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Abstract 

The Santo Domingo Sur (SDS) deposit is a recent discovery of an iron oxide (-Cu-Au) 

deposit in the Chilean Iron Belt (CIB), located near the town of Diego de Almagro in the 

Coastal Cordillera of northern Chile. The orebodies are hosted by a sequence of volcanic 

and volcaniclastic rocks from the Punta del Cobre Formation, deposited in the back arc 

during the Early Cretaceous. Mineralization forms well-defined mantos that are 

concordant with the stratigraphy and exhibit various distinct replacement textures. 

Hydrothermal features in SDS are Sodic (-Calcic), Potassic, and Carbonate alteration, 

together with abundant magnetite and specular hematite. Copper mineralization is mainly 

dominated by chalcopyrite with minor bornite and is closely related with hematitic facies. 

In the southern part of Santo Domingo district, andraditic skarn associations appear 

together with sodic (-calcic) assemblages dominated by hydrothermal scapolite that occur 

in the proximity of pyroxene diorite stocks and dikes. Hydrothermal mineral assemblages 

at SDS are strongly zoned at the deposit scale, characterized by a central core dominated 

by magnetite zoned to hematitic domains toward the edges and toward shallower parts of 

the main orebody. Surface exposures in the district are zoned from shallower to deeper 

levels towards the southern intrusive complex. The proposed time-space evolution for the 

hydrothermal system begins with sodic (-calcic) alteration with continuous Fe-

metasomatism, followed by potassic and carbonate alteration, accompanied with copper 

and iron sulfides. Within the SDS orebody, gold and copper show a strong positive 
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correlation, and the cobalt contents of pyrite grains exhibit distinct zoning at the 

microscopic scale. 

SDS hydrothermal system resembles others IOCG deposits along the CIB belt and 

elsewhere, where mineralization took place under relatively oxidizing conditions, under 

generally sulfur-poor conditions, and likely between 350 and 250°C. Iron oxide minerals 

exhibit episodic changes between hematite and magnetite dominance, presumably due to 

a change in temperature or oxygen fugacity. Mineralization is located at a similar 

stratigraphic level to deposits in the Candelaria-Punta del Cobre district. The stratabound 

nature of the SDS orebody contrasts with other strongly discordant orebodies, such as 

Mantoverde and certain deposits in the Candelaria-Punta del Cobre district. In addition, 

similarities between Chilean manto type Cu (-Ag) and Santo Domingo Sur deposit are 

suggested, consistent with the hypothesis that of stratabound Cu (-Ag) deposits are lower 

temperature analogues of IOCG systems in the CIB. 

Introduction 

Iron-oxide (-Cu-Au) (IOCG) systems are numerous and widely distributed globally and 

throughout geologic time and space, and have been an active target for exploration since 

the discovery of Olympic Dam in South Australia in 1975 (Williams et al., 2005). Many 

older regions with IOCG occurrences (Archean Amazon craton of Brazil and 

Paleoproterozoic to Mesoproterozoic Gawler craton in Australia) are incompletely 

characterized, mainly due to combinations of post-mineral cover and a complex geologic 

history (Williams et al., 2005). These later events have superimposed new mineral 
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assemblages that are not directly related with the original hydrothermal characteristics of 

the deposits, complicating interpretation of the origin of the deposits. The Mesozoic CIB 

belt in the central Andes, located along the subduction margin of southern Peru and 

northern Chile, is a younger, better-exposed province thus, it provides an excellent 

opportunity to clarify understanding of hydrothermal zoning and genetic origin of IOCG 

deposits. Notwithstanding the considerable work done on the major deposits located in 

this belt (Candelaria, Punta del Cobre and Mantoverde, Chile, and Raul-Condestable and 

Mina Justa, Peru) during the last decade (Marschik and Fontboté, 2001a, 2001b; de 

Haller et al., 2006; Benavides et al., 2007; de Haller and Fontboté, 2009; Rieger et al., 

2010; Chen et al., 2010a, 2010b, 2011), many uncertainties remain relating to their 

characteristics, diversity, and genesis. Consequently, the proposed genetic models, 

involving magmatic and a non-magmatic source for fluids, are still the subject of debate 

and may differ between deposits (Barton and Johnson, 2000; Pollard et al., 2000; 

Williams et al., 2005). On the other hand, IOCG systems of the central Andes and other 

IOCG regions clearly show a close spatial, temporal, and mineralogical relation with Fe 

oxide-apatite deposits; however, a close genetic relationship is still controversial and 

need to be further clarified (Williams, et al., 2005). 

The Santo Domingo Sur (SDS) deposit is a recent major iron-oxide (-Cu-Au) discovery 

in a belt of Mesozoic IOCG deposits, specifically in the Chilean Iron Belt (CIB) of 

northern Chile. The discovery was a result of a successful exploration program led by Far 

West Mining (FWM) in a joint venture with BHP Billiton using FALCONTM airborne 
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geophysical survey as an exploration tool in part of the CIB belt. SDS is located in the 

Sierra Santo Domingo, within the Chilean Coastal Cordillera, 100 km north of Copiapó 

and 60 km west of the port of Chañaral (Fig. 1), close to the town of Diego de Almagro 

(Fig. 2). The ore bodies are partially covered. Magnetite, hematite, and chalcopyrite are 

the main ore minerals. Santo Domingo project has an indicated resource of 486 Mt of ore 

with an average grade of 0.32% Cu, 27.2% Fe, and 0.043g/ton Au (Rennie, 2010). The 

deposit is currently in the pre-feasibility stage of evaluation (Rennie, 2010). 

Andean IOCG districts are usually geologically diverse, and several present superposition 

of events, commonly regional and/or local metamorphism with ductile and/or brittle 

deformation. In this context, the key hydrothermal features for such deposits are complex 

and some still need to be unveiled. The nature of Santo Domingo Sur geology, however, 

represents a relatively simple, unmetamorphosed and undeformed system, in which the 

excellent exposure of their hydrothermal features provide valuable information for study 

their hydrothermal zoning and time-space evolution. 

This contribution presents a description of the geology of Santo Domingo Sur area based 

on new geological studies and incorporating previous mapping and interpretations carried 

out by Far West Mining exploration staff during the last few years. Recent development 

drilling and new petrographic studies, together with microprobe and geochemical results, 

allow description of the distribution and characteristics of the hydrothermal alteration and 

mineralization, and an interpretation of the time-space evolution of the hydrothermal 
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system.  Finally, Santo Domingo Sur is compared with other deposits in the Chilean Iron 

Belt and in other IOCG and related systems. 

Geological Framework 

During the Jurassic through Early Cretaceous, the Chilean Coastal Cordillera, was 

underlain by a volcanic-plutonic arc and back-arc basin, that produced hundreds to 

thousands of meters of volcanic and volcaniclastic rocks, represented by La Negra and 

Punta del Cobre formations, and the Bandurrias Group (e.g., Parada et al., 2007 in 

Moreno and Gibbons, Geology of Chile). Contemporaneous marine sediment deposition 

took place within the back-arc basin, which is constituted by the Chañarcillo Group. 

These supracrustal rocks were roughly coeval with plutonic complexes and collectively 

provide evidence for preservation of high structural levels, and favorable host rocks for 

iron oxide (-Cu-Au) mineralization (Marschik and Fontboté, 2001b). 

Outcrops from La Negra Formation (Middle to Upper Jurassic) occur 15 km west of 

Sierra Santo Domingo (Fig. 2). At this location, this formation consists of a sequence of 

basaltic to andesitic lava flows with subordinate volcaniclastic and marine sedimentary 

units (Lara and Godoy, 1998; Vivallo and Henríquez, 1998). The younger Punta del 

Cobre Formation, which is exposed in the Santo Domingo area, is composed of massive 

andesitic volcanic rocks with locally dacitic rocks in the lower member, and a dominant 

volcaniclastic rocks, basalt andesitic flows and volcanic breccias in the upper member 

(Marschik and Fonboté, 2001b). An U/Pb date on zircon of 131.0 ± 1.4 Ma has been 

reported for the lower member of this formation in the eastern part of Candelaria-Punta 
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del Cobre district (Pop et al., 2000). Transitionally overlaying Punta del Cobre Formation 

is the Chañarcillo Group, in which their lower portions are composed by alternating 

carbonate and volcaniclastic beds of the Abundancia Formation, which pass vertically 

and laterally into limestone of the Nantoco Formation (Lara and Godoy, 1998, Marschik 

and Fonboté, 2001b). Naranjo (1978) reported a Valanginian age from fossil contents in 

limestone from the Sierra Santo Domingo (Benavides et al., 2007). On the other hand, 

Bandurrias Group was defined by Segerstrom (1960) as a sequence of volcanic rocks, 

mainly basaltic andesites, andesites, trachyandesites and dacites, continental 

volcaniclastic sediments, and tuffs, that also contain intercalations of shallow marine 

limestone and sandstones (Marschik and Fonboté, 2001a). This group has been 

interpreted as the terrestrial-terrigenous time equivalent of the Chañarcillo Group, and the 

only distinction with respect to the Punta del Cobre Formation is based on their relative 

stratigraphic position to the Chañarcillo Group (Marschik and Fonboté, 2001b).  

The main intrusive rocks at the regional scale range in age from Early to mid-Cretaceous 

and some are spatially related to Fe-oxide and iron oxide (-Cu-Au) mineralization 

(Gelcich et al., 2005). The 120 to 127 Ma Sierra Dieciocho plutonic complex, located in 

the vicinity of the Mantoverde district, is mainly granodioritic and quartz dioritic in 

composition (Gelcich et al., 2005). It is only slightly younger than the Sierra Aspera 

plutonic complex, exposed 10 km northwest of Sierra Santo Domingo, very close to the 

Carmen-Sierra Aspera district. The latter ranges from 127 to 130 Ma on U-Pb in zircon 

and is mainly quartz dioritic and granodioritic (Gelcich et al., 2005). Southwest of Santo 
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Domingo, the Sierra Mercedita-Remolino plutonic complex ranges between 90 and 110 

Ma (Dallmeyer et al., 1996; Lara and Godoy, 1998). Based on their similar composition 

and geographical distribution, this is also the inferred age range for the diorite stocks and 

multiple dikes that occur in the Sierra Santo Domingo. 

The main structural element at regional scale is the Atacama Fault System (AFS), in 

which one of the main branches is located 30 km west of Santo Domingo area. The AFS 

was broadly contemporaneous with arc development. It initiated during the Early 

Cretaceous as a major north-south arc-parallel left strike-slip fault system, which was 

affected by post-Early Cretaceous northwest- and some northeast transfer faults that 

accommodated the emplacement of Early Cretaceous (~132 to 106 Ma) plutonic 

complexes (Grocott and Taylor, 2002). This fault system controls the occurrence of many 

Fe-oxide-apatite and iron oxide (-Cu-Au) systems in the Chilean Iron Belt (CIB) (Sillitoe, 

2003). 

The two deposit types from the CIB are iron oxide (-Cu-Au) and Fe-oxide-apatite 

systems (Sillitoe, 2003; Williams et al., 2005). Within the IOCG family, Cu-rich 

members are characterized by abundant content of hydrothermal hematite and/or 

magnetite, with supergene and hypogene Cu-mineralization (Williams et al., 2005). In 

contrast, in the Fe-oxide apatite members the common ore is hydrothermal magnetite 

(Sillitoe, 2003; Williams et al., 2005). Alteration in the iron oxide (Cu-Au) member can 

vary widely from one deposit to another, but commonly is characterized by K-

metasomatism (biotite and/or k-feldspar) and more extensive sodic (Na) and sodic (-
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calcic) (Na-Ca) alteration assemblages (Barton and Johnson, 2000, 2004; Williams et al., 

2005). Acid alteration can also be present and carbonates are typically abundant 

(Williams et al., 2005). On the other hand, Cu-barren Fe-oxide apatite deposits generally 

consist of variable contents of Ca (apatite-actinolite) and Na (-Ca) assemblages  (Barton 

and Johnson, 2004; Williams et al., 2005). Within 50 km of Santo Domingo, the main 

mineralized districts from the CIB include the Cu-hematite- to magnetite-rich 

Mantoverde and the Cu-barren magnetite-apatite dominated Carmen-Sierra Aspera 

districts (Fig. 1; Gelcich et al., 1998; 2005; Benavides et al., 2007, Rieger et al., 2010). 

More regionally in the CIB, other important iron oxide Cu-rich districts are Candelaria-

Punta del Cobre and Cerro Negro. Fe-oxide apatite dominated districts include Cerro 

Negro Norte and Cerro Iman. 

Geology of Santo Domingo Sur 

The rocks in the Santo Domingo area (8 x 5 km, Fig. 2) consist of a sequence of 

Cretaceous andesitic volcanic flows and breccias, agglomerates and volcaniclastic rocks 

that interfinger with limestone, carbonate sediments and tuffs. These are in turn, intruded 

mainly by dioritic sills, dikes and several small stocks. The volcanic and volcaniclastic 

dominated host rocks have been correlated with the Punta del Cobre Formation and 

possibly the Bandurrias Group whereas the interfingering limestone, clastic sediments 

and tuffs correlate with the lower part of the Chañarcillo Group, presumably the 

Abundancia formation. Most structures, including high-angle faults, veins, and breccias 

strike NW and dip NE. 
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Lithology and structure 

The andesitic flows are in the upper and lower parts of the stratigraphic sequence of SDS 

(Fig. 5), and are commonly found massive to brecciated, containing abundant amygdules 

filled by mixtures of zeolites, quartz, calcite, epidote, chlorite, limonites and copper 

oxides (Rennie, 2010). They range from aphanitic to porphyritic textures and are variable 

in grain size. The amygdaloidal and porphyritic types are the more abundant within the 

deposit, and commonly exhibit glomeroporphyritic textures. Most of the porphyritic 

rocks exhibit 15-25 % (1-7 mm) euhedral-subhedral white tabular sodic plagioclase 

(albite-oligoclase), commonly with minor hornblende phenocrysts and few subhedral-

anhedral grains of pyrite (Fig. 3 - A). The matrix (70-80%) is composed of fine-grained 

plagioclase, amphibole and subhedral magnetite. At different stratigraphic levels of the 

volcanic sequence, local intercalations of volcanic breccias are present. This breccias are 

commonly clast-supported and monolithologic, consisting of volcanic fragments that are 

mainly porphyritic andesites with large glomerocrysts of plagioclase and amygdules. 

The volcaniclastic rocks, which are overlain and underlain by the andesitic flows, consist 

of intercalations of tuffaceous clastic sediments, with lithic (2 – 64 mm) (Fig. 3 – D), 

crystal and ash tuffs (< 2 mm) of andesitic composition, and felsic welded tuffs. These 

rocks are intensely altered and host most of the deposit. In general, the clastic rocks are 

massive to poorly bedded and fine- to medium-grained (0.02-0.5 mm) and they comprise 

most of the sedimentary package in the area (Rennie, 2010). Several of these units, 

specially the ones located lower in the column, present a distinct banded texture between 



12 

 

different mixtures of silica (chert), albite, chlorite, actinolite, and epidote materials with 

layered specular hematite, magnetite and pyrite (Fig. 3 – C). These bands rarely exhibit 

evidence of soft-sediment deformation. In the SDS deposit, the volcaniclastic sequence 

hosts the bulk of mineralization, and passes laterally into a sequence of limestone, 

carbonate sediments, and minor clastic tuffs commonly massive to thickly bedded and 

very fine-grained (< 0.0625 mm). Welded tuffs are found at different levels within the 

volcano sedimentary package and form marker horizons that continue from the 

mineralized volcaniclastic package into the limestone. These tuffs are felsic and contain 

lithic fragments of cherts, glass shard and anhedral quartz. The rock is poorly sorted, 

laminated, and exhibit distinct flow textures with thin elongated structures that appear to 

be fiamme. Within the mineralized area these tuffs are commonly altered to K-feldspar 

(Fig. 3 – E). 

Several intrusive phases are recognized in the Santo Domingo area. The first are medium-

grained inequigranular to porphyritic dioritic stocks and dikes. These are best exposed in 

the southern part of the district (Fig. 4). In this area, the diorite is intensely affected by 

sodic (-calcic) alteration, exhibiting a bleached aspect with 40-50% white turbid 

plagioclase (0.4-1.5 mm), rarely with relic twins, and 5-10% pyroxene with lesser 

actinolite and titanite clusters replacing the original mafic sites (Fig. 3-F). Quartz (1-2%) 

appears in small grains (0.1-0.2 mm) in an approximately 40% fine-grained groundmass 

containing mainly plagioclase and quartz. Titanite, apatite and zircon are accessory 

minerals. Also, different porphyritic phases within the stock have feldspar phenocryst, 
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xenoliths and rare rounded quartz phenocrysts, suggesting incorporation of more acid 

rocks, presumably dacitic-granodioritic in composition. In Santo Domingo Sur (SDS) 

deposit, porphyritic diorite sills intrude the volcaniclastic section. The sills have fine-

grained pilotaxitic groundmass and 30-35% subhedral-euhedral tabular plagioclase (3 

mm) and hornblende (1.5 mm) phenocrysts. Late andesitic porphyry dikes cut all other 

rock types in Santo Domingo deposit and do not exhibit any mineralization; they contain 

25-30% tabular plagioclase (4 – 4.5 mm), 5-7% hornblende, and 1-2% clinopyroxene (1.2 

mm) in an approximately 70% fine-grained groundmass composed of plagioclase, 

amphibole, quartz and opaque minerals. These dikes vary in thickness from a few meters 

to more than 60 m, and generally exhibit chilled margins at their contacts (Rennie, 2010). 

The thinner porphyritic phases can be difficult to differentiate from the andesitic flows, 

the best criteria being the higher amount of plagioclase and practically the absence of 

amygdules. 

In Santo Domingo area, most faults are normal and exhibit between 40 to 75 m of 

displacement. Some mark the boundary of lithological changes between mineralized and 

non-mineralized blocks, specifically at the south and east boundary of the SDS (Rennie, 

2010). These faults have been interpreted to be unrelated and diachronous with the 

hydrothermal events. However, some of these structures do suggest that they were 

originally related to mineralization, and that the actual displacement is a product of later 

reactivation processes. A set of NW-striking, NE-dipping set of veins and breccias are a 

common feature along the deposit and district. 
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Two large faults are well documented in the Santo Domingo area, identified by previous 

surface mapping and drill data (Fig. 4). One strikes north-south and dips 60-70˚ W and 

extends approximately 5 km from the southern part of the district across the Iris mine in 

the deposit area, and then disappears under alluvium to the north. This fault trend exhibits 

normal displacement and down-drops the west block at SDS, controlling the distribution 

of the mineralization in the Iris deposit. At the southern edge of SDS, this fault intersects 

a northwest, 60° to 70° southwest-dipping fault (Fig. 4), which separates the limestone 

block to the south from the mineralized-volcaniclastic sequence. Rennie 2010 suggests a 

probable reverse displacement for this structure, based on mineralization intersected 

below the limestone sequence. However, this interpretation is still tentative. In the SDS 

deposit, a sub-vertical NNW-striking normal fault that runs across the middle of the SDS 

stratigraphic sequence down-drops rocks units on its eastern side between 35 to 45 m 

(Fig. 5). Along this fault, a hydrothermal breccia zone was recognized with deep drilling, 

suggesting that the original structure could have been an important fluid flow, channel, 

before onset of normal displacement. Further east, a normal fault with an interpreted 

vertical plane, shows a apparent displacement of approximately 50 m, and down-drops 

units on its west side. Both faults form a downthrown block at the center of the deposit 

forming a relatively symmetric graben structure (Fig. 5). 

In the Estrellita area, an east-west, 70° to 80° north-dipping normal fault (“Santo 

Domingo Fault”), which down drops the north block approximately 75 m, trends 4 km at 

the surface, but can be tentatively traced to the west for an additional 10 km. This fault 
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controls the mineralized occurrences around Estrellita (ES) deposit (Rennie, 2010). 

Bedding in sedimentary rocks adjacent to the fault in the south block exhibits an obvious 

drag fold that is inclined steeply to the north (Rennie, 2010). This fault set is displaced in 

various locations by a major NNE-SWW and several north-south faults, with steep 70 

and 80 NW and E dips (Fig. 4). 

At district and deposit scales, a set of N20-25°W and N70-80°W-trending, 75 to 90° NE-

dipping mineralized veins and hydrothermal breccias are widely present across the area. 

The volcanic and volcaniclastic sequence that host the SDS orebody dips approximately 

15 degrees to the north-northwest, and the overlying limestone package is gently folded 

between 15 to 20 degrees, with a NW oriented axial plane (Fig 4). In the southern part of 

the district, limestone beds are more intensely deformed, presumably to the emplacement 

of the intrusive complex (Rennie, 2010). 

Hydrothermal Alteration and Mineralization 

Hydrothermal alteration and mineralization in Santo Domingo Sur system affect all rocks 

and exhibit numerous styles and events with multiple overprinting components. The main 

mineralization and alteration associations are magnetite-hematite-chalcopyrite-pyrite and 

silicate-carbonate gangue, respectively, and occur as replacement of tuffs and clastic 

units, with lesser breccias and veins. At the deposit and district scales, four styles of 

alteration are recognized (Table 1); sodic (-calcic), potassic, carbonate and calc-silicate 

skarn, which are accompanied with broadly coeval and continued Fe-metasomatism that 

present complex cycles between hematite, magnetite, and Cu-Fe sulfides. A clear 
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hydrothermal zoning occurs from proximal to distal assemblages at deposit scale (SDS 

orebody), and apparently at district scale at depth and towards the diorite intrusive 

complex. The SDS orebody shows zoning from a relatively Cu-poor magnetite-

dominated core, towards a Cu-rich hematite-dominated rim. Main economic 

mineralization forms stratabound, manto-like iron-oxide (hematite and magnetite) rich 

bodies, associated with Cu-Fe sulfides within most favorable volcaniclastic rocks. 

The description of the hydrothermal features are based on fieldwork, core logging, 

detailed petrographic studies, geochemical data and microprobe analysis carried out 

mainly in the Santo Domingo Sur orebody and along the southern diorite/skarn area. 

However, similar mineral assemblages and textural relationships are observed in Iris and 

Iris Norte, as well as at other places in the Santo Domingo district. This section provides 

the classification and description of the different hydrothermal styles in the Santo 

Domingo area, followed by the hydrothermal zoning and ore distribution along the 

deposit. 

Sodic (-calcic) alteration: In the southern skarn/diorite area oligoclase ± scapolite + 

actinolite ± diopside ± titanite replace intrusive rocks and are crosscut by scapolite veins 

with or without actinolite ± diopside ± apatite envelope (Fig. 6 – A, B, C). The veins 

halos consist of fine-grained granular diopside (Di79-93 Hd6-20), intergrown with elongated 

actinolite crystals. Petrographic analyses show that this previous assemblages have been 

partially replaced by albite ± epidote ± actinolite ± titanite, and albite ± actinolite ± 

chlorite ± titanite ± carbonate assemblages, which mainly exhibit interstitial textures. 
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Euhedral marialitic scapolite with Me69-74 and 3.6 to 4.0 wt. % Cl replaces plagioclase, 

whereas actinolite replaces clinopyroxene phenocrysts in the quartz-diorite intrusive 

phases (Fig. 6 – D). Calcic minerals associations (endoskarn) consist of fine-grained 

granular clinopyroxene, epidote and garnet, and are found replacing porphyritic volcanic 

flows and diorites, which tend to preserve their original texture. Epidote form cluster of 

subhedral elongated grains, generally intergrowth with or interstitial to garnet (Fig. 10 – 

C, D). In addition, rare brown-red fine-grained mineral, presumably stilpnomelane is 

found as fibrous aggregate crystals (Fig. 10 – D). Scapolite-rich veins cut garnet-bearing 

rocks, whereas interstitial epidote-rich zones with elongate actinolite crystals are partially 

replacing early scapolite. In addition, rare white mica (paragonite (?)) replaces euhedral 

feldspars. Titanite forms euhedral to subhedral crystals and clusters. Iron oxides in this 

zone are rare, but where present consists of specular hematite overgrown by magnetite. 

In Santo Domingo Sur orebody, proximal sodic (-calcic) alteration (Fig. 12) is 

characterized by a replacement of albite ± epidote + actinolite ± titanite, infilling spaces 

between iron oxide mineralization (Fig. 6 – E, F). White to light pink colored albite 

(Ab87-99) replaces plagioclase phenocrysts and the matrix of andesites. Epidote rich-

clusters appears rarely, and commonly with abundant magnetite ± specular hematite + 

pyrite (Fig. 7 – C). Green actinolite is fibrous, fine-grained and radial in shape, whereas 

titanite is mostly found as subhedral-anhedral grains. These assemblages have been 

weakly preserved despite later overprinting hydrothermal events. Mineralization 

associated with these alteration assemblages is dominated by iron oxides showing 
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complex cycling between hematite and magnetite, such that early specularite crystals 

transformed into magnetite (mushketovite). The replacement progression shows a zoned 

pattern, from an inner specularite zone, towards an outer zone partially or totally replaced 

by magnetite, and overgrown by newly formed magnetite (Fig. 7 – A, B, D). X-rays maps 

and microprobe data exhibit differences in composition within the different patterns, 

whereas mushketovite zones present distinct higher Al (0.4 to 0.9 wt %) and Si (0.9 to 1.9 

wt %) values in comparison with magnetite and specular hematite (Fig. 11 – C, D). In the 

upper and lower volcanic sequence, scarce euhedral pyrite grains occur with abundant 

fine-grained magnetite in a sparsely porphyritic trachytic groundmass within the andesitic 

flows and in fragments of volcanic breccias. Furthermore, a distinct type of hydrothermal 

breccia occurs within the andesitic volcanic flows, whereas in the lower portions shows 

lateral continuity. The breccia fragments are heterolithic formed by different porphyritic 

andesites with rounded amygdules filled with a mixture of pyrite, chalcopyrite, chlorite, 

quartz and carbonates, cemented by fine-grained radiating amphibole with minor 

aggregates and veins of carbonate. Microprobe data indicate a magnesiohornblende 

composition for the amphibole. The main characteristic of this rock is the volcanic clasts 

groundmass, which is highly Fe-metasomatised, resulted in the replacement of matrix 

minerals by fine-grained magnetite. Within the volcaniclastic sequence, the cores of 

euhedral pyrite crystals exhibit sieve textures with magnetite, hematite, chalcopyrite and 

actinolite inclusions, that grade outwards to a clean texture without inclusions (Fig. 7 – E, 

F). X-ray maps and microprobe data show that pyrite crystals exhibits, distinct cobalt 
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zoning, from cobalt-poor inclusion-rich cores to cobalt-rich inclusion-free rims (0.2 to 3.1 

wt. % Co) (Fig. 11 – A, B, E, F). These mineral assemblages are partially to completely 

replaced by intense albite ± actinolite ± chlorite ± carbonate ± titanite, which occur as 

replacements of mafic minerals, as veins and as open-space fillings. Actinolite form 

radial aggregates, invading and fracturing epidote crystals (Fig. 8 – C). Carbonate 

replaces actinolite crystals preserving the radial habit of the latter. In the volcanic flows, 

chlorite + carbonate ± actinolite ± epidote with pyrite ± chalcopyrite veins have narrow 

halos of fine-grained carbonate ± chlorite, and cut earlier mineral assemblages. Zeolite 

crystals with radiating extinction are also present within these rocks, and occur in 

amygdules with chlorite ± actinolite ± carbonate. The dominant mineralization associated 

with these assemblages is specular hematite + chalcopyrite ± pyrite as semi-massive 

replacements and veins. Hematite is overgrowth by magnetite, whereas euhedral pyrite 

grains are typically surrounded by interstitial chalcopyrite and minor specular hematite 

(Fig. 7 - D). Pink anhydrite and chalcopyrite veins are locally present. 

The distal assemblages in SDS are composed of albite ± epidote + actinolite ± titanite, 

overprinted by actinolite ± chlorite ± carbonate ± titanite assemblages. Actinolite crystals 

are fine-grained, show radial habit, and commonly are intergrown with chlorite. 

Macroscopically, actinolite and chlorite assemblages form a fine-grained radial aggregate 

matrix of dark green colors that is a distinctive feature within the mineralized 

volcaniclastic rocks (Fig. 9 – C). Early specular hematite is replaced and overgrowth by 

magnetite, and both iron oxides are generally altered to hematite along the rims (Fig. 8 – 



20 

 

A). At distal positions, mineralization is dominated by abundant specular hematite + 

chalcopyrite ± pyrite, whereas both sulfides are interstitial and filling spaces between the 

aggregates of specularite (Fig. 8 – B, F). Specular hematite shows different habits, from 

single tabular crystals to reticulated and more typical radiating aggregates, which 

commonly exhibit wavy-sinuous orientation in contact with euhedral-subhedral pyrite 

grains. Chalcopyrite typically fills fractures and shattered euhedral pyrite crystals (Fig. 8 

- E). 

Potassic alteration: Potassium silicate alteration is common, and is found as k-feldspar ± 

chlorite ± quartz ± carbonate, related with the iron oxide and copper mineralization. 

Patchy k-feldspar (Fig. 9 – B) is found replacing plagioclase (albite) phenocrysts and 

porphyritic rocks groundmass. K-feldspar also occurs in quartz veins and halos, and 

replaces feldspar fragments in lithic, crystals and welded tuffs. Matrix and clasts from 

hydrothermal breccias show weak k-feldspar replacement, whereas the welded tuffs units 

exhibit the more intense k-feldspar alteration (Fig. 3 – E). Several mineralized veins and 

breccias present k-feldspar ± quartz + specular hematite ± mushketovite ± pyrite ± 

chalcopyrite assemblages, that cut previous mineralization and alteration associations 

(Fig. 9 – A, C). Within the volcaniclastic sequence, K (wt. %) contents from 2-meter 

composite samples from drilling assays (ICP-MS) ranges between 0.1% and 3.9%, 

averaging 1.3 % (n=1932). 

Carbonate alteration: This alteration type overprints sodic (-calcic) and potassic 

assemblages. Main minerals associations include chlorite + carbonate ± quartz; carbonate 
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± quartz; and carbonate, which are commonly found as veins with different crosscutting 

relationships and interstitial to the mineralization. At SDS, carbonate and chlorite replace 

mafic minerals with an elongated habit (probably amphibole crystals) (Fig 8 – D). 

Carbonates range from medium to coarse-grained and partially replace scapolite and 

enclose shattered garnet. Fine-grained granular quartz is intergrown with carbonate, is 

interstitial within mineralized volcaniclastic rocks, and fills spaces between specular 

hematite and minor magnetite aggregates. Hydrothermal breccias are commonly 

associated with this alteration type, and typically exhibit angular fragments of magnetite, 

pyrite, and lesser specularite and chalcopyrite, cemented by a carbonate ± quartz matrix. 

Veins filled with mixtures of chlorite ± epidote ± quartz ± carbonate with chlorite and 

carbonates envelopes are commonly found cutting andesitic porphyry dikes.  

Mineralization associated with these veins is mainly radial specular hematite, which can 

be accompanied with minor pyrite ± chalcopyrite. In addition, barren calcite stockworks 

and numerous veins are also present within the porphyritic rocks, and cut previous 

mineral associations. Minor bornite, partially to completely replaces chalcopyrite 

associated with carbonate + quartz rich veins, forming fairly continuous rims. It also 

occurs along preferred fractures in chalcopyrite aggregates, which normally surround or 

enclose euhedral-subhedral pyrite (Fig. 9 – D, E). Euhedral quartz and interstitial 

carbonate, exhibit a close relationship with bornite. Rare bornite occurrence is 

intergrowth and replaced by chalcopyrite ± digenite forming irregular shaped lamellae 
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textures (Fig. 9 - F). Calcite, dolomite, ankerite and siderite have been previously 

described in association with bornite (Duran, 2008).  

Skarn alteration: Main mineral assemblages are andradite garnet ± diopside ± epidote ± 

quartz, associated with magnetite ± pyrite mineralization. Brown-green andradite garnets 

(0.4-1.2 mm) exhibit a well-developed zoning (Fig. 10 – F), from isotropic bands (Ad90-

100 Gr0-8), in inclusion-bearing cores, towards colorless anisotropic zones (Ad71-82 Gr17-25) 

in inclusion-poor rims (Fig. 10 – A, B). Carbonate and volcaniclastic hosts tend to form 

porous granular garnet-rich exoskarn obliterating the original texture of the rock (Fig. 10 

– E), and show a development of minor epidote and magnetite-rich zones. Iron oxides 

show complex textures where subhedral-euhedral magnetite appears to be overgrowing 

bladed specular hematite. Distinct magnetite ± pyrite replacement bodies are spatially 

associated with the contact zone between pyroxene diorites and carbonate-bearing rocks. 

At, SDS, magnetite and hematite in ring structures appears to be replacing garnet (?), 

whereas the spaces between the crystals are filled with interstitial chalcopyrite ± bornite. 

Supergene alteration products: Supergene processes are weakly developed in Santo 

Domingo area. Oxidation is shallow (70 to 90 m below surface; Rennie, 2010) and 

enrichment is minimal, consistent with the low total sulfide contents and the calcareous 

and feldspathic nature of the host rock. The Fe-Cu-Au ore in Santo Domingo is almost 

entirely hypogene, where the proportions of sulfide to oxide are approximately 13:1 (e.g. 

Rennie, 2010). At shallow levels, typical Cu-Fe mineralization comprises small veins, 

hydrothermal breccias and mantos. Specular hematite ± magnetite is commonly altered to 
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earthy hematite and goethite and usually is found with mixtures of copper oxides 

(crysocolla, brochantite, malaquite and copper wad?). In addition, cupriferous limonites 

(“almagre”) have been previously described filling amygdules within the andesitic 

volcanic flows and in the Estrellita area (Rennie, 2010). At SDS, gypsum is locally found 

filling fractures and open spaces, presumably as hydration product of anhydrite. Scarce 

digenite ± chalcocite ± covellite is locally present, partially replacing fractures and rims 

of bornite crystals. Various amounts of native copper are found interstitial to the matrix 

of hydrothermal breccias and veins, especially the shallower portions of the central part 

of the deposit.. 

Hydrothermal zoning and ore distribution 

In Santo Domingo area, scapolite-bearing assemblages are intensely developed and better 

preserved in the southern part of the district (skarn/diorite area), in the vicinity of skarn 

associations and several porphyritic diorites to granodiorite dikes and plugs. At SDS 

deposit, proximal sodic (-calcic) assemblages are better exposed throughout the deeper 

and central parts of the orebody within the volcaniclastic rocks, and the lower andesitic 

flows sequence (Fig. 12, 13). However, this alteration has been weakly to moderately 

preserved due later overprinting hydrothermal events. The distal sodic (-calcic) alteration 

is observed toward the edges and shallower portions of the orebody, and affects the 

volcaniclastic and the upper andesite flow sequence (Fig. 12, 13). Distal sodic (-calcic) 

alteration has been intensely replaced by later potassic and carbonate alteration processes. 

Potassic alteration is focused about the middle part of the volcaniclastic sequence, and 
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most intense in the central part of the orebody, where it is related to the presence of 

abundant breccias and veins (Fig. 12, 13). This alteration is also weakly exposed in the 

upper volcanic flows as partial replacements of plagioclase phenocrysts and following 

veins and minor breccias. Locally, anhydrite veins are found at depth, whereas gypsum 

was recorded at relatively shallower levels. Carbonate mineral assemblages overprint 

sodic (-calcic) and potassic assemblages, and are best developed along the shallower 

zones, but still present in the deeper parts of the orebody. Carbonate alteration is also 

exposed along the southern part of the district, within and around the diorite/skarn area. 

Skarn assemblages are found intensely developed in carbonate-bearing rocks located 

south of SDS area, along the contacts of pyroxene diorite stocks and dikes (Fig. 4). 

Geochemical results (ICP-MS) obtained from composite samples of 2 m interval at SDS 

deposit were contoured for sodium and potassium between 1 to 3 wt % (Fig. 13). 

Potassium shows a distribution pattern, whereas values > 2 wt % are located at the center 

of the volcaniclastic and in a lesser extent in the upper volcanic flows. An intense area 

with values > 3 wt % K are developed in the vicinity and around an interpreted vertical 

breccia zone. Relatively higher sodium values, > 3 wt % Na, are exhibited in the upper 

and lower andesite flows, along the contact with the volcaniclastic sequence, and in the 

upper contact of the diorite sill with the volcaniclastic rocks. 

The main Fe-Cu-Au orebodies in the Santo Domingo project are the Santo Domingo Sur 

(SDS), Iris (IR), Iris Mag (IM) and Iris Norte (IN) deposits, which are physically 

continuous along a trend following approximately a N-S structural trend (Fig. 4). 
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Mineralization features share similar characteristics between these orebodies (SDS, IR 

and IN), which generally consists of semi-massive to massive specularite and magnetite 

mantos (> 50% modal magnetite, specularite and mixtures of both) that are 4 to 20 m 

thick and contain clots and stringers of chalcopyrite (Rennie, 2010). The host rocks at 

SDS and IR are mainly tuffs and andesitic flows, which have been intruded by diorite-

andesitic dikes. However, IM, located between SDS and IR is hosted mainly by andesitic 

flows and distinct hydrothermal breccias with magnetite-rich clasts and an actinolite-

dominated matrix, that in the deeper parts of the deposit exhibit lateral continuity. At IM, 

the mineralization consists of abundant contents of magnetite (>50 % modal) without 

specular hematite and with only minor pyrite and chalcopyrite. The Estrellita (ES) 

deposit is located 4 km northwest of Santo Domingo Sur in an east-west structural trend 

and is formed by specular hematite-rich bodies and stockworks, with copper-oxides close 

to the surface and minor Cu-Fe-sulfides at depth. 

At SDS, the manto-like bodies replace favorable strata in the volcano-sedimentary 

sequence (Fig. 14), exhibiting clear zoning within the orebody. In the upper parts and at 

the edges of the ore zone, mineralization is dominated by specular hematite over 

magnetite (“hematite rim”), with relatively abundant chalcopyrite as the main copper 

mineral. At the edges of the orebody, close to the lateral interfingering between the 

volcaniclastic and the limestone units, chalcopyrite is found with bornite ± digenite ± 

chalcocite ± covellite, consistent with the higher copper grades in the deposit (Fig. 14). In 

the deeper portions and in the center of the orebody, magnetite is the dominant iron oxide 
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(“mag core”), with relatively minor chalcopyrite as the main Cu sulfide (Fig. 12). 

Geochemical analysis (ICP-MS) for iron and copper from 2 m composite samples were 

contoured for Santo Domingo Sur geological cross section (Fig. 14). Samples greater 

than 25 wt. % Fe are located along the volcaniclastic package, forming continuous, 

tabular and elongated bodies in the shallower and deeper portions of this unit. Samples 

greater than 40 wt. % Fe are hosted by the volcaniclastic package located above the 

diorite sill, and are forming three elongated mantos which vary in thickness between 35 

and 70 m along the horizontal. Copper distribution for samples greater than 0.3 and 0.6 

wt. % Cu are also forming tabular and continuous bodies that follow the volcano 

sedimentary package, and are spatially distributed in the shallower portions and at depth 

in the ore zone. Relatively high-grade copper bodies (> 0.6 wt. % Cu) show thickness that 

average 50 m, but reach up to 200 m at the western portion of the cross section, close to 

the contact with limestone package (Fig. 14).  

Gold values show a closely relationship with copper values. Drilling assays (ICP-MS) 

from 2 m composite samples greater than 15 wt. % Fe, exhibit a strong positive 

correlation between Au and Cu both in magnetite-dominated core and hematite-

dominated rim domains of the orebody at SDS (Fig. 15). In addition, rare native gold 

inclusions are found in pyrite and chalcopyrite grains. 

Petrological considerations / Environment of formation 

The different mineral assemblages recorded in the SDS orebody and district, allow 

suggesting some petrological assumptions, which are common between IOCG deposits. 
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The presence of scapolite-bearing assemblages required high temperatures (> 400°C) of 

formation (Vanko and Bishop, 1982), whereas actinolite-bearing rocks probably are 

equilibrated at < 500°C (Dilles, 1987). In addition oligoclase + actinolite assemblages 

from sodic (-calcic) alteration described in the Yerington district concluded temperature 

of formations from 360 to 480 °C between 300 to 800 bars pressure (Carten, 1986) and 

from 375 to 400 °C at pressures of 500 to 1000 bars (Dilles and Einaudi, 1992), whereas 

albite, epidote and chlorite assemblages are likely to form at lower temperatures, below 

the peristerite solvus (Dilles and Einaudi, 1992). Furthermore, chlorite and albite after 

plagioclase, and chlorite replacing mafic minerals generally occur at moderate to low 

temperatures (< 200°C) (Seedorff et al., 2005). The absence of biotite and the presence of 

chlorite with the potassic mineral assemblages are consistent with the dominance of more 

moderate to low temperature conditions (lower greenschist facies; e.g. Philpotts and 

Ague, 2009). In summary, the expected range of temperatures for the Santo Domingo 

hydrothermal system is likely to be between > 200 and < 500°C.  

Iron oxide mineralization, characterized by specular hematite and magnetite, reflects 

oxidizing conditions. The dominance of one species over another can be explained by a 

change in the oxygen state or by an increase or decrease in temperatures (Williams et al., 

2005 and references there in; Barton and Skinner, 1979). However, de Haller and 

Fontboté (2009) suggest that the replacement of specular hematite by magnetite (i.e. 

mushketovite) in Raul-Condestable deposit records a drop in the redox state of the fluid.  
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In addition the very high ratio of oxides to sulfides (dominated by pyrite ± chalcopyrite), 

imply that most of the mineralization occurred under low ∑S.  

Time-Space synthesis 

Two time-space diagrams were constructed for the Santo Domingo Sur deposit (SDS) 

and the Santo Domingo District, respectively. The Santo Domingo Sur diagram is based 

on an interpreted E-W geological cross section of approximately 800 m through the 

deposit (Fig. 6). The diagram was constructed based on the main hydrothermal 

assemblages, whereas the critical observations were their cross-cutting relationships and 

distribution in space along the cross section. The Santo Domingo District diagram was 

constructed following two schematic cross-sections from the southern diorite/skarn area, 

going north through SDS and IM orebodies, and then from IR towards IN deposits in the 

northern most part of the area. The composite section represents 5 km on the surface and 

is oriented approximately SSW-NNE in the southern half (2.5 km) and N-S in the 

northern half (2.5 km). Geological constrains for the diagram came from FWM 

geological maps and cross-sections, reviewed over the course of field work and core 

logging. In addition, some hydrothermal features made for Santo Domingo Sur orebody 

were inferred for the others deposits (IM, IR, IN) given that they share similar 

characteristics. The interpreted hydrothermal fluid flow in the diagrams shows different 

paths for high-T and low-T hydrothermal fluids moving upwards, presumably controlled 

by structural channel (breccias and faults zones), and then laterally when reaching the 

relatively impermeable andesitic flows at the top of the sequence. 
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SDS time-space diagram 

The SDS time-space diagram (Fig. 16, 17) shows the time evolution of events as a 

function of the horizontal distance from the edges to the center of the orebody. It also 

illustrates how proximal and moderate-T hydrothermal assemblages evolved towards 

low-T and more distal mineral association. Interpreted high- and low-T fluids flow paths 

are illustrated in the diagram, given the expected temperatures ranges for the different 

minerals associations, their distribution along the orebody, and the crosscutting 

relationships between them. Low-T fluids paths are shown as lateral arrows at given 

points in time and space. However, continuous or episodic fluid circulation and mixing 

are expected to occur and complicated the evolution in a temporal-space dimension. 

Edges of Orebody: The system commenced with the presence of an early specular 

hematite event, presumably in presence of sulfides and sodic (-calcic) mineral 

assemblages. This assemblage was infiltrated by a relatively reduced fluid at higher 

temperatures, generating magnetite ± mushketovite + pyrite ± chalcopyrite with albite ± 

epidote + actinolite ± titanite followed by later albite ± actinolite ± chlorite ± carbonate ± 

titanite ± rutile. Then, the fluid evolved during cooling, towards a relatively oxidized 

hydrothermal fluid, presumably flowing vertically from the center and then lateral 

towards the edges, with specular hematite and chalcopyrite ± pyrite, establishing the bulk 

of the copper mineralization.  This event is better developed at the edges of the SDS 

deposit. The mineralization event is associated with albite ± actinolite ± chlorite ± 

carbonate ± titanite ± rutile and k-feldspar ± chlorite ± quartz ± carbonate. At this point in 
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this time the emplacement of diorite sills did occur, presumably from the southwest, 

given that these dikes are more widespread and thicker in that direction. Later in time, as 

the temperature of the system decreases, several carbonate ± chlorite ± quartz ± 

specularite veins with minor chalcopyrite ± pyrite contents were superimposed. Then, 

early chalcopyrite was replaced to bornite ± digenite ± chalcocite ± covellite. This event 

is accompanied by chlorite + carbonate ± quartz replacement that is crosscut by later 

quartz ± carbonate and carbonate veins. 

Center of the Orebody: The evolution through the center of the deposit is similar to the 

one at theedges. However, the central zone shows better development and/or preservation 

of magnetite-mushketovite assemblages. Specular hematite ± sulfides (?) associations 

should have been present early for be altered to mushketovite, and then forming a new 

generation of magnetite, accompanied by pyrite ± chalcopyrite. These assemblages were 

accompanied by albite ± epidote + actinolite ± titanite. Later in time, the system was 

overprinted by a new specular hematite event, followed by chalcopyrite ± pyrite with 

albite ± actinolite ± chlorite ± carbonate ± titanite ± rutile assemblages. These 

associations was introduced with k-feldspar ± chlorite ± quartz, and overprinted by late 

chlorite + carbonate + quartz with specular hematite veins, with minor sulfides contents. 

Finally, the last event is composed of carbonate ± quartz and carbonate-dominated veins 

exhibiting different crosscutting relationships. 
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SDS district time-space diagram  

Figure 15 shows an interpretation of the broader temporal and spatial evolution of the 

Santo Domingo hydrothermal system based on field and petrographic observations across 

the area. The key issues here are to better understand how the different parts of system 

change with time and how spatially distinct hydrothermal features correlate each other. 

There are several geological uncertainties due a lack of more comprehensive mapping 

including the distribution of certain hydrothermal features and the relative timing and 

displacement of several major faults. As with the SDS diagram, isotherms for the 

different deposits were drawn following the temperature ranges inferred for mineral 

associations. However, a different heat source for the southern area (skarn) is postulated 

based on that locus of diorite plugs and dikes.  

Skarn/Diorite area: The system started with the emplacement of multiple plugs and dikes 

of dioritic composition. Then, the stocks and dikes were altered to oligoclase ± scapolite 

+ actinolite ± diopside ± titanite, and cut by several veins with mixtures of scapolite ± 

actinolite ± diopside ± apatite ± titanite assemblages. At this point, Fe-Ca skarn 

assemblages composed of andradite garnet ± diopside ± epidote ± quartz were formed, 

mostly in the carbonate-bearing units, whereas the calcic-rich (endoskarn) phases occur 

in the earlier intrusive and volcanic rocks. Mineralization related with these skarn 

assemblages is dominated by magnetite ± pyrite replacement bodies located in the 

carbonate-bearing rocks, along the contacts with major intrusive phases. The 

hydrothermal system evolved through time to carbonate ± epidote ± actinolite ± titanite 
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assemblages accompanied with magnetite ± mushketovite ± chalcopyrite ± pyrite that 

were superimposed to the previous assemblages. The presence of magnetite overgrowing 

specular hematite required the existence of an early hematitic event. Later in the 

hydrothermal evolution, albite ± actinolite ± chlorite ± carbonate and specularite ± 

chalcopyrite ± pyrite assemblages were introduced and then overprinted by chlorite ± 

carbonate ± quartz. These mineral associations were superseded by carbonate + quartz 

replacement and then cut by carbonate veins. Both of these assemblages are associated 

with specular hematite and minor sulfides. The intrusion of several dikes, some more 

felsic in composition and less intensely affected by sodic (-calcic) alteration, suggest that 

the hydrothermal system continued to evolve during the emplacement of the intrusive 

complex. However, good geological control and crosscutting relationships between the 

different dikes are not well constrained. 

Santo Domingo Sur (SDS), Iris (IR) and Iris Norte (IN) area: Notwithstanding the 

diagram of Santo Domingo district shows the evolution at SDS, IR and IN deposits, the 

detailed understanding of the hydrothermal features for these orebodies relies largely on 

data from SDS only (see SDS time-space diagram explanation). Nevertheless, an 

important feature to note is that inferred high-T fluid paths appear to have moved 

upwards and then laterally through the district along the major structures. This fluid flow 

appears to follow a north-south structural trend (Fig. 5) that is parallel to the diagram, and 

therefore not illustrated. 
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Iris Mag (IM) area: The beginning of the hydrothermal system in this orebody is 

characterized by the absence of the early specular-hematite event recorded in the other 

deposits. The earlier stage observed consists of magnetite + pyrite ± chalcopyrite, 

accompanied by albite ± epidote + actinolite ± titanite. These assemblages are 

superimposed by lesser specularite ± chalcopyrite ± pyrite, together with albite ± 

actinolite ± chlorite ± carbonate. However, these associations are weakly developed in 

comparison with SDS, IR and IN. Later in time, specularite veins with scarce sulfides and 

chlorite + carbonate ± quartz, carbonate + quartz and carbonate veins overprint the 

previous hydrothermal events. 

Discussion 

Summary of time-space evolution 

The mineralization in SDS district started developing under relatively oxidizing 

conditions and/or lower temperatures around 300 - 350ºC, documented by the presence of 

early specular-hematite assemblages, probably accompanied by moderate temperature Na 

(-Ca) assemblages. More or less synchronously, several diorites to granodiorite plugs and 

dikes intruded south of SDS orebody forming high-temperature Na (-Ca) mineral 

assemblages (> 400ºC), perhaps leaching abundant metals from the surrounding rocks. 

Then, during cooling, whereas carbonate rocks were present, andradite garnet ± diopside 

± epidote + magnetite ± pyrite skarn associations were formed. Later in time, specular 

hematite assemblages were replaced and overgrowth by magnetite, reflecting a drop in 

oxygen fugacities for the hydrothermal fluids or an increase in temperature of the 
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hydrothermal fluid favoring the stability of the magnetite field. Subsequently, formation 

of new magnetite was an important addition of Fe to the system. The presence of pyrite 

and minor chalcopyrite at this stage, indicate a relatively sulfur-poor environment. These 

minerals were associated with moderate-temperature Na (-Ca) alteration (350 - 400ºC). 

Later in time, specular hematite + chalcopyrite ± pyrite, accompanied with moderate- to 

lower-temperature Na (-Ca) (300 - 350ºC) and potassic alteration overprinted the 

previous hydrothermal assemblages. The bulk of the Cu-bearing mineralization is 

associated with this event. The re-introduction of specular hematite, as the dominant iron 

oxide suggests a progressively more oxidized fluid, consistent with cooling of the system, 

where the hematite field is favored. At the Iris Mag (IM), and to a lesser extent the Iris 

Norte (IN) deposits, this specular hematite event related to the bulk of Cu-mineralization 

is for the most part absent. Several dioritic-andesitic sills and dikes were emplaced at this 

time in SDS and along the sierra Santo Domingo, suggesting an episodic or continuous 

evolution of the hydrothermal system, together with the emplacement of the igneous 

complex. These intrusion probably only acted as a source of heat for fluid migration. In 

the distal parts of the system, later hydrothermal events were characterized by specular-

hematite veins with chlorite ± carbonate ± quartz (250 - 300ºC) and minor chalcopyrite, 

followed by barren carbonate + quartz and carbonate (< 200ºC) stockworks and veins 

with minor specular hematite, which are crosscutting the previous assemblages at deposit 

and district scales. The last event is characterized by supergene enrichment process, 
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composed by bornite ± digenite ± chalcocite assemblages, partially or totally replacing 

chalcopyrite along the edges of the SDS orebody. 

Several uncertainties still remain in the understanding of the time-space evolution of the 

district. A precise age for mineralization and the intrusive rocks is lacking, along with 

better definitions of the distribution of the hydrothermal features at the surface. The 

structural relationships between the different orebodies and within the diorite/skarn area 

are not well understood, and crosscutting relationships between the different suites of 

dikes should be clarified. A heat source for fluid circulation can be inferred from one or 

several magmatic intrusions; however, the current level of exposures does not allow 

identifying that source. 

Cu-Au relationship 

The mineralized composited samples analyzed from the Santo Domingo Sur orebody 

(>15% Fe) shows a strong positive correlation between Cu and Au (Fig. 16). This 

correlation is similar to the ones at the Candelaria and Mantoverde deposits (Marschik 

and Fontboté, 2001a; Rieger et al., 2010), and also to those study at the Starra and 

Osborne deposits in the Cloncurry District in Australia (Davidson, 1992). These authors 

suggest that the strong correlation between Cu and Au, together with the presence of 

abundant iron oxides, could indicate transport of these metals as chlorine complexes, and 

that chalcopyrite-gold deposition would represent formation temperatures in the range of 

250 to 380ºC under sulfur-poor, relativity oxidized and moderately acid conditions 
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(Davidson, 1992). These statements are consistent with the proposed environment of 

formation of the SDS hydrothermal system. 

Comparison with other IOCG systems and related deposits 

The Santo Domingo district represents an example of a stratabound-type iron-oxide (-Cu-

Au) system in the Chilean Iron Belt (CIB), and shares many similarities, but some 

important differences with other IOCG districts in the belt and across the world. These 

features include favorable volcaniclastic and volcanic host rocks mainly altered to sodic 

(-calcic) and potassic mineral assemblages, iron oxide-rich fluids, and chalcopyrite, 

hematite and magnetite as the main ore minerals. Several diorite stocks and dikes, 

commonly sub-concordant to the stratigraphy are present in the district, and some are 

associated with the development of skarns in the surrounding carbonate-bearing rocks. 

This section attempts to compare the different geological features documented for the 

SDS area with other selected IOCG and stratabound deposits along the CIB and 

elsewhere. 

Main mineralization in Santo Domingo Sur occurs as partially to totally replacement of a 

volcaniclastic sequence correlated with the Early Cretaceous Punta del Cobre Formation, 

at a similar stratigraphic level than Candelaria and Punta del Cobre districts, but different 

from Mantoverde deposit, which is hosted by andesites from La Negra Formation 

(Middle-Upper Jurassic). The permeability of the volcaniclastic host rocks at Santo 

Domingo appear to have played an important role in controlling the intensity of the 

selective replacement observed in the orebodies. The more porous rock within the 
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volcaniclastic package usually shows a visual replacement of 50 to 90 modal % by iron 

oxides, in contrast with the less porous rocks, such the welded tuff unit, where the lack of 

iron oxides (< 5% modal) is evident. The stratabound character of the ore and clear 

lithologic control make SDS more similar to the manto-like deposits at Candelaria, parts 

of Punta del Cobre, and contrast to the strongly discordant ores of Mantoverde, parts of 

Punta del Cobre and Ojancos Viejo districts (Marschik and Fonboté, 2001; Benavides et 

al., 2007; Rieger et al., 2010; Kreiner and Barton, 2009). Other manto-like iron-rich 

deposit, which shares similar geological characteristics with SDS, is Sierra La Bandera 

deposit, located in the Fe-Bandurrias district, 100 km south of Copiapó (e.g Lledo, 2005). 

The local geology composed by volcanic, volcaniclastic and limestone host rocks and the 

layered nature of the ore resemble part of Santo Domingo Sur deposit. 

In general, the hydrothermal alteration and mineralization assemblages documented in 

the Santo Domingo area, as well as the temporal and spatial evolution of the system is 

similar to other IOCG deposits. However, Santo Domingo appears to be structurally 

simple and lacks superimposed events (i.e metamorphism, deformation and intense 

brecciation), both issues that affect interpretation of other districts in the region (e.g., 

Candelaria-Punta del Cobre, Marschik and Fontboté, 2001a; Mantoverde, Benavides et 

al., 2007; Rieger et al., 2010) and around the world (e.g., Olympic Dam, Oreskes and 

Einaudi, 1992; Haynes et al., 1995, Starra and Osborne, Davidson, 1992; Davidson and 

Large, 1994, e.g., Williams et al., 2005).  Early in the developing of the hydrothermal 

system, the alteration observed south of SDS, which is represented by albite ± scapolite 
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(marialitic composition) and actinolite, diopside, epidote and titanite mineral 

associations, is similar to the district- or regional-scale sodic and/or sodic (-calcic) 

alteration identified in other IOCG districts such Candelaria-Punta del Cobre (Marschik 

et al., 2000; Marschik and Fonboté, 2001a), or the sodium enrichment prior to the ore-

related alteration postulated for the stratabound Starra Au(-Cu), and other iron-oxide (-

Cu-Au) in the Cloncurry district in Australia (Davidson and Large, 1992; Davidson, 

1994; Hitzman, 2000). In addition, the relatively intense early sodic (-calcic) assemblages 

affecting in the diorite stocks and reflected in the volcanic rocks that predates the main 

ore deposition at SDS, suggests that metals could being potentially leached from these 

rocks and remobilized at that and/or deeper levels of exposure. On the other hand, the 

absence of hydrothermal biotite in the potassic alteration at SDS, marks a difference with 

the Candelaria-Punta del Cobre district (Marschik et al., 2000; Marschik and Fonboté, 

2001a). However, biotite may have formed at SDS, but may have been pervasively 

replaced by later chlorite, in a similar fashion to the relict biotite described in the iron 

oxide stage of the hypogene ore from the Mantoverde deposit (Rieger et al., 2010). The 

carbonate alteration in the SDS orebody and district are similar to the late stage calcite ± 

quartz veins described by various authors at Candelaria-Punta del Cobre and Mantoverde 

districts (Marschik et al., 2000; Marschik and Fonboté, 2001a; Benavides et al., 2007; 

Rieger et al., 2010). Microthermometric and sulfur isotope fractionation data that has 

been obtained for other IOCG systems, with similar mineral associations to SDS point to 

a temperature range between 450°C and 150°C (Marschik and Fontboté, 2001a; de Haller 
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and Fontboté, 2009; Benavides et al., 2007; Rieger et al., 2010). These data are overall in 

agreement with the temperature inferences made for SDS. 

The Santo Domingo Sur mineralization resembles the IOCG deposits from Candelaria-

Punta del Cobre district, and the hypogene ore from Mantoverde, where mineralization 

took place under relatively oxidizing conditions as manifested by the formation of 

magnetite and specular hematite (Marschik and Fonboté, 2001a; Rieger et al, 2010). The 

replacement of hematite by magnetite (i.e mushketovite) is a common feature in SDS, 

however, minor in comparison with the abundant overgrowth magnetite, which represents 

a considerable addition of Fe to the system. The presence of mushketovite is a common 

feature in major Andean IOCG deposits such Candelaria-Punta del Cobre (e.g., Marschik 

and Fonboté, 2001a), Mantoverde (e.g., Benavides et al., 2007; Rieger et al., 2010) Chile 

and Raul-Condestable (e.g., de Haller et al., 2006; de Haller and Fontboté, 2009), Peru. 

Mushketovite is also recognized and described in Sierra La Bandera deposit as “bladed 

magnetite” (e.g. Lledo, 2005). Alternatives interpretation has been proposed for its 

presence, whereas a drop in the redox state of the fluid or an increase in the temperature 

of the hydrothermal system, are the more likely hypothesis (Marschik and Fontboté, 

2001a; de Haller and Fontboté, 2009; Rieger et al., 2010). 

In SDS orebody, copper mineralization is dominated by chalcopyrite as the main copper 

sulfide mineral and shows a closely relationship with the hematitic facies. This 

relationship is similar to parts of Candelaria, Punta del Cobre and Mantoverde districts. 

The copper mineralization is interpreted to be intermediate to late in the evolution of the 
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system and occur under relatively lower temperatures (< 350°C) in comparison with 

Candelaria-Punta del Cobre (Marschik and Fontboté, 2001a), but more similar to the 

range of temperatures reported in Mantoverde deposit (Rieger et al., 2010). The presence 

of replacement textures with bornite and minor amounts of digenite ± chalcocite ± 

covellite in the shallower zones of the orebody, suggests that their appearance is a result 

of supergene processes. This situation is similar to the hypogene ore described at 

Mantoverde (Rieger et al., 2010). The supergene origin for bornite differs from the 

interpretation made by Duran (2008), who proposed a late bornite stage for Santo 

Domingo Sur, that was associated with an increase in the sulfidation state, based on the 

observation of a second generation of pyrite in equilibrium with bornite and chalcopyrite. 

However, after reviewing several bornite associations, in the shallower zones and across 

the orebody, bornite and pyrite always exhibit textures whereas both minerals are not in 

equilibrium. 

Stratabound Cu (-Ag) deposits, also known as “Chilean manto-type” deposits occur along 

the Coastal Cordillera of northern and central Chile, and are hosted by Jurassic and 

Lower Cretaceous volcanic and volcano sedimentary rocks (Table 2-3, Maksaev and 

Zentilli, 2002). Two major examples are Mantos Blancos and El Soldado deposits, which 

share similar geological and hydrothermal characteristics than SDS (Table 2). They have 

been interpreted as epigenetic in origin, associated with highly saline fluids, presumably 

from connate basinal brines that were mobilized during batholith emplacement at shallow 

crustal levels (e.g. Maksaev and Zentilli, 2002, Boric et al., 2002). Many of the largest 
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deposits are located in a distal position from coeval batholiths and show structural 

control, whereas in most cases structural faults and breccia zones seems to have 

facilitated access to primary permeability within the host formations (Maksaev and 

Zentilli, 2002). The presence of organic matter and pre-existing pyrite appear to have 

played a key role for copper deposition in some of the major examples (El Soldado, 

Zentilli et al., 1997, Boric et al., 2002; Wilson and Zentilli, 2003b, Talcuna/Uchini, 

Wilson and Zentilli, 2006).  

The Santo Domingo Sur deposit also shows evidence of stratigraphic control, which 

presumably had enhanced permeability for transport and flow of mineralizing fluids. 

Furthermore, the relatively moderate to lower temperature sodic (-calcic) and potassic 

mineral associations (albite, epidote, chlorite, carbonates, quartz, k-feldspar) at SDS, also 

resemble alteration minerals described for stratabound Cu (-Ag) (Table 2, and references 

there in). However, the abundant presence of hematite and magnetite, together with 

enrichment in Au and Co and depletion in Ag, mark a difference with the Chilean manto-

type deposits (Table 3). Salinity data are lacking for SDS. However, copper and gold 

strong positive correlation, together with the presence of abundant iron oxides, suggests 

that both metals were put into solution by highly saline fluids, perhaps under very similar 

conditions to the ones reported for stratabound Cu (-Ag) systems (Table 3). These 

characteristics are consistent with the idea proposed by several authors (e.g., Haynes, 

2000) who state that stratabound Cu (-Ag) deposits are lower temperature analogous to 

iron oxide Cu (-Au) systems, whereas lower temperatures preclude extensive iron and 
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gold mobility, but allow silver and copper to be transported and precipitate together 

during cooling. A good example in the CIB, where both deposit types are spatially 

associated is the Altamira-Franke district, 70 km north of Santo Domingo. The Altamira 

and Franke deposits are described as stratabound Cu (-Ag) hosted in the more permeable 

andesites sills, whereas China deposit, located 5 km to the west, is an iron oxide (Cu-Au) 

dominated by veins, stockworks and breccias, and interpreted to be at the same 

stratigraphic level than Franke-Altamira (e.g. Henricksen, 2009). 

Summary 

Santo Domingo Sur (SDS) is a stratabound type of iron oxide (-Cu-Au) deposit, hosted 

by volcaniclastic and volcanic flows from Early Cretaceous Punta del Cobre Formation 

and a limestone-bearing package correlated with Chañarcillo Group, both deposited in the 

back arc. These rocks are intruded by variably altered diorite-bearing stocks and cut by 

several diorite to granodiorite dikes. All rocks in SDS have been extensively altered to 

different hydrothermal styles, characterized by sodic (-calcic), potassic, carbonate and 

skarn mineral assemblages. Main mineralization forms well-defined concordant mantos 

replacing the more favorable volcaniclastic units with abundant hematite-magnetite-

pyrite-chalcopyrite and silicate-carbonate gangue. Veins and breccias are also present, 

but in lesser extent. South of SDS, calcic-silicate (garnet-rich) skarn mineralogy is 

present, replacing the carbonate-rich rocks. A clear hydrothermal zoning from proximal 

to distal assemblages at deposit scale is present, consistent with a central core dominated 

by magnetite towards an outer rim dominated by hematite in the edges and shallower 
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parts of the main orebody of SDS. Higher copper and gold grades are closely related with 

the hematitic domains. In addition sodic (-calcic) alteration affect strongly the volcanic 

and volcaniclastic units, whereas potassic replacement is more intense within the 

volcaniclastic/mineralized rocks. The evolution of the hydrothermal system starts with 

sodic (-calcic) assemblages and continuous iron metasomatism (hematite and magnetite), 

overprinted by potassic and carbonate alteration accompanied by copper and iron 

sulfides. 

Mineralization in SDS took place under relatively oxidized and sulfur-poor condition, 

showing episodic changes between magnetite and hematite, accompanied by chalcopyrite 

and pyrite. Temperature range for mineralization is likely to be between 350 and 250°C, 

relatively lower in comparison with other IOCG in the CIB (Candelaria-Punta del Cobre 

district). The stratigraphy in SDS, the clear lithologic control, and the stratabound 

character of the ore, resemble part of the Candelaria and Punta del Cobre districts, but 

different from discordant ores in Mantoverde, part of Punta del Cobre and Ojancos Viejo 

districts. The hydrothermal and geological features of SDS exhibit similarities to some 

Chilean stratabound Cu (-Ag) deposits, consistent with the proposed hypothesis in which 

the Cu (-Ag) are lower temperatures analogous of IOCG system in the CIB. 
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Figures 

 

Fig. 1. Location map of Santo Domingo Sur deposit, and selected iron-oxide (Cu-Au) and Fe-oxide 
magnetite-apatite deposits along the Chilean Iron belt (CIB), showing the Atacama Fault System (AFS). In 
light purple the area from the CIB belt. Modified after Benavides et al., 2007. 
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Fig. 2. Regional geology map of Mantoverde-Santo Domingo area (modified after Lara and Godoy, 1998), 
showing the major stratigraphic and intrusive rocks, main faults, and the major deposits and districts with 
selected IOCG prospects/mines. AFS = Atacama Fault System. 
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Fig. 3. Photographs of core, outcrops and thin sections from representative samples from SDS area. a) 
Typical porphyritic andesitic flows with tabular plagioclase phenocryst cut by late quartz-carbonate-
hematite vein. b) Outcrop showing andesitic volcanic breccia, with massive andesitic clast in a porphyritic 
matrix. c) Typical banded texture from a mineralized volcaniclastic rock, exhibiting hematite and pyrite 
bands, in an altered green matrix with mixtures of chlorite and actinolite. d) Typical lithic tuff with sub-
angular and angular fragments and crystals in a chloritized matrix. e) Welded tuff altered to k-feldspar 
(pink colors), within the mineralized volcaniclastic sequence. f) Porphyritic pyroxene diorite, exhibiting 
white-creamy colors and a “bleached” appearance due intense sodic (-calcic) alteration. 



58 

 

 

Fig. 4. Geologic map of the Sierra Santo Domingo, showing the orebodies from Santo Domingo project 
(SDS = Santo Domingo Sur; IM = Iris Mag; IR = Iris; IN = Iris Norte), and minor IOCG ocurrences/mines 
located along the Sierra.  Crosses = veins, breccias and minor mantos; Stars = manto and replacement 
deposits. Kpvc = andesitic volcanic flows and minor volcanic breccias (Punta del Cobre Formation); Kpcvs 
= volcaniclastic rocks (Punta del Cobre Formation); Kch = limestone and tuffs (Chanarcillo Group); Kdi = 
pyroxene diorite dikes (Cretaceous Intrusives); Kdfh = andesitic porphyry dikes (Cretaceous Intrusives). 
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Fig. 5. Representative interpreted geologic cross-sections through Santo Domingo Sur and Iris deposit. 
Locations of the cross sections are in Fig. 5. Kpvc = andesitic volcanic flows and minor volcanic breccias; 
Kpcvs = volcaniclastic rocks; Kch = limestone and tuffs; Kdi = pyroxene diorite dikes; Kdfh = andesitic 
porphyry dikes; Ovbr = overburden. 



60 

 

 

Fig. 6. Photographs and microphotographs of selected sodic (-calcic) altered samples from SDS area. a) 
Hand sample with scapolite ± actinolite ± diopside vein cut altered quartz pyroxene diorite. Note the white 
color of the rock due intense sodic alteration. b) Hand sample show coarse-grained scapolite with fine-
grained dark green actinolite + diopside. c) Microphotograph showing euhedral scapolite + apatite ± 
epidote with fine-grained mixture of granular diopside and actinolite. d) Porphyritic pyroxene diorite 
showing turbid plagioclase phenocryst and clinopyroxene altered to actinolite, and titanite clusters. e) 
Microphotograph with sodic (-calcic) assemblages interstitial to iron oxide (opaque) with actinolite ± 
chlorite + epidote ± titanite and carbonate (parallel nicols). f) Same microphotograph but in cross nicols. 
For mineral abbreviations see Table 1. 
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Fig. 7. Photographs of core and microphotographs of selected samples from SDS deposit. a) Early 
prismatic tabular specular hematite totally replaced (i.e. mushketovite) and overgrowth by magnetite, with 
pyrite and interstitial chalcopyrite in a chlorite-bearing matrix. b). Early specular hematite replaced and 
overgrowth by newly magnetite (reflected light). c) Epidote-rich zone accompanied with actinolite + 
chlorite matrix, with magnetite ± specular hematite and pyrite ± chalcopyrite (reflected light). d) Euhedral 
magnetite and minor mushketovite, with late interstitial chalcopyrite in presence of euhedral tabular 
specular hematite aggregates. e) Porphyritic volcanic rock, altered to albite ± actinolite ± chlorite ± titanite, 
and K-feldspar in presence of fine-grained euhedral magnetite ± pyrite (opaque) (parallel nicols). f) 
Euhedral pyrite grain shows sieve texture with inclusions of magnetite (cross nicols). For mineral 
abbreviations see Table 1. 
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Fig. 8. Microphotographs and photographs of core from selected samples from SDS deposit. a) Early 
euhedral specular hematite exhibiting typical overgrowth by magnetite and altered to hematite in the rims, 
with interstitial chalcopyrite (reflected light). b) Late specular hematite radiating aggregates with interstitial 
chalcopyrite and quartz (reflected light). c) Epidote grains overgrowing radial actinolite ± chlorite in 
presence of magnetite and specular hematite (opaque) (parallel nicols). d) Carbonate and fine grained 
granular quartz replacement exhibiting radial habit, presumably replacing early amphibole (?), in a specular 
hematite rich rock (cross nicols). e) Complex textures and crosscutting relationships, showing early 
specular hematite replaced by magnetite, with shattered euhedral pyrite with inclusions of mushketovite. 
Late chalcopyrite infilling pyrite fractures, and cut by cut by wavy specular hematite (reflected light). f) 
Specular hematite with pyrite and interstitial chalcopyrite in a chlorite ± actinolite matrix, cut by a late vein 
of specular hematite ± mushketovite destroying sulfides. Note small pink feldspar fragments. For mineral 
abbreviations see Table 1. 
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Fig. 9. Microphotographs and photographs of core from selected samples from SDS deposit. a) k-feldspar ± 
quartz vein halo and k-feldspar fragments in a specular hematite ± mushketovite + pyrite ± chalcopyrite 
breccia. Note thin specularite ± carbonate rich vein cutting K-feldspar vein. b) Patchy k-feldspar 
replacement texture affecting albite phenocryst and groundmass in a porphyritic rock. Lighter gray 
represent k-feldspar (BSE image). c) Dark green chlorite ± actinolite rich matrix cut by a k-feldspar ± 
carbonate vein, in presence of magnetite ± pyrite and specular hematite ± chalcopyrite. d) Subhedral and 
shattered pyrite without inclusions, surrounded by chalcopyrite partially replaced by bornite in a quartz ± 
carbonate vein (reflected light) e) Euhedral cubic pyrite without inclusions complete enclosed by 
chalcopyrite. Chalcopyrite is partially replaced by bornite (reflected light) f) Rare bornite replaced by 
chalcopyrite exhibiting lamellae shaped textures and replaced by digenite in a quartz ± carbonate ± specular 
hematite vein. Note euhedral habit of quartz (reflected light). For mineral abbreviations see Table 1. 
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Fig. 10. Microphotographs and photographs of core from selected skarn samples from the southern 
skarn/diorite area. a) Euhedral zoned andradite garnet (carbonate-bearing protolith) with showing 
inclusion-rich core and inclusion-poor rim (parallels nicols) b) Same microphotograph exhibiting different 
anisotropies for zoned garnets (cross nicols) c) Euhedral garnets with interstitial epidote and specular 
hematite (endoskarn or calcic alteration) opaque mineral) (parallel nicols) d) Typical epidote rich cluster 
whereas garnet has been replaced carbonate and is interstitial to epidote. Note dark colored titanite and rare 
radial brown-red stilpnomelane (?) (parallel nicols) e) Hand sample of a garnet-rich (carbonate bearing 
protolith) rock, with fine-grained actinolite and clinopyroxene replacement f) BSE image showing zoned 
andradite garnet. Lighter gray areas are Al-rich in comparison with darker gray zones. For mineral 
abbreviations see Table 1. 
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Fig. 11. X-ray maps showing distinct element abundances for the different mineral species and BSE images 
of selected polished transparent thin sections from SDS deposit. a) X ray map showing Fe distribution. 
Reflected light is show in Fig. 9-E. b) X-ray map showing Co distribution. Note distinct cobalt zoning in 
pyrite. c) X-ray map showing Si distribution. Note bottom right area with distinct Si zoning in specular 
hematite, mushketovite and magnetite aggregates. d) BSE image showing detail of a single specular 
hematite crystal, replaced by magnetite (i.e. mushketovite). e) X ray map showing Fe distribution. Note 
difference between pyrite, chalcopyrite and bornite. Reflected light is show in Fig. 10-E. f) X-ray map 
showing Co distribution. Note Co-poor core versus Co-rich outer zones. For mineral abbreviations see 
Table 1. 
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Fig. 12. Interpreted cross section showing ore zoning and hydrothermal distribution for the different styles 
of alteration present in SDS. Top figure shows magnetite core in red and hematite rim in purple. Bottom 
figure shows sodic (-calcic) in green colors, potassic alteration in orange colors and carbonate alteration in 
yellow outline. 



67 

 

 

Fig. 13. Interpreted cross section showing contours for different values (wt. %) of potassium (top figure, 
orange colors) and sodium (bottom figure, green colors). Geochemical data from ICP MS assays from 2m 
composite samples. 
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Fig. 14. Interpreted cross section showing contours for different values (wt. %) of iron (top figure, gray 
colors) and copper (bottom figure, blue and green colors). Geochemical data from ICP MS assays from 2m 
composite samples. 



69 

 

 

 

Fig. 15. Representative Cu total (%) and Au (ppm) value from 2m composite samples from drill core assays 
(ICP-MS), showing samples greater 15% Fe for magnetite core and hematite rim domains. 
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Fig. 16. Time-space diagram of hydrothermal alteration for Santo Domingo Sur deposit. For explanation 
see the text and Table 1. Blue arrows represent interaction of low-T fluids, but not necessary at that time 
and position in the evolution of the system. Black arrows represent high to moderate-T fluids. Dotted line 
represents approximately position of isotherms. Mineral Abbreviations: Albite = Ab, Act = Actinolite, Tit = 
Titanite, Ept = Epidote, Chl = Chlorite, K-Feld = Potassium Feldspar, Qz = Quartz, Carb = Carbonate.  
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Fig. 17. Time-space diagram of mineralization for Santo Domingo Sur deposit. For explanation see the text 
and Table 1. Blue arrows represent interaction of low-T fluids, but not necessary at that time and position 
in the system. Black arrows represent high to moderate-T fluids. Dotted line represents approximately 
position of isotherms. Mineral Abbreviations: Mt = Magnetite, Py = Pyrite, Cpy = Chalcopyrite, Hm = 
Specular Hematite, Bn = Bornite. Symbology reflects presence and/or relative abundance of minerals along 
SWW-NEE position within the orebody. + = Abundant, (-) = Scarce, > = Major in relative abundance, >> = 
Considerable in relative abundance
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Fig. 18. Time-space diagram for Santo Domingo district, showing the time-space evolution of hydrothermal alteration. For explanation see the text and 
Table 1. Blue arrows represent low-T fluids but not necessary at that time and position in the system. Black arrows represent high to moderate-T fluids. 
Symbology reflects presence and/or relative abundance of minerals along the cross sections + = Abundant, (-) = Scarce, > = Major in terms of relative 
abundance, >> = Considerable in terms of relative abundance.
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Tables 

Table 1. Main Types of Hydrothermal Features for Santo Domingo District 

Alteration 
type Mineral assemblage Associated 

mineralization 

Vein fill / inner envelope 
// outer envelope 
[mineralization] 

Relative depth 
/ position 

Relative 
time 

relationship 

Sodic (-
Calcic) 

Olig±Scap[Fsp] - 
Act±Diop[Maf] - 

Tit[FeTiOx] 
Barren Scap // Scap [] Deep / 

Proximal Early 

  Barren Scap / Act-Diop // 
Scap±Act-Diop-Apt [] 

Deep / 
Proximal Early 

 
Ab±Ept[Fsp] - 

Act[Maf] - 
Mt±Tit[FeTiOx] 

Mt ± Mushk 
[Py±Cpy]  Deep / 

Proximal Early 

 
Ab[Fsp] - 

Act±Chl[Maf] - Cc - 
Mt±Tit±Rut[FeTiOx] 

Spec 
[Cpy±Py] 

Act±Chl±Qz-Ept // None 
[] 

Intermediate / 
Intermediate Inter 

   
Carb±Qz±K-

Feld±Ab±Ept // Chl±Cc 
[Spec] 

Shallow / 
Distal Inter 

   
Chl+Carb±Act±Ept // 

Carb [Spec-
Muhsk±Py±Cpy] 

Shallow / 
Distal Inter 

Potassic K-Feld[Fsp]  ± 
Chl[Maf] - Qz-Cc 

Spec 
[Cpy±Py] K-Feld±Qz-Cc // none [] Intermediate / 

Intermediate Inter 

   Qz±Chl±K-Feld // none 
[Spec] 

Intermediate / 
Intermediate Inter 

Carbonate Chl[Maf] ±Cc±Qz Spec [-Py-
Cpy] 

Cc±Qz±Chl // Chl 
[Spec±Py±Cpy] 

Shallow / 
Distal Late 

  Bn Cc±Qz // Chl [Spec] Shallow / 
Distal Late 

   Cc // None [] Shallow / 
Distal Late 

Skarn Ad - Diop[Maf] - 
Ept[Fsp] ±Qz Mt [Py]  Intermediate / 

Intermediate Early 

Abbreviations: Olig = Oligoclase, Scap = Scapolite, Act = Actinolite, Tit = Titanite, Rut = Rutile, Ab = 
Albite, Ept = Epidote, Chl = Chlorite, K-Feld = Potassium Feldspar, Qz = Quartz, Cc = Carbonate, Diop = 
Diopside, Ad = Andradite, Mushk = Mushketovite, Mt = Magnetite, Py = Pyrite, Cpy = Chalcopyrite, Spec 
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= Specular Hematite, Bn = Bornite, Px = Pyroxene, Amph = Amphibol. Brackets [ ] = Feldspar or mafic 
mineral replaced and sulfides association and mineralization, respectively for the different columns. 

Table 2. Main geological characteristics of selected examples of IOCG, Stratabound Cu-(Ag) and Au(-Cu) 
deposit. For mineral abbreviations see Table 1. 

Name Key references 
Deposit type 
/ Location / 

Belt 

Age / 
Geochronology 

Ore 
characteristic

s 

Hydrothermal Alteration // 
Mineralization 

Santo Domingo 
Sur 

 Rennie (2010); 
This work 

IOCG 
(Stratabound) 

/ Northern 
Chile / CIB 

Phanerozoic - 
Lower 

Cretaceous? / 
N/A 

Mantos and 
minor veins 
and breccias 

Act-Ab-Chl; K-feld; Carb. 
// Mt+Spec±Mushk and 

Py±Cpy±Bn 

Mantoverde 
Benavides et al. 
(2007); Rieger 
et al. (2010) 

IOCG 
(Structural) / 

Northern 
Chile / CIB 

Phanerozoic - 
Lower 

Cretaceous / 
121±3 to 117±3 
Ma (K-Ar); 116 

Ma (Re-Os) 

Breccias, 
stockworks 
and veins 

K-feld; Scap-Chl-Ser-Qz; 
Cc-Qz // Mt+Spec, Py-

Cpy-Bn-Dg 

Candelaria/Pta 
del Cobre 

Marschik et al. 
(1996, 2000); 
Marschik & 

Fontboté 
(2001a); Mathur 

et al. (2002) 

IOCG 
(Stratabound, 
Structural) / 

Northern 
Chile / CIB 

Phanerozoic - 
Lower 

Cretaceous / 
114.2 to 115.2 
Ma (Re-Os); 

114.9 to 118.1 
Ma (Ar/Ar) 

Mantos, 
breccias and 

veins 

K-feld+Biot± 
Act±Ept±Chl±Cc; 

Ab±Act±Ept±Chl±Cc; 
Scap // Cpy+Py±Po±Sph-

Mo; Mt±Hm 

El Soldado 

Zentilli et al., 
(1997); Boric et 

al. (2002); 
Wilson et al. 

(2003a -2003b) 

Stratabound 
Cu (-Ag) / 

Central Chile 
/ Chilean 

manto-type 
deposits 

Phanerozoic - 
Lower 

Cretaceous / 
131 to 99 Ma 
(K-Ar,  Ar/Ar, 

Rb/Sr); 
100.5±1.5 Ma 
to 106±1.1 Ma 

(Ar/Ar) 

Mantos and 
veins 

Cc veins; Chl±Ept±Cc; 
Silica; Ab; K-feld //  Py + 
Cpy + Bn + Cs ± Dg± Cv / 

Hm±Mt 

Talcuna/Uchini 

Boric (1985); 
Wilson & 

Zentilli (2006); 
Maksaev & 

Zentilli (2002) 

Stratabound 
Cu (-Ag) / 

Central Chile 
/ Chilean 

manto-type 
deposits 

Phanerozoic - 
Lower 

Cretaceous / 
N/A 

 Mantos and 
minor veins 

Chl, Ab, Ser, Ept, Arg, 
Preh, Cc, Bar // Cpy + Bn 

± Cs, -Gl, -Sph, -Py / 
Chrys + Mq / ±Hm±Mt 

Mantos Blancos 

Chavez (1985); 
Ramirez et al. 

(2008); 
Oliveros et al. 

(2008b); 
Munizaga & 

Zentilli (1994); 
Maksaev & 

Zentilli (2002) 

Stratabound 
Cu (-Ag) / 
Northern 
Chile / 
Chilean 

manto-type 
deposits 

Phanerozoic - 
Jurassic / 155 to 
156 Ma (Ar/Ar) 

; 142 Ma 
(Ar/Ar) 

Breccias, 
veins and 

dissemination 

K-feld, Chl; Ab; Ser, Qz, 
Chl, Ept, Cc // Cpy, Bn, 

Dg -Gl / Hm, -Mt. 
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Name Key references 
Deposit type 
/ Location / 

Belt 

Age / 
Geochronology 

Ore 
characteristic

s 

Hydrothermal Alteration // 
Mineralization 

Michilla 

Bogdasic et al. 
(1994); 

Oliveros et al. 
(2008a) 

Townley et al. 
(2006); 

Munizaga & 
Zentilli (1994); 

Maksaev & 
Zentilli (2002); 

Stratabound 
Cu(-Ag) / 
Northern 
Chile / 
Chilean 

manto-type 
deposits 

Phanerozoic - 
Jurassic /  

160±16 Ma 
(Re-Os) (Lince-

Estefania) 

 Mantos, 
veins and 
breccias 

Ab, Qz, Ept, Chl, Cc, -Act 
// Cs, Bn, Cv, Cpy / Chrys, 

Mq /  Mt, Hm 

Mina Justa 
Chen et al. 

(2008, 2010a, 
2010b) 

IOCG/ 
Southern 

Peru / 
Peruvian 

Coastal Belt 

Phanerozoic - 
Lower 

Cretaceous / 
109 to 99 Ma 

Tabular 
breccias and 
stockworks 

Ab+Act; K-feld; Cc // 
Py+Cpy±Bn±Dg±Cs / 

Chrys±At±Cv / Mt-Hm 

Raul 
Condestable 

de Haller et al. 
(2006); de 
Haller and 

Fontboté (2009) 

IOCG/ 
Southern 

Peru / 
Peruvian 

Coastal Belt 

Phanerozoic - 
Lower 

Cretaceous / 
116.7 ± 0.4 to 
115.2 ±0.3 Ma 

Mantos, 
dissemination 

and veins 

Biot; Act±Chl±Ab; 
Ser+Chl±Ab±Ept; Cc; 

Preh // Mt+Hm±Py±Cpy; 
±Po±Py±Cpy; ±Bn±Cv±Cs 

Starra 

Davidson 
(1992, 1994); 
Davidson and 
Large (1994); 
Oliver et al. 

(2004). 

Stratabound 
Au(-Cu) / 
Northern 

Australia /  
Mt Isa inlier 

 Proterozoic / 
1505 Ma (Ar-

Ar) 

Stratabound 
Au±Cu 

bearing iron 
formations 

Ab; Ept±Carb; Biot-Chl; 
Anh±Bar // Cpy, Py, Hm, 

Mt 

Osborne 

Davidson and 
Large (1994); 
Adshead et al. 
(1998) ; Oliver 
et al. (2004). 

Stratabound 
Cu(-Au) / 
Northern 

Australia /  
Mt Isa inlier 

Proterozoic / 
1600-1590 Ma 
(Re-Os, U-Pb); 
1570-1540 Ma 

(Ar-Ar) 

Stratabound 
Cu±Au 

bearing iron 
formations 

Ab; Ept±Carb; Biot, Qz, 
Hb, Mu. // Cpy, Py, Mt 

±Hm, -Po 

 

Table 3. Isotopic characteristics, salinities and geochemical anomalies of selected examples of IOCG, 
Stratabound Cu (-Ag) and Au(-Cu) deposits. For mineral abbreviations see Table 1. 

Name Key references S-Isotopes (δ34S, per 
mil) Salinities 

Geochemical anomalies 
(enrichment) / 

[depletion] 

Santo Domingo Sur  Rennie (2010); This work N/A N/A (Cu, Fe, Au, Co) / [Ag, 
Zn, Pb] 

Mantoverde Benavides et al. (2007); 
Rieger et al. (2010) 

 -6.8 to +11.2 (Py); -
6.6 to +10.0 (Cpy); 

+0.4 to +36.2 (S-fluid) 

32-56% 
wt. % 

NaCl eq 
(Cu, Fe, Au, Co) 

Candelaria/Pta del 
Cobre 

Marschik et al. (1996, 
2000); Marschik & Fontboté 

(2001a); Mathur et al. 
(2002) 

-0.7 to +3.1 (sulfides); 
+14.5 to +17.5 (Anh)  

30-40 wt. 
% NaCl eq (Fe, Cu, Au, Zn, Ag) 



76 

 

El Soldado 
Zentilli et al., (1997); Boric 
et al. (2002); Wilson et al. 

(2003a -2003b) 

 -11.1 to +28.0 (Py); -
12.7 to +19 (Cu-

sulfide) 

21-26 wt. 
% NaCl eq 

(Cu, Ag, As, S) / [Co, 
Ni, Ba, Rb] 

Talcuna/Uchini 
Boric (1985); Wilson & 

Zentilli (2006); Maksaev & 
Zentilli (2002) 

-35.0 to -27.0 (?) 5-27 wt % 
NaCl eq (Cu,Ag, Mn) 

Mantos Blancos 

Chavez (1985); Ramirez et 
al. (2008); Oliveros et al. 

(2008b); Munizaga & 
Zentilli (1994); Maksaev & 

Zentilli (2002) 

 -5.0 to 0.0 (?) 3-17 wt % 
NaCl eq (Cu, Ag) 

Michilla 

Bogdasic et al. (1994); 
Oliveros et al. (2008a) 
Townley et al. (2006); 

Munizaga & Zentilli (1994); 
Maksaev & Zentilli (2002); 

 -7.0 to +3.0 (?) 
16 to 21 
wt. % 

NaCl eq. 
(Cu, Ag) 

Mina Justa Chen et al. (2008, 2010a, 
2010b) 

+ 0.8 to +3.9 (Py ); 
+1.3 to +3.7 (Cpy, Bn); 

+37 (S-fluid) 

6 to 32 wt. 
% NaCl 

eq. 
(Cu, Ag) 

Raul Condestable de Haller et al. (2006); de 
Haller and Fontboté (2009) 

0.0 to +10.2 (oxid. 
zone) 1.0 to +26.3 

(reduc. zone); -22.9 to 
-32.7 (late veins) 

> 20 wt. % 
NaCl eq. (Fe, Cu, Au, Ag) 

Starra 
Davidson (1992, 1994); 

Davidson and Large (1994); 
Oliver et al. (2004). 

-5.0 (Py); -6.0 to -3.0 
(Cpy) 

34-52% 
wt. NaCl 

eq. 

(Fe, Cu, Au, Co, W, 
Mo, Sn) / [Ba, Pb, Zn] 

Osborne 
Davidson and Large (1994); 

Adshead et al.(1998) ; 
Oliver et al. (2004). 

-2.0 to +6.0 (Py); -6.0 
to +2.0 (Cpy) 

< 70% wt. 
NaCl eq 

(Cu, Au, Ag, Co, Ni, V, 
Mo, Se, Bi and P) / [Pb, 

Zn, Ba] 
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Appendices 

Representative electron microprobe data for hydrothermal silicates from Santo Domingo Sur deposit. 

Sample Mineral SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Cl F H2O Total 

71518 Actinolite 52.63 0.18 4.59 0.00 3.14 3.53 2.19 17.36 12.35 0.22 0.12 0.00 0.00 2.10 98.41 

CbB-018a Actinolite 51.77 0.17 2.82 0.01 2.57 13.79 0.24 13.07 12.10 0.43 0.10 0.00 0.00 2.03 99.12 

CbB-018a Actinolite 53.90 0.10 2.02 0.03 1.85 12.02 0.24 14.87 12.30 0.27 0.08 0.00 0.00 2.04 99.73 

CbB-019a Actinolite 53.55 0.09 1.85 0.01 0.57 13.20 0.31 14.74 12.71 0.27 0.05 0.00 0.00 2.06 99.42 

CbB-025c Actinolite 53.88 0.17 2.30 0.05 1.22 11.55 0.25 15.27 12.30 0.41 0.07 0.00 0.01 2.03 99.50 

CbB-025d Actinolite 52.11 0.14 3.51 0.02 2.56 12.91 0.34 13.40 12.17 0.38 0.11 0.00 0.00 2.05 99.71 

GD-08 Actinolite 50.11 0.17 2.94 0.03 2.44 15.29 0.34 11.61 11.79 0.48 0.19 0.00 0.00 1.95 97.33 

GD-08 Actinolite 50.06 0.30 4.90 0.02 3.05 8.45 0.14 15.53 12.52 0.45 0.10 0.00 0.00 2.02 97.53 

GD-10 Actinolite 53.99 0.00 2.24 0.01 1.87 7.28 0.41 17.40 12.51 0.09 0.06 0.00 0.01 2.01 97.89 

GD-07 Chlorite 27.55 0.04 19.07 0.00 4.27 15.36 2.90 17.19 0.07 0.04 0.03 0.03 0.00 11.52 98.07 

GD-07 Chlorite 27.21 0.02 19.73 0.34 5.09 18.34 0.54 17.57 0.07 0.01 0.03 0.04 0.00 11.72 100.70 

GD-07 Chlorite 28.42 0.00 18.57 0.68 5.36 19.28 0.59 16.79 0.07 0.03 0.04 0.03 0.14 11.76 101.75 

GD-10 Chlorite 26.42 0.00 14.93 0.22 5.07 18.23 0.60 14.27 0.16 0.05 0.03 0.04 0.11 10.44 90.57 

GD-10 Chlorite 28.19 0.00 16.12 0.73 6.09 21.93 1.04 15.64 0.20 0.03 0.02 0.03 0.00 11.50 101.53 

GD-13 Chlorite 31.30 0.00 20.59 0.12 5.18 18.66 0.83 9.83 0.14 0.03 0.08 0.10 0.00 11.59 98.45 

GD-13 Chlorite 27.18 0.02 18.45 0.08 6.19 22.28 1.11 11.93 0.12 0.11 0.08 0.05 0.00 11.24 98.84 

GD-13 Chlorite 26.35 0.00 17.88 0.00 6.39 23.00 1.41 9.79 0.06 0.09 0.05 0.04 0.07 10.82 95.94 

GD-13 Chlorite 27.90 0.00 21.05 1.03 5.65 20.33 1.08 11.67 0.04 0.08 0.07 0.04 0.00 11.53 100.48 
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Sample Mineral SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Cl F H2O Total 

GD-19 Chlorite 27.35 0.00 16.75 2.45 6.98 25.14 0.73 12.26 0.06 0.04 0.02 0.03 0.02 11.32 103.15 

GD-19 Chlorite 26.43 0.00 16.71 0.68 6.73 24.22 1.38 11.37 0.03 0.05 0.05 0.02 0.06 10.99 98.74 

GD-19 Chlorite 27.47 0.00 19.81 1.56 5.46 19.66 0.34 16.38 0.13 0.02 0.08 0.07 0.03 11.74 102.76 

GD-19 Chlorite 27.63 0.08 16.14 0.75 6.48 23.32 0.29 13.77 0.18 0.00 0.01 0.04 0.05 11.26 99.98 

CbB-019a Clinopyroxene 52.89 0.05 0.48 0.02 1.91 5.99 0.45 13.61 24.34 0.29 0.01 0.00 0.00 0.00 100.04 

CbB-019a Clinopyroxene 53.15 0.04 0.42 0.00 1.36 6.27 0.46 13.57 24.40 0.30 0.00 0.00 0.00 0.00 99.99 

CbB-019a Clinopyroxene 53.55 0.09 1.85 0.01 0.00 13.72 0.31 14.74 12.71 0.27 0.05 0.00 0.00 0.00 97.30 

CbB-019a Clinopyroxene 53.94 0.01 0.39 0.02 1.70 2.79 0.23 15.96 25.04 0.20 0.01 0.00 0.00 0.00 100.29 

CbB-019a Clinopyroxene 53.02 0.07 0.43 0.00 2.30 1.94 0.20 15.92 24.93 0.19 0.03 0.00 0.00 0.00 99.04 

CbB-025d Clinopyroxene 52.65 0.01 0.18 0.01 0.65 9.26 0.46 11.89 24.29 0.19 0.01 0.00 0.00 0.00 99.59 

CbB-025d Clinopyroxene 52.14 0.14 0.55 0.01 1.90 8.01 0.36 12.33 24.17 0.24 0.01 0.00 0.00 0.00 99.86 

CbB-025d Clinopyroxene 53.57 0.04 0.13 0.02 0.82 6.57 0.25 13.84 24.32 0.30 0.01 0.00 0.00 0.00 99.87 

CbB-025d Clinopyroxene 39.58 0.07 32.49 0.01 0.00 2.85 0.80 0.01 23.76 0.03 0.15 0.00 0.00 0.00 99.74 

CbB-018a Garnet 32.93 0.01 1.29 0.01 29.71 0.00 0.59 0.00 31.50 0.03 0.01 0.00 0.00 0.00 96.08 

CbB-018a Garnet 36.30 0.10 6.04 0.03 22.66 0.82 0.88 0.00 32.57 0.01 0.00 0.00 0.01 0.00 99.41 

CbB-018a Garnet 34.83 0.00 0.19 0.00 30.84 0.00 0.50 0.00 32.08 0.01 0.01 0.00 0.00 0.00 98.45 

CbB-018a Garnet 35.90 0.03 5.68 0.02 23.71 0.27 0.79 0.00 32.61 0.02 0.01 0.00 0.00 0.00 99.05 

CbB-018a Garnet 35.76 0.04 5.33 0.03 24.29 0.00 0.88 0.00 32.59 0.01 0.04 0.00 0.00 0.00 98.98 

CbB-018a Garnet 35.36 0.03 5.47 0.00 24.12 0.00 0.87 0.00 32.61 0.00 0.01 0.00 0.00 0.00 98.46 

CbB-018a Garnet 34.65 0.02 1.68 0.03 29.07 0.00 0.70 0.00 32.13 0.02 0.00 0.00 0.00 0.00 98.31 

CbB-018a Garnet 35.81 0.00 1.93 0.00 28.08 0.00 0.62 0.06 32.92 0.00 0.00 0.00 0.00 0.00 99.43 

CbB-018a Garnet 35.87 0.36 3.75 0.01 25.26 0.78 0.97 0.02 32.28 0.01 0.00 0.00 0.00 0.00 99.32 
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Sample Mineral SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Cl F H2O Total 

CbB-025c Garnet 34.41 0.00 0.01 0.03 31.68 0.00 1.09 0.00 31.49 0.00 0.00 0.00 0.00 0.00 98.71 

CbB-025c Garnet 35.46 0.87 4.75 0.02 24.45 0.40 0.86 0.06 32.59 0.00 0.01 0.00 0.00 0.00 99.47 

CbB-025c Garnet 35.19 0.00 0.26 0.00 30.49 0.76 0.83 0.00 31.52 0.00 0.01 0.00 0.00 0.00 99.06 

CbB-025c Garnet 36.14 1.23 4.56 0.01 23.23 2.33 0.88 0.10 31.76 0.03 0.01 0.00 0.00 0.00 100.28 

CbB-025c Garnet 37.05 0.03 9.72 0.00 17.93 1.08 1.23 0.01 32.65 0.02 0.01 0.00 0.00 0.00 99.74 

CbB-025c Garnet 36.05 1.20 3.67 0.02 24.02 2.91 0.94 0.08 31.32 0.00 0.00 0.00 0.00 0.00 100.22 

GD-19 K-feldspar 65.20 0.00 20.00 0.00 0.06 0.00 0.00 0.00 0.03 0.32 15.42 0.01 0.00 0.00 101.04 

GD-19 K-feldspar 64.92 0.00 18.01 0.00 0.11 0.00 0.01 0.00 0.02 0.36 13.50 0.07 0.00 0.00 97.01 

GD-19 K-feldspar 63.39 0.01 18.28 0.00 0.06 0.00 0.00 0.00 0.00 0.44 15.46 0.00 0.00 0.00 97.65 

GD-19 K-feldspar 63.30 0.00 18.37 0.00 0.16 0.00 0.00 0.00 0.00 0.29 16.21 0.00 0.00 0.00 98.34 

CbB-019a Plagioclase 64.83 0.00 22.00 0.00 0.04 0.00 0.00 0.00 2.50 10.28 0.10 0.00 0.00 0.00 99.75 

CbB-019a Plagioclase 64.50 0.00 21.86 0.00 0.01 0.00 0.00 0.01 2.46 10.46 0.12 0.00 0.00 0.00 99.43 

CbB-025d Plagioclase 67.03 0.00 22.62 0.00 0.08 0.00 0.02 0.01 2.25 9.76 0.06 0.00 0.00 0.00 101.83 

CbB-025d Plagioclase 60.73 0.00 25.42 0.01 0.04 0.00 0.00 0.00 0.19 9.74 0.01 0.00 0.00 0.00 96.15 

CbB-025d Plagioclase 58.90 0.01 23.34 0.01 0.04 0.00 0.00 0.01 0.33 7.52 0.02 0.00 0.00 0.00 90.19 

CbB-025d Plagioclase 64.55 0.00 23.51 0.00 0.13 0.00 0.03 0.02 3.92 9.33 0.14 0.00 0.00 0.00 101.64 

CbB-025d Plagioclase 62.30 0.00 24.82 0.00 0.05 0.00 0.00 0.00 5.53 7.91 0.12 0.00 0.00 0.00 100.74 

CbB-025d Plagioclase 65.46 0.00 22.82 0.00 0.05 0.00 0.01 0.01 2.86 10.01 0.15 0.00 0.00 0.00 101.37 

CbB-025d Plagioclase 61.44 0.00 24.96 0.00 0.07 0.00 0.02 0.00 5.71 7.83 0.11 0.00 0.00 0.00 100.15 

GD-07 Plagioclase 65.83 0.00 19.66 0.00 0.00 0.18 0.00 0.00 0.19 12.12 0.11 0.00 0.00 0.00 98.09 

GD-07 Plagioclase 66.92 0.01 19.82 0.00 0.12 0.00 0.00 0.01 0.08 11.75 0.09 0.00 0.00 0.00 98.79 

GD-07 Plagioclase 64.93 0.00 19.70 0.00 0.17 0.00 0.00 0.00 0.05 11.62 0.05 0.00 0.00 0.00 96.54 
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Sample Mineral SiO2 TiO2 Al2O3 Cr2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O Cl F H2O Total 

GD-08 Plagioclase 67.73 0.00 19.94 0.00 0.07 0.00 0.00 0.02 0.20 11.66 0.08 0.00 0.00 0.00 99.69 

GD-08 Plagioclase 67.85 0.04 19.99 0.00 0.17 0.00 0.01 0.03 0.30 11.43 0.07 0.00 0.00 0.00 99.88 

GD-08 Plagioclase 67.24 0.07 20.25 0.00 0.53 0.00 0.01 0.06 0.28 11.86 0.16 0.00 0.01 0.00 100.47 

GD-19 Plagioclase 67.78 0.00 20.33 0.00 0.19 0.00 0.03 0.01 0.22 11.05 0.21 0.00 0.01 0.00 99.84 

GD-19 Plagioclase 67.94 0.03 19.95 0.00 0.22 0.00 0.00 0.03 0.53 11.37 0.14 0.00 0.00 0.00 100.20 

GD-19 Plagioclase 63.07 0.00 23.60 0.00 0.46 0.01 0.01 0.01 4.54 9.38 0.16 0.01 0.01 0.00 101.25 

CbB-018a Scapolite 58.30 0.00 23.03 0.00 0.02 0.00 0.00 0.00 5.92 8.51 0.71 3.65 0.03 0.00 100.16 

CbB-018a Scapolite 59.42 0.01 22.92 0.02 0.06 0.00 0.02 0.00 5.64 8.35 0.69 3.69 0.08 0.00 100.90 

CbB-019a Scapolite 60.43 0.00 22.01 0.00 0.16 0.00 0.02 0.00 4.40 8.89 0.82 4.03 0.00 0.00 100.77 

CbB-025d Scapolite 56.14 0.00 23.95 0.01 0.05 0.00 0.00 0.00 7.50 9.62 0.75 3.31 0.00 0.00 101.34 

CbB-025d Scapolite 58.01 0.00 25.15 0.00 0.09 0.00 0.01 0.00 5.39 9.39 0.43 2.21 0.00 0.00 100.67 

CbB-025d Scapolite 55.32 0.00 24.13 0.01 0.10 0.00 0.00 0.00 8.23 9.04 0.66 2.99 0.00 0.00 100.50 

CbB-025d Scapolite 56.49 0.00 22.72 0.01 0.04 0.00 0.01 0.00 7.45 8.58 0.71 3.29 0.00 0.00 99.31 

CbB-025d Scapolite 56.54 0.00 22.80 0.00 0.05 0.00 0.00 0.02 7.38 8.88 0.70 3.16 0.00 0.00 99.52 

 

Representative electron microprobe data for iron oxides from Santo Domingo Sur deposit. 

Sample Mineral Fe Mg Al Ti V Cr Mn Si Ca O Total 

CbB-025c Hematite 69.32 0.00 0.29 0.02 0.03 0.00 0.01 0.07 0.02 20.24 90.01 

GD-10 Hematite 70.54 0.01 0.04 0.02 0.00 0.02 0.03 0.01 0.01 20.29 90.96 

GD-10 Hematite 69.91 0.00 0.03 0.01 0.00 0.00 0.02 0.04 0.00 20.12 90.15 
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Sample Mineral Fe Mg Al Ti V Cr Mn Si Ca O Total 

GD-10 Hematite 70.36 0.00 0.04 0.03 0.01 0.00 0.02 0.00 0.01 20.23 90.71 

GD-10 Hematite 72.73 0.00 0.04 0.02 0.01 0.01 0.04 0.02 0.00 20.93 93.81 

77285 Hematite 68.89 0.00 0.13 0.17 0.01 0.01 0.01 0.07 0.07 20.08 89.44 

GD-10 Magnetite 73.27 0.01 0.06 0.02 0.00 0.02 0.04 0.23 0.04 21.37 95.07 

GD-10 Magnetite 73.21 0.03 0.04 0.00 0.00 0.00 0.02 0.19 0.03 21.26 94.78 

72649 Magnetite 72.76 0.00 0.04 0.01 0.06 0.00 0.03 0.17 0.04 21.13 94.22 

72649 Magnetite 72.70 0.00 0.01 0.01 0.04 0.01 0.03 0.06 0.02 20.95 93.82 

72649 Magnetite 72.24 0.01 0.01 0.04 0.05 0.01 0.06 0.08 0.02 20.89 93.42 

GD-10 Mushketovite 70.92 0.11 0.53 0.08 0.01 0.02 0.05 0.93 0.31 22.11 95.05 

GD-10 Mushketovite 69.76 0.16 0.60 0.08 0.01 0.01 0.02 1.07 0.37 22.05 94.10 

GD-10 Mushketovite 67.92 0.32 0.93 0.08 0.00 0.00 0.06 1.89 0.72 23.01 94.93 

GD-10 Mushketovite 70.35 0.14 0.47 0.06 0.02 0.00 0.04 0.83 0.26 21.77 93.92 

GD-10 Mushketovite 70.56 0.08 0.32 0.04 0.00 0.00 0.08 0.61 0.18 21.36 93.23 

 

Representative electron microprobe data for sulfides from Santo Domingo Sur deposit 

Sample Mineral S Fe Cu Au Sb As Co Pb Ni Zn Total 

GD-10 Pyrite 52.28 44.23 0.02 0.00 0.00 0.03 1.90 0.00 0.02 0.00 98.48 

GD-10 Pyrite 53.04 44.51 0.00 0.00 0.00 0.01 1.88 0.00 0.04 0.06 99.54 

GD-10 Pyrite 53.35 46.36 0.00 0.01 0.01 0.06 0.01 0.00 0.06 0.00 99.86 

GD-10 Pyrite 53.00 44.22 0.02 0.00 0.00 0.02 1.97 0.00 0.00 0.00 99.23 
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Sample Mineral S Fe Cu Au Sb As Co Pb Ni Zn Total 

GD-10 Pyrite 52.85 43.27 0.01 0.00 0.00 0.00 3.10 0.00 0.00 0.01 99.24 

GD-10 Pyrite 52.81 45.66 0.00 0.03 0.00 0.00 0.21 0.00 0.06 0.00 98.78 

GD-10 Pyrite 52.94 46.02 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 98.99 

GD-19 Pyrite 53.15 46.77 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.13 100.11 

GD-19 Pyrite 52.93 45.49 0.00 0.00 0.01 0.03 0.87 0.00 0.00 0.00 99.34 

GD-19 Pyrite 52.60 46.91 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.07 99.65 

GD-10 Pyrite 52.96 47.28 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.05 100.35 

GD-10 Pyrite 52.96 46.30 0.01 0.00 0.00 0.00 0.08 0.00 0.01 0.00 99.37 

77285-B Pyrite 53.20 46.32 0.08 0.00 0.03 0.02 0.00 0.00 0.00 0.00 99.64 

GD-10 Chalcopyrite 35.20 30.70 34.98 0.00 0.00 0.03 0.00 0.00 0.02 0.00 100.93 

GD-10 Chalcopyrite 34.96 30.49 34.48 0.03 0.00 0.04 0.00 0.00 0.02 0.00 100.03 

GD-10 Chalcopyrite 35.10 30.13 34.28 0.00 0.00 0.00 0.00 0.00 0.01 0.00 99.52 

77285 Chalcopyrite 35.10 30.34 34.28 0.00 0.00 0.00 0.01 0.00 0.00 0.00 99.74 

77285 Chalcopyrite 10.40 0.54 2.64 0.04 0.00 0.00 0.00 0.00 0.00 0.00 13.61 

77285-B Chalcopyrite 34.85 30.09 34.46 0.00 0.00 0.02 0.00 0.00 0.00 0.00 99.42 

77285 Bornite 26.40 11.39 62.06 0.03 0.00 0.02 0.00 0.00 0.00 0.00 99.90 

77285 Bornite 26.46 11.30 62.03 0.00 0.00 0.00 0.01 0.00 0.00 0.00 99.79 

77285 Bornite 26.49 11.40 63.62 0.00 0.01 0.03 0.00 0.00 0.00 0.11 101.65 

77285-B Bornite 26.10 11.32 62.25 0.02 0.01 0.02 0.00 0.00 0.02 0.00 99.73 

77285-B Bornite 26.42 11.42 61.04 0.00 0.02 0.00 0.00 0.00 0.03 0.00 98.93 

77285-B Bornite 25.69 10.27 63.07 0.02 0.02 0.05 0.00 0.00 0.04 0.00 99.17 
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Sample Mineral S Fe Cu Au Sb As Co Pb Ni Zn Total 

77285-B Digenite 24.06 3.53 72.22 0.00 0.01 0.00 0.00 0.00 0.01 0.00 99.83 

 

Summary of samples descriptions. 

Sample Drill Hole 
Depth 
(m) 

Location / Relative 
position 

Lithology 
code 

Lithology 

72649 4a3-10-365DD 259.00 IM - Center / Proximal BABX Hydrothermal breccia 

77396 4a3-10-387DD 273.00 SDS-Edge /Distal TUFF Ash tuff with massive iron oxide 

80779 4a3-10-394DD 150.00 SDS-Edge /Distal LMST Limestone 

100028 4a3-06-076DD 62.45 SDS-Edge /Distal WDTF Welded tuff 

100047 4a3-06-076DD 79.39 SDS-Edge /Distal TUFF Ash tuff 

100050 4a3-06-076DD 82.95 SDS-Edge /Distal SPEC Massive specular hematite replacement (>50% modal) 

100156 4a3-06-076DD 175.24 SDS-Edge /Distal ANTF2 Volcaniclastic tuff 

100219 4a3-06-077DD 68.50 SDS-Edge /Distal FEOX Mixture of magnetite and specular hematite (>50% modal) 

100227 4a3-06-077DD 97.70 SDS-Edge /Distal TUFF Ash tuff 

100255 4a3-06-077DD 123.20 SDS-Edge /Distal SPEC Massive Specularite replacement (>50% modal) 

100385 4a3-06-077DD 251.23 SDS-Edge /Distal AVSD Volcaniclastic sediment 

100395 4a3-06-077DD 260.20 SDS-Edge /Distal DIOR Diorite porphyry 

100402 4a3-06-077DD 323.05 SDS-Edge / Proximal DIOR Diorite porphyry 

100489 4a3-06-077DD 454.60 SDS-Edge / Proximal FEOX Mixture of magnetite and specular hematite (>50% modal) 

100493 4a3-06-077DD 458.30 SDS-Edge / Proximal ANTF2 Volcaniclastic tuff 

100513 4a3-06-077DD 476.60 SDS-Edge / Proximal ANTF2 Volcaniclastic tuff 
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Sample Drill Hole 
Depth 
(m) 

Location / Relative 
position 

Lithology 
code 

Lithology 

100672 4a3-06-077DD 576.28 SDS-Edge / Proximal ANPP2 Porphyritic andesitic volcanic flow (medium grained) 

100724 4a3-06-078DD 86.47 SDS-Center /Distal FEOX Mixture of magnetite and specular hematite (>50% modal) 

101191 4a3-06-080DD 155.71 SDS-Edge /Distal ANPP3 Porphyritic andesitic volcanic flow (coarse grained) 

101260 4a3-06-080DD 217.67 SDS-Edge / Proximal MAGT Massive magnetite replacement (>50% modal) 

101293 4a3-06-080DD 248.50 SDS-Edge / Proximal SPEC Massive specular hematite replacement (>50% modal) 

101325 4a3-06-080DD 276.10 SDS-Edge / Proximal ANTF2 Volcaniclastic tuff 

101689 4a3-06-079DD 217.05 SDS-Edge /Distal TUFF Ash tuff 

101693 4a3-06-079DD 221.46 SDS-Edge /Distal MAGT Massive magnetite replacement (>50% modal) 

101734 4a3-06-079DD 258.88 SDS-Edge /Distal MAGT Massive magnetite replacement (>50% modal) 

101737 4a3-06-079DD 260.40 SDS-Edge /Distal FEOX Mixture of magnetite and specular hematite (>50% modal) 

101740 4a3-06-079DD 263.91 SDS-Edge /Distal FEOX Mixture of magnetite and specular hematite (>50% modal) 

101806 4a3-06-079DD 324.20 SDS-Edge / Proximal TUFF Ash tuff 

101862 4a3-06-079DD 374.44 SDS-Edge / Proximal VCSD Volcaniclastic sediment 

102424 4a3-06-081DD 214.67 SDS-Edge / Proximal TUFF Ash tuff 

102344 4a3-06-081DD 141.26 SDS-Edge / Proximal ANAP2 Amygdaloidal porphyritic andesite (medium grained) 

102673 4a3-06-081DD 439.85 SDS-Center / Proximal ANAP3 Amygdaloidal porphyritic andesite (coarse grained) 

100672-A 4a3-06-077DD 576.10 SDS-Edge / Proximal ANPP2 Porphyritic andesitic volcanic flow (medium grained) 

100672-B 4a3-06-077DD 576.28 SDS-Edge / Proximal ANPP2 Porphyritic andesitic volcanic flow (medium grained) 

77285-A 4a3-10-387DD 81.00 SDS-Edge /Distal SPEC Massive specular hematite replacement (>50% modal) 

77285-B 4a3-10-387DD 81.00 SDS-Edge /Distal SPEC Massive specular hematite replacement (>50% modal) 

CbB-014a Surface sample - SDS-Upper Andesites ANAP2 Amygdaloidal porphyritic andesite (medium grained) 

CbB-014b Surface sample - SDS-Upper Andesites ANAP2 Amygdaloidal porphyritic andesite (medium grained) 
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Sample Drill Hole 
Depth 
(m) 

Location / Relative 
position 

Lithology 
code 

Lithology 

CbB-015 Surface sample - SDS-Upper Andesites ANDS Porphyritic andesite (fine grained) 

CbB-016a Surface sample - Diorite-skarn area SKARN Garnet-bearing skarn 

CbB-016b Surface sample - Diorite-skarn area SKARN Carbonate-bearing skarn 

CbB-018a Surface sample - Diorite-skarn area SKARN Garnet-bearing skarn 

CbB-019a Surface sample - Diorite-skarn area VEIN Scapolite ±pyroxene ± actinolite vein 
CbB-
019WR 

Surface sample - Diorite-skarn area DIOR Diorite porphyry 

CbB-025a Surface sample - Diorite-skarn area SKARN Garnet-bearing skarn 

CbB-025b Surface sample - Diorite-skarn area DIOR Pyroxene-quartz diorite porphyry 

CbB-025c Surface sample - Diorite-skarn area SKARN Garnet-bearing skarn 

CbB-025d Surface sample - Diorite-skarn area DIOR Diorite porphyry (?) 

CbB-026a Surface sample - Diorite-skarn area SKARN Garnet-bearing skarn 

CbB-026b Surface sample - Diorite-skarn area DIOR Qz-eye feldspar porphyry (dacitic composition?) 

CbB-027 Surface sample - Diorite-skarn area DIOR Diorite porphyry (?) 

GD-01 4a3-06-078DD 203.70 SDS-Center / Proximal MAGT Massive magnetite replacement (>50% modal) 

GD-02 4a3-06-082DD 312.80 SDS-Center / Proximal MAGT Massive magnetite replacement (>50% modal) 

GD-03 4a3-06-082DD 160.63 SDS-Center /Distal MAGT Massive magnetite replacement (>50% modal) 

GD-04 4a3-09-370DD 106.00 SDS-Upper Andesites ANAP2 Amygdaloidal porphyritic andesite (medium grained) 

GD-05 4a3-09-371DD 90.00 SDS-Upper Andesites ANAP2 Amygdaloidal porphyritic andesite (medium grained) 

GD-06 4a3-09-372DD 42.00 SDS-Upper Andesites ANAP2 Amygdaloidal porphyritic andesite (medium grained) 

GD-07 4a3-09-372DD 211.40 SDS-Center /Distal MAGT Massive magnetite replacement (>50% modal) 

GD-08 4a3-09-372DD 245.38 SDS-Center / Proximal MAGT Massive magnetite replacement (>50% modal) 

GD-09 4a3-10-373DD 269.48 SDS-Center / Proximal ANLT Lithic tuff 
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Sample Drill Hole 
Depth 
(m) 

Location / Relative 
position 

Lithology 
code 

Lithology 

GD-10 4a3-10-373DD 183.95 SDS-Center /Distal FEOX Mixture of magnetite and specular hematite (>50% modal) 

GD-11 4a3-10-374DD 94.79 SDS-Center /Distal FEOX Mixture of magnetite and specular hematite (>50% modal) 

GD-12 4a3-10-374DD 189.95 SDS-Center / Proximal SPEC Massive specular hematite replacement (>50% modal) 

GD-13 4a3-10-375DD 30.00 SDS-Upper Andesites ANAP2 Amygdaloidal porphyritic andesite (medium grained) 

GD-14 4a3-10-375DD 103.37 SDS-Edge / Proximal ANTF2 Volcaniclastic tuff 

GD-15 4a3-10-376DD 349.25 SDS-Center / Proximal FLBX Fault/Hydrothermal breccia 

GD-16 4a3-10-379DD 32.00 SDS-Upper Andesites ANAP2 Amygdaloidal porphyritic andesite (medium grained) 

GD-17 4a3-10-379DD 154.59 SDS-Center /Distal ANTF2 Volcaniclastic tuff 

GD-18 4a3-10-379DD 293.17 SDS-Center / Proximal MAGT Massive magnetite replacement (>50% modal) 

GD-19 4a3-10-393DD 215.67 SDS-Center / Proximal FLBX Fault/Hydrothermal breccia 

GD-20 4a3-10-396DD 193.00 SDS-Edge / Proximal FEOX Mixture of magnetite and specular hematite (>50% modal) 

 

Sample Ore mineralogy Alteration mineralogy 

72649 
Mt (fine grained in matrix of volcanic fragments). ±Py 
± Cpy (filling amygdules and clots) 

Fsp (Ab-Olig) + Act (fine grained in the matrix) ± Chl ± Carb. 

77396 
Mt ± Mushk ± Cpy, with early Py (euhedral/sieve 
texture) 

Chl[Act] + Carb veins and replacement 

80779 Py (two generation) ± Po. Fsp ± Act. Late Carb ± Qz (replacement in the matrix) 

100028 No reflected light Chl[Act] + K-feld ± Qz ± Carb. 

100047 
Spec (wavy aggregates) + Py (euhedral/sieve texture). 
Late Cpy ± Bn[Cpy]. 

Carb + Qz replacement in the matrix 

100050 Spec Carb[Maf]. Qz + Carb intersticial to Spec. 
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Sample Ore mineralogy Alteration mineralogy 

100156 Mt ± Py. Late Spec ± Cpy. Bn ± Dg[Cpy]. Act ± Ept ± Chl[Act] ± Carb. Late Carb veins. 

100219 Spec ± Mt Fsp (Ab) ± Qz. Late Carb veins and replacement. 

100227 Mt (rare) - Py. Spec. Fsp (K-feld?) ± Qz - Carb. Carb (replacement) Ser[Plag]. 

100255 Spec Fsp ± K-feld. Interstitial Carb±Qz. 

100385 Spec ± Mt (bands). Later Spec ± Py ± Cpy veins. Fsp ± Chl ± Carb. 

100395 No reflected light Act ± Ept ± Tit ± Qz - Carb - Fsp. Late Chl[Act] ± Carb. 

100402 No reflected light 
Act[Maf]. Ept ± Qz - Carb veins. Late Chl ± Ser[Fsp]. Late Carb 
veins. 

100489 Mt ± Py. Spec ± Py ± Cpy Ept ± Act ± Tit ± Apt. -Chl[Act]. Gyp (?). Late Carb. 

100493 Mt ± Spec Ept + Act ± Tit. Chl[Act] ± Carb ± Fsp ± Qz. 

100513 Mt ± Spec ± Py ± Cpy Fsp + Act ± Ept ± Tit ± Chl. Zircon as accesory mineral. 

100672 Mt (disseminate and fine-grained). Late Spec veins. Fsp ± K-feld. Chl[Biot?], Carb + Qz ± Chl and Carb ± Qz veins 

100724 Mt+Py vein. Late Spec. 
Carb ±Chl ± Qz replacement in the matrix. Chl[Maf] and Carb ± Qz 
filling vein and Apt ± Qz as vein halo. 

101191 Spec. Cpy ± Bn[Cpy] ± Cs[Bn]. Act[Chl]. Carb ± Chl ± Qz. Apt. Late Carb ± Qz ± Fsp veins. 

101260 Mt ± Mushk. Late Spec ± Cpy. Bn[Cpy]. Plag ± K-feld ± Chl[Maf] ± Qz. Late Carb[Maf] ± Qz. 

101293 
Spec. Early Py (shattered). Cpy[Py] ± Bn[Cpy]. 
Exolution of Cpy in Bn. Cs ± Dg[Bn] 

Fsp (K-feld+Ab) ± Qz ± Carb. 

101325 Mt ± Mushk + Py. Late Spec ± Mt ± Cpy. Bn[Cpy]. Fsp (Ab) ± Qz. Late Carb. 

101689 Spec ± Cpy. Late Spec veins. Fsp ± Qz ± Chl ± Ser. Apt accesory mineral. 

101693 
Mt ± Mushk + Py. Late Spec ± Cpy[Py]. Cpy (also 
filling open spaces and fractures) ± Bn[Cpy] 

Act ± Chl. Carb ± Fsp ± Bar?. Zircon as accesory mineral. 
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101734 Mt ± Mushk. Late Spec ± Py ± Cpy vein. Fsp (Ab) + Act ± Chl ± Carb. Late Carb (replacement and veins) 

101737 
Mt ± Spec ± Py (early euhedral). Late Spec (wavy 
aggregates) ± Cpy (interstitial) 

Act + Fsp ± Qz ± Carb. Carb ± Qz (replacement) 

101740 Mt + Spec. Fsp ± K-feld ± Qz. Late Carb (replacement). Apt accesory mineral. 

101806 
Spec ± Cpy (interstitial). -Mt (relicts, broken crystals) ± 
Py (euhedral). Bn[Cpy] 

Qz ± Fsp (very fine-grained). Carb (replacement in clast). Ser ± Clays. 

101862 Spec ± Py Act ± Fsp (Ab) ± Tit ± Ept. Chl[Act] ± Carb ± Qz 

102424 
Mt ± Mushk ± Py. Spec ± Mt ± Py + Cpy. Late Spec ± 
Cpy veins. 

Fsp ± Act ± Chl ± Carb. Qz ± Chl[Act] ± Carb. Apt as accesoty 
mineral. 

102344 Mt (fine grained) ± Spec. Act ± Chl[Act] ± Tit ± Carb. Late Qz ± Carb vein cut by Carb veins. 

102673 Mt (fine grained) ± Spec. Fsp (Ab) ± Chl[Maf] + Qz ± Carb. Apt accesory mineral. 

100672-A Mt ± Mushk ± Py ± Cpy. Late Spec ± Cpy 
Fsp (Ab) ± Act ± Chl ± Carb ± Qz. Late Carb ± Qz (replacement). 
Late Carb veins. Turmaline? 

100672-B Spec veins. 
Fsp ± Chl ± Carb ± Qz.K-feld veins cut by Carb ± Qz veins. 
Ser[Plag]. 

77285-A 
Spec (wavy, fine-grained) ± Cpy ± Bn[Cpy]. 
Dg±Cs[Bn]. Early Py (euhedral, sieve texture) 

Carb ± Qz (replacement and veins). Late Carb veins. 

77285-B 
Spec (wavy, fine-grained) ± Cpy ± Bn[Cpy]. 
Dg±Cs[Bn]. Early Py (euhedral, sieve texture) 

Carb ± Qz (replacement and veins). Late Carb veins. 

CbB-014a Mt (disseminate and fine-grained). Spec veins. 
Act ± Chl[Maf] - Ept ± Qz ± Carb. Zeol (filling amygdules). Px 
relicts?. 

CbB-014b Limonites[Py] Qz ± Carb ± Fsp ± Chl ± Stilp?. 

CbB-015 
Mt (fine grained) ± Spec. Early Py (euhedral, sieve 
texture) 

Fsp (Ab) ± Ept ± Chl[Maf] ± Tit ± Carb ± Qz. White mica? 

CbB-016a Spec ± Mt. Limonites[Py] Gt ± Ept ± Carb ± Qz. Chl ± Stilp/Biot? 

CbB-016b Mt ± Hm[Mt]. Carb ± Tit 
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CbB-018a No significant ore minerals 
Gt ± Scap ± Tit. Late Carb ± Qz. Ept ± Qz - Chl - Carb (replacing 
earlier scapolite). 

CbB-019a No significant ore minerals Scap ± Cpx ± Act ± Apt (vein). Later Act ± Carb - Ept (interstitial) 

CbB-
019WR 

± Spec ± Limonites[Py] Plag (Ab-Olig) ± Qz ± Cpx ± Tit. Apt as accesory mineral. 

CbB-025a ± Spec. Gt (zoned) ± Carb. Late Act ± Ept ± Stilp?. 

CbB-025b ± Limonite[Py] Fsp ± Ept ± Act[Cpx]. 

CbB-025c Spec ± Mt. Late Spec. Gt. Late Carb ± Act - Ept (Allanite?) 

CbB-025d No significant ore minerals Scap ± Tit ± Gt (vein). White mica (Paragonite?)[Fsp] 

CbB-026a ± Spec. Ept ± Scap ± Carb. Gt (isotropic and anisotropic). Act veins. 

CbB-026b No significant ore minerals Fsp (K-feld?) ± Ept ± White mica ± Chl ± Qz. 

CbB-027 No significant ore minerals Fsp (Ab-Olig) ± Tit ± Ept 

GD-01 
Mt ± Mushk ± Py (shattered). Spec ± Py ± Cpy (filling 
open spaces and fractures). 

Fsp ± Chl ± Carb[Maf] ± Qz.Late Carb ± Qz brecciation. Apt 
accesory mineral. 

GD-02 Mt ± Mushk ± Py ± Cpy. Late Spec ± Cpy. 
Act ± Chl[Maf] -Ept ± Carb. Apt and Zircon as accesory minerals. 
Late Carb ± Qz ± Chl veins. 

GD-03 
Spec (fine-grained radial aggregates) ± Cpy. Early Py 
(sieve texture with inclusions of Cpy). 

Fsp ± Chl ± Qz ± Carb[Maf]. Apt as accesory mineral. Late Carb ± 
Qz veins. 

GD-04 Mt (fine grained) ± Py. Hm[Mt]. Act ± Chl ± Tit. Carb ± Qz ± Chl. Late Carb ± Qz (wavy veins). 

GD-05 Mt (fine grained) ± Py. Hm[Mt]. Py ± Cpy veins Fsp ± Carb ± Qz. Chl[Maf] - Ser[Plag] 

GD-06 Mt (fine grained) ± Py (euhedral, sieve texture) Chl ± Carb ± Act ± Ept. Late Carb (wavy veins) 

GD-07 
Mt ± Mushk - Spec ± Py. Late brecciation and 
Limonites. 

Fsp ± Chl ± Ept. Late Qz ± Carb (brecciation and veins) 

GD-08 Mt (fine grained) ± Py (euhedral, sieve texture) Fsp ± Act. Qz ± Carb 
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GD-09 Mt -Mushk ± Py (euhedral, sieve texture). Py ± Cpy Act + Ept ± Plag ± Tit ± Qz ± Carb. K-feld ± Qz ± Carb -Chl[Maf]. 

GD-10 Mushk ± Mt. Spec ± Py ± Cpy (interstitial). Act ± K-feld ± Chl[Maf]. Late Chl ± Carb ± Qz 

GD-11 Mt ± Mushk. Spec ± Py ± Cpy. -Bn[Cpy] K-feld ± Carb ± Qz (very fine grained) 

GD-12 Spec (rare) -Py-Cpy. Chl ± Carb - Qz. 

GD-13 Spec. Hm[Mt] + Limonites Qz ± Carb - Chl[Maf] 

GD-14 
Spec ± Cpy. Early Py (euhedral, sieve texture). 
Bn[Cpy] 

Qz ± Carb 

GD-15 Spec ± Py ± Cpy. Limonites[Py±Mt]. -Dg-Cv. K-feld ± Chl ± Qz ± Carb (late brecciation) 

GD-16 Hm ± Limonites Carb ± K-feld? ± Chl ± Qz. (late brecciation) 

GD-17 Mt ± Mushk. Spec (wavy aggregates) + Cpy[Mt?] Carb ± Qz - Fsp - Chl - Act. 

GD-18 Mt ± Py. Spec ± Cpy - Py. Ept ± Qz ± Carb ± Chl (interstitial in the matrix) 

GD-19 Mt ± Mushk. Carb (two generations) ± Chl[Maf] - Fsp - Tit 

GD-20 Mt ± Hm ± Cpy ± Py. Bn[Cpy] Carb ± Qz 

Minerals Abbreviations: Olig = Oligoclase, Scap = Scapolite, Act = Actinolite, Tit = Titanite, Rut = Rutile, Ab = Albite, Ept = Epidote, Chl = Chlorite, Ser = 
Sericite, Fsp = Feldspar, K-feld = Potassium Feldspar, Apt = Apatite, Qz = Quartz, Carb = Carbonate, Diop = Diopside, Gt = Garnet, Ad = Andradite, Mushk = 
Mushketovite, Mt = Magnetite, Py = Pyrite, Cpy = Chalcopyrite, Spec = Specular Hematite, Bn = Bornite, Gyp = Gypsium, Px = Pyroxene, Amph = Amphibol. 
Maf = Mafic mineral, Brackets [ ] = Mineral partially or totally replaced
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