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Abstract The analysis of the geometry of distribution of
earthquake foci in the central part of Andean South
America between 18° and 34°S made the delineation of
several seismically active fracture zones in the conti-
nental wedge overlying the subducting Nazca plate
possible. Correlation of their position with the distri-
bution of hypogene accumulations of metals revealed
that the majority of large mineral deposits and mining
districts are situated in the outcrops of these fracture
zones. We present geometrical documentation (map of
epicentres, vertical and longitudinal cross sections) of
the most important fracture zones and data on miner-
alogical composition, genetic type and available radio-
metric ages of mineral deposits. Sixteen mining districts
in Chile, and 24 in Argentina, were attributed to the
seismically active fracture zones. Major mining districts
and individual large mineral deposits occur in six seis-
mically active fracture zones roughly parallel to the axis
of the Peru-Chile trench (Carachas-Portillo, Choqu-
elimpie, Iquique, Domeyko, RõÂ o Blanco-Los Bayos and
Farellones F.Z.), in six fracture zones roughly perpen-
dicular to the trench (El Salvador, Maricunga, Jaroma,
Ujina, Tumbaya and Incahuasi-LeoÂ n Muerto F.Z.) and
in two fracture zones oriented at an angle of about 45° in
relation to the direction of the presently active Andean
subduction (Aconcagua and Sierra del VolcaÂ n F.Z.).
The occurrences of large mineral deposits of di�erent
ages show that these fracture zones were also active in
the geological past and represent sites of permanent re-
opening of paths allowing ore-bearing solutions and
long-term accumulation of large amounts of metals to
occur in relatively restricted domains of the Earth's
crust. The mining districts with dated mineral deposits
are arranged into four periods of hypogene mineraliza-

tion: Upper Miocene-Pliocene, Upper Oligocene-Middle
Miocene, Upper Eocene-Middle Oligocene, Lower Pa-
leocene-Upper Eocene. These periods of metallogenic
activity correlate well with four supposed Andean sub-
duction cycles active in the Tertiary. The occurrence of
mineral deposits of di�erent ages in recently active
fracture zones can be used as an important evidence in
favour of long-term spatial permanence and activity of
these zones and as a guide for the discovery of further
mineral deposits hidden under young sedimentary and
volcanic cover in the fracture zones.

Introduction

The concept of plate tectonic theory has substantially
in¯uenced all branches of geoscience, bringing new
views not only on deep structures and tectonic evolution
but also on the metallogeny of convergent plate margins.
After the advent of plate tectonics, several papers de-
scribing the spatial and genetic relations between the
distribution of mineral deposits and active subduction
zones were published (Sillitoe 1972, 1974, 1976; Mitchell
1973; Mitchell and Beckinsale 1982; Frutos 1982). It was
shown that mineral deposits at convergent plate margins
are genetically connected to processes accompanying the
subduction of oceanic lithospheric plates. However, the
conclusions are usually of general character, and do not
include detailed information on the morphology of the
subduction zone and on the tectonic pattern of the
overlying continental wedge. Whereas the subduction
zone seems to be the primary generator of metallogenic
processes at convergent plate margins, the tectonic pat-
tern of the continental wedge appears to channel ore-
bearing ¯uids and to control the deposition of large
accumulations of metals.

Over the last decades numerous studies concerning
the genesis and age of formation of porphyry and other
copper deposits (Sillitoe 1972, 1977, 1981, 1988, 1992;
Francis et al. 1983; Ericksen et al. 1986; Skewes and
Stern 1994; Gustafson and Quiroga 1995; Marschik
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et al. 1997), porphyry gold deposits (Sillitoe 1991, 1992,
1997; Sillitoe et al. 1991; Vila and Sillitoe 1991; Vila
et al. 1991; McKee et al. 1994; Marschik et al. 1997),
epithermal gold-silver-copper deposits (Jannas et al.
1990; GroÈ pper et al. 1991; Camus and Skewes 1991;
Davidson and Mpodozis 1991) and epithermal polyme-
tallic deposits (Ericksen et al. 1986; Fletcher et al. 1989)
were carried out in Andean South America.

Detailed studies of the geometry of the distribution of
earthquake foci at convergent plate margins reveal that
the process of subduction is generally accompanied by a
relatively high seismicity in the overlying continental
wedge (HanusÏ and VaneÏ k 1977±78, 1983, 1984, 1987,
1992, 1996). It appears that practically all these earth-
quakes are not distributed randomly but show a clear
tendency to accumulate in seismically active fracture
zones. These zones can be interpreted as systems of deep
seismically active fractures induced or activated in the
overlying plate by the process of subduction.

The system of such seismically active fracture zones
in the central part of Andean South America was de-
scribed in HanusÏ et al. (1996) and VaneÏ k et al. (1999).
The aim of the present study is to correlate the distri-
bution of large hypogene mineral deposits in the
northern and central part of Chile and in the north-
western part of Argentina with the mentioned system of
seismically active fracture zones.

Sources of data

For the delineation and construction of the fracture zones in the
central part of Andean South America, International Seismological
Centre (ISC) data (Regional Catalogue of Earthquakes, 1964±93)
were used as the basic material (for details see HanusÏ et al. 1996,
VaneÏ k et al. 1999).

The data for the distribution of mineral deposits were taken from
Ulriksen (1990) for the northern and central part of Chile and
from Mapa Minero (1966) for the northwestern part of Argentina.
For the correlation with the seismic data the hypogene polymetallic,
copper, gold, lead, silver, tungsten, molybdenum and bismuth de-
posits in the region between 18°S and 34°S were selected. The
mineral deposits in Chilean territory are also classi®ed according to
their size. First of all, the mining districts containing mineral de-
posits classi®ed as very large (muy grande) and large (grande) in
Ulriksen (1990) were considered. A similar size classi®cation system
is not available for deposits in Argentina. Therefore, larger clusters
of mineral occurrences and deposits, mainly referred to as operating
in 1966, were used. These deposits were supplemented by occur-
rences where age estimations were available. Basic geological and
tectonic information was obtained from Mapa GeoloÂ gico de Chile
(1982) and Mapa GeoloÂ gico de la RepuÂ blica Argentina (1982).

Morphology of the subduction zone
and seismically active fracture zones

High seismic activity in the region bounded by latitudes
18°S and 34°S allowed us to construct a dense system of
vertical cross sections (25 km wide individual sections)
perpendicular to the axis of the Peru±Chile trench,
which enabled us to distinguish between earthquakes
occurring in the subsiding oceanic lithosphere and those

situated in the overlying continental plate. As examples,
two sections B4 and B33 are shown in Fig. 1 where the
Wadati-Benio� zone is delineated by solid parallel lines.
Thus, geometric parameters (thickness, dip, depth of
penetration) of the subduction zone could be estimated
in the whole region investigated. The distribution of
earthquakes within the subducted lithopheric plate
points to the existence of a distinct aseismic gap, the
depth of which varies laterally around 150 km (HanusÏ
and VaneÏ k 1976, 1978; Delouis et al. 1996). This gap
spatially correlates with the position of active calc-alka-
line volcanism. It may indicate possible partial melting of
the descending oceanic lithosphere and represent the
primary source of magma for active calc-alkaline vol-
canism. At the same time, the decreased viscosity due to
the partial melting of the lithospheric material would
exclude the accumulation of stress as the necessary con-
dition of seismic activity (HanusÏ and VaneÏ k 1985). The
Andean active volcanic belt is interrupted in several areas
where the slab does not reach a su�cient depth due to
lateral variations of the depth of penetration of the oce-
anic plate; in these areas also no aseismic gap is observed
in the Wadati-Benio� zone (HanusÏ and VaneÏ k 1978). It
seems that these lateral variations show a segmentation
of the present subduction zone suggested by several au-
thors (e.g. Sillitoe 1974; Dewey and Lamb 1992).

The earthquake foci above the subduction zone (see
Fig. 1) are situated in the South American plate and give
evidence of the existence of seismically active fracture
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Fig. 1 Vertical sections B4 and B33 with foci of all earthquakes
showing the delineation of the Wadati-Benio� zone (solid parallel
lines) from the continental wedge, m indicates ISC earthquake
magnitude
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zones in the continental wedge. Between 18°S and 34°S
24 seismically active fracture zones were delineated. The
traces of these fracture zones are shown in Fig. 2. The
mineralization directly connected with the process of
subduction is probably concentrated in the upper part of
the overlying plate between the trench and the position
of the aseismic gap. This region is situated between
68°W and 71°W for the presently active subduction zone
and only 18 fracture zones from the whole set could
participate in the process of formation of mineral de-
posits caused by the Andean subduction (fracture zones
Z1, Z2a, Z2b, Z2c, Z4a, Z4b, Z6, Z10a, Z10b, Y3, Y4,
Y5, Y6, Y9, Y10, Y11, Y12, Y13). This does not mean
that the mineral deposits considered later were neces-
sarily formed during the present subduction. The ques-
tion of possible preservation of fracture zones activated
in the continental lithosphere during several cycles of
subduction is discussed later.

Correlation of mineral deposits with seismically
active fracture zones

The locations of the hypogene polymetallic, copper,
gold, silver, tungsten, molybdenum and bismuth de-
posits and the system of seismically active fracture zones
in the area 18°S±34°S and 65°W±71°W are shown in
Fig. 3. The numbered quadrangles represent individual
mining districts listed in Table 1. It appears that the
mineral deposits occur in the outcrops of the following
fracture zones: Carachas-Portillo F.Z. (Z1), Choqu-

elimpie F.Z. (Z2a), Iquique F.Z. (Z2b), Domeyko F.Z.
(Z2c), RõÂ o Blanco-Los Bayos F.Z. (Z4a), Farellones
F.Z. (Z6), Aconcagua F.Z. (Y3), Sierra del VolcaÂ n F.Z.
(Y4), El Salvador F.Z. (Y5), Maricunga F.Z. (Y6),
Jaroma F.Z. (Y9), Ujina F.Z. (Y10), Tumbaya F.Z.
(Y11), Incahuasi-LeoÂ n Muerto F.Z. (Y12). These frac-
ture zones can be divided into the following three
groups: (1) fracture zones roughly parallel to the trench
(Z1, Z2a, Z2b, Z2c, Z4a, Z6), (2) fracture zones roughly
perpendicular to the trench (Y5, Y6, Y9, Y10, Y11,
Y12), (3) fracture zones oblique to the trench, which are
oriented at an angle of about 45° in relation to the di-
rection of the recent Andean subduction (Y3, Y4).

In the following, the main parameters (azimuth, dip, maximum
depth) of individual fracture zones are given: Carachas-Portillo
F.Z. (Z1), 0°, 65° to E, 80 km, Choquelimpie F.Z. (Z2a), 150°, 60°
to NE, 100 km, Iquique F.Z. (Z2b), 165°, 45° to NE, 100 km,
Domeyko F.Z. (Z2c), 170°, 50° to NE, 120 km, RõÂ o Blanco-Los
Bayos F.Z. (Z4a), 0°, 85° to E, 100 km, Farellones F.Z. (Z6), 0°,
60° to E, 40 km, Aconcagua F.Z. (Y3), 45°, 50° to NW, 100 km,
Sierra del VolcaÂ n F.Z. (Y4), 140°, 65° to NE, 70 km, El Salvador
F.Z. (Y5), 100°, vertical, 200 km, Maricunga F.Z. (Y6), 100°,
vertical, 190 km, Jaroma F.Z. (Y9), 60°, 50° to SE, 100 km, Ujina
F.Z. (Y10), 100°, 60° to N, 100 km, Tumbaya F.Z. (Y11), 80°, 70°
to NNW, 140 km, Incahuasi-LeoÂ n Muerto F.Z. (Y12), 90°, 65° to
S, 100 km. It should be noted that the reliability of the geometric
parameters of the fracture zones (especially of the dip and depth) is
limited by the accuracy of the ISC parameter determinations used
in this study; however, it is evident that the fracture zones pass
through the whole continental lithosphere.

The most important fracture zones Z2a, Z2b, Z2c, Z1, Z6, Z4a,
Y11 are shown in Figs. 4±10. For every fracture zone its trace in the
map (a), the vertical section across (b) and along (c) the fracture
zone with associated earthquakes are given. In the outcrops of the
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in Fig. 1
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fracture zones the individual faults recorded in the geologic and
tectonic maps are shown with the position of the individual mining
districts. The faults observed on the surface roughly follow the
azimuth of the respective fracture zone.

In the following, tabular summary of the position and miner-
alization of the mining districts in the system of seismically active
fracture zones and the available ages and genetic type of individual
deposits are given:

CH1 Belen-Choquelimpie Two groups of polymetallic deposits situated on the crossing of Choquelimpie F.Z. (Z2a) and
Jaroma F.Z. (Y9). The Choquelimpie epithermal Ag-Au-Pb-Zn deposit is represented by
hydrothermal breccias hosted in a subalkalic stratovolcano of late Miocene age of 6.6 Ma
(GroÈ pper et al. 1991)

CH2 Iquique Group of polymetallic deposits situated near the western boundary of the central part
of Iquique F.Z. (Z2b)

CH3 Ujina Group of polymetallic deposits, the large Copaquire Mo deposit and the large Quebrada Blanca
Cu, Mo deposit situated on the crossing of Domeyko F.Z. (Z2c) and Ujina F.Z. (Y10). The age
of the Quebrada Blanca porphyry copper deposit is 38±36 Ma (Davidson and Mpodozis 1991;
Sillitoe 1991) and of the Copaquire Mo deposit 37±34 Ma (Davidson and Mpodozis 1991)

CH4 San JoseÂ del Abra Group of polymetallic, Au and Cu deposits, the large Guanchaca Ag, Pb deposit and the large El
Abra Cu, Mo, Au deposit situated near the eastern boundary of Domeyko F.Z. (Z2c). The age
of the El Abra high sul®dation porphyry copper deposit, accompanied by veins striking
SE from the porphyry body, is given as 38±37 Ma (Sillitoe 1991), 36±34 Ma
(Sillitoe and McKee 1996), 34±33 Ma (Davidson and Mpodozis 1991)

CH5 Chuquicamata Group of polymetallic, Au and Cu deposits, the large Chuqui Norte Cu deposit and the large
Chuquicamata Cu, Mo, Ag deposit situated in the central part of Domeyko F.Z. (Z2c).
The age of the Chuquicamata porphyry copper deposit is given at 36±31 Ma
(Sillitoe and McKee 1996) and 35±28 Ma (Davidson and Mpodozis 1991), the age of
supergene oxidation and enrichment of this deposit is 19±15 Ma (Sillitoe and McKee 1996)

CH6 Caracoles Group of Ag and Cu deposits, the large Gran Corrida Ag deposit and the large Centinela Cu
deposit situated in the central part of Domeyko F.Z. (Z2c). The age of the Centinela porphyry
copper deposit is 44 Ma (Davidson and Mpodozis 1991)

CH7 La Escondida Group of Ag and Cu deposits and the large La Escondida Cu, Mo deposit situated in the
southern part of Domeyko F.Z. (Z2c). The age of the La Escondida porphyry copper
deposit with related high-sul®dation Cu, Au (Sillitoe 1991) is given as 35±31 Ma
(Sillitoe and McKee 1996), 34±31 Ma (Davidson and Mpodozis 1991)

CH8 El Salvador-Potrerillos Group of polymetallic, Cu and Au deposits with the large El Salvador Cu, Mo deposit, the large
Potrerillos Cu, Mo, Pb, Au deposit and the large El Hueso Au deposit situated in the western
part of the outcrop of El Salvador F.Z. (Y5). The age of the El Salvador porphyry copper
deposit, accompanied by an intense vein mineralization of ®ve stages (Gustafson and Quiroga
1995), is 43±31 Ma (Sillitoe and McKee 1996), 42±39 Ma (Davidson and Mpodozis 1991), the
age of supergene oxidation and enrichment of this deposit is 23 Ma (Sillitoe and McKee 1996).
The Potrerillos porphyry copper deposit is hosted by sedimentary rocks which contain the El
Hueso epithermal gold deposit generated at the same time as the porphyry intrusion and
associated copper mineralization (Davidson and Mpodozis 1991). The age of the Potrerillos
deposit is 35 Ma (Sillitoe and McKee 1996), 38±34 Ma (Davidson and Mpodozis 1991) and the
age of the El Hueso deposit is 38±37 Ma (Davidson and Mpodozis 1991)

CH9 Marte Group of Au deposits with the large Marte and Refugio Au deposits situated in the western part
of the outcrop of Maricunga F.Z. (Y6). The deposits of this group belong to the Maricunga
metallogenic belt. The age of the Marte Au deposit, bound to the quarts ± (specularite
-magnetite) porphyry stockwork (Vila and Sillitoe 1991, Vila et al. 1991), is 14±13 Ma (Sillitoe
1991), 12 Ma (Davidson and Mpodozis 1991), and of the Lobo Au deposit, bound to the
quartz-(specularite-magnetite) porphyry stockwork (Vila and Sillitoe 1991), is 13 Ma (Vila and
Sillitoe 1991). The age of the La Pepa Au deposit, bound to the quartz-magnetite porphyry
stockwork (Vila and Sillitoe 1991), is given at 23±22 Ma (Sillitoe 1991; Vila and Sillitoe 1991)
and of the Refugio Au deposit, bound to the quartz-magnetite-(specularite) porphyry
stockwork (Vila and Sillitoe 1991), is given at 23 Ma (Sillitoe 1991; Vila and Sillitoe 1991),
22 Ma (Davidson and Mpodozis 1991)

CH10 Farellones Group of polymetallic deposits with the large Bronces del RõÂ o Blanco Cu, Mo deposit and the
large La Fortuna Ag, Pb deposit situated in Farellones F.Z. (Z6). The age of the Bronces del
RõÂ o Blanco porphyry copper deposit is 5±4 Ma (Sillitoe 1991)

CH11 Los Pelambres Group of Cu, Ag deposits with the large Los Pelambres Cu, Mo deposit situated in the northern
prolongation of Farellones F.Z. (Z6) and in the southwestern prolongation of Aconcagua F.Z.
(Y3). The age of the Los Pelambres porphyry copper deposit based on hydrothermal biotite in
diorite porphyry is 9.8 Ma (Sillitoe 1977)

CH12 Sierra Gorda Group of Cu, Au, Ag deposits situated near the western boundary of Domeyko F.Z. (Z2c). The
age of the Faride low sul®dation epithermal silver-gold vein deposit (Camus and Skewes 1991)
is 64±60 Ma (Sillitoe 1991), 64 Ma (Davidson and Mpodozis 1991). The age of the Catalina
Cu, Mo deposit is given at 64±63 Ma and the age of supergene oxidation and enrichment of
this deposit at 14 Ma (Sillitoe and McKee 1996)
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CH13 Guanaco Group of Au, Ag, Cu deposits situated in the western prolongation of Tumbaya F.Z. (Y11). The
age of the El Guanaco high sul®dation epithermal gold-copper-silver vein deposit is 49 Ma
(Sillitoe 1991). The age of the Cachinal del la Sierra epithermal silver ± (gold) deposit is given at
59±56 Ma (Davidson and Mpodozis 1991)

CH14 Indio Group of Au, Cu, Ag deposits with the large El Indio Au, Cu deposit situated west of
Carachas-Portillo F.Z. (Z1) in the northern prolongation of Farellones F.Z. (Z6). The age of
the El Indio high sul®dation epithermal gold-silver-copper vein deposit (Jannas et al. 1990;
Sillitoe 1991) is 13±8 Ma (Sillitoe 1991), 11±9 Ma (Davidson and Mpodozis 1991)

CH15 Lomas Bayas Group of Cu and Ag, Pb, Cu deposits situated west of Domeyko F.Z. (Z2c). The age of the
Lomas Bayas porphyry copper deposit is 61 Ma (Davidson and Mpodozis 1991) and the age of
the Fortuna porphyry copper deposit with polymetallic veins is given at 64 Ma
(Davidson and Mpodozis 1991)

CH16 Cerro Colorado Group of Cu, Au, Mo and polymetallic deposits situated at the eastern boundary of Iquique F.Z.
(Z2b). The age of the Cerro Colorado porphyry copper deposit is 58 Ma (Sillitoe 1991)

A1 Cordillera de Carachas Group of polymetallic deposits situated near the western boundary of
Carachas-Portillo F.Z. (Z1)

A2 Valle del Cura Group of polymetallic deposits situated near the western boundary of
Carachas-Portillo F.Z. (Z1)

A3 Cordillera Nevada de
ColanguÈil

Group of Cu, Ag, W deposits situated near the western boundary of Carachas-Portillo F.Z. (Z1)

A4 Sierra del VolcaÂn Group of Au vein deposits situated at the crossing of Carachas-Portillo F.Z. (Z1) and Sierra del
VolcaÂ n F.Z. (Y4)

A5 Cordillera de Conconta Group of W, Cu, Mo and polymetallic deposits situated near the western boundary of
Carachas-Portillo F.Z. (Z1).

A6 Cordillera de Olivares Group of W, Mo, Au and polymetallic deposits situated near the western boundary of
Carachas-Portillo F.Z. (Z1). The age of the Chita W-bearing porphyry copper
deposit based on biotite from andesite porphyric stock is 11.7 Ma (Sillitoe 1977, 1981)

A7 Rio CastanÏo Group of Cu, Au, Bi and polymetallic deposits with the operated Cuatro Amigos polymetallic
deposit and CastanÏ o Nuevo Au deposit situated near the northern crossing of
Carachas-Portillo F.Z. (Z1) and Aconcagua F.Z. (Y3)

A8 Cordillera del Tigre Group of Cu deposits with the operated Cantera el Angelito, Cantera el RincoÂ n and Don LeoÂ n
deposits situated at the southern crossing of Carachas-Portillo F.Z. (Z1) and
Aconcagua F.Z. (Y3)

A9 Cordillera Cortaderas Group of Au, Cu and polymetallic deposits with the operated Mantos de Cobre Cu deposit and
Paramillos de Uspallata polymetallic deposit situated near the eastern boundary of
Carachas-Portillo F.Z. (Z1). The age of the Paramillos Norte porphyry copper deposit based
on hydrothermal muscovite in sericitized latite porphyry is given as 16 Ma (Sillitoe 1977, 1981)

A10 Guido Group of Cu and polymetallic deposits with the operated San Lorenzo Cu deposit and
Los Mantos Preciosos polymetallic deposit situated near the eastern boundary of
Carachas-Portillo F.Z. (Z1)

A11 CordoÂn Portillo Group of many Cu, Au, W, Mo and polymetallic deposits with the operated Salamanca
Cu deposit situated near the western boundary of Carachas-Portillo F.Z. (Z1)

A12 Aconcagua Group of Cu deposits situated at the crossing of Farellones F.Z. (Z6) and prolongated
Aconcagua F.Z. (Y3). The age of one porphyry copper deposit in the RõÂ o de las
Vacas complex based on hydrothermal biotite in potassium silicate altered
granodiorite porphyry is 8.5 Ma (Sillitoe 1977, 1981)

A13 Taca Taca Group of Cu deposits situated in the central part of Tumbaya F.Z. (Y11)

A14 San Antonia de
los Cobres

Group of polymetallic and Cu deposits with the operated Elvira polymetallic deposit
situated in the central part of Tumbaya F.Z. (Y11)

A15 Meseta Group of polymetallic and Cu deposits with the operated Diana polymetallic
deposit situated near the southern boundary of Tumbaya F.Z. (Y11)

A16 Sierra de ChanÏi Group of polymetallic, Au and Cu deposits situated in Tumbaya F.Z. (Y11)

A17 Tumbaya Group of polymetallic and Cu deposits with the operated Chorrillos and MarõÂ a Remedios
Cu deposits situated in the central part of Tumbaya F.Z. (Y11). The age of the Pancho ArõÂ as
porphyry copper deposit based on hydrothermal biotite in potassium silicate altered
dacite porphyry is given as 15.4 Ma (Sillitoe 1977, 1981)

A18 Capillitas Group of Au, Ag and Cu deposits with the operated Carmelitas Cu deposit situated at the
northern boundary of Maricunga F.Z. (Y6). The age of four di�erent porphyry copper de-
posits (Bajo del Durazno, Bajo de Pampitas, Bajo de San Lucas, Mi Vida) based on biotite in
potassium silicate altered andesite and monzonite porphyry is 7.9±6.8 Ma (Sillitoe 1977, 1981)
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Table 1 contains the list of individual mineral occur-
rences; the numbering of Chilean occurrences in mining
districts CH1±CH16 was taken from Ulriksen (1990),
numbering of Argentinean occurrences for mining dis-
tricts A1±A7 from Mapa Minero of San Juan, A8±A12
from Mapa Minero of Mendoza, A13±A17 and A21±
A22 from Mapa Minero of Salta y Jujuy, A18±A20
from Mapa Minero of Catamarca y Tucuman and
A23±A24 fr om Mapa Minero of La Rioja. The mining
districts mentioned represent practically all important
accumulations of metals given in the above maps for
the region studied. The newly discovered porphyry
Cerro Mercedario copper deposit, denoted in Fig. 3 as

A25, is situated in the northern prolongation of
Farellones F.Z (Z6) and in the southwestern prolon-
gation of Aconcagua F.Z. (Y3); its age, based on
hydrothermal biotite in quartz monzonite porphyry, is
13 Ma (Sillitoe 1977, 1981). The age of the large E1
Teniente porphyry copper deposit, situated several ki-
lometres south of 34°S in the central part of Farellones
F.Z (Z6), is given at 5.6±4.3 Ma (Sillitoe 1981). The
Cretaceous Andacollo, Los Mantos de Punitaqui and
E1 Bronce deposits (Sillitoe 1991) were not considered
because they do not belong to manifestations of the
last system of subduction cycles (Soler and Bonhomme
1988).

A19 Belen Group of W deposits at the southern boundary of Maricunga F.Z. (Y6)

A20 Incahuasi Group of Au deposits situated at the northern boundary of Incahuasi-LeoÂ n Muerto F.Z. (Y12).
The age of the Inca Viejo porphyry gold deposit based on magmatic biotite in dacite porphyry
is given at 15 Ma (Sillitoe 1977, 1981)

A21 Cafayate Group of Cu deposits situated at the southern boundary of Incahuasi-LeoÂ n Muerto F.Z. (Y12)

A22 LeoÂn Muerto Group of Cu deposits with the operated El Zorrito, Margarita and ZorriquõÂ n deposits
situated at the southern boundary of Incahuasi-LeoÂ n Muerto F.Z. (Y12)

A23 Los Bayos-El Tigre Group of Cu, Au and polymetallic deposits with the operated San Sebastian Cu deposit
situated at the crossing of RõÂ o Blanco-Los Bayos F.Z. (Z4a) and Aconcagua F.Z. (Y3). The
age of the Los Bayos porphyry copper deposit based on biotite from pre-mineral quartz diorite
intrusive is 5.7 Ma (Sillitoe 1981)

A24 Mogote RõÂo Blanco Group of Cu, Au and polymetallic deposits with the operated Monte Verde and Santa MarõÂ a Cu,
Au deposits situated at the western boundary of RõÂ o Blanco-Los Bayos F.Z. (Z4a). The age of
porphyry copper-gold deposits with associated polymetallic mineralization in this district is
given as 8 Ma (Sillitoe 1997)
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Table 1 List of Andean mining districts between 18°S and 34°S situated in the outcrops of seismically active fracture zones

District Area Occurrences Type of mineralization

S W

CH1 Belen-Choquelimpie 27 Choquelimpie N. Ag, Au, Pb, Zn
18.3, 69.55; 18.7, 69.55; 28 Choquelimpie S. Ag, Pb, Zn
18.3, 69.3; 18.7, 69.3 32 PatinÏ o Ag, Pb, Zn, Cu

37 Campanani Ag, Pb, Zn
40 Santa Rosa Ag, Pb, Zn
42 Churicala Norte Cu, Ag
43 Chulpa Ag, Pb, Zn
44 Capitana Ag
45 Ociel Ag, Sb

CH2 Iquique 10 Juana Au, Ag, Pb
20.15, 70.15; 20.45, 70.15; 11 Pajonales Ag, Cu, Pb
20.15, 69.9; 20.45, 69.9 12 Westfalia Cu

27 Huantajaya Ag, Cu, Pb, Zn
28 SocavoÂ n Ag, Pb, Cu
29 Rosa Amelia Ag, Pb, Cu
30 NN4 Ag, Pb
32 Consuelo Cu, Au
33 Rosario Cu, Ag, Pb
34 Gran Veta Ag, Pb, Cu
35 El Godo Ag, Pb
37 Atahualpa Ag, Pb

CH3 Ujina 60 Copaquire (large) Mo
20.8, 69.15; 21.15, 69.15; 61 Flor de TarapacaÂ Ag, Pb, Cu
20.8, 68.7; 21.15, 68.7 62 Malta Mo

63 Colcol Ag, Pb, Cu
72 Catigna Cu
73 Las Por®adas Cu
74 Yamincha Cu
4 Quebrada Blanca (large) Cu, Mo
5 Yareta Ag, Au, Mn
6 Jovita Cu
7 Trinidad Ag, Mn
8 Montezuma Au, Cu, Mn
11 Anita Cu, Au
12 QuilahuenÏ a Cu, Au
13 Pirula Ag, Pb
14 Capona Au, Ag, Cu
15 Olga Cu, Au

CH4 San JoseÂ del Abra 31 Arco Pb
21.7, 68.95; 22.0, 68.95; 32 Vizcachilla Cu
21.7, 68.65; 22.0, 68.65 33 Mal Paso Au

34 Aguadita Ag, Pb, Zn
35 Guanchaca (large) Ag, Pb
46 Sajasa Au
47 Sin Nombre Cu
48 El Abra (large) Cu, Mo, Au
49 Gral. Baquedano Cu, Ag
55 Colpa Cu, Au, Ag

CH5 Chuquicamata 18 Irene (large) Ag, Au, Cu
22.15, 69.1; 22.45, 69.1; 19 Mujer Au
22.15, 68.75; 22.45, 68.75 20 Andina Cu

21 Tomasol Cu
22 Tres Cerros Ag, Pb
23 Jarosita Ag, Pb
24 Chuqui Norte (large) Cu
29 Andacollo Au, Ag, Cu
30 Chuquicamata (large) Cu, Mo, Ag
36 Sta. Genoveva Ag, Pb
40 San Salvador Ag, Pb
41 Tres Compadres Cu

CH6 Caracoles 3 Deseada-Filomena (large) Ag
22.95, 69.2; 23.25, 69.2; 4 Descubridora Ag
22.95, 68.8; 23.25, 68.8 5 San Luis Ag

8



Table 1 Contd.

District Area Occurrences Type of mineralization

S W

6 Cerro Pedregal Ag
7 Gran Corrida de Caracoles Ag
8 Luisa Ag
9 La Isla Ag
16 Centinela (large) Cu
17 Los Amigos Pb, Ag
18 San JoseÂ Cu

CH7 La Escondida 18 Sin Nombre Ag
24.1, 69.2; 24.3, 69.2; 19 Alicia Ag
24.1, 68.8; 24.3, 68.8 20 Rincones Ag, Pb

21 Sin Nombre Ag
22 Marisol Cu, Ag
23 La Escondida (large) Cu, Mo
24 La Casualidad Cu

CH8 El Salvador-Potrerillos 11 Arenal Cu
26.2, 69.6; 26.55, 69.6; 17 Quebrada de las Salinas Cu, Ag, Au
26.2, 69.3; 26.55, 69.3 18 El Salvador (large) Cu, Mo

51 Potrerillos (large) Cu, Mo, Pb, Au
129 El Hueso (large) Au

CH9 Marte 169 Marte (large) Au
27.15, 69.3; 27.45, 69.3; 170 Soledad Au
27.15, 69.05; 27.45, 69.05 171 Pepa Au

172 Lobo Au
173 Escondida Au
174 Refugio (large) Au
73 Pantanillo Au

CH10 Farellones 17 Bronces del RõÂ o Blanco et al. (large) Cu, Mo
33.1, 70.45; 33.35, 70.45; 18 Lomas Bayas Ag
33.1, 70.2; 33.35, 70.2 19 La Fortuna (large) Ag, Pb

20 Los Sulfatos Cu, Ag
29 Victoria et al. Pb, Cu, Ag
48 Morena Cu

CH11 Los Pelambres 121 Los Pelambres (large) Cu, Mo
31.7, 70.5; 32.0, 70.5; 154 Primavera-Resguardo Cu
31.7, 70.35; 32.0, 70.35 169 El Totoral Cu, Ag

170 El Manzano Cu, Ag

CH12 Sierra Gorda 85 Pampa Lina Cu
22.75, 69.4; 22.95, 69.4; 86 Millonaria Cu
22.75, 69.3; 22.95, 69.3 87 Faride et al. Cu, Au, Ag

88 Catalina et al. Cu, Mo
89 La Vendida et al. Cu, Au, Ag
90 Copucha Cu
91 Bello Cambio Cu
92 La CompanÏ õÂ a Cu, Au, Ag

CH13 Guanaco 12 Inesperada Au, Ag
24.85, 69.55; 25.15, 69.55; 13 El Guanaco et al. Au, Cu, Ag
24.85, 69.4; 25.15, 69.4 61 El Soldado Ag, Pb

62 Cachinal de la Sierra Ag

CH14 Indio 66 El Indio (large) Au, Cu
29.75, 70.1; 30.2, 70.1; 98 Las Hediondas Au
29.75, 69.95; 30.2, 69.95 11 Carmen Au, Ag

164 San Antonio Cu, Ag, Au

CH15 Lomas Bayas 48 Chicago Cu
23.4, 69.65; 23.5, 69.65; 49 La Paloma Cu
23.4, 69.5; 23.5, 69.5 50 San Manuel Cu

51 Lomas Bayas Cu
52 Fortuna Ag, Pb, Cu

CH16 Cerro Colorado 21 Paguanta Ag, Pb, Cu
19.75, 69.4; 20.2, 69.4; 22 LimacsinÏ a Ag
19.75, 69.0; 20.2, 69.0 23 Sta. Rita, San Antonio Ag, Pb, Zn

24 Beatriz et al. Cu, Au
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Table 1 Contd.

District Area Occurrences Type of mineralization

S W

25 MarõÂ a IneÂ s, Pascuala Cu, Au
26 San Juan de Mocha Cu, Au
27 Enrique et al. Cu, Au, Ag
28 Subercagua Ag, Pb, Zn
29 Sta. Fe Cu
30 Colpa Cu
31 Mosquito de Oro Au
32 Chana, Sta. Rosa Au, Cu
39 Violeta Ag, Pb
3 Cerro Colorado Cu, Mo
4 Amilca Cu, Au
5 San Marcos Cu, Ag, Pb,
6 Flor del Desierto et al. Cu, Ag, Pb, Zn
7 San AndreÂ s Ag, Pb, Zn
8 Gualchagua Cu
9 Columtucsa Cu
13 Molibdeno Cerro Colorado Cu, Mo
14 Sagasca Cu
15 Mollaca Cu, Ag
16 RõÂ o Tinto N Cu
17 Luisa de Canulpa Ag, Au, Pb, Zn
18 Zoila Rosa et al. Cu, Ag, Pb, Zn, Au
19 Aguada et al. Cu, Ag, Pb, Zn
20 So®a, In®ernillo Cu
21 Labraza, Santiago Cu
22 La Planada et al. Cu, Au, Mo
23 So®a Ag, Au, Pb, Zn
24 Jauja Ag, Au, Pb, Zn
25 RõÂ o Tinto S Cu
26 Sitilca Cu, Au

A1 Cordillera de Carachas 1 La Negra Pb, Ag, Zn
28.7, 69.45; 28.8, 69.45; 2 La Argentina Pb, Ag, Zn
28.7, 69.55; 28.8, 69.55 3 La Azul Pb, Ag, Zn

4 Jose®na Pb, Ag, Zn

A2 Valle del Cura 6 La Primera Pb, Ag, Zn
29.35, 69.4; 29.5, 69.4; 7 La Segunda Pb, Ag, Zn
29.35, 69.5; 29.5, 69.5 8 Sarmiento Pb, Ag, Zn

9 Fierro Alto Pb, Ag, Zn

A3 Cordillera Nevada de ColanguÈ il 12 Judas Tadeo Cu
29.65, 69.3; 29.75, 69.3; 13 El Salado Ag
29.65, 69.5; 29.75, 69.5 15 San JoseÂ Cu

16 San JoaquõÂ n W

A4 Sierra del VolcaÂ n 17 La Punilla Au
29.8, 69.05; 29.95, 69.05; 18 Despreciada Au
29.8, 68.9; 29.95, 68.9 82 Los Caballos Au

83 Guachi Au

A5 Cordillera de Conconta 24 La Ernestina W
30.15, 69.45; 30.25, 69.45; 25 Don Esteban W
30.15, 69.7; 30.25, 69.7 26 Conconta W

31 San Antonio Cu
32 La UnioÂ n W
33 RincoÂ n Seco Pb, Zn, Ag
34 Don Roberto W
36 Las Cruces W
37 Don Marcos Mo

A6 Cordillera de Olivares 41 Cerro del Bronce, Chita W
30.4, 69.5; 30.5, 69.5; 42 La Majadita W
30.4, 69.65; 30.5, 69.65 43 Catalina Pb, Ag, Zn

44 Arqueros Mo
45 San Pablo Au

A7 RõÂ o CastanÏ o 47 Dos Amigos Cu
30.65, 69.45; 31.0, 69.45; 48 Flor de los Andes Bi
30.65, 69.65; 31.0, 69.65 50 Don Arturo Cu

10



Table 1 Contd.

District Area Occurrences Type of mineralization

S W

51 Reyes Magos Cu
53 Amancay Bi
54 San Francisco de los Andes Cu
55 CastanÏ o Viejo Pb, Ag, Zn
56 Cuatro Amigos (active) Pb, Ag, Zn
57 CastanÏ o Nuevo (active) Au

A8 Cordillera del Tigre 105 La Deheza Cu
32.1, 69.4; 32.25, 69.4; 106 Cantera el Angelito (active) Cu
32.1, 69.55; 32.25, 69.55 107 Cantera el RincoÂ n (active) Cu

110 Don LeoÂ n (active) Cu

A9 Cordillera Cortaderas 79 BoquõÂ Au
32.3, 69.05; 32.45, 69.05; 83 Al Fin Hallada Au
32.3, 69.2; 32.45, 69.2 85 Mantos de Cobre (active) Cu

89 Andacollo Cu
91 La Carolina Au
92 Brillante Au
420 Delirio Cu
430 Paramillos de Uspallata (active) Ag, Pb, Zn

A10 Guido 1 San Pedro Nolasco Pb, Ag, Zn
32.85, 69.0; 33.1, 69.0; 2 San Lorenzo (active) Cu
32.85, 69.2; 33.1, 69.2 3 La Esperanza Cu

13 Atlas Cu
25 DonÏ a Ida Cu
42 Los Mantos Preciosos (active) Cu
45 Juanita Pb, Ag, Zn

A11 CordoÂ n Portillo 138 La Sarita Cu
33.15, 69.3; 33.6, 69.3; 139 Clarita Cu
33.15, 69.5; 33.6, 69.5 140 Amelia Cu

144 Dora Mercedes Au
145 El CoÂ ndor Au
146 San Juan Au
147 Benita Cu
153 Barrera Cu
154 Salamanca (active) Cu
155 La Serena Au
166 La Lola Au
167 Blanquita W
169 La Toma W
173 Alborada Mo
174 30 de Agosto Pb, Ag, Zn

A12 Aconcagua 127 Germinal Cu
32.6, 70.15; 32.85, 70.15; 128 El Sol Cu
32.6, 69.95; 32.85, 69.95 129 Catalina Cu

130 Irica Cu
131 San JoseÂ Cu
426 San SebastiaÂ n Cu

A13 Taca Taca 230 Ana Cu
24.55, 67.9; 24.65, 67.8; 240 Taca Taca Cu
24.2, 67.45; 24.3, 67.35 243 Flamarion Cu

468 Marcelo Cu
470 Arizaro Cu

A14 San Antonio de los Cobres 48 SoncaimaÂ n Pb, Zn, Ag
24.4, 66.95; 24.55, 66.8; 287 VicunÏ a Pb, Zn, Ag
24.05, 66.45; 24.2, 66.3 288 Emilia Cu

290 Concordia Cu
298 ArmonõÂ a Pb, Zn, Ag
303 Portezuelo Pb, Zn, Ag
306 Elvira (active) Pb, Zn, Ag
307 California Pb, Zn, Ag
488 La PurõÂ sima Pb, Zn, Ag
489 La Olvidada Pb, Zn, Ag
554 AndroÂ maca Pb, Zn, Ag
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Table 1 Contd.

District Area Occurrences Type of mineralization

S W

A15 Meseta 314 Leonor Cu
24.4, 66.3; 24.6, 66.25; 315 Elsa Cu
24.3, 65.95; 24.5, 65.9 317 Encrucijada Pb, Ag, Zn

393 Isa Cu
394 Aries Cu
395 Gloria Pb, Ag, Zn
466 Saturno Cu
469 Virgen del Carmen Cu
499 San Antonio Abad Pb, Ag, Zn
501 Diana (active) Pb, Ag, Zn

A16 Sierra de ChanÏ i 126 Achacanal Pb, Ag, Zn
23.9, 65.9; 24.35, 65.9; 128 Stella Pb, Ag, Zn
23.9, 65.65; 24.35, 65.65 129 Palomar Cu

130 Antigua Pb, Ag, Zn
131 El Porvenir Pb, Ag, Zn
386 CieÂ naga Redonda Pb, Ag, Zn
387 ChanÏ i Au
388 San JoseÂ de ChanÏ i Cu
491 San Pedro Pb, Ag, Zn

A17 Tumbaya 159 Santa MarõÂ a Pb, Ag, Zn
23.85, 65.55; 24.1, 65.55; 161 Oclayas Pb, Ag, Zn
23.85, 65.1; 24.1, 65.1 163 Yolanda Pb, Ag, Zn

164 Gral. GuÈ emes Pb, Ag, Zn
166 Chorrillos (active) Cu
167 Elsa Pb, Ag, Zn
168 La Italiana Pb, Ag, Zn
635 Alicia Cu
637 LeoÂ n Pb, Ag, Zn
638 Cerro Bola Pb, Ag, Zn
640 MarõÂ a Remedios (active) Cu

A18 CapillõÂ tas 44 Abel Peirano (FarelloÂ n Negro) Au, Ag
27.3, 66.7; 27.4, 66.7; 46 Los Angeles Au
27.3, 66.25; 27.4, 66.25 47 Virgen del Valle Cu

48 Carmelitas (active) Cu
49 Agua Rica Cu

A19 Belen 9 Del Valle W
27.55, 67.2; 27.65, 67.2; 10 El Chincal W
27.55, 66.85; 27.65, 66.85 51 Luna Aguada W

A20 Incahuasi 3 Incahuasi et al. Au
25.3, 67.3; 25.5, 67.3;
25.3, 67.2; 25.5, 67.2

4 Esperanza et al. Au

A21 Cafayate 512 Juan Esteban Cu
26.0, 66.4; 26.1, 66.4; 517 Los Cardones Cu
26.0, 65.95; 26.1, 65.95 518 San Francisco Cu

519 Casualidad III Cu
539 Don Juan Cu

A22 LeoÂ n Muerto 414 Deshechos Cu
25.65, 65.8; 26.0, 65.8; 415 San Antonio Cu
25.65, 65.65; 26.0, 65.65 420 El Zorrito et al. (active) Cu

421 Margarita (active) and
ZorriquõÂ n (active)

Cu

513 ConstelacioÂ n et al. Cu
514 Abundancia et al. Cu
540 Tehuelche Cu

A23 Los Bayos ± El Tigre 80 Imma Cu
28.85, 67.95; 29.3, 67.95; 81 La Vegulta Pb, Ag, Zn
28.85, 67.55; 29.3, 67.55 82 Malaquita et al. Cu

83 La Encrucijada Cu
84 Los Bayitos Au
87 Las Pircas Cu
89 Clorinda Cu
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Discussion

The description and ®gures indicate that the most im-
portant mining districts in the Andean segment between
18°S and 34°S are situated in the outcrops of the seis-
mically active fracture zones related to the present sub-
duction of the Nazca plate. However, the distribution of
mineral deposits is not strictly uniform in type, mineral
contents and age.

The majority of mineral deposits of porphyry copper
type are situated in the Domeyko F.Z. (Z2c), RõÂ o

Blanco-Los Bayos F.Z. (Z4a), Farellones F.Z. (Z6), and
in the east-west trending E1 Salvador F.Z. (Y5) and
Maricunga F.Z. (Y6). Polymetallic deposits occur
mainly in the Choquelimpie F.Z. (Z2a) Iquique F.Z.
(Z2b) and lncahuasi-LeoÂ n Muerto F.Z. (Y12). Polyme-
tallic vein deposits and Cu veins prevail in the Carachas-
Portillo F.Z. (Z1).

The available ages of Tertiary magmatic rocks host-
ing mineral deposits described can be arranged into four
periods: A: Upper Miocene-Pliocene, B: Upper Oligo-
cene-Middle Miocene, C:Upper Eocene-Middle Oligo-
cene, D:Lower Paleocene-Upper Eocene (compare

Table 1 Contd.

District Area Occurrences Type of mineralization

S W

90 Ampallado Cu
91 El Pararrayo Cu
92 Italia Cu
93 San Pedro et al. Cu
94 La Aragonesa Pb, Ag, Zn
95 La Cobriza Cu
96 Los Bayos Cu
98 El Tigre Pb, Ag, Zn
103 El Oro Au
106 San Sebastian (active) Cu

A24 Mogote RõÂ o Blanco 62 Las Amolanas Pb, Ag, Zn
28.15, 67.95; 28.7, 67.95; 63 La Alumbrera Pb, Ag, Zn
28.15, 67.65; 28.7, 67.65 64 El Cerquito Pb, Ag, Zn

65 Nuestra Sra. de Andacollo Pb, Ag, Zn
66 Mal Paso Au
70 SotraÂ n Cu
71 Monte Verde et al. (active) Cu, Au
72 Santa MarõÂ a (active) Cu, Au

Fig. 5a±c Location of the Iq-
uique fracture zone Z2b with
associated earthquakes a,
transverse section b across and
longitudinal section c along the
fracture zone. For key see
Fig. 4
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Sillitoe 1981; Davidson and Mpodozis 1991). It appears
that individual seismically active fracture zones are
characterized by the occurrence of mineral deposits
of di�erent age. In Table 2 the fracture zones are ar-
ranged from north to south according to these time
periods.

The distribution of dated mineral deposits and
sketches of metallogenic belts of di�erent ages are
plotted in the framework of the seismically active frac-
ture zones between 18°S and 34°S in Fig. 11. It should
be noted that this picture depends on the availability and
accuracy of age determinations. Figure 11 shows that all
young manifestations of hypogene metallogeny of peri-
od A are situated within the outcrops of the present
fracture zones (Z2a, Y6, Z4a, Z1, Z6). This young
mineralization is concentrated north of 19°S and south
of 27°S and does not occur in the central part of the
region between 20°S and 26°S where the metallogenic
belts of period C and D are developed mainly in the
outcrop and vicinity of Domeyko F.Z. (Z2c). It appears

that the deposits of period B are located south of 24°S
and do not tend to form clearly de®ned metallogenic
belts. In every case, the considered mineral deposits of
all periods are accumulated in the present system
of seismically active fracture zones. This distribution of
mineral deposits points to the spatial permanency of this
system of fracture zones activated by the process of
subduction in relation to the western margin of the
South American continent since the Lower Paleocene.
However, small alterations to this system probably oc-
curred during this time due to speci®c pecularities of
individual subduction cycles.

The hypothesis that the subduction runs in cycles
connected with the formation of a system of successive
subsiding slabs shifted several tens of kilometres towards
or against the direction of the corresponding ocean ¯oor
spreading (Hanu�s and VaneÏ k 1991, 1996) seems to have
fundamental importance for the formation of large ac-
cumulations of metals at convergent plate margins. The
continental lithosphere, moving against the direction of

Fig. 6a±c Location of the
Domeyko fracture zone Z2c
with associated earthquakes a,
transverse section b across and
longitudinal section c along the
fracture zone. For key see
Fig. 4
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the ocean ¯oor spreading, meets subduction zones of
di�erent age generated by subsequent cycles of sub-
duction. It appears that the fracturing of the continental
lithosphere near the convergent plate boundary, which is
shown by the described seismically active fracture zones,
remains preserved in time, being re-activated under fa-
vourable stress conditions by the sequence of subduction
cycles of di�erent age.

In Andean South America, deep earthquakes ob-
served at depths between 500 and 600 km do not geo-
metrically ®t the linear prolongation of the present
Wadati-Benio� zone (see Fig. 1 and Hanu�s and VaneÏ k
1978, 1991) and we explain their occurrence as a product
of an activation of paleoslabs buried in the upper
mantle. According to this hypothesis, we suppose that
these paleoslabs represent relics of foregoing cycles of
subduction activated at the present time. They are not
connected to the presently active subduction zone rep-

resented by shallow and intermediate earthquakes di-
vided from the belt of deep earthquakes by a broad
aseismic region at depths between 300 and 500 km
(Hanu�s and VaneÏ k 1976, 1991).

If we try to apply this hypothesis of cyclic devel-
opment of subduction to the region of Andean South
America between 18°S and 34°S, we arrive at the fol-
lowing model of the subduction history: The observed
shape of the present Wadati-Benio� zone shows that in
this region the maximum depth of penetration of the
oceanic lithophere beneath the South American conti-
nent laterally varies up to 250±300 km (Cahill and
Isacks 1992), which corresponds to a length of 600±
700 km at the observed dip of the present subduction
zone. Considering the rate of 6 cm/y for the subduct-
ion of the Nazca plate (Corvalan 1981), the duration
of the present subduction would be 10±12 Ma. Because
a completed cycle of subduction, given by the maxi-

Fig. 7a±d Location of the Ca-
rachas-Portillo fracture zone Z1
with associated earthquakes a,
faults observed on the surface b,
transverse section c across and
longitudinal section d along the
fracture zone. For key see
Fig. 4
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Fig. 9a±c Location of the RõÂ o
Blanco-Los Bayos fracture zone
Z4a with associated earth-
quakes a, transverse section b
across and longitudinal section
c along the fracture zone. For
key see Fig. 4

Fig. 8a±c Location of the
Farellones fracture zone
Z6 with associated earth-
quakes a, transverse sec-
tion b across and
longitudinal section c
along the fracture zone.
For key see Fig. 4
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mum depth of earthquakes of 600±650 km, corre-
sponds to a length of about 1000 km for the sub-
duction zone, the duration of one completed
subduction cycle would be about 17 Ma at the sub-
duction rate of 6 cm/y. On the basis of these suppo-
sitions, the following model of the history of

subduction cycles in the region considered may be
constructed: subduction cycle (a): 12±0 Ma, subduction
cycle (b): 29±12 Ma, subduction cycle (c): 46±29 Ma,
subduction cycle (d): 63±46 Ma.

If we compare the history of subduction (a±d) with
the periods (A±D) of hypogene metallogeny, we see that

Table 2 Co-ordination of dated deposits to individual fracture zones in periods A±D

Period Fracture zone Deposit

District Name Type Age
[Ma]

Reference

A 13±4 Ma Choquelimpie Z2a CH1 Choquelimpie Epithermal
Ag-Au-Pb-Zn

6.6 G91

Maricunga Y6 A18 Bajo del Durazno Porphyry copper 7.9±6.8 S77, S81
eastern part Bajo de Pampitas

Bajo de San Lucas
Mi Vida

RõÂ o Blanco ± Los Bayos A23 Los Bayos Porphyry copper 5.7 S81
Z4a southern part A24 Several deposits Porphyry copper ± gold 8 S97

Carachas-Portillo Z1
northern part

A6 Chita W-bearing porphyry
copper

11.7 S77, S81

Farellones Z6 CH11 Los Pelambres Porphyry copper 9.8 S77
A25 Cerro Mercedario Porphyry copper 13 S77, S81
A12 RõÂ o de las Vacas Porphyry copper 8.5 S77, S81
CH10 Bronses del RõÂ o Blanco Porphyry copper 5±4 S91

South of 34°S ± El Teniente Porphyry copper 5.6±4.3 S81
Northern prolongation CH14 El Indio Au-Ag-Cu veins 13±8 S91

11±9 DM91

B 23±12 Ma Tumbaya Y11 A17 Pancho ArõÂ as Porphyry copper 15.4 S77, S81
Incahuasi-

LeoÂ n Muerto Y12
A20 Inea Viejo Porphyry copper 15 S77, S81

Maricunga Y6 CH9 Marte Porphyry gold 14±13 V91, VS91
western part 12 DM91

Lobo Porphyry gold 13 VS91
La Pepa Porphyry gold 23±22 S91, VS91
Refugio Porphyry gold 23 S91, VS91

22 DM91
Carachas-Portillo Z1

southern part
A9 Paramillos Norte Porphyry copper 16 S77, S81

C 44±28 Ma Domeyko Z2c CH3 Quebrada Blanca Porphyry copper 38±36 DM91, S91
Copaquire Mo 37±34 DM91

CH4 El Abra Porphyry copper 38±37 S91
36±34 SM96
34±33 DM91

CH5 Chuquicamata Porphyry copper 36±31 SM96
35±28 DM91

CH6 Centinela Porphyry copper 44 DM91
CH7 La Escondida Porphyry copper 35±31 SM96

34±31 DM91
El Salvador Y5 CH8 El Salvador Porphyry copper 43±31 SM96

42±39 DM91
Potrerillos Porphyry copper 35 SM96

38±34 DM91
El Hueso Epithermal gold 38±37 DM91

D 64±49 Ma Iquique Z2b CH16 Cerro Colorado Porphyry copper 58 S91
Domeyko Z2c CH12 Faride Epithermal Ag-Au 64±60 S91

westwards 64 DM91
Catalina Cu, Mo 64±63 SM96

CH15 Lomas Bayas Porphyry copper 61 DM91
Fortuna Porphyry copper 64 DM91

Tumbaya Y11 CH13 El Guanaco Epithermal Au-Cu-Ag 49 S91
western prolongation Cachinal de la Sierra Epithermal Ag-Au 59±56 DM91

DM91: Davidson and Mpodozis 1991; G91: GroÈ pper et al. 1991; S77: Sillitoe 1977; S81: Silitoe 1981; S91: Sillitoe 1991; S97: Sillitoe 1997;
SM96: Sillitoe and McKee 1996; V91: Vila et al. 1991; VS91: Vila and Sillitoe 1991
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this very simpli®ed scheme agrees surprisingly well with
the cyclic metallogenic development of the region based
on radiometric dating. It should be noted that this
model of the history of subduction of the Paci®c ¯oor
beneath the South American plate is subject to a num-
ber of unprovable suppositions as, e.g., length of
paleosubduction zones, time of the South Farallon plate
break-up and subduction rates due to Cenozoic plate
motions (Minster and Jordan 1978, Gordon and Jurdy
1986).

It seems that the active fracture zones, penetrating the
whole thickness of the continental lithosphere, e�ect a
channelling of ore-bearing solutions. The repeated seis-
mic activity also seems to assure the long-term perma-
nent re-opening of the import paths for ore-bearing
solutions and thus makes it possible to accumulate
enormous amounts of metals in relatively restricted
domains of the Earth's crust.

A similar structural control of the distribution of
calc-alkaline volcanism due to the existence of seismic-
ally active fracture zones was observed in several con-
vergent plate margins (HanusÏ and VaneÏ k 1984, 1985,
1987). The preferential intrusion of volcanic bodies into
the framework of the fracture zones in the continental
wedges, which are permanently activated and tectoni-
cally fractured by the cyclic process of subduction, may
be presumed to represent one of the most important
factors facilitating the formation of deposits of porphyry
copper type. The ability of intrusive bodies to undergo

brittle fracturing leads to the permanent production of
open spaces for the penetration of hydrothermal solu-
tions and for long-term successive deposition of ore
minerals.

This model suggests the ®rst approach to the problem
of the formation of large accumulations of metals at
convergent plate margins in relation to the active tec-
tonic pattern of the continental wedges above subduction
zones shown by the seismically active fracture zones in
the continental lithophere. However, it must be stated
that the problem is more complex because the formation
of mineral deposits now exposed at the earth's surface in
the continental wedge need not be directly related to the
recent process of subduction because these deposits
could be created by earlier cycles of subduction. The
uplifting of the continental wedge, accompanying the
initial stage of each subduction cycle, seems to be an
essential factor for the emplacement of subduction-
related mineral deposits into the mineable levels of the
Earth's crust. The occurrence of mineral deposits in re-
cently active fracture zones also seems to indicate that
these fracture zones displayed activity during the earlier-
cycles of subduction, prior to the uplifting of their
mineralized levels into the recent near-surface position.
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