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Introduction

Fractures are very common in active tectonic zones, but its significance in terms of upper crustal deformation

is not trivial. At least two different processes can produce fractures in a forearc setting : 1) topographie collapse

by seismic shaking during earthquakes (McCalpin et al., 1996) and 2) fault propagation processes. In the first

case, fractures are a secondary effect of seismic wave propagation in the earth surface. In the second case,

fractures are produced by stress release during fault slip. In active tectonic zones, such as the Central Andes,

these two processes can occur simultaneously and/or alternate in time, forming complex fracture geometries

whose understanding is relevant to formulate geodynamics interpretations and to evaJuate seismic hazard.

In the Coastal Cordillera close to the Salar Grande a conspicuous mesh of open fractures (cracks) affecting the

topographie surface is the prevailing structural feature of the area . The fractures are pervasive affecting a 1200

km 2 area of the Coastal Cordillera between 20-21 °30 'S . The fractured area can be d ivided into two portions, a

western area, west of the Salar Grande and an eastern area localized east of this salt lagoon. The western area is

dominated by NW-SE to N-S striking fractures and the eastern area by E-W trending fractures. In this

contribution we report a detailed description of fractures of the eastern area and discuss their tectonic

significance (Fig. 1). A particularity of the fractures in this area is the unusual strike direction which is normal to

the trench orientation. These fractures are closely related to reverse fauit scarps suggesting their origin is either

connected with fault propagation or causally related to topographie colJapse of fault scarps. Using IKONOS

images (1 m spatial resolution) and 30 m resolution DEM, we describe the general geometry of fractures and

their spatial relationship with fault scarp. Our goal is to find an explanation for the origin of fractures and its

relation with active tectonic processes of this part of the Central Andes forearc .

Tectonic setting

The near surface structure of the study area is dominated by trench orthogonal reverse faults labelled Chuculay

Fault System (Carrizo et al. in this issue). A description of the morphological character and the kinematic

significance of these reverse faults have been recently made by Allmendinger et al. (2005). Incrementai strain

analysis shows that displacement along faults was controlled by N-S shortening. K-Ar and Ar-Ar geochronology

(Gonzalez at al. 2003 and Allmendinger et al. 2005) and Ne 2 l exposure ages in progress indicate that activity of

these faults started in Miocene and was active at least until Pliocene-Pleistocene limes. The Chuculay Fault

System exerts a strong topography control forming E- W striking and 200-350 m in high fault scarps. The upper

part of these scarps con tains the fractures. Fractures are present on the upper part of these scarps .
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Figure 1. A. Structural map of the Central Andes

forearc, B. IKONOS image showing the fractures.

C Structural map of the Chuculay Fault System

showing the fractures occurring in the upper part of

reverse fault scarps.
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Nature of fractures

By using IKONOS data we have documented nearly 10,000 fractures (Fig. 1C). The width of the fractured

area above the scarps varies between 300 to 1600 m. The fractured area is characterized by sand filied fractures

and open cracks. Both types of fractures are orientated subparallel to the scarp trend . Filled fractures host

strongly cemented sand and volcanic ash material. Episodic fracture propagation is suggested by internai banded

infill consisting in layered detrital fabric of sand material alternating with volcanic ash. Open cracks are

characterized by intense fracturing of the crystalline wallrocks or gypsum soil. Some cracks show a detrital infill

in both walls of the fracture; whereas the inner part is void. Other cracks were formed directly by fracturing of

previously undeformed rock . Filled fractures and open cracks penetrate in crystalline rocks at least 12 m below

the topographie surface. Aperture of the open cracks varies between 0.2 to 1.5 m whereas the fracture infill

reaches 1.5 m width.

Using topographie modelling of the relief affected by the Chuculay Fault System, we can demonstrate the

fractures sets are localized in the highest parts of the scarps. However, field observation and GPS levelling of the

scarps show that location of most open cracks does not match with the highest scarp. Furthermore, the best

preserved open cracks are located in those areas where the scarps are comparatively lower in height.

Field characterization of fractures indicates that they were formed by a mode 1 fracturing and that only minor

shear was involved. However, locally we observed up to 6 m of vertical displacement at the crest of the fault

scarps evidencing later vertical shear along the fractures . Considering these field observations and using the

fracture direction we can identify the bulk extension direction associated to fracture propagation, which is then

closely normal to the scarp trend . Using cumulative fracture aperture along a trend drawn perpendicular the

fracture strike we determined that extensional strain reaches magnitudes of ca. 1-1.5 %.

Origin and age of the fractures

Fracture reactivation in the Central Andes forearc associated with subduction earthquakes has been recently

demonstrated by Keefer and Moseley (2004) in southern Peru. These authors documented fractures that were

reactivated during the last subduction earthquake in the Arequipa area. The authors interpreted that fractures

were produced by shaking of the topography . On the other hand, a most precise mechanism for margin parallel

fracture formation has been formulated by DeLouis et al (1996) and Gonzalez and Carrizo (2003). These authors

propose that extension driving fracture formation is related to coseismic deformation of the overriding plate

during subduction earthquakes, such as it was registered during the on July 30 Antofagasta earthquake (Ruegg et

al. 1995; Klotz et al 1999). In this case, fractures are orientated parai lei to the trench orientation. In our case

study, fracture trend is normal to the trench orientation contrary to margin parallel extension. Shaking process

would be the only alternative to relate subduction earthquakes with fracture propagation; in this case scarp

collapse could be associated with rock fracturing . However, our field observations show that the cracks showing

greater openings are preserved in an area where the reverse fault scarp is not comparatively higher than the other

ones. Furthermore we do not observe large block collapse along the reverse fau It scarps. Both lines of evidence

strongly suggest that fracture origin is probably related to surface stretching resulting from reverse fault

propagation.
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Ne2 l dating of hanging on scarps inactive valleys defonned by the reverse faults and the fractures indicates that

the process leading to fracture formation is younger than 4 Ma. Moreover, the open character of the fractures

indicates that they were fonned probably in a recent time. However, because of the extreme arid c1imatic

condition prevailing in the area we suspect that these fractures can remain open for a long time. The extent of

this time cannot be exactly constrained with our current data.

Acknowledgement

This contribution was funded by the Fondecyt Project 104084 (GG). We thank Andes Deformation Project,

Comell University for the 20 m topographie resolution Data.

References

Allmendinger, R.; Gonzalez G.; Yu, J., Hoke, G. and Isacks, B. (2005). Trench-parallel shortening in the

Northern Chilean forearc: tectonic and climatic implications. Geological Society of America Bulletin,

January/February 2005; v.I17, WII2, p.89-104.

Delouis, B.; Philip, H.; Dorbath, L.; Cisternas, A., 1998. Recent crustal deformation in the Antofagasta region

(northern Chile) and the subduction process. Geophys. 1. Int, 132,302-338.

Gonzalez, G. Cembrano, J, Carrizo, D., Macci, A., & Schneider, H. (2003). Link between Pliocene-Quaternary

deformation and forearc tectonics of the Coastal Cordillera, Northern Chi le. Journal of South American Earth

Science, v.16, p.321-342.

Gonzalez, G. & Carrizo, D. (2003). Segrnentaciôn y restricciones a la edad de la deformaci6n tardia dei Sistema

de Fallas de Atacama, Cordillera de la Costa de Antofagasta: Implicancias en la neotect6nica dei antearco dei

Norte de Chile. Revista Geologica de Chile Vol 30. ND2, p.223-244.

Klotz, J., Angermann, D., Michel, G., Porth, R., Reigber, c., Reinking, J., Viramonte, J., Perdomo, J.R., Rios,

V., Barrientos, S,. Barriga, R. and Cifuentes, O. (1999). GPS-derived deformation of the central Andes

including the 1995 Antofagasta Mw =8.0 Eearthquake, Pure AppI.Geophys., 154,709 -730.

McCalpin, P. 1996. Paleoseismology. Academie press, San Diego, p. 588.

Keefer, D. K., and Moseley, M. E., 2004. Southem Peru desert shattered by the great 2001 earthquake:

Implications for paleoseismic and paleo-EI Nifio-Southern Oscillation records: Proceedings of the National

Academy of Sciences, v. 101, p. 10878-10883.

Ruegg, J. c., Campos, J., Armijo, R., Barrientos, S., P. Briole, P., Thiele, R., Arancibia M., Cafiuta, J.,

Duqesnoy, T., Chang, M., Lazo, D., Lyon-Caen, H., Rossignol, r.c., & Serrurier, L., (1996). The Mw=8.1

Antofagasta (North Chile) Earthquake of July 30,1995. Geophysical Research Letters, 23, ND 3, 917-920 (May

1).

336


