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Introduction
Strike slip faults are important structures in crustal deformation among d ifferent tectonic environrnents and have
been largely studied in field approach and analogue modelling (Sylvestre, 1988 ; Richard et al, 1989; Ueta et al .,
2000) . The aim of this study is to understand the role of rheologie heterogeneity in the evolution of strike-s lip
faults by means of analogue modelling, with a hypotheticaJ comparison to the Domeyko Fault System (DFS)
between the Chuquicamata district and Sierra Lim6n Verde, just south of the city of Calama, northern Chile. The
rheologie heterogeneity tested corresponds to the presence of a rigid block in a weaker environment along fault
displacement, compared to the effect of the Sierra Limon Verde Palaeozoic crystalline block on deformation
evolution and structural patterns along a segment of the strike-slip regional DFS . In the experirnents the rigid
block is mode lied w ith a greater thickness of sand w ith respect to the surrounding material (Fig . 1).

Analogue modelling - Experimental procedure
The modelling techniques are simiJar to those usually applied in experiments on brinle-du ctile sys tems at the
Laboratory of Experimental Tectonics of the Geosciences department, Rennes University , and have been
described in previous studies (e.g. Faugère and Brun, 1984 ; Vendeville et al., 1987; Davy and Cobbold, 1991).
Dry quartz sand with an angle of internaI friction close to 30°, and a density of about 1400 kgf rrr' was used to
model the brittle behaviour. Silicone putty, a Newtonian fluid with a viscosity of about 104 Pals and a density of
1300 kgf rrr' was used to model ductile levels . The experiment was constructed on a table with a mobile wall
pushed by a screw jack driven at constant velocity by a stepper rnotor (Fig. L). The dimensions of the experiment
are sufficiently large to ensure that a large part of the mode1 escapes boundary effects . Attached to the mobile
wall was a horizontal rigid sheet, which created a linear velocity discontinu ity at the limit of the s heet at the base
of the experiment (cf. Malavielle, L984; Allemand et al., 1989 ; Nalpas et al., 2003). The models consisted of 2
cm-thick silicone layers overlain by a 2 cm-thick sand pack (Fig . 1). The rigid block was represented by a square
in the centre of the model with only L cm-thick silicone layer overlain by a 3 cm-thick sand Layer. Experiments
were carried out in the Laboratory of Analogue Deformation at the department of Geology, University of Chile.
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The sand pack was made of thin alternating coloured layers, whi ch
allow the identification of faults and folds on cross-sections. The
displacement velocity was constant, 2 cm/hr. During experirnents,
photographs of lhe surface of models were taken al regular lime
intervals 10 study the progressive evolution of structures (F ig. 2) . Al
the end of each experirnent, the geometry of stru ctures and their
changes along strike were observed on seriai cross-sections.

Figure 1: Experimental modellin g de sign.

Results
For purposes of description and later comparison of analogue deformation characteristics to structural patterns
along the DFS, deformation features are referenced by an arbitrary cardinal system, with N po inting ta the right
in figures 2 to 4 . The linear velocity discontinuity represenls aNS strike slip displacement through the middle of
the experirnent (Figs. J to 4) . The rigid block is located al the centre and is the reference point for quadrant
referencing with respect to the established N. The experiments allow the observation of general characteristics of
the effect of a rigid block in the deformation evolution of a dextral strike-slip system. In lhe case of a sinistral
system results would be identical, but inverted.
The most obvious effect of a rigid block along strike-slip dextral movement is the development of dextral strikeslip faults diagonal to lhe rigid block and principal NS discontinuity. These represent escape faults that
accommodate deformation around the rigid block, in this case NW and SE of the block itself (Fig. 2a) . These
faults develop together and in response to clockwise rotation of the rigid block. Rotation also induces less
important sinistral strike-sl ip and reverse faults NE and SW of the rigid block (Fig.2a).
With an increment of displacement (Fig. 2b and c) the deformation zone associated with the rigid block takes an
elongated shape in a NW-SE direction, with an accordingly increment of rotation of the rigid block and of
deveJoping structures. The strike-slip faults are progressively transformed to reverse strike-slip faults as NS
displacement is increased (Fig . 2b and c).
ln addition to variation of displacements, variation of
size and shape of the rigid block was tested (Fig . 3).
These were done at 5 cm displacements. From these
experiments the following observations are made. An
increment of size of the rigid block from SxS cm" 10
7.5x7.5

crrr'

causes

a

broader

deformation

zone

associated with block rotation (Fig. 3b). For a larger
block, lOx 10 crrr', lhe NS d iscontinuity cuts through the
block (Fig . 3c) . This indicales a limit at which it is
easier to cul the rigid block than to produce rotation.
Yet , if the shape of the rigid body is changed to a 10 cm
d iameter cylinder, resistance to rotation is less and
strike-sl ip deformation is accommodated around the
rigid body in a pattern similar to the smaller blocks, but '--
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Figure 2: Surface view s and c ross-sec tio ns of • models
with increasin g NS displ acement (a: 5cm to c: 15 cm).
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with broader development of faults (Fig . 3d) .
In consideration of strike-slip displacement documented for the OFS between El Abra and Sierra Limon Verde
(Maksaev & Zentilli , 1988, Maksaev, 1990, Reutter et al ., 1993, Lindsay et al. , 1995, Tomlinson and Blanco,
1997, Oilles et al. 1997), initially dextral and later sinistral, one additional experiment was carried out. With the
SxS crrr' rigid block , initiaIS cm of dextral displacement were over displ aced by later 5 cm of sinistral
movement, this in order to observe the effect of pre-existing faults and deformation from a dextral system on to a
sinistral system with a rigid block along the deformation zone. The inversion of displacement produced a
reactivation of the initially formed dextral strike-slip faults

10

sinistral str ike-s lip faults , associated with an

inversion of rigid block rotation. Strike-slip fault reactivation in opposed directions demon strates that initial
dextral slip associated deformation in presence of a rigid block will generale a fault geometry able to
accommodate later sinistral strike-slip movement by reactivation and growth of pre-existing faults.

The Domeyko Fault System comparison
Fault geometry and deformation is comparable to that of
the OFS just south of the city of Calama, " region, Chi le.
Such a geometry may have responded to the presence of a
rigid crystalline block of Palaeozoic rocks (Sierra Limon
Verde) along the southern end of this OFS segment.
Initial 3 Km of dextral movement and some 32 Km of
sinistral movement have been described and documented
for this fault system (Maksaev & Zentilli , 1988, Maksaev,
1990, Reutter et al. , 1993, Lindsay et al ., 1995, Tomlinson
and Blanco, 1997 , Oilles et al. 1997). If the Sierra Limon
Verde block is considered rigid, initial dextral movement
associated

faults

would

form

as

in

the

analogue

experiments. Upon reversai of movement to sinistral ,
original

dextral

faults

are

reactivated

10

sinistra l,

accommodating deformation by growth of pre-existing
escape faults. Such a hypothesis for the OFS south of
Calama and Chuquicamata needs further study and

Figure 3: Surface views and cross-sections of 4 models
with different size of rigid block.

corroboration, yet pre-existing dextral escape faults around a rigid block could accommodate large distances of
deformation, as the 32 Km of sinistral displacement documented between the mines of El Abra and
Chuquicamata (Maksaev & Zentilli, 1988, Maksaev , 1990, Reutter et al., 1993, Lindsay et al., 1995, Tomlinson
and Blanco, 1997 , Oilles et al. 1997 ), displacement which is progressively less just south of the Chuquicamata
mine. Parallel sliver faults adsorb much of the more linear displacement from the north, in response to prior
development of faults around the rigid block.

Conclusions
The presence of a rigid block in a strike-slip fault sys tem modifies the geometry of deformation (Fig . 4) :
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i) laterally to the rigid block and associated with the dis placement strike-slip faults "en échelon" faults are
developed; ii) if the size of the rigid block allows its rotation, it is clockwise in a dextral system and
anticlockwise in a sinistral system, and iii) the rotation of the rigid block induces the creation of strike-slip fault
systems around it, antithetic to the general displacement. The size of the rigid block is a key parameter in the
evolution of the deformation: i) a small rigid block favours
its rotation and deformation around it, and ii) a big rigid
block

is

eut

w ithout

perturbation

of

the

generaJ

deformation. An increment of displacement generated: i)
an increment of displacement along the faults; ii) an

............

"-...

increment of rotation associated structures, and iii) a

/ rtr...,. ,k.II1
./'/" n"~

deformation around the rigid block associated with vertical
rotation of the layers of sand. The inversion of the

Figure 4: Schematic representation of the principal
deformation characteristics around an rigid body.

displacement sense produced: i) the reactivation and
inversion of the movement on the faults, and ii) the inversion of the rotation sense of the rigid block.
The geometry of deformation along strike-slip systems with movement inversions, when considering a rigid
body along the main deformation pathway, is comparable to the Chuquicamata - Sierra Limon Verde segment of
the DFS, and may help expia in large differences in total displacement, from few kilometres between the
mentioned segment to 32 Km between the Chuquicamata and El Abra segment. DifferentiaI deformation along
regional fault systems is a most expected feature in response to rheological differences associated with
Iithological heterogeneity, in this case a rigid crystalline body.

References
Allemand, P., 1. P. Brun, et al. (1989). Symétrie et assyrnétrie des rifts et mécanismes d'amincissement de la lithosphère. Bulletin de la
Société Géologique de France 3: 445-45 l .
Ballard, J. F. (1989). Approche géologique et mécanique des décollements dans la croûte supérieure, Thèse de l'Université de Rennes 1: 301
p.

Davy, P. and P. R. Cobbold (1991). "Experiments on shortening of a 4-layer model of the continental lithosphere." Tectonophysics 188: 125.
Dilles, J., Tomlinson, A., Manin, M. and Blanco, N., 1997, El Abra and Fortuna complexes: a porphyry copper batholith sinistrally displaced
by the Falla Oeste: VIII Congreso Geol6gico Chileno, Antofagasta, v.III, p.1883-1887.
Faugère, E. and J. P. Brun (1984). "Modélisation expérimentale de la distension continentale." Comptes-Rendus de l'Académie des Sciences,
Série II 299: 365-370.
Lindsay, D., ZentiJli, M., and Rojas, 1., 1995, Evolution of an active ductile to brittle shear system controlling rnineralization at the
Chuquicamata porphyry copper deposit, Northern Chile: International Geology Review, v. 37, p. 945-958.
Malavieille, J. (1984). "Modélisation expérimentale des chevauchements imbriqués: application aux chaînes de montagnes." Bulletin de la
Société géologique de France XXVI(I): 129-138.
Maksaev, V., 1990, Metallogeny, geological evolution, and thermochronology of the Chilean Andes between latitudes 211 and 21 south and
the origin of mayor porphyry copper deposits: PhD ihesis, Dalhousie University, Halifax, Canada. 553 pp.
Maksaev, V. and Zentilli, M., 1988, Marco metalogénico regional de los megadep6sitos de tipo p6rfido cuprîfero dei no rte grande de Chile:
V Congreso Geol6gico Chileno, Santiago, v.I, p. B 131-133.
Nalpas, T., D. Gapais, et al. (2003). "Effects of rate and nature of synkinernatic sedimentation on the growth of compressive strucrures
conctrained by analogue models and field examples." Geological Society of Lcndon Special Publications 208, 307 -319.
Reutter, K-J, Chong, G. & Scheuber, E., 1993. The West Fissure and the Precordilleran fault system of northern Chile: in Andean
Geodynamics, ISAG 93, ORSTOM/Oxford University, Oxford. U.K., p 237-240.
Richard, P., J. F. Ballard, et al. (1989). "Naissance et evolution de failles au dessus d'un décrochement de socle: Modélisation analogique et
tomographie." Comptes Rendus de l'Académie des Sciences de Paris, Série lIa 309: 2111-2 ll8.
Sylvester, A.G., 1988. Strike-slip faults. Geological Society of America Bulletin, V. 100, pp. 1666-1703.
Tomlinson, A. and Blanco, N.,1997, Structural evolution and displacement history of the west fault system, Precordillera, Chile: part l,
premineral, history, part 2, synmineral, history: VILI Congreso Geol6gico Chileno, Antofagasta, v.Ill, p. 1873-1882.
Ueta, K., K. Tani, et al. (2000). "Computerized X-ray tomography analysis of three-dimensional fault geometries in basement-induced
wrench faulting." Engineering Geology 56: 197-210.
Vendeville, B., P. Cobbold, el al. (1987). Physical models of extensional tectonics at various scale. Continental extensional tectonics. 1. F.
Coward,1. F. Dewey and P. L. Hancock, The Geological Society of Lcndon. 28: 95-107.

650

