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INTRODUCTION 

The Lavalleja Group, which is exposed along the Dom Feliciano Belt is located in the 
southeast of Uruguay and is represented by metavolcano-sedimentary rocks. It is developed during 
late Proterozoic-Early Paleozoic Brasiliano orogeny. Based on geochemical signature of the rocks of 
the Lavalleja Group, mainly metagabbros, basic and acidic metavolcanic rocks, a back-arc basin 
tectonic setting is suggested by Sánchez-Bettucci et al. (2001). The metamorphic grade increases to 
the southeast, ranging from lower greenschist facies to lower amphibolite facies in the Fuente del 
Puma and Zanja del Tigre Formations (Sánchez-Bettucci et al., 2001). The non-metamorphic to 
anchimetamorphic Minas Formation of Sánchez-Bettucci et al. (2001) is a junior synonim of the Arroyo 
del Soldado Group, previously defined by Gaucher et al. (1996). The metamorphic mineral 
assemblages correspond to a low-pressure regional metamorphism associated with a high thermal 
gradient (Sánchez-Bettucci et al., 2001). 

A compressive deformational event, that probably corresponds to the basin closure of the 
Lavalleja Group during a continental collision was recognized. The petrology, geochemistry, 
metamorphism grade, and tectonic setting are consistent with a back-arc basin for the Lavalleja Group 
(Sánchez-Bettucci et al., 2001). 

 
GEOCHEMISTRY 
The Lavalleja Group is composed of metamarls, dolostones and metapelites interbedded with 
metabasalts, metarhyolites, metaandesites, mafic and felsic tuff, volcanic breccias and pillow lavas 
preserving primary igneous textures (Sánchez-Bettucci, 1998; Sánchez-Bettucci et al., 2001). 
Numerous gabbroic dykes and small concordant bodies also occur. 
Volcanic rocks range from basalt through andesites to dacites and rhyolites. The rhyolites are calc-
alkaline and the basic rocks show a tholeiitic trend. The more conspicuous character of this volcanic 
suite is their bimodality, which reflects mixed eruptive and compositional styles between a volcanic arc 
and back-arc basin (Sánchez-Bettucci, 1998; Sánchez-Bettucci et al., 2001).  The diagrams of rare 
earth elements from volcanic rocks shows two different patterns, namely: (1) a relative flat pattern, 
resembling a MORB signature, and (2) different degrees of enrichment in light RREE, but depleted in 
HREE. This pattern  could correspond to a suprasubduction environment of an oceanic basin floor with 
initial MORB magmatism. Sánchez-Bettucci et al. (2001) suggested a subcontinental lithosphere 
implicated in the genesis of the igneous rocks. 
 From the geochronological point of view, the scarcity of determinations allows us to be prudent 
in the interpretation. K/Ar ages in whole rock of four basalts have been reported by Gomez Rifas 
(1995). Theses ages are grouped in: a) 626 ± 47 Ma, b) 750 Ma and, c) 1203 ± 65 Ma. Later, Sanchez-
Bettucci & Ramos (1999) determined a K/Ar age of 714 ± 10 Ma in metabasalt. 

Recent U/Pb determination (Sánchez Bettucci et al., in press) in a metabasalt yielded ages ca. 
670 Ma (igneous age), and ca. 630 Ma (metamorphic age).  
 

BASE METAL DEPOSITS 
This region was first studied by Marstrander (1914). This author suggests the presence of iron 

mineral, hematite and gold in the Arroyo San Francisco, Arroyo San Antonio and Arroyo Campanero. 
Two of the well-known copper mines are La Oriental and La Constancia. These mines were active 



between 1880-1885. The mineralization consists of  pyrite, chalcopyrite, bornite, malachite and cuprite. 
Some Cu-Pb deposits were exploited in the Ramallo-Reus mine. The mineralization was located at 20 
meters depth. Marstrander (1915) suggested the presence of silver. Guillemain (1911) pointed out the 
existence of bismuth-tellurium. The Valencia dolomite mine was active until some decades ago. The 
dolostones occurring there host galena vein-mineralizations (Marstrander, 1915). La Paloma mine is 
located nearby the valley of the Río San Francisco and Arroyo Mataojo de la Sierra, Cu occurring there 
in calcareous rocks. The Arrospide mine (gold and auriferous pyrites associated to quartz veins) has 
been object of mining during the 1930´s. The Apolonia Mine, according to reports of Avé Lallement 
(1884), presented copper mineralization consisting of pyrite, chalcopyrite, galena and magnetite hosted 
in volcanic basic rocks. 

Prospective studies were carried out by Zeegers and Spangenberg (1981) in the region of Las 
Animas. These authors mentioned geochemical anomalies of Cu, Pb-Zn, Zn-As-Sb, Mo, Zn, Ba and 
Mn. The geochemical study of the Apolonia mine revealed anomalies in Cu, Pb, Zn, As, Ni, Ba, V and 
Mn and a geochemical association Cu-V with tenors of 177 and 376 ppm respectively. In addition, they 
found high values in Zn (131) and As (51ppm). 

Midot (1984) suggested that the mineralizations are associated to the Fuente del Puma 
Formation. La Oriental, Reus and Chape mines are located in calcareous and sericitic metapelites 
levels with intercalation of basic volcanic rocks. Subordinate jasper occurs, as well as ”Chapeau de 
fer”. The mineral associations in La Oriental mine is: pyrrotite (altered to marcasite) and pyrite (birds 
eye structure), chalcopyrite, sphalerite and galena. According to Midot, (1984) the mineralization is 
located in breccias with abundant iron oxides, chlorite, and quartz fragments in which the primary 
lamination is microfolded. In the Apolonia mine the mineralization is related to epidote rich rocks with 
rounded to euhedral cordierite and galena in microfissures, hematite and subordinate quartz. The 
mineral association is pyrite, sphalerite, chalcopyrite, galena, magnetite and hematite. This 
mineralization could be proximal-type stockwork, whereas La Oriental Mine is distal. The mineralization 
in Pb of Reus and Chape mines is restricted to hydrothermal events related to granitic intrusions. The 
Pb–Mn, Zn and Mn of Valencia Mine are located in carbonatic and jasper rocks, respectively, 
associated to sedimentation on a basin margin and to a mineralization of proximal stockwork. Preciozzi 
et al. (1985) proposed that the mineralization of La Oriental mine corresponds to massive sulfide 
deposits, proximal or distal. There, mining proceeded along a mineralized tectonic breccia associated 
to a thrust fault. The mineralogical study shows the following mineral association: magnetite, 
chalcopyrite, sphalerite, arsenopyrite, bornite, galena, petlandite, covellite associated with banded and 
brecciated rocks with intercalation of chloritic-schists and limestones. 

Preciozzi (1989) distinguished three types of mineralization following the proposal by Midot 
(1984), namely: (1) massive sulphide-deposits associated to the volcanism; (2) limestone-hosted 
mineralization, and (3) mineralizations related to thrusts. This author also proposed a stratigraphic 
sequence for the mineralizations, presented in Table I. 
 
Table I. Different types of Mineralizations in the Lavalleja Group  

Mine Host rocks Mineralization 

Valencia Jaspers associated to the 
sedimentary-volcano sequence 
Dolomites 

Cu-Mo and Mn (pyrolusite and 
psilomelane) 
Sphalerite-galena 

Euritina Schist, quartzites and limestones Malachite in basic metavolcanic 
rocks 

Reus Black-schist, metamarls and 
calcpelites 

Galena-pyrite 

Apolonia Basic metavolcanic rocks Disseminated Cu in a stockwork 
with chlorite and quartz. Galena 
in epidotized  metavolcanic rocks 
and sulfured chloritized  levels 

La Oriental Metabasalts, limestones and 
chloritic-schists 

Cu in tectonic breccias 

Chape Basic volcanoclastic rocks Sphalerite-galena -pyrite 

 



In this region, baryte occurs as cement in a metaconglomerate. Field data suggest a syn-
sedimentary origin. 

To the south of Minas city, quartz veins with patines of gold-pyrite-hematite occur. The scarcity 
of available data about the base metal mineralizations, baryte and the epithermal association 
corundum-diaspore-muscovite, as well as their spatial distribution in the region, do not allow us to 
make inferences regarding the geotectonic environment. The Cu-Zn deposits appear in spilitic basalts 
intercalated with cherts. The mineralization includes massive sulfide with pyrite-chalcopyrite-sphalerite. 
These bodies are small with lenticular forms. Commonly the country rocks are hydrothermaly altered, 
whit silicification and chloritization. The chloritic alteration constitutes a distinctive feature of 
Precambrian volcanogenic deposits (Pirajno 1992). 

Those mineralizations are associated to pelites and calcareous sediments, and could 
represent a volcanogenic, Cyprus-type deposit, associated to a back-arc basin (sensu Sawkins, 1990). 
Similar mineralization has been described for the Cyprus type deposits in Turkey (Hutchison, 1983). 
The difference with Kuroko type mineralization is a relationship 10:2 of basic to acid volcanic rocks.  

The sedimentary deposits of the Lavalleja Group indicate depths less than 1000 meters, while 
Kuroko type mineralizations need depths in excess of 1000 meters (Ohomoto and Takabashi, 1983). 
The presence of baryte and banded iron formation suggest an oxygen-depleted environment (Pirajno, 
1992). 
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