4, 30 cm; Alos-Palsar Digital Elevation Model -DEM-, 12.5 m). The aggradation levels 
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were dissected and conformed alluvial fan terraces. In order to map and correlate the Quaternary 

alluvial fan terraces, which are well preserved under the present hyper-arid climate, we followed 

Siame et al. (1997a, b) and Terrizzano et al. (2014) criteria. These are based on deposit continuity, 

cut-and-fill relationships, relative topographic position, surface aspects such as desert pavement 

development and maturity, clast reddening (iron oxidation), clast buri al and fracturing degree 

(Abrahams and Parsons, 1994; Christenson and Purcell, 1985; Hooke, 1967). We did not consider 

sedimentological characteristics as they are very similar in all units. The cosmogenic dating (10Be) 

applied in the alluvial fan terraces yielded preliminary exposure ages (Peri et al., 2018; under review) 

that broadly confirm those obtained for Siame et al. (1997a, b), which constitute an essential datum 

to corroborate and modify the preliminary mapping. 

We identified in the study area several NNE-SSW trending fault and fold scarps affecting the 

Quaternary alluvial fan terraces on aerial and satellite data. In the field, we confirmed these 

structural scarps and anticlines by observation of flexures and disruptions of the terrace surfaces. 

The vertical displacement recorded by the scarps in the Quaternary alluvial fan terraces was 

measured along with several topographic profiles with Differential Global Positioning Systems 

(DGPS) in three selected locations in the northern, central and southern areas. The topographic 

survey was carried out with two DGPS, a Trimble 5700 and a Topcon HiPer SR with dual -frequency 

(L1, L2), with a precision of ± 1 m. 

 

3.2. ELECTRICAL RESISTIVITY TOMOGRAPHIES: DATA ACQUISITION AND PROCESSING 

 

The 2D electrical resistivity tomography (ERT) method was applied for modeling geological 

layers at subsurface and for characterizing Quaternary piedmont fault and fold scarps that affect 

the natural configuration of those Quaternary layers. A Syscal R1 Plus Switch 48 Plus Georesistivity-

meter (Iris Company) was used to perform five surveys. The resistivity-meter can implement the 

entire sequence of measurement automatically by loading the information geometrical and 

acquisition parameters. The geometrical parameters delineate the array type, length of the 

potential and current dipoles and n level that is the rate between the separation of the current and 

potential dipole and the length of the current dipole. The geometrical array was performed with 48 

electrodes spaced at 10 m (470 m full length), and extended to 72 electrodes (710 m full length) by 

the roll-along technique in one survey (Geoelectrical Profile B, Fazzito et al., 2013) and 60 electrodes 
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in another one (Geoelectrical Profile A). The acquisition parameters define the maximum expected 

relative standard deviation of the resistivity measurement for each quadripole (quality factor), 

minimum and maximum numbers of stacks per measurement, current injection time per cycle and 

desired signal voltage. Values of the acquisition and geometric parameters are a conciliation 

between quality, duration of the survey and desired depth of investigation (Loke,  1996-2015). The 

quality factor is considered on the calculated values of apparent resistivity, which are obtained by 

the resistivity-meter immediately after the measurement of the voltage signal.  Measurement 

parameters for the geoelectrical profiles are listed in Table 1. 

 

 

Table 1. Geometrical and acquisition parameters used in each geoelectrical profile. It i s a lso specified the maximum 

penetration depth of the numerical 2D res istivity model. The dipole–dipole array i s  indicated as  DD, the Wenner–

Schlumberger array as WS and ‘‘ra ’’ points out the use of the roll-along method. 

 

For every survey we choose the dipole-dipole array (Telford et al., 1990) as it has been shown 

that provides very good imaging of high-angle faults (Caputo et al., 2003, 2007; Collela et al., 2004; 

Fazzito et al. 2009, 2013; Loke, 1996-2015; Ludwiniak et al., 2019; Nivière et al., 2008; Pánek et al., 

2011; Rizzo and Giampolo, 2019; Rizzo et al., 2004; Terrizzano et al., 2012) due to its high lateral 

sensitivity (Coggon, 1973). The Wenner-Schlumberger array provides a better image of horizontal 

Profile Array 
type 

Potential 
dipole 

length (m) 

Depth level n Section 
length 

(m) 

Numbers of 
Quadripoles 

Current 
pulse 

duration 

Stack 
min-

max 

Expected 
standard 

deviation 

(%) 

Maximum 
investigation 

depth of the 

2D model (m) 
A DD (ra) 10 

20 

1-6 

3,7/2, 4 9/2, 

5, 11/2 

590 873 1 2-6 4 52 

A WS (ra) 10 1-18 590 736 1 2-6 4 77 

B DD (ra) 10 

20 

30 

1-6 

3,7/2, 4 9/2, 

5, 11/2, 6 

4, 13/3, 14, 3, 

5, 16/3, 17/3, 

6, 

19/3, 20/3, 7 

710 1,322 1 2-4 3 60 

C DD 10 1-6 470 639 1 2-6 4 55 

D DD 10 1-6 470 639 1 2-6 4 52 

D WS 10 1-18 470 504 1 2-6 4 77 Jo
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features such as geological layers due to its greater vertical sensibility. We applied this array in two 

profiles to compare with the dipole-dipole results. In the present study, the main objective of using 

this methodology has been to obtain information about the geometry of the possible geological 

structures related to the minor piedmont fold and fault scarps at the subsurface as well as on the 

geoelectrical layers at the subsurface in the western piedmont of the Sierra del Tigre and to define 

their relationship with main structures. We present the results of the pseudoresistivity 

measurements in the conventionally arranged form of pseudosections or pseudodepth plot (Telford 

et al., 1990) of four ERTs carried out. These are contour color fill diagrams of pseudoresistivity values 

where the horizontal axis represents the geometrical midpoint of a quadrupole, and the vertical axis 

corresponds to the pseudodepth value (Figure 3). The four ERTs were distributed in three locations 

at the northern (Figures 4 and 5, Geoelectrical Profile A), central (Figures 6 and 7, Geoelectrical 

Profiles B and C) and southern (Figure 8, Geoelectrical Profile D) areas of the central segment of the 

El Tigre Fault, across minor fault and folds scarps. Among these ERTs we included in the central area, 

the Geoelectrical Profile B (Figures 6 and 7), which has been already published by Fazzito et al. 

(2013). The dipole-dipole array (Telford et al., 1990) was applied in all profiles while the Wenner-

Schlumberger array was applied in two profiles (Geoelectrical Profiles A and D; Figures 5 and 8). For 

this research, the resistivity modeling was solved numerically through the RES2DINV software (Loke 

1996-2015; Loke and Barker 1996; Loke et al., 2003). This model consists primarily 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 the electrode spaci ng. The cell of 

the model discretization for the Geoelectrical Profile D -Dipole-Dipole array- (Figure 8c) and 

Geoelectrical Profile A -Dipole-Dipole array- (Figure 5a) has been set to the same width that the 

minimum electrode separation (10 m). For the rest of the presented models (Geoelectrical Profiles 

A, B, C and D -Wenner Schlumberger array-; Figures 5b, 7a, c and 8d) the cell was set to a width that 

is a half to the minimum electrode separation (5 m). The cell height for all models increases by 10 % 

in each deeper layer (this option is chosen to admit the loss of resolution of the geophysical method 

with depth). About the non-uniqueness in the geophysical problem, both smoothness-constrained 

and robust inversion optimization methods (Loke et al., 2003) were tried in data fitting in order to 

reduce the number of possible solutions. For the forward model subroutine, the finite -element 

method was applied. The topographic information 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 below. For the model 
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descriptions, the geoelectrical levels were defined based on resistivity values, lateral geometrical 

continuity, and resistivity contour configuration. 

 

Figure 3. Measured and Calculated Pseudosections. Pseudosections of measured and calculated apparent resistivity, and 

inverted models of Geoelectrical Profile A (a, b), Geoelectrical Profile B (c), Geoelectrical Profile C (d), and Geoelectrical 

Profi le D (e, f). 3-COLUMNS 
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Figure 4. Northern area. a) Geological map of the northern area. The trace of topographic and geoelectrical profiles and 

piedmont scarps photographs are indicated. White lowercase letters indicate the localization of figures. The main studied 

s tructures are numbered. b) View to the northeast of the anticline (2). c) View to the west of the E-dipping flank of the 

anticline (2) developed on the alluvial fan terrace Q4. Tilt against the depositional slope of the alluvial fan terrace Q4, a nd 

the lateral trace of the fault scarp associated to the anticline are shown. d) Topographic profile across the main piedmont 

morphotectonic features. A vertical offset of the west-facing fault scarp (1) was estimated. e) View to the east of the 

anticline (2). Erosion is visible at the center of the anticline. 2-COLUMNS Jo
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Figure 5.  Northern area. a) Geoelectrical Profile A (localization in Figure 4a). The selected inverse model performed from 

a  dipole-dipole array with a  unit electrode spacing of 10 m. The maximum penetration depth was 52 m. b) The selected 

inverse model performed from Wenner-Schlumberger array with a  unit electrode spacing of 10 m. The maximum 

penetration depth was 77 m. c) Interpreted geological cross-section. 2-COLUMNS 
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Figure 6. Centra l  area. a) Geological map of the central area. The trace of topographic and geoelectrical profiles and 

piedmont scarps photographs are indicated. The main studied structures are numbered. White lowercase letters indicate 

the localization of figures. b) Topographic profile across some of the main piedmont morphotectonic features of the 

a l luvial fan terrace Q3. Vertical offsets of an anticline (1) and a  west-facing fault scarp (3) were estimated. c) Topographic 

profi le across some of the main piedmont morphotectonic features of the a lluvial fan terrace Q4. Vertical offsets of 

anticlines (4, 8) and east-facing fault scarps (5, 6) were estimated. d) View to the northwest of the fault scarp (3) developed 

on the alluvial fan terrace Q3. e, f) View to the northeast of east-facing fault scarps (9, 5) developed on the alluvial fan 

terrace Q4. Ti lt towards the east of the alluvial terrace Q4 against the depositional slope, and the lateral traces of the fa ult 

scarps are shown. g) View to the north of an anticline (10) developed on Lomas del Campanario Member (modified from 

Pérez, 2018). 2-COLUMNS 
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Figure 7. Centra l area. a ) Geoelectrical Profile B (localization in Figure 6a). The selected inverse model performed from a 

dipole-dipole array with a  unit electrode spacing of 10 m. The maximum penetration depth was 60 m. b) Interpreted 

geological cross-section of (a). c) Geoelectrical Profile C. The selected inverse model performed from a dipole-dipole array 

with a  unit electrode spacing of 10 m. The maximum penetration depth was 55 m. d) Interpreted geological cross-section 

of (c). 2-COLUMNS Jo
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Figure 8. Southern area. a) Geological map of the southern area. The trace of topographic and geoelectrical profiles are 

indicated. The main s tudied s tructures are numbered. White l owercase letters indicate the localization of figures. b) 

Topographic profile across the main piedmont morphotectonic features. A vertical offset of the east-facing fold scarp (1) 

was  estimated. c) Geoelectrical Profile D. The selected inverse model, performed from a dipole-dipole array with a unit 

electrode spacing of 10 m. The maximum penetration depth was 52 m. d) The inverse model chosen performed from 

Wenner-Schlumberger array with a  unit electrode spacing of 10 m. The maximum penetration depth was 77 m. e) 

Interpreted geological cross-section.2-COLUMNS 

 

4. RESULTS 

4.1. GEOMORPHOLOGICAL AND STRUCTURAL MAPPING. TOPOGRAPHIC PROFILES 

The western piedmont of the Sierra del Tigre is a broad bajada integrated by different 

generations of Quaternary alluvial fans. The alluvial deposits unconformably cover the pre-

Quaternary basement. Provenance is from the Sierra del Tigre in the East and they are formed 

mainly by volcanic and metamorphic clasts of its Ordovician basement (Yerba Loca Formation). The 

El Tigre Fault scarp disrupted piedmont with an N-S direction and configured a western uplifted 

block in which wind and water gaps on alluvial deposits were preserved (Figure 2). The Quaternary 

mapping was focussed in the eastern hanging wall of the El Tigre fault, where the identification of 

the different alluvial fan deposits was feasible (Figure 2b). The relative stratigraphic relationship and 

fan surface morphology of the alluvial fan units were consistent with those previously described for 

the southern segment of the El Tigre Fault (Siame et al., 1997a, b; Figure 2a). At the surface, the 
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oldest alluvial fans show the same dissection grade and well-developed desert pavement, which 

indicates past semi-arid conditions (Staley et al., 1991), deflation and periglacial processes during 

long abandonment periods of the alluvial system. 

On the other hand, local vertical motion on the central segment along the El Tigre Fault 

increased the entrenchment of alluvial fan units in comparison to the southern segment. Along the 

east-facing steepened scarp of the El Tigre Fault (Figure 2), these alluvial fan terraces were 

beheaded and deformed in restraining and releasing stepovers due to the fault activity (Figure 2b). 

The minor east- and west-facing fault and fold scarps have been developed on the alluvial fans 

(Figure 2b), modifying the original design of the drainage network. We identified four Quaternary 

alluvial fan terraces (Q4, Q3, Q2, Q1) and the current fluvial-alluvial unit (Q0), channeled between 

the oldest ones. The oldest alluvial fan terraces were called Q4 and Q3 and the deposits associated 

are conglomerates composed by fine subrounded to sub angle clasts, matrix- and clast-supported, 

with moderately to poorly consolidation. They are composed of 1-3 cm size clasts of volcanites 

(andesites and basalts) and metapsamites of the Ordovician basement exposed in Sierra del Tigre. 

These units show a well-developed desert pavement with dark greyish to blue-greyish color (Figures 

4b, c, e, and 6d-g), and a half thickness clasts buried. Clast reddening and a moderate clast fracturing 

degree were observed. The alluvial fan terrace Q4 is relatively more elevated than Q3 and was 

preserved as relics because after its deposition was exposed to lateral erosion, decreasing its areal 

distribution, being at present highly dismembered. The youngest alluvial fan terraces were called 

Q2 and Q1, and the deposits associated are fine conglomerates with similar sedimentological 

characteristics to the oldest units. Q2 and Q1 have, however, smaller clasts, a more whitening 

matrix, and a lower degree of consolidation than of the oldest deposits. In some areas, they are 

unconsolidated. Some clasts seem reworked from alluvial fan terrace Q3 and show reddening at the 

surface. The alluvial fan terrace surface shows poor development of desert pavement, very shallow 

clasts buried, and minor clast reddening. Low clast fracturing was observed. Unit Q2 appears at 

lower altitudes than Q3. The deposit Q1 lies between the oldest alluvial fan terraces (Q4, Q3, and 

Q2) and shows subtle bars as evidence of depositional features. Finally, Q0 is the current fluvial and 

alluvial deposit, very similar to alluvial fan terrace Q1. Unit Q0 consists of an unconsolidated material 

with very rounded clasts. This deposit has neither desert pavement nor clasts buried, clast 

reddening, or fractures, and it lies in the current ephemeral streams between the oldest alluvial fan 

terraces.  
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Both main and minor faults and folds with recent activity partially affect the Quaternary 

landscape evolution in the study area. As it was mentioned before, the El Tigre Fault generated the 

main fault scarp that disrupted piedmont and the alluvial fan terraces and configured a western 

uplifted block and an eastern hanging wall. Meanwhile, minor scarps segmented the alluvial fan 

terraces (Figures 2b, 4a-c, e, 6a-f), affecting their natural topographic profiles and provoking confine 

vertical erosion in the elevated blocks. To accurately quantify the vertical displacements of the 

alluvial fan terraces, the study area was analyzed with topographic profiles from DGPS data at a local 

scale (Figures 4d, 6b, c, and 8b), in three selected sites at northern (Figure 4), central (Figure 6), and 

southern (Figure 8) locations. In the northern area, one profile across a west-facing fault scarp and 

several fold scarps on the oldest alluvial fan terrace Q4 produced displacements of 6.2 m ± 1 m 

(Figure 4d). In the central area, two profiles were surveyed across several east-facing fault scarps 

and several inferred anticlines. The northern alluvial fan terrace of this area interpreted as Q3 shows 

at its distal part (Figures 6b), near to the El Tigre Fault, vertical displacements of 6.8 and 7.3 m. The 

southern alluvial fan terrace of this area Q4 shows displacements of 8.9 and 6.7 m (Figures 6c), and 

from these values, we inferred a mean vertical offset of 7.8 m ± 1 m. A minor fault scarp produced 

a displacement of 3.3 m (Figures 6c), but we did not consider this anomalous value in the vertical 

offset average. In the southern area, one profile across an east-facing fault scarp and several fold 

scarps on the alluvial fan terrace Q3 produced displacements of 5 m ± 1 m (Figure 8b). 

 

4.2. 2D GEOELECTRICAL DESCRIPTION AND GEOLOGICAL INTERPRETATION 

Geoelectrical Profile A 

Description: Apparent resistivity values with standard deviation over 25 % were discarded, 

and the consequent percentage of data used for resistivity modeling was 98 % of the recorded data 

at the field for both arrays. The misfit between the calculated values of apparent resistivity and 

those recorded in the field data is expressed through the root mean square (RMS) which was 7.8 %, 

after six iterations, for the dipole-dipole array and 5.8 %, after nine iterations for the Wenner-

Schlumberger array. The maximum depth of the model for the dipole-dipole and Wenner-

Schlumberger arrays, were 52 and 77 m, respectively. For this electrical survey, it has been observed 

that the calculated pseudosections were similar to the pseudosections corresponding to the field 

measurements and differed only in minor features (Figures 3a and b). The description and 

interpretation were made by integrating both 2D ERT model inversions taking into account that 
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dipole-dipole array shows better the vertical features such as faults, while the Wenner-

Schlumberger array has a better horizontal resolution remarking geoelectrical levels. Three 

geoelectrical levels were identified (Figure 5). The level called A was observed at the NW extreme 

and showed the higher resistivity values (> 300 Ohm.m) of the model that continued into the 

subsurface at depths around 15 m. Level A had a subhorizontal configuration that turned to a curved 

plane toward the profile center between 200 and 240 m, changing its horizontal disposition to a 

gently NW-dipping. The level called B was observed at the SE zone of the profile and showed 

intermediate resistivity values (between 50 and 300 Ohm.m), reaching from the surface into the 

subsurface until the bottom of the model at depths around 60 m. Level B had a curved plane 

configuration in the SE zone of the profile, turning into a very irregular one in the NW zone. 

Internally, this zone shows a conspicuous high-angle (~60°), SE-dipping, low resistivity discontinuity 

(15-40 Ohm.m) called D (between 250 and 280 m) that denote the sharp lateral change on geometry 

configuration of level B as well as the absence of level A at the SE zone of the profile. In the NW 

zone, a level called C was identified with the lowest resistivity values (< 40 Ohm.m), which is 

intercalated in the level B. Level C is observed between 20 and 40 m deep and shows lateral 

interruptions. 

Interpretation: Level A coincides in surface with the alluvial fan terrace Q4 exposed in the 

NW zone of the profile (Figures 4b, c, e and 5c). The horizontal geometry of this level can be 

interpreted as a horizontal stratification, which turned to NW-dipping toward the center of the 

profile (200-240 m), in which curved shape could represent a drag syncline (Figure 5c; structure 1). 

Level B represents the substratum rocks under the Quaternary sediments (Figure 5c). According to 

the lithologies described in the Facies Association VIII of the Las Flores Member, Rodeo Formation, 

that has been reported by Alonso (2011) in this area of piedmont, and the surrounding outcrops 

described by Pérez (2018), the substratum rocks of Level B can be assigned to pelites (Figure 5c) of 

this facies association. Level B shows an irregular configuration in the NW zone, plus the presence 

of an intercalated conductive layer called level C (Figure 5c). According to the lithologies described 

for the same Facies Association VIII of the Las Flores Member (Alonso, 2011), Rodeo Formation, and 

the surrounding outcrops (Pérez, 2018), Level C can be interpreted as a sandstone-conglomerate 

lithology, that functions as an aquifer. Finally, the discontinuity evidenced by the high-angle 

conductive zone called D can be interpreted as a ~60° SE-dipping reverse fault of west vergence 

(Figure 5c; structure 1) that uplifted the Neogene rocks in the southeastern block. The preliminary 

west-facing fault scarp mapped (Figures 4a, d, and 5c) coincides with the subsurface fault zone 
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observed in this model. The absence of the alluvial fan terrace Q4 in the uplifted block is consistent 

with the local erosion seen at the surface (Figures 4e and 5c). The syncline affecting the alluvial fan 

terrace Q4 can be interpreted as a consequence of the displacement of the reverse fault. 

 

Geoelectrical Profile B 

Description: This model was already published by Fazzito et al. (2013). Apparent resistivity 

values with standard deviation over 4 % were ruled out, and the following percentage of data used 

for resistivity modeling was 93 % of the total recorded. The RMS for the dipole-dipole array was 

13.5%, after seven iterations. The maximum depth of the model for the dipole-dipole was 60 m. The 

calculated pseudosection were roughly similar to the pseudosection corresponding to the field 

measurements and differed only in minor features (Figure 3c). Three geoelectrical levels were 

identified (Figures 7a and b). The level called A showed the higher resistivity values (> 200 Ohm.m) 

of the model and is extended through the whole profile from the surface to a depth of 10 to 20 m, 

increasing to approximately 40 m between 260 and 570 m (Figures 7a and b). Level A shows a 

subhorizontal configuration with some NW-dipping in the thickest zone (Figures 7a and b). The level 

called B shows intermediate resistivity values (50-200 Ohm.m) and extends along with the whole 

profile at depths of 20 to 40 m below the surface until the bottom of the model. Level B has an 

intercalated layer called level C that shows the lowest resistivity values (< 40 Ohm.m), appearing 

between 260 and 570 m, at variable depths of 20 to 40 m below the surface down to the bottom of 

the cross-section (Figures 7a and b). Level C shows an apparent discontinuous character and a 

reduced extension at the northwestern zone of the profile (Figure s 7a and b). Three high-angle 

(~60°-70°) SE-dipping zones of low resistivity values (10-40 Ohm.m) were identified and called D, E, 

and F (Figures 7a and b). 

Interpretation: Level A coincides in surface with the alluvial fan terrace Q3 (Figures 6a and 

7b). The horizontal geometry can be interpreted as a horizontal stratification, which between 260 

and 570 m is thicker and shows an NW-dipping (Figure 7b). This thickest zone is bounded at the 

surface by two west-facing fault scarps (Figures 6a, b, and 7b; structures 2 and 3). Level B is 

interpreted as the rock substratum under the Quaternary sediments (Figure 7b) until the bottom of 

the profile. According to the lithologies described in the Facies Association V of the Lomas del 

Campanario Member,  Rodeo Formation, that have been reported by Alonso (2011) in this area of 

piedmont, and to the near outcrops described by Pérez (2018), the substratum rocks of Level B can 
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be assigned to ash tuffs (Figure 6g and 7b) of this facies association. The conductive level C can be 

assigned to a block and ash lithology that belongs to the same Facies Association V (Alonso, 2011) , 

a more porous rock that may be working as an aquifer (Figure 7b). The conductive zones called D, 

E, and F were interpreted as approximately ~60° to 70° SE-dipping reverse faults of west vergence 

(Figure 7b; structures 1, 2, and 3) that displaced or uplifted the Neogene rocks. The preliminary 

west-facing fault scarps mapped (Figures 6a, b, and 7b) coincide with the subsurface fault zones 

observed in this model. The two high angle east-dipping faults E and F that limit the thickened Q3 

coincide with the topographic scarps (Figure 6a, b, and 7b). However, it must be considered that the 

features used to identify the presence of faults in previous models (sharp resistivity contrasts, 

narrow subvertical conductive zones, etc.) are more ambiguous in this model. 

 

Geoelectrical Profile C 

Description: This profile was surveyed at less than 2 km south of Geoelectrical Profile B 

(Figure 6a). Apparent resistivity values with standard deviation over 25 % were ruled out, with 97% 

of the recorded initially data left to be used for resistivity modeling. The RMS for the dipole-dipole 

array was 9.9%, after eight iterations. The maximum depth of the model for the dipole-dipole was 

55 m. Both calculated and measured pseudosections were roughly similar (Figure 3d). In general, 

the tomographic model is very similar to that of geoelectrical profile B (Figures 7a and c). Two 

geoelectrical levels were identified (Figures 7c and d). The level called A shows the higher resistivity 

values (> 200 Ohm.m) and extends along with the whole profile from the surface down to a depth 

of 20 m,  which is increased to approximately 40 m between 230 and 380 m (Figures 7c and d). Level 

A  shows a subhorizontal configuration with a gently W-dipping attitude in the thickest zone and a 

more complex character in the western zone of the cross-section (Figures 7c and d). Level B shows 

intermediate resistivity values (50-400 Ohm.m) and is extended through the whole profile at depths 

of 20 to 40 m below the surface down to the bottom of the model. Level B shows significant 

heterogeneity due to the presence of three high-angle (~60°-80°) dipping zones of low resistivity 

values (< 30 Ohm.m), one E-dipping (Figure 7d; structure 5a) and two W-dipping (Figure 7d; 

structures 5 and 6) called D, E, and F, respectively. 

Interpretation: Level A (Figure 7d) corresponds in the surface (Figure 6a) with the oldest 

alluvial fan terrace Q4. Its geometry and attitude suggest a horizontal stratification becomes thicker 

and gently W-dipping between 230 and 380 m (Figure 7d). This thickest zone is bounded at the 
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surface by two east-facing fault scarps (Figures 6a and c, and 7d; structures 5 and 6). Level B is 

interpreted as representing the substratum rocks under the Quaternary sediments (Figure 7d) down 

to the bottom of the whole profile. As well as in the geoelectrical profile B, level B can be correlated 

to ash tuff lithology of the Facies Association V (Alonso, 2011) of the Lomas del Campanario Member 

(Rodeo Formation) due to the presence of outcrops of this lithology in the head of the same alluvial 

fan terrace (Pérez, 2018; Figures 6a and g). Internally, level B shows an irregular configuration mostly 

due to the conductive zones (D, E and F) approximately ~60°-80° E- and W-dipping interpreted as 

reverse faults of west and east vergence (Figure 7d; structures 5a, 5, and 6) that interrupted, 

displaced and uplifted the Neogene rocks. The east-facing fault scarps mapped (Figures 6a and c, 

and 7d; structures 5 and 6) coincide with the subsurface fault zones observed in this model. The two 

high angle west-dipping faults E and F are the boundaries of the thickened Q4, in coincidence with 

the topographic scarps (Figure 6a and c, and 7d). On the other hand, the conductive zone D 

interpreted as a reverse fault of west vergence (Figure 7d; structure 5a) cannot be related to any 

feature observed at the surface.  

 

Geoelectrical Profile D 

Description: Apparent resistivity values in this survey show standard deviation values under 

25 % consequent 100 % of recorded data was used for resistivity modeling with both arrays. The 

RMS was 4.1 % for the dipole-dipole array, after six iterations, and 3.3 % for the Wenner-

Schlumberger array, after four iterations. The maximum depth of the model for the dipole-dipole 

and Wenner-Schlumberger arrays, were 52 and 77 m, respectively. Both calculated and measured 

pseudosections were roughly similar (Figures 3e and f). The description and interpretation were 

made by integrating both 2D model inversions. All geoelectrical levels identified in the geoelectrical 

profile D show an excellent horizontal resolution in the Wenner-Schlumberger model (Figure 8d), 

while two subvertical highly conductive features are better defined in the dipole-dipole model 

(Figure 8c). Three geoelectrical levels were identified (Figures 8d and e). Level A was observed across 

the whole profile with the highest resistivity values (> 300 Ohm.m) of the model and extends from 

the surface down to depths around 10 to 20 m (Figure 8e). It shows a subhorizontal configuration 

that turned to a curved plane toward the northwestern sector of the profile between 80 and 180 m. 

To the center of the profile, this level inverts its curved shape, mainly between 190 and 310 m. Level 

B also is observed across the whole profile with similar resistivity values to level A but restricted 
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between 300 and 600 Ohm.m, and is developed between 20-30 and 40-60 m deep, following the 

same geometry configuration that A (Figure 8e). However, this layer is interrupted in two zones 

between 180 and 200 m, and 270 and 290 m (Figures 8c and e). Level C shows higher conductivity 

values (< 250 Ohm.m) and is observed as two different layers (Figures 8c and e). The upper one has 

a similar geometric configuration that level A, which is a down curved plane at the northwestern 

zone of the profile inverted at the central zone. Notably, this upper layer C shows the same 

horizontal interruptions (Figures 8d and e). The lower layer C is developed below level B, at depths 

between 40 and 60 m down to the bottom of the profile. Two high-angle (~80°), SE- and NW-dipping, 

low resistivity (< 200 Ohm.m) discontinuities between 180 and 200 m (E) and between 270 and 290 

m (F), respectively, produce the sharp lateral interruption on level B and upper layer C. 

Interpretation: Level A coincides in surface with the alluvial fan terrace Q3 exposed along 

with the complete profile (Figures 8a and b). The horizontal attitude of this level can be interpreted 

as a horizontal stratification which turned into an open syncline at the northwestern zone, and an 

open anticline at the central area of the cross-section (Figure 8e; structures 2 and 3). Moreover, the 

geometry of the level A suggests that it represents an overlapping layer (Figure 8e). Levels B and C 

represent the substratum rocks under the Quaternary sediments (Figure 8e). The geological context 

and surrounding outcrops allow interpreting that this substratum rocks correspond to the Facies 

Association V (Alonso, 2011) of Lomas del Campanario Member (Rodeo Formation). Level B can be 

interpreted as ash tuff lithology while the more conductive level C as block and ash lithology with 

higher porosity. Levels B and C follow the same geometric configuration that level A, by describing 

an open synclinal to the northwestern zone of the profile, and an anticline at the center (240 m). 

The two conductive zones (E, F) are interpreted, respectively, as SE- and NW-dipping reverse faults 

(Figure 8e; structures 2a and 3a) that uplifted the Neogene rocks and folded the Quaternary deposit. 

The preliminary west-facing fault scarp mapped (Figure 8a; structure 2a) coincides with the SE-

dipping fault observed in this model (Figure 8e; structure 2a). No significant displacements of the 

geoelectrical levels are evident at the fault zones. 

 

5. DISCUSSION 

Geological units, structural style and tectonic regime 

Electrical resistivity models indicate that the Quaternary alluvial fan terrace deposits Q3 and 

Q4 are characterized by high resistivity values (> 200-300 Ohm.m) and horizontal stratification, with 
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local folded shapes as well as variable thickness associated to the presence of fault structures. The 

deepest electrical levels represent the substratum rocks with intermediate resistivity values (50 to 

300-600 Ohm.m) and also show some low-resistivity intercalated layers or zones (< 30-40 Ohm.m; 

< 250 Ohm.m at the south). In agreement with the geological context and surroundings outcrops, 

at the northern area (Figures 4 and 5), these substratum rocks are correlated to the Facies 

Association VIII of Las Flores Member, Rodeo Formation (Alonso, 2011) , characterized by pelites 

(intermediate resistivities) and sandstones-conglomerates (highest conductive layers). On the other 

hand, at the central and southern areas, substratum rocks are correlated to the Facies Association 

V of Lomas del Campanario Member, Rodeo Formation (Alonso, 2011). The more resistive layers are 

interpreted to be represented by ash tuff while the more conductive interlayers may represent block 

and ash deposits. Outcrops of gently folded ash tuff at proximal zones of the alluvial fan terrace 

deposits Q4 in the central area (Figure 6g) confirm the presence of Lomas del Campanario Member 

under the Quaternary deposits. The most conductive levels at north and south are likely more 

porous rocks that probably work as aquifers. The water table in the surveyed area is most likely 

located between 20 and 40 m deep, which is in agreement with the results obtained by Fazzito  et 

al. (2013). It is worth pointing out that the systematic disturbance that subvertical conductive zones 

provoke in the aquifers suggests that faults may be acting as hydrogeological barriers in this region 

(see also Fazzito et al., 2013). 

ERTs models allow us to identify fault zones characterized by a) lateral discontinuity of 

resistivity values, b) abrupt changes in the geometric configuration at both sides of structures, c) 

highly conductive (< 50 Ohm.m) subvertical zones, features that are commonly observed at faults 

(Fazzito et al., 2009, 2013; Petrit et al., 2018; Targa et al., 2019; Terrizano et al., 2012). The highly 

conductive values are interpreted as being the product of the presence of fragmented, 

disintegrated, unconsolidated and, therefore more porous rocks as a consequence of the rupture 

associated to the displacement along the plane fault and the water percolation, ascent and/or 

lateral circulation inside the rock mass. These processes tend to decrease the resistivity values of 

the fault zone. All faults identified here are interpreted as reverse faults due to the following  

evidence: 

i)  In the northern area (Figure 5c), the eastern block seems to have been uplifted and the absence 

of the alluvial fan terrace Q4 at its surface strongly suggests the erosion of those deposits, in 
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agreement with the surface erosion observed; while the western block shows a drag syncline 

affecting the Q4 deposit. 

ii) In the central area (Figures 7b and d), the alluvial fan terraces Q3 and Q4 show significantly thicker 

zones, bounded by high angle fault zones that have tilted these deposits. The geometrical 

configuration observed between east- and west-facing fault scarps and W- and E-dipping faults, 

respectively, suggests the presence of reverse faults in all the cases. It is worth to mention that in 

the proximal part of these alluvial fan terraces, the presence folded layers of ash tuff of the Lomas 

de Campanario Member under the Quaternary deposits (Figures 6a and g; structure 10) show clear 

evidence that the deformation also affects the substratum. 

iii) In the southern area (Figure 8e), an open anticline and syncline are associated with a covered 

and conjugate fault set which disrupts, uplifts and folds the Neogene substratum and the alluvial 

fan terrace Q3. 

Following the above-described observations, the piedmont deformation studied here is 

divided into two groups of structures. The main group is constituted by E-dipping and west vergence 

reverse faults associated with gentle asymmetric anticlines and drag synclines. This group is located 

at the distal zone of alluvial fans, near to the El Tigre Fault (Figure 9; frontal splay and main anticline). 

The subordinated group is constituted by antithetic W-dipping and east vergence reverse faults 

associated with gentle anticlines. This group is located in the central and proximal zones of the 

alluvial fans, near to the Sierra del Tigre (Figure 9). Additionally, the magnitude of the tectonic 

deformation seems to increase to the north. In the south, the frontal anticline associated to the 

main group of structures, it is slightly expressed at the surface with the lowest topographic scarp 

displacement (Figure 8b; 5m), and it shows an inner arc tighter than the outer arch that configures 

overlapping Quaternary (Q3) layers (Figure 8e). This geometrical configuration in the south evidence 

that the uplift rate is lower than the depositional rate. On the other hand, in the central and north 

locations, the frontal west vergence fault and main anticline evidence the highest topographic scarp 

displacements (Figures 4d, 6b and c; ~6-9 m) and a notorious erosion in the uplifted block (Figure 

5c), a process that can be related to a higher uplift than in the south. In conclusion, the structural 

model is characterized by a frontal west vergence thrust fault associated with a main anticline and 

minors synclines, which are better expressed at the surface toward the north, and by several 

subordinated backthrusts of east vergence associated with minors anticlines. The entire 
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deformation belt clearly corroborates a section dominated by a compressive component of strain, 

where the backthrusts also relieve the tectonic deformation in this piedmont. 

 

Figure 9. 3D s tructural model interpretation. ETF: El  Tigre fault. 3-COLUMNS 

 

Relation to main structures and timing of deformation 

The structural style of the minor piedmont deformation revealed here is probably related to 

the main structures and the tectonic events registered in the study area. The Sierra del Tigre, as part 

of the Western Precordillera, was uplifted under a transpressive regime during the last ~15-13 Ma 

(Allmendinger and Judge, 2014; Levina et al., 2014; Suriano et al., 2017; Walcek and Hoke, 2012) by 

an east vergence main thrust (Figures 1b, c, and 9), which is the main structure still poorly studied. 

Probably coeval to the main uplift, an antithetic backthrust of this range (Figures 1c, 2 and 9) was 

developed to accommodate the tectonic deformation. On the other hand, the main piedmont 

structure, the El Tigre Fault, represents a dextral strike-slip fault with vertical component 

determined by observations in trenches (Bastías et al. 1984, Bastías 1985; INPRES, 1982; Siame 

1998), and ERTs (Fazzito et al., 2013). This fault has been active since the Pliocene (Fazzito et al., 

2016) until Holocene times (Siame et al., 1997 a, b), as established from paleomagnetic studies and 

cosmogenic dating, respectively. Other regional structures affecting the study region are ~NW-SE 
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lineaments (Figure 2) that obliquely intersect the El Tigre Fault without evident offsets, and are 

related to subvertical faults with a possible sinistral strike-slip kinematics as determined from ERTs 

(Peri et al., 2017). These lineaments can be constrained to the Pliocene-Early Pleistocene because it 

mainly affects the Neogene Rodeo Formation. These structures are probably linked to old 

transversal Precordilleran structures (Peri et al., 2017), reactivated at central segment of the El Tigre 

Fault (Figures 2). During the Quaternary evolution of the El Tigre Fault, reactivation of these 

lineaments controlled the strain distribution both in the main fault as well as in the minor faults and 

folds studied here (Peri et al., 2017). During Holocene times, both the El Tigre Fault scarp and the 

minor piedmont scarps underwent tectonic activity as evidenced by the modified current drainage 

network and morphometric parameters (Peri et al., 2018; under review). 

In our study area, the El Tigre Fault is characterized by a dominant transtensive style, which 

contrasts with the compressive structures interpreted in the ERTs of the Sierra del Tigre piedmont. 

Thus, the results obtained and the structural style interpreted here suggest that the main piedmont 

thrust (Figure 9) constitutes a frontal splay of the western vergence backthrust of the Sierra del 

Tigre. Therefore, the piedmont deformation belt is better explained by a connection to the 

compressive component that uplifts the Sierra del Tigre and not to the strike-slip component of the 

El Tigre Fault. This interpretation confirms the propagation of Quaternary deformation to the 

western piedmont of the Sierra del Tigre as related to western backthrusts of this range. Considering 

that the minor compressive deformation develops rectilinear fault scarps on the alluvial fan terrace 

Q4 and Q3 developed during lower to Middle Pleistocene times (Peri et al., 2018; under review), the 

tectonic propagation probably took place during Middle-Upper Pleistocene extended to Holocene 

(Peri et al., 2018). Since the development of a bedrock fault scarp takes 500 Ka after the last fault 

activity, under arid climate (Burbank and Anderson, 2001), the main neotectonic event related to 

the piedmont deformation probably happened after the abandonment of the alluvial fan Q3, the 

younger terrace with fault scarps (Figures 8a and b), and before the deposition of the youngest Q2 

and Q1 that do not show fault scarps. 

 

Contributions to the partition of deformation in the western margin of Precordillera 

Our results, in agreement with previous studies (Siame et al., 2005, 2006), suggest that the 

partition of deformation is an essential tectonic process in the western margin of Precordillera at 

these latitudes. The Andean foreland of NW Argentina is set above the flat subduction of the Nazca 
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Plate beneath the South American lithosphere (Anderson et al., 2007; Cahill and Isacks, 1992; Yáñez 

et al., 2001) ongoing at a rate of about 75 mm/yr with an azimuth of N78°E (Figure 1a) (Brooks et 

al., 2003; Kendrick et al., 2003, 2006) as calculated from regional GPS survey. Siame et al. (2005, 

2006) obtained, from fault slip vector data, that in the Western and Central Precordillera, the stress 

regime is mainly controlled by a σ1 parallel to that determined for the Chilean trench. These authors 

postulated that the subduction zone itself accommodates the convergence obliquity at the plate 

boundary. However, a clockwise rotation of the main stress σ1 in some strike-slip structures 

suggests that Pliocene-Quaternary partition of deformation may locally occur at a crustal scale in 

the Andean foreland. Mainly, geometry and segmentation of the El Tigre Fault and Precordillera 

ranges are strongly related since they show parallel trends with small changes controlled by major 

discontinuities (Siame et al., 1997b). El Tigre Fault corresponds to a crustal-scale strike-slip fault, 

closely related to the Precordilleran thrust-and-fold belt, constituting a Pliocene-Quaternary 

transpressive system, as the former accommodates the dextral strike-slip component. In contrast, 

the Eastern Precordillera and the westernmost Pampean Ranges thrusts should accommodate 

WNW-ESE (N110°) trending shortening.  

The results presented here support the idea of a local partition of deformation between the 

strike-slip component of the El Tigre Fault and the compressive component of the thrust and 

backthrust of the Sierra del Tigre, as well as in the piedmont deformation belt studied here (Figure 

9). Our results also suggest that the compressive motion involving the minor piedmont deformation 

has happened during the Middle-Upper Pleistocene extended to the Holocene (Peri et al., 2018). 

Moreover, the strike-slip movement of El Tigre Fault has been initiated at Pliocene (Fazzito et al., 

2016) continued during the Holocene (Siame et al., 1997a, b), so the partition of deformation in the 

western margin of Precordillera is probably active during Quaternary until today. 

 

6. CONCLUSIONS 

 

a. ETRs models allowed us to recognize three geoelectrical levels. The more surficial and 

resistive level A (> 200-300 Ohm.m) shows horizontal to tilted stratification, sometimes curved 

geometry and it is correlated to Pleistocene alluvial fan terraces Q4 and Q3. A less resistive level B 

(50-300/450 Ohm.m) extends under level A with variable lateral configuration and it is correlated to 

the Neogene substratum constituted by the Rodeo Formation, represented by pelites of the Las 
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Flores Member in the north, and pyroclastic ash tuffs of the Lomas del Campanario Member at 

central and south areas. The conductive level C (< 30-40 Ohm.m at the north and central areas; < 

250 Ohm.m at the south) is intercalated in level B and it shows horizontal disposition or irregular 

shapes. Level C is correlated to a porous lithology of the Rodeo Formation, represented by 

sandstones to conglomerates of the Las Flores Member in the north, and pyroclastic block and ash 

of the Lomas del Campanario Member at central and southern areas. Level C conform aquifers 

located between 20 and 40 m deep, which are interrupted by the presence of barriers constituted 

by faults. 

b. The ETRs models allow us to recognize subvertical conductive zones (10-40 Ohm.m) 

related to abrupt changes in the lateral geometrical configuration. Both features were associated 

correlated to high angle (~60°-80°) reverse faults. Open anticlines and synclines that affect the 

Quaternary levels and the Neogene substratum were identified associated with the reverse faults. 

c. Both dipole-dipole and Wenner-Schlumberger arrays result in very useful to model 

Quaternary or surficial geological structures and geoelectrical levels with contrasted resistivity 

values. We confirm that the dipole-dipole array better shows the subvertical features such as faults 

while the Wenner-Schlumberger array better shows the horizontal elements such as geoelectrical 

levels. 

d. The structural model of the minor deformation study here is characterized by the main 

west vergence thrust fault associated with the main anticline and minor synclines, and several 

subordinated backthrusts of east vergence associated with anticlines. The architectural model 

indicates the prevalence of a compressive component of deformation of a main western vergence 

while the subordinated backthrusts collaborate to relieve the main tectonic deformation. 

e. The results obtained and the structural style interpreted here allow us to conclude that the 

main piedmont thrust conforms a frontal splay of the western vergence backthrust of the Sierra del 

Tigre indicating a better connection to the compressive deformation component that uplifts that 

range instead of the strike-slip component of the El Tigre Fault. This tectonic propagation probably 

takes place during Middle-Upper Pleistocene to Holocene. 

f. The results presented here are in agreement with previous studies that postulated the 

partition of deformation in the Andean foreland at a crustal level , probably until today. Our profiles 

evidence that piedmont compressive motions originated a minor deformation belt while the strike-

slip movements are concentrated in the El Tigre Fault. These observations support the idea of local 
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partition of deformation in the western margin of Precordillera, probably during Quaternary until 

today. 
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HIGHLIGHTS 

6. Quaternary analysis of the western piedmont of Sierra del Tigre is presented.  

7. Topographic and geoelectrical surveys were done across fault and fold scarps.  

8. Three geoelectrical levels and subvertical conductive zones were identified. 

9. A frontal splay of the backthrust of the Sierra del Tigre was inferred. 

10.  Quaternay compressive deformation has originated the piedmont deformation belt.  
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