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ABSTRACT 

 Restraining and releasing bends occurring in all crustal environments are common but 

enigmatic features of strike-slip fault systems. They can be reported in all scales of observation. 

Regional-scale restraining bends are sites of mountain building, transpressional deformation and 

basement exhumation. Releasing bends are sites of subsidence, transtensional deformation and 

pull-apart basins. The Dom Feliciano Belt of Southern Uruguay has two main structures observed 

from the outer space: (i) the Sierra Ballena Shear Zone and (ii) the Sierra de Cabral flexure 

located to the SW of the former. Although a transpressional regime is commonly accepted for the 

Dom Feliciano Belt, the available tectonic models do not provide satisfactory explanations for its 

building mechanism. A restraining bend is proposed at the SW termination of Sierra Ballena 

strike-slip ductile shear zone. In a key-area (Alvariza Range) the relationship between the Zanja 

del Tigre volcanic-detritic and the calcareous succession shows three en-échelon upright bends of 

the same quartzite hanging-wall between two sub-vertical strike-slip faults, suggesting the 

existence of a shortened strike-slip duplex operating in viscous-elastic rheology. The deformation 

partitioning includes strike-slip and dip-slip simple-shear components as well as one 

contractional pure-shear component. Because restraining bends were scarcely described in 

Neoproterozoic low-grade regional exhumation conditions, this structural framework would be a 

natural laboratory to study fault kinematics, fault dynamics, their associated deformation and the 

tectonic and erosion constraints related to the exhumation of many crystalline terrains. 
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INTRODUCTION 

 The Sierra de Cabral range locates between Sierra Ballena and Sarandí del Yí shear zones in the 

central-southern portion of the Uruguayan Dom Feliciano Belt, which is considered as controlled by 

strike-slip displacement (FIGURE Nº1). It is exposed one of the best preserved regional-scale 

crystalline thrust-sheet in the core of this orogenic belt. This means, a thrust system involving 

subhorizontal slices of metamorphic and plutonic rocks. In belts dominated by frontal continent-

continent collision, the crystalline thrust-sheets are well studied (Hatcher Jr. 1995). However, there is 

still poor understanding about the thrust-sheets involved in strike-slip related orogens, mainly in 

Precambrian times. The studied one represents top to SW-directed extrusion of a low-crustal block by 

lateral compression, with a clockwise rotation component. The extrusion can be interpreted in terms 

of regional contractional stepover, known in the literature as “restraining bend” (Cunningham and 

Mann 2007). Restraining and releasing bends can be related to strike-slip fault systems in all crustal 

environments. They are particularly interesting for studying the strain path and the deformation 

partitioning in transpressional / transtensional orogenic belts (Tikoff and Teyssier 1994). 

 
FIGURE Nº1: Regional geological map showing (A) the Sierra de Cabral flexure and 

(B) the Alvariza Range oblique strike-slip duplex (Sánchez Bettucci et al., 2001). 



 Strike-slip fault systems often contain zones of steep imbricate faults, geometrically similar 

to imbricate duplexes in dip-slip, thrust or normal fault detachment systems (Sylvester 1988; 

FIGURE Nº2). There are analogous to the sequential imbrication of ramps on dip-slip faults. This 

seems to be the case for different domains involving the Zanja del Tigre unit between Mina Oriental 

and Puntas de Pan de Azúcar Lineaments (Oyhantçabal et al. 2001). The purpose of this work is to 

present a first approach to the diversity of structural sites of this extruded block in order to discuss 

their nature, their relationships and temporality. 

 
FIGURE N°2. Releasing (A,B) and restraining (C,D) bend model; fault-splay resulting of rotation (E) (Sylvester 1988). 

REGIONAL TECTONIC EVOLUTION 

 The Dom Feliciano Belt has a ductile geometry produced by a long-termed tectonic process, 

that it begun with the collision between the Rio de la Plata Craton, a Neoproterozoic magmatic 

arc, and the Kalahari Craton. This process ended with an intracontinental strike-slip deformation: 

the Sierra Ballena Shear Zone. The final stage of ductile deformation was constrained by 
40Ar/39Ar thermal closure at ca. 580 Ma (Oyhantçabal et al., 2009) but low temperature localized 

frictional deformation and displacement may continued at least for 30 Ma. The structure of 

Carapé region is interpreted as part of a fold and thrust belt, which vergence is top to SW rotating 

to NW (Sánchez Bettucci et al. 2001). It also presented a clockwise-rotated strike-slip and 

oblique-slip sinistral fault splay (N-S trending). This fault splay is anchored to a gap near Eden de 

Mataojo village, which tips propagated northwards. The tectonic evolution is divided into the 

following stages: (i) D1 stage developing HT-mylonitic foliation (> 658 Ma), (ii) D2 transpression 

with syntranscurrent magmatism (between 658 and 600 Ma), (iii) D3 extension - transtension 

with infilling of molassic basins (~590 Ma), and (iv) D4 transpression, with calk-alkaline and 

alkaline magmatism after 580 Ma (Oyhantçabal et al. 2009).  



SIERRA DE CABRAL RANGE 

 The Sierra de Cabral Range (Lat. S34º39’38”, Long. W55º04’29”) is a 15 km-radius drag-

fold located in the center of the Carapé crystalline core near Edén de Mataojo (FIGURE Nº1A; 

Masquelin and Gómez Rifas 1998). This range is partly an inflexion relative to the sinistral 

shearing of the Casaña Fault, located 6 km westwards of the ductile Sierra Ballena Shear Zone. 

This N15ºE strike-slip fault is a late reactivation of the main strike-slip shear zone. It disrupts the 

Campanero-unit HT-foliation between Negro and Casaña hills. However, the structure is not only 

related to shearing but most probably due to bulk shortening perpendicular to the belt by bending.  

ALVARIZA RANGE 

 The Alvariza Range (Lat. S34º32’15”, Long. W55º12’20”) locates in the western border of 

the Carapé Region. The range exposes a quartzite (structural marker) from the Zanja del Tigre unit 

(FIGURE Nº1B). Bossi and Navarro (1989) firstly documented a folded and fractured lithological 

trilogy, composed of coarse metarenites (quartzites), marbles and schists. Mallmann et al. (2007) 

observe the quartzite as a “vertical layer” interbbeded with marbles. However, there is low-angle 

bedding parallel to S1 foliation. Mylonites were sought at the bottom of the quartzite, but were 

probably misinterpreted. The basalts and the metarenites of the hanging-wall thrusted onto the 

marbles or onto the ~1.75 Ga-aged Pan de Azúcar two-mica syenogranite (Mallmann et al. 2007). 

 The strike of the range rapidly changes from N to S (FIGURE Nº3A). In the northern 

branch, the quartzite dips at high-angle and it lies sub-parallel to the lateral ramp N45ºE (1). At 

the southern end of this segment, a recumbent isoclinal fold develops in the quartzites (2). Axial 

surface dips 50ºSE whereas fold axis plunges 20ºSW. This is interpreted as a passive oblique fold 

formed by stretching during the sinistral strike-slip shearing at relatively high-temperature (> 

350°C). The strike changes abruptly to the SE, showing three anticline en-échelon upright folds 

(fault-bend folds or propagation folds? FIGURE Nº3B). This échelon may have a dextral vortex, 

constrained by the two strike-slip duplex borders, known as Mina Oriental and Puntas de Pan de 

Azúcar Lineaments (Oyhantçabal et al., 2001). Then, in the SE end, the quartzite stops abruptly 

in the Puntas de Pan de Azúcar vertical fault with an upward inflection, probably documenting 

the inverted sequence of an F-type thrust (Hatcher Jr. 1995; FIGURE Nº3C). Finally, many 

N40°E-axial upright chevron folds affect the subhorizontal foliation of the sequence, indicating a 

bulk shortening component of strain. 



 
FIGURE N°3: Alvariza range exposing a quartzite layer (a); in the middle, three en-échelon fault-bend folds (b) 

accommodate differential rotation about strike-slip duplex borders; at the SE limit, we can see the inversion of the 
sequence as an F-type thrust (c); concave-up spoon-shaped geometry for Pan de Azúcar granite at Cerro Grande (d). 

DISCUSSION 

 The seeking for an expression about the Carapé crystalline mid-crust structure led to the 

definition of the “Carapé Tectonic Flake” (Bossi et al. 2007), but this terminology is inadequate and 

controversial as well as the alpine term “nappe”. Furthermore, the lithostratigraphy of a sliced 

supracrustal succession may have uncertain value. Indeed, the Carapé region contains many 

granitic bodies emplaced in thrust settings. As Bossi et al. (2007) quoted for El Renegado granite, 

the Pan de Azúcar granite at Cerro Grande (Lat. S34º42’30”, Long. W55º13’04”) also represents a 

thrust emplacement for a granitic intrusion, exposing a concave-up spoon-shaped geometry as a 

listric thrust (FIGURE Nº3D). The restraining bend concept intends to be a general framework, 

allowing a relationship between the strike-slip belt and the crystalline thrust-sheet. Our paradigm is 

that finite-strain structures within this crystalline thrust-sheet represent the reactivation of dip-slip 

and strike-slip faults, using previous surfaces to slip (foliation?) and weakness zones to propagate 

(cf. Hatcher Jr., 1995). Although a microtectonic study is necessary to confirm the bulk transport 

directions, Alvariza Range’s northern branch is a lateral ramp, compatible with its frontal en-

échelon ramp. The deformation partitioning may be as follows: (i) a strike-slip related simple shear 



strain component with an oblique fold giving SSW stretching direction, (ii) a top-to-SW reverse 

dip-slip simple shear component, representing plane-strain (SE-trending en-échelon fault-bend 

folds), and (iii) a pure-shear strain (E-W bulk shortening) component (NE-axial chevron folds). 

CONCLUSIONS 

1. The Sierra de Cabral Range is a restraining bend associated with sinistral strike-slip 

reactivation of the Sierra Ballena Shear Zone in the Casaña successor fault. The N-S trending 

vertical fault-splay of that region has a clockwise rotation component but sinistral shear sense.  

2. The Alvariza Range represents mesoscopically the bulk regional-scale structure and 

kinematics. It is a bedding-parallel F-type thrust operating in viscous-elastic rheology. It is 

composed of lateral and frontal ramps (en-échelon upright bend folds) within a strike-slip duplex. 

3. En-échelon fault-bend folds within the Alvariza Range strike-slip duplex represent a non coaxial 

plane strain component of deformation, whereas chevron-folds affecting the sequence represent a 

pure-shear component of shortening, indicating a contractional non plane strain environment.  
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