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EVOLUTION OF THE RODALQUILAR CALDERA COMPLEX AND
ASSOCIATED GOLD-ALUNITE DEPOSITS, CABO DE GATA
VOLCANIC FIELD, SOUTHEASTERN SPAIN

INTRODUCTION

The Miocene Cabo de Gata volcanic field is located along the southeastern coast of Spain
and is the only extensive area of Tertiary volcanic rocks in Spain. The volcanic field extends for
40 km along the Mediterranean Sea, and in the western part of the field, regionally extensive
rhyolite to dacite ash-flow tuffs, and andesitic stratovolcanoes and cones are present. Three large
Valles-type calderas have been identified in the central part of the volcanic field (Rytuba et al.,
1988) and the calderas retain much of their original morphology in spite of their Miocene age (Fig.
1). The evolution of the Los Frailes caldera has been documented in Cunningham et al., (1989).
This paper discusses the detailed geologic evolution of the Rodalquilar caldera complex and its
spatial and temporal relationship to epithermal, precious and base metal deposits within the caldera
complex. A third paper (Arribas et. al, 1989) contains data on the gold-alunite deposits and
associated altered rocks and presents a preliminary genetic model for these deposits. Earlier
studies in the Rodalquilar area include those by Ledn (1967), Sanchez Cela (1968), Pineda et al.,
(1981) and Di Battistini et al., (1987). Ore deposits in Rodalquilar have previously been described
by Lodder (1966) and Sierra and Leal (1968). Detailed studies on the genesis of the ore deposits
are the subject of a doctoral dissertation in progress by Antonio Arribas Jr. (Arribas et al., 1988,
1989).

RODALQUILAR CALDERA

The Rodalquilar caldera complex consists of two nested calderas located 8 km to the north
of the older Los Frailes caldera (Fig. 1). The town of Rodalquilar, after which the caldera complex
is named, is located within the southeastern moat of the Rodalquilar caldera (Fig. 1). The caldera
complex was developed on an older andesitic volcanic field composed of coalescing stratovolcanoes
and cones. Flows associated with these stratovolcanoes are the oldest rocks exposed and occur at
the base of the Rellana (Fig. 2), a broad plateau composed primarily of out flow facies ash-flow
tuffs erupted from the Rodalquilar caldera. These andesitic rocks are also exposed in the southeast
wall of the Rodalquilar caldera. Atabout 11 Ma in the Rodalquilar area, volcanism in the volcanic
field changed in style and composition to the emplacement of dacitic domes. The domes are well
exposed outside the north-central wall of the Rodalquilar caldera (Fig. 2). Potassium-argon dating
of biotite from one of these domes gives an age of 11.1+ 0.4 Ma and places an lower age limit on
the development of the Rodalquilar caldera.

After development of the dacitic dome field, a large felsic magma chamber developed
beneath the dome field. Eruption of the rhyolitic Cinto ash-flow tuff from this magma chamber
resulted in formation of the Rodalquilar caldera, a large Valles-type caldera. The Cinto ash-flow
tuff is a composite ash-flow sheet consisting of six cooling units in its outflow facies and a thick
sequence of interbedded ash-flows and collapse breccias in its intracaldera facies (Rytuba et al,
1988). The Cinto ignimbrite as originally defined by Lodder (1966) included all rhyolites in the
Rodalquilar area with quartz phenocrysts, which included ash-flow tuffs, domes, and flows erupted
over a long period of time. The present paper redefines the Cinto ignimbrite to include only the ash-
ﬂowﬂtuffs erupted from the Rodalquilar caldera, and to avoid confusion, terms these units the Cinto
ash-flow tuff.

The Rodalquilar caldera is an oval collapse structure having a maximum diameter of 8 km in
an east-west direction and a minimum diameter of 4 km in a north-south direction (Fig. 2). The
morphology of the caldera is still well preserved in its central part but the eastern and western parts
are covered by younger marine sedimentary rocks. The south topographic wall of the caldera is
well preserved and defined for a strike length of 5 km by the northern scarp of La Rellana (Fig. 1).
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Figure 1.--Index map showing location of principal geographic features, margins of
calderas, and mining districts within the Cabo de Gato volcanic field.










































caldera. Four main open pits and associated underground workings have been developed in the
wall of the Lomilla caldera (Fig. 9 and 10). The gold-alunite deposits in the wall of the Lomilla
caldera are hosted by intracaldera Cinto ash-flow tuff interbedded with collapse breccias and the
northernmost deposits are partly hosted by a rhyolite ring dome which extends into the caldera. The
deposits are closely associated with plugs and dikes of hornblende andesite which intrude the
intracaldera tuffs and breccias. These intrusives are altered and locally mineralized. Gold
mineralization occured in association with the formation of chalcedony veinlets and fracture coatings
which cross cut acid-sulfate altered rocks. The gold mineralization extended over a vertical interval
of about 200 m and mineralization changes at depth to complex sulfide assemblage with only trace
amounts of gold. Altered rocks in the ore zone formed from pervasive acid sulfate alteration and
consist of an assemblage of quartz, alunite, kaolinite, jarosite, pyrophyllite and hematite. Along
faults and fractures the country rock is completely leached and consists of vuggy silica. Below the
zone of mineralized rocks, acid-sulfate altered rocks grade into argillically altered rocks. Outside the
main zone of gold-alunite mineralization, higher grade gold veins, over 20 g per tonne, extend into
the ring domes located along the southern margin of the Rodalquilar caldera. The San Diego gold
vein is localized in a ring dome emplaced just north of the south-central margin of the Rodalquilar
caldera (Fig.10). The zone of mineralization has a maximum width of 8 m and consists of a
silicified fracture zone which strikes N 45 E. It is defined by extensive mine workings developed
along the vein shown in Figure 8. The 340 vein is a hydrothermal breccia up to 2.5 m in width
which contained up to 500 g per ton of gold. The hydrothermal breccia contains fragments of
silicified rock cemented by chalcedony. It is hosted in collapse breccias and is localized along a
northeast trending fracture zone. The Maria Josefa vein consists of two black chalcedony veins
with a total width of 2 m. It is localized in homblende andesite flows. None of the underground
workings which exploit these veins extended below 100 m of the present surface indicating that
mineralization was restricted to the near surface.

Based on stratigraphic constraints, the age of all three types of mineralization within the
Rodalquilar complex is younger than the Lomilla caldera and sedimentary and volcanic rocks which
fill the moat of the Rodalquilar caldera. The mineralization is closely associated with hornblende
andesite intrusives and flows, the youngest volcanic rocks within the moat fill sequence of the
Rodalquilar caldera. Only some of the homblende andesite flows are altered and mineralized
indicating that mineralization occurred during the early phase of andesitic volcanism but ended
before the last flows were emplaced at 9.0+ 0.6 Ma. The youngest volcanic rocks in the caldera
complex are unaltered pyroxene andesite flows which occur in the eastern part of the Rodalquilar
caldera and have an age of 8.4 to 7.5 Ma (Bellon et al., 1983, Di Battistini et al., 1987 ).
Potassium-argon dating of alunite and illite from the alteration zones associated with gold deposits
in the wall of the Lomilla caldera range from 9.5 * 0.5 Ma to 11.3 % 0.4 Ma for illite and 10.3 % 0.4

Ma to 10.6 £ 0.5 Ma for alunite and have an average age of 10.8 £ 0.5 Ma (Arribas et al., 1989).
Development of large hydrothermal systems within the Rodalquilar caldera complex occurred
during emplacement of hornblende andesitic magma at the waning stage of the caldera cycle.
Emplacement of the andesitic magma resulted in structural doming of the central and southern part
of the Rodalquilar caldera and was important in opening faults and fractures which were used as
fluid pathways by the hydrothermal systems.

The late stage development of mineralization in the evolution of the Rodalquilar caldera
complex is consistent with observations of other mineralized calderas (Rytuba, 1981).
Mineralization in caldera systems typically is associated with the last phase of volcanism within the
caldera and unrelated to the caldera forming magmatic system. Other gold-alunite type deposits also
occur in large caldera systems, for example Summitville (Stoffregen, 1987) and Goldfield (Ashley,
1974), U.S.A., and Kasuga, Japan (Izawa and Cunningham, in press). Like the Rodalquilar gold-
alunite deposits, these deposits are closely related in time and space to porphyritic, intermediate
composition magma emplaced within caldera structures but unrelated to the caldera forming
magmatic system.
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