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Abstract 

 
Loma Iguana, located in northwestern Azuero Peninsula, Panamá, can be 

considered an epithermal deposit hosted by andesitic basalts. The region is 

composed by altered igneous rocks that plot within the calc-alkaline field with trace 

and rare earth element (REE) patterns of proto-arc affinity. The magmatic 

development in the Azuero Peninsula in Late Cretaceous (~75-73), from a tholeiitic 

arc to a calc-alkaline arc signature, allowed the suitable conditions for the evolution 

of this epithermal deposit. The hydrothermal alteration in Loma Iguana is caused 

by intrusion of the Montuoso batholith with quartz-dioritic composition, over the 

Caribbean Plate from ~71 to 65 Ma. Hydrothermal alteration is structurally 

controlled by an east-trending fault system derived by the Azuero-Soná regional 

fault. The intrusion of the Montuoso batholith permitted the circulation of the 

mineralized fluid through the fault system. There are three main hydrothermal 

alteration zones: intermediate argillic alteration proximate to argillic alteration, 

intermediate argillic alteration proximate to propylitic alteration and propylitic 

alteration. Mineralization consists of disseminations of pyrite and, minor occurrence 

of chalcopyrite and platinum group elements (PGE). Gold is present as 

submicroscopic grains over veinlets of clay-plagioclase composition. Nevertheless, 

Loma Iguana cannot be classified so far as high or low sulphidation epithermal 

deposit due to lack of evidence of distinctive minerals and more data is required. 
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Introduction 
 
 
In 1922 Lindgren described the epithermal ore deposits for the first time as shallow 
depth environments hosting mineralization of Au, Ag, base metals such as Hg, Sb, 
S and minerals like kaolinite, alunite and quartz. Epithermal deposits are formed 
over a temperature range of ~150ºC to ~270ºC in a depth from the surface of 1 to 2 
km (Hedenquist et al., 2000). These deposits are the result of hydrothermal 
systems in volcanic environments with a source of heat, water, metals and reduced 
sulphures (Henley, 1990). Therefore, looking back into the geologic history, these 
components have been always available, then, there is no matter in respect to age 
to find these deposits, but it is with respect to preservation from erosion or severe 
metamorphic processes (Henley, 1990).  
 
Since the 1970s the exploration of gold has had really importance in the circum-
Pacific region. These investigations have permitted the discovery of a great 
number of gold deposits related with recent volcanic terranes (Robb, 2005).  
Epithermal gold deposits were formed in the Late Cretaceous magmatic history of 
Central America, these ore deposits are commonly hosted by tholeiitic island arcs, 
but are also found in younger calc-alkaline arcs (Nelson, 2007). 
 
In Panama the first geological studies focused on the mineral resource potential 
were drove by the United Development Program in 1965, they found important 
anomalies of copper and gold particularly in the Azuero Peninsula, south western 
Panama (Corral, 2013).  Posterior studies in this area related these anomalies to 
porphyry copper and gold epithermal deposits (Del Giudice and Recchi, 1969; 
Ferenčić, 1971; Kesler et al., 1997). Currently, in this region there are several 
prospects and epithermal deposits such as Juan Diaz, Pitaloza, Las Minas, Cerro 
Quema, among others (Corral, 2013).  
 
Panama is located in the southern part of Central America and is the youngest 
section of the land bridge between the North and South American plates (Corral, 
2013). The geochemical evolution in the Azuero peninsula shows that from 75-73 
Ma the Nazca plate was subducting beneath the Caribbean plate and the fluids 
derived from subducting slab generated a primitive tholeiitic volcanic arc (Wörner 
et al., 2009, Wegner et al., 2011). Once this arc maturated, the chemistry 
composition changed to form more acidic rocks (andesites, dacites and quartz-
diorites), evolving to a calc-alkaline volcanic arc (Wörner et al., 2009, Wegner et 
al., 2011). Therefore, the development of this calc-alkaline arc in the west part of 
the Caribbean Plate presents all the suitable characteristics for the presence of 
epithermal deposits (Corral, 2013). 
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The subduction continued until the rupture of the Farallon Plate at ~23 Ma (Werner 
et al., 2003; Buchs et al., 2009; Wörner et al., 2009), and the accretion of island 
arcs and oceanic plateau took place during the subduction until Middle Eocene 
(Buchs et al., 2011). The collision of the Panamanian arc with Colombia, from Late 
to Middle Miocene, generated a lateral scape of the Panamanian microplate 
towards the NW (Pindell et al., 1998; Lissinna, 2005). Subsequently, the direction 
of the subduction switched and generated the migration of the volcanic arc toward 
the north (Lissina, 2005); it remains active in the Cordillera Central. Consequently, 
the tectonic setting in the Azuero peninsula is represented by several regional 
subvertical faults, the most important are the Soná-Azuero fault zone that exposes 
different uplifted rocks and is striking NW-SE, the Ocú-Parita, which strikes E-W 
(Mann and Kolarsky, 1995), and the Río Joaquín fault zone with an E-W orientation 
(Corral et al., 2013). Therefore, the geodynamic evolution of the Azuero peninsula 
permitted the preservation of the fore-arc and rocks exposure, which provide a 
chance to study deep sections of the inner and outer for-arc margin (Corral et al., 
2013).  
 

 
 
 

Figure 1.  Area of study, Loma Iguana (Azuero peninsula). Modified from Corral, 2011. 
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Epithermal gold occurrences have been reported in the area of study, Loma Iguana 
(Figure 1), which is located in the central western part of the Azuero peninsula. 
However, the potential epithermal gold deposit has not been deeply investigated so 
far. Therefore, the aim of this investigation is to present new petrographic, 
mineralogical and geochemical evidences to contribute to the understanding of the 
processes and conditions during the ore deposition in this area. 
 

Conceptual framework 
 
 
Lindgren (1922) firstly characterized the epithermal environment as being near 
surface in depth, and commonly hosting mineralization of Au, Ag, base metals 
such as Hg, Sb, S and minerals like kaolinite, alunite and silica. Epithermal gold 
deposits are formed in volcanic terrains with large-scale hydrothermal systems, 
and their principal components are magmatic heat in the upper crust, a source of 
groundwater, metals, reduced sulphures and shear zones (Henley, 1990). 
Hydrothermal systems at shallow depth in the crust pass through abrupt physical 
and chemical variations because of the change from lithostatic to hydrodynamic 
pressure (White and Hedenquist, 1990). As a consequence, there is a reaction 
between fluids derived at depth with surface seawater and an interaction between 
this altered fluids with host rocks. Epithermal deposits are developed in the upper 
crust by cause of these changes and interactions, affecting the capacity of the fluid 
to carry metals in solution, because the solubility of metals in the fluid decrease 
and it results in metal deposition within these environments (White and 
Hedenquist, 1990). 
 
There are diverse geological environments where epithermal deposits can be 
found, taking into account magmatic, tectonic and structural settings (Figure 2). In 
first place, igneous activity has an important role in the development of epithermal 
deposits; it provides heat to produce a hydrothermal convection cell and 
contributes gases to the system (White and Hedenquist, 1990). In second place, 
the igneous setting is commonly central to proximal and occurs as volcanic arcs in 
convergent tectonic contexts with calc-alkaline to alkaline composition; these 
deposits are spatially and temporally associated with subaerial volcanism and its 
related intrusions (Sillitoe and Bonham, 1984). Additionally, crustal deformation is 
connected with tectonic processes and is closely related to the evolution of 
hydrothermal ores. It exists a regional scale structural control of epithermal 
deposits, associated with major fault structures and the possible implication of the 
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reactivation of deep crustal shears, improving at the same time the permeability of 
fractures near the surface (Henley, 1990). But even the development of these 
deposits is controlled regionally; mineralization is normally host on secondary faults 
and not on the major regional structure  (Fernandez and Damasco, 1979). 
 
On the other hand, epithermal Au-Cu and Au-Ag deposits can be classified as 
high-sulphidation (HS) and low-sulphidation (LS) types depending on the oxidation 
state of sulphur in the mineralization fluid (Hedenquist, 1986, Sillitoe and 
Hedenquist, 2003), as well as the distribution of the alteration zones and the 
variation in ore and gangue mineralogy (White and Hedenquist, 1995, Corbett, 
2013). 

 
 
High-sulphidation Au-Cu epithermal deposits are formed within acidic magmatic 
fluids, in calc-alkaline andesitic-dacitic arcs; distinguished by almost neutral stress 
states and sometimes by compressive arcs (Sillitoe and Hedenquist, 2003). The 
acid fluids, with a high pH, generate an advanced argillic lithocaps that produce the 

Figure 2.  Geological setting and characteristics of HS and LS epithermal deposits (Robb, 2005). 
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HS mineralization (Sillitoe and Hedenquist, 2003) dominated by vuggy silica, 
alunite, pyrophyllite-diaspore, dickite-kaolin and then illite-smectite neutral clays; 
gold mineralization is usually refractory with enargite and is deposited later in the 
silicic zone (Hedenquist, 1986; Corbett, 2013). By contrast, low-sulphidation Au-Ag 
epithermal deposits are developed near neutral composite magmatic-meteoric 
fluids (Hedenquist and Lowenstern, 1994), associated with basalt-rhyolite 
(bimodal) volcanic suites in extensional tectonic settings, among back arcs and 
post-collisional rifts (Sillitoe and Hedenquist, 2003, Corbett, 2013). The near-
neutral pH fluid and low salinity contribution generates LS state sulphide minerals 
(White and Hedenquist, 1995, Sillitoe and Hedenquist, 2003) and the alteration 
assemblage is mainly derived by chloride fluid and contains quartz, adularia, K-
mica, chlorite, calcite, epidote, pyrite, albite, zeolites, and base metal sulfides along 
with precious metals (Hedenquist, 1986). Distinctive mineral textures and evidence 
from fluid inclusion data show that most HS and LS epithermal deposits are formed 
in a temperature range of about 160ºC to 270ºC, this corresponds to a crustal 
depth of approximately 1 Km (Hedenquist et al., 2000).  
 
The most important characteristics to describe ore deposits are their form, 
mineralogy, textures and alteration zones. When comparing HS and LS epithermal 
deposits there is an overlapping in some features but there are also considerable 
differences. In first place, the form of these deposits is different even both are 
structurally controlled, HS consists of disseminated ores that filter the host rock 
while LS ores dwell in stockworks of small veins (White and Hedenquist, 1995). 
With regard to gangue minerals, quartz is common in both styles but the pH of the 
altering fluid reflects the main differences in gangue minerals (Henley, 1990, White 
and Hedenquist, 1995). For example, adularia and calcite are near-neutral pH 
indicator minerals, in contrast with kaolinite and alunite (plus pyrophillite, diaspore 
and phosphate-sulphate minerals), which are formed under acidic conditions 
(White and Hedenquist, 1995, Hedenquist et al., 2000). The textures that 
distinguish the deposits are very different: LS deposits exhibit various types of 
textures including banded, crustiform quartz veins, specular and multiple vein 
breccias, showing episodes of mineral deposition and hydraulic fracturing as 
consequence of hydrothermal eruptions at shallow depth; by contrast, the usual HS 
textures show little differences with the most typical texture being massive bodies 
of vuggy silica (White and Hedenquist, 1995). Finally, alteration zones vary both 
vertically and horizontally (Figure 3). 
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Epithermal gold deposits in the Circum Pacific region and Central America 

 

Epithermal gold deposits in the Circum Pacific region are formed by magmatic arcs 
in the eastern Pacific area, floored by continental crust, and by subduction-related 
island arcs in the SW Pacific zone, floored by oceanic crust (Corbett, 2013). Ages 
vary from early Cretaceous to Pleistocene; however, the majority of ore deposits in 
western and southwestern Pacific rim are younger than 40 Ma (Sillitoe, 1997). The 
large epithermal deposits are distributed equally along the eastern and western 
Pacific regions (figure 4), the fault systems that controlled the gold-bearing veins 
act also as feeders for the bulk-tonnage gold mineralization and have undergone 
normal displacements (Sillitoe, 1997). 
 
These ore deposits are extremely varied in form and in mineralization styles, with 
vein systems and equidimensional to tabular bodies of disseminated, stockwork 
and breccia-hosted mineralization, representing in this way geometrical extremes 
(Hedenquist, 1986; Sillitoe, 1997).  
 

Figure 3. Distribution of hydrothermal alteration associated with high and low sulfidation deposits (White and 
Hendenquist, 1995). 
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On the other hand, Central America hosts important mineral resources such as 
gold, silver, copper, lead, zinc and aluminum. Island arc volcanic rocks of Late 
Cretaceous and younger age host ore mineral deposits in this region (Nelson and 
Nietzen, 2000). Mineralization of gold-silver and copper-zinc is geographically and 
paragenetically related to exogenous volcanic domes, which vary from basalts to 
rhyolite in composition intrude island arc volcanic rocks of post mid-Oligocene age 
(Ferenčić, 1971; Nelson, 2001). Dome fields are commonly found along an 
unconformity that separates regionally propylitized andesites from overlying altered 
rocks of the same composition (Nelson, 2001). The distribution of gold and copper 
is regionally controlled by strike-slip faults (Nelson and Nietzen, 2000). 
 
Throughout the magmatic history of Central America, during the last 80 Ma, 
epithermal gold deposits have been formed; hosted by early tholeiitic island arcs 
such as Bonanza deposit in Nicaragua, and in younger calc-alkaline island arcs 
such as Marlin deposit in Guatemala (Nelson, 2007). In this region, the shallow 
subaqueous volcanic setting contributes an optimal environment for the 
combination of water and magma and the subsequent phreatomagmatic eruptions; 
it permits the transition from subaqueous to subaerial volcanism (Nelson, 2001). 

Figure 4. Porphyry and epithermal gold deposits of the circum Pacific region (Sillitoe, 1997). 
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The most recent study in the Azuero peninsula, related with epithermal deposits, 
was conducted few years ago. Corral et al. (2011) described the Río Quema 
Formation as a Fm. composed of Late Cretaceous- Paleogene volcanic, 
sedimentary and volcano-sedimentary rocks that correspond to the fore-arc basin. 
This formation has an associated mineralization, a high sulphidation epithermal 
deposit with a hydrothermal alteration pattern. This deposit belongs to a larger 
hydrothermal system controlled by E-W trending faults that affect the lithologies of 
the Azuero Peninsula (Corral et al., 2011). The principal epithermal deposits found 
in Panama are shown in Figure 5. 
 
 
 

 
 
 
 

 

 

Figure 5. Epithermal and porphyry deposits in Panama. Modified from Nelson (2001). 
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Geological framework 
 
 

Magmatic evolution and metallogeny  
 
The Panama microplate is a southwest enlargement of the Caribbean Plate and is 
located at the intersection of five plates: Caribbean Plate, South American Plate, 
Chortis Block, Cocos Plate and Nazca Plate (Buchs et al., 2010).  
 

 
 

 
Different authors have focused several studies on the magmatic development of 
southern Central America land bridge, in Panama, from Late Cretaceous to 
present. The magmatic evolution of Panama can be divided in different stages: 
first, the development of a genetically complex basement previous to 70 Ma, 
followed by the generation of an early volcanic arc between 65 and 40 Ma and 
finally, the development of a younger volcanic arc between 40 and 5 Ma (Wörner et 

Figure 6. Tectonic setting of the Panama Microplate (Buchs et al., 2010). 
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al., 2009).  The oldest Chagres-Bayano rocks of the Cordillera de Panama exhibit 
the first phase of arc magmatism, during Late Cretaceous to early Paleogene (Wö
rner et al., 2009, Wegner et al., 2011). It presented two stages, from 68 to 60 Ma 
and from 50 to 40 Ma (Wegner et al., 2011), both show tholeiitic affinity and have 
enriched but variable large ion lithophile element abundances (LILE) (Wörner et al., 
2009). Maury et al. (1995) proposed that the existence of this early arc imply the 
breakup of the Farallon Plate and its subduction below the Caribbean Plate by 
approximately 66 Ma. As a consequence of this breakage, around 20 Ma later, 
there was a change of magmatism from Chagres-arc magamtism to Cordilleran arc 
magmatism, with less-depleted trace element compositions (Wegner et al., 2011). 
Finally, during Miocene Ocean Island basalts (OIB) derived from seamounts 
related to the Galapagos hotspot were accreted on the southern part of the 
Caribbean plate in the Soná and Azuero peninsulas (Hoernle et al., 2002, Wegner 
et al., 2001). 
 

In conjunction with it, the Azuero Peninsula, located in southwestern Panama in 
the Pacific Ocean, comprise a composite igneous basement unconformably 
overlain by Middle Eocene and younger forearc sediments and volcanic rocks 
(Mann and Kolarsky, 1995). Wegner et al. (2011) presented a geochemical study 
from de Cordillera de Panama and the Soná and Azuero peninsulas to show the 
magmatic evolution of this area. They proposed a commencing intraplate 
magmatism phase from 139 to 69 Ma that formed the oceanic basement known as 
the Caribbean Large Igneous Plateau (CLIP), which has a geochemical affinity 
similar to the Galápagos hotspot. Then, a following magmatic phase, which took 
place in the Azuero and Soná peninsulas, presents trace element patterns 
indicating the beggining of subduction from 71 to 69 Ma. In the intervening time, 
during 70 to 20 Ma, younger ocean island basalts (OIB with high trace element 
patterns) were accreted. Subsequently, from 19 to 5 Ma, a third magmatic phase 
formed discrete volcanic centers along the Cordillera de Panama. Finally, the study 
concludes that the last phase, over the past 2 Ma, consists of isolated volcanic 
centers of adakitic composition in the Cordilleran arc. 
 
Therefore, the arc magmatism in the Soná-Azuero area initiated as early as 71 Ma, 
switching from island arc volcanism to subduction zone magmatism. This is 
characterized by a mantle source, which is constituted by the old CLIP and 
different degrees of a mixed-plume source (Wegner et al., 2011). Wörner et al. 
(2009) identified three distinctive trace element signatures in the basement rocks 
from the Azuero and Soná peninsulas. 1) A flat trace-element patterns in oceanic 
basement of the CLIP representing normal mid-ocean ridge basalts (N-MORB), 2) 
enriched oceanic island basalt (OIB) pattern in CLIP terranes, and 3) an arc pattern 
CLIP rocks. 
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On the other hand, the geological evolution of Central America is represented by 
similar morphotectonic characteristics. It dates back from Late Cretaceous with 
partially developed geosynclinal stage, very faulted and fractured, and advance 
post-Eocene deformation, with the following processes of magmatism and 
mineralization (Ferenčić, 1971). 
 
Central America hosts important mineral resources such as gold, silver, copper, 
lead, zinc and aluminum. Island arc volcanic rocks of Late Cretaceous and younger 
age host ore mineral deposits in this region, and the distribution of gold and copper 
is regionally controlled by strike-slip faults (Nelson and Nietzen, 2000). 
 
In addition, the intrusive rocks of the oceanic island arc in Panama indicate that 
magmatism and subsequent mineralizations were irregular and show 
compositional variations (Kesler et al., 1977). The first igneous activity was 70-60 
Ma ago, low potassium tholeiitic basalts formed the base and were deposited in an 
intraoceanic island arc; it also involved intrusion of quartz diorites within the base 
rocks (Kesler et al., 1977, Nelson and Nietzen, 2000). The preceding volcanism, 
which became more potassic with granodioritic intrusions, developed calc-alkaline 
andesites at approximately 22 Ma ago, and alkaline volcanic rocks were derived 5 
Ma ago (Nelson and Nietzen, 2000). The Panamanian arc shows that 
mineralization arose in the younger stages of the arc evolution. In comparison with 
other arcs, the Panamanian arc shows potassium enrichment trends, at the late-
stage copper and gold deposits were developed. The mineralizations are 
concentrated on calc-alkaline plutons of intermediate composition (quartz diorite to 
quartz monzonite) (Kesler et al., 1977, Nelson and Nietzen, 2000). 
 

The Azuero Peninsula geology 
 
Buchs et al. (2010) divide the geology of the peninsula in two complexes: The 
Azuero Accretionary Complex and The Azuero Marginal Complex. Four 
lithostratrigraphic units compose the Azuero Marginal complex: The Azuero 
Plateau, The Ocú Formation, The Azuero Protoarc Group and The Azuero Arc 
Group (Figure 7). 
 
The Azuero Accretionary Complex consists of Cretaceous to Eocene accreted 
seamount volcanoes, oceanic islands and aseismic ridges, comprising the SW part 
of the peninsula (Hoernle et al., 2002). As mentioned above, several units 
constitute the Azuero Marginal complex. Firstly, The Azuero Plateau is an oceanic 
plateau composed of sheet flows and pillowed basalts, which dated from 89 to 85 
Ma. This plateau has two geochemical groups: the first one, forms the bulk of the 



 19 

igneous rocks of the Azuero Plateau and has tholeiitic characteristics (high-Fe 
differentiation trend); and the second one, which has also tholeiitic affinity but 
present lower major element contents (SiO2, Mg, and CaO) (Buchs et al., 2010). 
Secondly, The Late Cretaceous Ocú Formation (Del Giudice and Recchi, 1969) 
comprises hemipelagic limestones and is locally interlayered with The Azuero 
Protoarc Group (Buchs et al., 2010). The Ocú Formation is composed by two 
facies, thin to medium-bedded grayish-white limestone and calcareous siltstone; 
and light brown, fine-grained calcareous siltstone and sandstone (Mann and 
Kolarsky, 1995).  
 

 
 

 
Subsequently, The Azuero Protoarc Group have been developed from early 
magmatism during the beginnig of subduction from 73 to 75 Ma and occurs as 
mafic dykes within and on top the Azuero Plateau and Ocú Formation (Buchs et 
al., 2010). This basement is principally made of massive and pillowed basalt rocks 

Figure 7.  Geological map of The Azuero Peninsula (Buchs et al., 2011). 
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which have characteristics of tholeiitic balsalts (flat chondritic REE patterns) with 
plateau affinity and represent uplifted fragments of the Caribbean plate (Hoernle et 
al., 2002, 2004). Finally, The Azuero Arc Group was developed over The Azuero 
basement and proto-arc rocks by arc-magmatism, at least, in Maastrichtian ~70 Ma 
ago (Wörner et al., 2009, Wegner et al., 2011). Is composed dominantly of arc-
related volcanic rocks from intermediate to silicic lavas, volcaniclastic rocks, related 
tuffies and intrusive bodies (Buchs et al., 2010). It represents a mature arc, 
although the evolvement of magma sources along the growth of the arc is not well 
understood, there are radiometric ages that show an overlap of basic and acid 
igneous rocks and (Buchs et al., 2010). 

Methodology 
 

Fieldwork 
 
This study began with the cartography done in Loma Iguana (Figure 1) and the 
neighbouring areas in the Azuero Peninsula, as the class project of the course 
Field-camp Geology, 2014 (Universidad de los Andes). A detailed mapping was 
performed during 22 days to establish a structural and lithostratigraphic association 
with a possible epithermal deposit. The fieldwork was based on mapping the 
volcanic rocks and the hydrothermal alteration zones of the study area, structural 
analyses and rock sampling. 
 

We chose Loma Iguana to develop the study because it presents the same 
geological setting, volcanic arc - dacitic intrusive – sedimantary contact (with Ocú 
formation), as the Rio Quema formation in which is embedded the Cerro Quema 
(Figure 1) high sulphidation deposit. During the field camp work 8 different 
locations were visited and the samples from the locations rio Mariato, rio Negro 
and quebrada Iguana, were selected to undertake the analyses. The location of 
samples in the geologic map is shown in annex 1. 
 

Analytical techniques 
 

Absorption features in the Short-Wave Infrared (SWIR) region are a function of the 
mineral composition. They are a manifestation of energy absorption within the 
crystal lattice from vibrational state transitions. Therefore, these vibrational states 
correspond to different energy levels and the absorption features occur at well-
defined wavelength positions. The energy levels that define these wavelengths are 
a function of the size of the ionic radii of the cations bonded to different molecules. 
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As consequence, it is possible to predict compositions and compositional changes 
in minerals by analyzing wavelengths and wavelength shifts (Hauff, 2008). SWIR 
Spectroscopy (SWIR) was measured using the Portable Infrared Mineral Analizer 
(PIMA), PIMA-II (manufactured by Integrated Spectronics Pty. Ltd. Australia) at 
James Cook University, Australia.  
 
Polished thin sections from the alteration zones were studied under plane polarized 
light and reflected light, these were carried out at Gmas laboratories in Bogota. 
 
Whole-rock major elements were determined with a PHILIPS Magix Pro (PW-2440) 
X-ray fluorescence equipment at Centro de Instrumentación Científica (CIC), 
University of Granada, using a glass beads, made of 0.6g of powdered sample 
diluted in 6g of Li2B4O7.  
 
The scanning electron microscope (SEM) images for polished-thin section 
recovered with graphite were analyzed in the Centro de Microscopía at 
Universidad de los Andes. With the high-resolution scanning microscope JEOL 
JSM-6490LV, operated at an accelerating voltage of 20-30 kV and 0.5 to 300.000X 
magnification, with a 3.0 nm spatial resolution. 
 
 

 

 

Locality 
Sample 

ID 
Latitude Longitude 

Analysis 

 

     

Rio Negro 38733 7.63970 -80.90657 SWIR/Petrography 
Rio Negro 40614 7.63939 -8090443 SWIR/ Petrography 

Quebrada Iguana 38743A 7.63939 -8090443 Petrography 
Quebrada Iguana 38743B 7.66310 -80.92383 SWIR 
Quebrada Iguana 38743C 7.63939 -8090443 Petrography 
Quebrada Iguana 38743D 7.66310 -80.92383 SWIR/Petrography 
Quebrada Iguana 38743E 7.66310 -80.92383 SWIR 
Quebrada Iguana 40599 7,66250 -80,92190 Geochemistry 

Rio Mariato 38770A 7.66829 -80.91080 SWIR/Petrography 
Rio Mariato 38763 7.66523 -80.92400 SWIR/Petrography 
Rio Negro 40594 7,64030 -80,90710 Geochemistry 

Rio Mariato 38815 7,66110 -80,92470 Geochemistry 

Table 1. Sample analysis and location, based on locality and GPS coordinates (WGS84). 
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Results 

SWIR and petrography 
 
In this study 7 samples (table 1) of volcanic rocks associated to the mineral occurrence 
Loma Iguana have been analyzed, in order to determine the type of alteration zone and its 
mineralogy. These samples show evidence of hydrothermal alteration (i.e. pyrite and clay 
minerals). The PIMA data processing includes the positioning of typical peaks of illite and 
chlorite, as well as the calculation of the illite’s crystallinity. The crystallinity of illite is a 
proxy dependent of temperature, therefore, it acts as indicator of proximity to the source of 
hydrothermal fluid. 
 
Petrography results from 9 samples (table 1) show that these rocks correspond to 
basalts/andesites, which show hyalocristallyne porphyritic texture. Minerals are 
inequigranular, they vary from fine to medium-grain size (<1mm) and from medium to 
coarse-grain size (~ 1-3 mm) respectively. Crystals are embedded in a microcrystalline 
matrix. These rocks are mainly constituted of plagioclase, pyroxenes and amphiboles, 
altered to chlorite, illite, quartz, carbonates, sericite and epidote.  
 
It is possible to recognize three main hydrothermal alteration zones with these samples: 
Propylitic Alteration Zone (PZ), Intermediate Argillic Proximate to Propylitic Alteration Zone 
(IAPPZ) and Intermediate Argillic Proximate to Argillic Alteration Zone (IAPAZ). PZ is 
recognized by its typical alteration minerals, which are chlorite as dominant mineral, illite 
as subordinate mineral, and amphiboles and pyroxenes as secondary minerals (Figure 8 
A-B). Subsequently, IAPPZ is characterized by the partial replacement of aluminium-
sillicates with clay minerals, mostly illite. However, the samples within this group also have 
the common mineral assemblage of propylitic alteration zones with chlorite and mafic 
minerals (Figure 8 C-D). Finally, IAPAZ is distinguished by the depletion of feldspars and 
mafic minerals, in contrast with the increase in the presence of quartz. In addition, illite is 
present as principal mineral, with chlorite as subordinate mineral (Figure 8 E-F); since the 
presence of chlorite was too low, illite’s crystallinity was calculated: 1.3.  Mineralization 
consists of dissemination of pyrite in the PZ and in the IAPPZ, while the IAPAZ shows 
abundant pyrite within slight silicified veinlets (Figure 8 G-H). 
 
In general, feldspars and the matrix are completely sericitized so the composition of 
plagioclases could not be identified. However, although mafic minerals as amphiboles and 
pyroxenes show chloritization they could be classified as horblend, actinolite, tremolite and 
clinopyroxenes (augite), respectively. Other indicative hydrothermal alteration minerals as 
epidote, sericite, rutile and calcite have been found in minor percentages. Summarized 
results of SWIR and petrography are reported in table 2. 
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Figure 8. Hydrothermal alteration at Loma Iguana. A-B) Propylitic alteration with phenocrysts of 
pyroxene and plagioclase in a matrix mainly of sericite. Chloritization of mafic minerals. C-D) Dacite 
with illite, chlorite and, in minor proportion plagioclase and mafic minerals. E-F) Quartz, illite and 
plagioclase assemblage, typical of argillic alteration zone. G-H) Mineralization of pyrite embedded in 
a silicified matrix (crossed polarized light). 
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Scanning Electron Microscope (SEM) 
 

The most representative samples, 38770A from the propylitic alteration zone, and 38743D 
from the intermediate argillic proximate to argillic zone were analyzed with SEM in order to 
acquire back-scattered electron images and Energy dispersive X-ray Spectroscopy (EDS) 
analysis. 
 
EDS analysis for the first sample (38770A) evidence that the main constituent minerals of 
PZ rocks are quartz, plagioclase, micas and amphiboles (Figures 9A and 9C). Rutile and 
Apatite appeared as distinctive hydrothermal alteration minerals. Mineralization consists of 
scattered pyrite (Figures 9A and 9B) and in lower proportion, platinum group elements 
(PGE) like Os and Ir (Figure 9D). 
 
On the other hand, EDS analysis for the second sample (38743D) shows that the rocks 
from the IAPAZ are mainly constituted by plagioclase, lower content of pyroxenes and 
quartz (Figure 10A). Minerals typical from hydrothermal alteration were not found in this 
rock. However, several fine grains of gold were observed over veinlets of plagioclase, 
which are seen as black shadows (Figure 10B-C).  
 

Although the composition of plagioclase could not be determined with petrography, data 
obtained from sample 38770A shows that plagioclase has albitic composition, whereas 
plagioclase from sample 38743D indicates intermediate composition. Micas and 
amphiboles from the first sample correspond to muscovite and biotite, and hornblende, 
respectively. Moreover, pyroxenes from the second samples are consistent with augite 
composition.  
 
Formulas for minerals mentioned above were calculated and are shown in tables 3 and 4. 
Plagioclase, mica, apatite, amphibole and pyroxene compositions were normalized to 8, 
11, 12, 23 and 6 oxygens, respectively.

Sample Pl Px Am Qtz Ep Chl ill Rt Py Ser Cal PIMA Locality 

38770A + - + + / + + - - + - - - PZ Rio Mariato 

40614 + - + + / - + - / + - - / PZ Quebrada Iguana 

38743C + - + + - - + - / + - / / PZ Quebrada Iguana 

38743B + - - + / + - - / + - / - IAPPZ Quebrada Iguana 

38733 + - - + / + - - / + - / - IAPPZ Rio Negro 

38743A + - - + / + - - / + - + - / IAPPZ Quebrada Iguana 

38743D + - - - + - / - + - + - / IAPAZ Quebrada Iguana 

38743E + - - - + - / - + / + - / IAPAZ Quebrada Iguana 

38763 + - - - + - / - + / + + - / IAPAZ Rio Mariato 

Table 2. Summarized petrography and PIMA results. High (+), medium (+-) and low (-) refers to mineral content. 
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Mineral Al Si K Na Ca Mg Fe P Cl Ti O Formula 

Rutile - - - - - - - - - 38.36 61.64 Ti1.15O2 

Rutile - - - - - - - - - 25.06 74.94 Ti0.75O2 

Muscovite 1.58 1.85 0.54 - - - - - - - 7.57 K0.6Al2(Al0.84Si3.19O10)(OH)2 

Muscovite 15.33 19.55 4.18 - - - - - - - 60.94 K0.46Al2(Al1.15Si3.01O10)(OH)2 

Muscovite 1.37 1.35 0.11 - - - - - - - 8.94 K0.17Al2(Al1.21Si3.04O10)(OH)2 

Quartz 3.76 40.82 - - - - - - - - 55.42 Si1.27O2 

Quartz - 47.87 - - - - - - - - 37.8 Si1.6O2 

Quartz - 4.38 - - - - - - - - 16.29 Si0.63O2 

Feldspar (plagioclase) 1.14 3.96 0.07 0.56 0.06 - - - - - 11.98 (Na0.538K0.38Ca0.03)Al0.94Si3.14O8 

Feldspar (plagioclase) 20.35 27.02 - 4.8 1.06 - - - - - 46.79 (Na0.52Ca0.06)(Si2.42Al1.89)O8 

Hornblend 0.62 0.44 - - 0.12 0.15 0.13 - - - 1.61 Ca0.91(Mg1.89Fe0.41AL3)(Al3.91Si4.71)O22(OH)2 

Apatite 0.07 - - - 2.95 - - 1.82 0.07 - 7.86 Ca4.765(PO4)3.294(Cl) 

Apatite 0.09 - - - 0.7 - - 0.37 0.1 - 0.87 Ca4.79(PO4)3.284(Cl) 

Biotite 0.6 0.99 0.34 - - 0.66 0.31 - - - 8.17 K0.69(Mg2.15Fe0.26)Al1.7Si2.8O10(OH)2 

             
Mineral/Element Al Si Mg Fe Os Ir Br O S 

   
Pyrite - - - 31.31 - - - - 68.69 

  
Fe0.93S2.06 

Pyrite - - - 1.82 - - - - 3.24 
  

Fe1.79S1.92 

PGE 0.75 1.01 - - 0.19 1.14 - 14.43 - 
  

- 

PGE - 0.75 0.76 0.49 0.22 0.49 0.49 14.43 - 
  

- 
  

Table 3. Atomic percentage compositions for sample 38770A. Mineral formula for common minerals and mineralization. 
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Figure 9. BSE images for the propylitic alteration zone. A) Pyrite, rutile and muscovite. B) Pyrite within 
silicified matrix. C) Apatite inclusions in hornblende crystal. Pyrite and muscovite. D) Minor occurrence of 
PGE as Os and Ir . 
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Mineral Al Si K Na Ca Mg Fe O 
 

Formula 

Andesine 0.88 2.24 - 0.62 0.05 - - 14.31 
 

(Na0.97Ca0.045)Al1.16Si2.85O8 
Anortite 9.32 16.38 - - 8.44 - - 65.85 

 
Si2.42Al1.48Ca0.889 

Anortite 7.54 15.01 - - 7 - - 70.45 
 

Ca0.84Si2.57Al3.45O8 
Anortite 1.97 2.83 - - 1.92 - - 18.15 

 
Ca1.07Al1.62Si2.24O8 

Anortite 8.94 13.11 - - 3.32 - - 74.63 
 

Ca0.43Al1.75Si2.46O8 
Pyroxene (augite) - 19.59 - - 8.3 7.35 2.24 62.52 

 
(Ca0.64Mg0.93Fe0.12)Si2.15O6 

Quartz 7.24 - - - - - - 9.32 
 

Si1.31O2 

           Mineral Au Al Si K Na Ca Mg Fe O Formula 

Albite 0.06 0.13 0.35 - 0.08 - - - 2.14 Na0.83Al1.51Si2.92O8 
Albite 0.2 0.11 0.47 - 0.07 - - - 3.95 Na0.563Al0.799Si3.26O8 

Andesine 0.18 0.38 0.81 - 0.23 0.11 - - 9.09 (Na0.93Ca0.25)(Si2.66Al3.07)O8 
Andesine 0.16 0.73 1.94 - 0.43 0.05 - - 7.99 (Na0.79Ca0.053)(Si2.92Al1.14)O8 
Andesine 0.33 0.4 1.01 - 0.14 0.07 - - 3.45 (Na0.5Ca0.144)(Si2.9Al1.2)O8 
Sanidine 9.46 6.55 12.01 1.34 3.29 - - - 62.43 (K0.87Na0.209)(Si2.61Al1.48)O8 
Anortite 0.51 12.56 21.45 - - 10.47 - - 55.01 Ca0.84Si2.46Al1.50O8 

Andesine 2.52 11.92 18.57 - 2.06 5.49 - - 59.43 (Ca0.506Na0.331)(Si2.44Al1.63)O8 
Albite 11.91 10 25.51 - 5.08 - - - 47.5 Na0.71Al1.19Si2.92O8 
Albite 10.08 10.66 37.98 - 1.49 - - - 37.71 Na0.369Al0.936Si3.205O8 

Pyroxene (augite) 1.23 - 12.55 - - 4.5 5.74 - 75.99 (Ca0.54Mg1.14)Si2.16O6 
Gold 10.03 - - - - - - - 89.97 - 
Gold 0.12 - - - - - - - 2.58 - 
Gold 0.43 0.23 0.61 - - - - - - - 
Gold 0.62 - - - - - - - 53.48 - 
Gold 15.78 64.67 - - - - - - - - 
Gold 46.52 - - - - - - - - - 
Gold 2.76 - - - - - - - - - 
Gold 35.33 - - - - - - - - - 
Gold 5.4 - - - - - - - - - 

Table 4. Atomic percentage compositions for sample 38743D. Mineral formula for common minerals and mineralization. 
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Figure 10. BSE images for the argillic alteration zone. A) Crystals of anortie and pyrite. B-C-D) Gold 
grains over albite, anortite, andesine and sanidine. Minor occurrence of hornblende, augite and quartz. 
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Geochemistry 

 

 

Whole rock analysis (major, trace and REE elements) was carried out on 3 
representative samples of fresh to slightly hydrothermal altered volcanic rocks. 
Samples were collected in rivers and creeks. Sampling includes 1 sample from 
each locality in which study is developed: Loma Iguana, Rio Negro and Rio 
Mariato.  
 
 
Results are presented here (Figures 10-11) and the geochemical data is attached 
in annex 2. In the Total Alkali-Silica (TAS; Le Maitre et al., 1989) and in the Zr/TiO2 
vs Nb/Y (Winchester and Floyd, 1977) diagrams, these rocks plot in the field of 
basalts and basaltic andesites of the sub-alkaline series.  
 
 
The tectonic diagram (Pearce, 1982) locates these rocks in a depleted mantle 
source, N-MORB; and Nb/Y vs Zr/Y (Fitton et al., 1997) chart displays lower values 
of Nb/Y, locating the samples in the MORB and suprasubduction zone field. In 
regard to incompatible elements, samples show relatively low values of (Nb/La) 
and (La/Sm) (Corral, 2013).  
 
 
In the Primitive Mantle normalized diagram the samples show a good similarity with 
the rocks defined by Corral et al., (2010) as the Azuero Proto-arc group. While in 
the Chondrite normalized diagram, the samples show a general flat and depleted 
pattern in respect with the Azuero Proto-arc group described by Buchs et al., 
(2010) and Corral et al., (2010).  
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Figure 11. Geochemical characteristics of mineralized basalts/andesites of Loma Iguana. A) ATS classification of volcanic rocks (Le Maitre et al., 
1989). B) Zr/Ti vs Nb/Y classification chart (Winchester and Floyd 1977). C) Th/Yb vs Ta/Yb diagram for volcanic rocks (Pearce, 1982). D Nb/Y 
vs Zr/Y diagram (Fitton et al., 1997) 
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Figure 12. A) Primitive mantle-normalized diagram in comparison with Buchs et al. (2010) and Corral et al. (2010). B) Chondrite-normalized 
REE diagram in comparison with Buchs et al. (2010) and Corral et al. (2013). C) Diagram of La/Sm vs vs Nb/La Corral (2013). 
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Discussion 
 

 

Mineral assemblages and illite’s crystallinity (IC) 

 
Field mapping in conjunction with PIMA and petrography results indicate three 
alteration mineral assemblages. The propylitic alteration, the propylitic proximate to 
argillic alteration and the intermediate argillic proximate to argillic alteration; these 
can be broadly differentiated into three major groups: 1) chlorite-epidote-sericite 
dominant (CES), 2) chlorite-illite dominant (CI) and 3) illite-quartz dominant (IQ). 
Field distribution of these mineral associations reveals important characteristics of 
the deposit including the degree of alteration and nature and composition of the 
protolith (Bove et al., 2007).  
 
Andesitic basalts belonging to the CES assemblage are commonly green due to 
the high content of chlorite and epidote. Feldspars are entirely replaced by sericite 
and mafic minerals display chloritization (Figure 13A), whereas the matrix is altered 
to fine aggregates of these secondary minerals. Epidote is formed when basalts 
are transformed by hydrothermal alteration; it denotes a synvolcanic style of 
alteration. The distribution of alteration is controlled by the primary permeability of 
the rocks, as indicated by the synvolcanic intrusions, flow contacts, and around 
concentrated zones of amydgules (Allen, 1996).  
 
Samples from the CI assemblage display mafic minerals with pervasive 
chloritization and vetrificated groundmass. Epidote is generally subordinate or 
absent in this assemblage. In contrast, chlorite, which is formed mostly during the 
regional propylitic event, shows partial replacement by illite. Chlorite is particularly 
common from the peripheral propylitic alteration in epithermal deposits (Allen, 
1996). Plagioclase within these intermediate-composition rocks is generally altered 
to a mixture of illite and lesser chlorite. Altered plagioclase presents 
saussuritization (Figure 13B-C): epidote included within its phenocryts. These 
rocks are locally weakly silicified. 
 
Within the IQ assemblage the matrix of the rock is comprised by variable amounts 
of very fined quartz. Primary textures that may have been present within the 
original rock matrix have been destroyed. There are scattered patches of coarser 
grained quartz. The likeness of the shape and size of the coarser patches implies 
that they replaced phenocrysts whereas the finer material replaced the matrix. The 
texturally destructive nature of this argillic alteration indicates that the alteration 
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development was pervasive and shows both matrix and minerals have been 
strongly altered (Figure 13D) (Bowden, 2007).  
 

Since illite’s temperature stability ranges from about 150º-300ºC, it can be used as 
geothermometer of prograde thermal effects (Allen, 1996). The link between the 
spectral parameters and the distribution of the hydrothermal alteration zones 
evidences that poorly crystalline minerals are associated with weak alteration and 
lower temperatures, whereas the well crystallized ones are related with intense 
alteration and high temperatures (Guatame, 2103).  
 
The IC calculated from illite’s belonging to the IQ assemblage is 1.3. Based on the 
“illite crystallinity index” (Klüber index), the crystallinity is low. This would indicate 
that in this alteration zone the temperatures were low, the pH was neutral and 
therefore it has been formed at temperatures around 160-200 ºC (Guatame, 2013; 
Ji and Browne, 2000). 
 

 

Figure 13.  Mineral assemblages. A) Chloritization of mafic minerals (CES assemblage). B-C) 
Plagioclase showing saussuritization  (CI assemblage). D) Pervasive alteration (IQ assemblage). 
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Hydrothermal paragenetic stages 
 
It is necessary to analyze the processes by which alteration occurs to have a better 
understanding over time and space of the implications of overprinting alteration 
and zonation assemblages (Bowden, 2007). These relationships evolute from 
different fluids overprinting previously alteration or as a reaction to advancing 
chemical and thermal mineral stability fronts (Korzhinskii, 1965). 
 
The intermediate argillic proximate to argillic alteration (stage 1) overprinted by 
younger intermediate argillic proximate to propylitic alteration (stage 2) is an 
example of mineral assemblages developed from distinct fluids, it reflects changes 
in fluid chemistry over time. Whereas alteration assemblages developed from 
advancing alteration fronts are formed at essentially the same time. In this case, 
mineral assemblages will change depending on their distance from prymary 
hydrothermal fluid source and this does not reflect a difference in respect with the 
fluid chemistry (Bowden, 2007). The progradation from intermediate argillic 
proximate to propylitic alteration to propylitic alteration (stage 3) exemplifies this 
case. Alteration fronts keep continuing until the equilibrium is reached at the 
system margins or until the hydrothermal’s life system is ended (Bowden, 2007).   
 

Stage 1: intermediate argillic proximate to argillic alteration is the earliest alteration 
that can be identifed. This alteration defines a halo in the inner parts of the 
outcrops and shows greyish-white color (Figure 15A). It produced quartz, illite, with 
minor chlorite, replacing hornblende and plagioclase crystals. Illite and other clay 
minerals altered the massive and brecciated dacites to quartz.  
 
Stage 2:  intermediate argillic proximate to propylitic alteration is seen as the most 
peripheral alteration in the outcrops that host argillic alteration (Figure 15B). The 
transition from one argillic alteration to another is graditional, marked by the 
decrease in the amount of illite and quartz, with a slight increase in the amount of 
mafic minerals and feldspars. Mafic minerals are partially altered by chlorite and 
illite, while the groundmass has been pervasively replaced by illite and quartz.  
 
Stage 3: propylitic alteration affects practically all the rocks in the visited localities 
in Loma Iguana and represents the most distal alteration halo. The transition from 
argillic alteration to propylitic has not been observed directly in the field. It is 
recognized by the high content of chlorite, epidote, and minor rutile and carbonates 
(Figure 15C). Relict altered sericited feldspars and chloritized phenocrysts of 
amphiboles and pyroxenes are also characteristic of this alteration. The series of 
paragenetic events is summarized in Figure 14. 
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In respect with mineralization, gold occur as disseminated submicroscopic grains, 
related to pyrite-clay-plagioclase veins in the argillic zone. Pyrite is the most 
common abundant sulfide in Loma Iguana; it is present in all the alteration zones, 
within the propylitic alteration zones it is disseminated in low proportions, while in 
the argillic zone it appears within massive veinlets.  Platinum group elements as Ir 
and Os were found within the propylitic alteration zone. Copper has not been 
observed in the samples of this study; however, Agudelo (2016) reported it 
associated to minor occurrences of chalcopyrite.  
 
On the other hand, intense weathering typical of tropical areas affected the altered 
rocks. It has produced a quartz and iron oxide cap, in the upper part of some 
outcrops, overprinting hydrothermal alterations. It is characterized by amorphous 
silica containing abundant hematite within it, replacing the cement of hydrothermal 
volcanic rocks (Figure 15E-F). 
 

 
 

Figure 14. Hydrothermal paragenetic stages. 
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Figure 15. Paragenetic stages. A) Intermediate argillic alteration-halo in the inner parts of the outcrops. B) 
Peripheral alteration in the outcrops that host argillic alteration. C) Propylitic alteration with green 
amygdules. D) Comparison between sample from the argillic alteration and propylitic alteration. E) 
Weathering typical of tropical latitudes. 



 37 

Hydrothermal events  

 

In Late Campanian (~75-73 Ma), subduction of Nazca Plate beneath Caribbean 
Plate initiated (Wörner et al., 2009, Wegner et al., 2011). Afterwards, the first stage 
of arc magmatism in the Azuero Peninsula was marked by the intrusion of the 
Montuoso batholith on the Caribbean Plate, from Late Campanian to Maastrichtian 
(~71-65 Ma), and the development of the arc and the fore-arc basin (Corral, 2013). 
The second stage of arc magmatism occurred during the lower Eocene (~55-49 
Ma) with the intrusion of the Valle Rico batholith (Figure 1), along E-W trending 
regional faults mainly to the north of the Cretaceous fore-arc basin (Corral, 2013). 
 
On the other hand, Agudelo (2016) proposed two magmatic events responsible for 
the hydrothermal mineralization seen in Loma Iguana. The earliest, is related to the 
interaction between seawater with igneous rocks formed as result of the submarine 
volcanism stage from ~75 to 73 Ma. While the youngest is linked to the subaerial 
volcanism developed by the intrusion of intrusive bodies like the Montuoso 
batholith, from ~70 to 66 Ma (Agudelo, 2016). 
 
Corral et al., (Age of Cerro Quema deposit) attributed the mineralization of the 
Cerro Quema HS epithermal deposit to the second stage of arc magmatism. This 
stage produced intrusions of quartz-diorite from the fore-arc towards the arc, with 
thermal contact aureoles (Age of Cerro Quema deposit). 
 
In contrast, due to the proximity of Loma Iguana to the Montuoso batholith, the 
mineralization studied here should be caused by the first stage of magmatism 
mentioned by Corral (2013). This corresponds to the second hydrothermal event 
mentioned by Agudelo (2016), related to subaerial volcanism, which started ~70-66 
Ma.  
 
Therefore, the timing of the hydrothermal alteration episodes should be 
constrained to about ~70-66 Ma. Associated to an ENE lineaments system 
observed in the fieldwork (Agudelo, 21016), which permitted the fluid circulation 
derived from the Montuoso batholith with quartz-dioritic composition (Del Giudice 
and Recchi, 1969). 
 
Other epithermal deposits in Central and South America, such as Pueblo Viejo 
(Dominican Republic), Yanacocha (Peru), and Cerro Quema (Panamá), which are 
related to the emplacement of volcanic dome complexes, suggest that 
mineralization and host rocks are contemporaneous (Corral, 2013). According to it, 
Loma Iguana presented synvolcanic and syntectonic alteration style. In addition, 
this deposit can be classified as an analog of Cerro Quema because it presents the 
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same geological setting, volcanic arc - dacitic intrusive – sedimantary contact (with 
Ocú formation), as the Rio Quema formation in which is embedded the Cerro 
Quema high sulphidation deposit. However, Loma Iguana deposit is older and 
belongs to the proto-arc group while the Cerro Quema belongs to the arc group. 
 

Conclusions 
 

 
Loma Iguana mineral occurrence can be classified as an epithermal deposit, 
hosted by basaltic andesites corresponding from the proto-arc sequence in 
northwestern Azuero Peninsula. It is structurally controlled and is characterized by 
3 main hydrothermal alteration zones. The Intermediate Argillic proximate to Argillic 
alteration, distinguished by phenocrysts of quartz and the total replacement of the 
matrix and other minerals by illite; the Intermediate Argillic proximate to Propylitic 
alteration, which shows pyroxenes and amphiboles partially altered by chlorite and 
illite, while the groundmass is pervasively replaced by illite and quartz; and the 
Propylitic Alteration, which presents complete chloritization of mafic minerals and 
partial replacement of plagioclase and matrix by sericite. 
 
In respect with mineralization, pyrite is the most common abundant sulfide in Loma 
Iguana, it is present in all the alteration zones: in the propylitic alteration zone it is 
disseminated in low proportions, while in the argillic zone it appears within massive 
veinlets. In addition, gold has been found as disseminated submicroscopic grains 
over veinlets of pyrite-clay-plagioclase composition. Copper has not been observed 
in the samples of this study; however, Agudelo (2016) reported it associated to 
minor occurrences of chalcopyrite. PGE (Os and Ir) were found as submicroscopic 
grains within the propylitic zone. The mineralization style is linked to a lineament 
system observed in fieldwork, as it is seen as disseminated veinlets of pyrite, 
quartz, and in minor proportion, gold. 
 
The magmatic evolution of the Azuero Peninsula, especially the development of a 
calc-alkaline arc, allowed the appropriate environment for the presence of this 
epithermal deposit. Corral (2013) proposed two magmatic events: the first is 
marked by the intrusion of the Montuoso batholith on the Caribbean Plate from ~71 
to 65 Ma; and the second is characterized by the intrusion of the Valle Rico 
batholith during lower Eocene (~55-49 Ma), along E-W trending regional faults 
mainly to the north of the Cretaceous fore-arc basin (Corral, 2013). 
 
Due to the proximity of Loma Iguana to the Montuoso batholith, the mineralization 
studied here should be caused by the first stage of magmatism mentioned by 
Corral (2013). Therefore, the timing of the hydrothermal mineralization of Loma 
Iguana should be constrained to ~70-66 Ma. Associated to an ENE fault system, 
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which permitted the fluid circulation probably derived from the Montuoso batholith 
(Agudelo, 2016) with quartz-dioritic composition (Del Giudice and Recchi, 1969). 
Taking into account that mineralization and host rocks were formed 
contemporaneously and that this deposit is structurally controlled, Loma Iguana 
presented synvolcanic and syntectonic alteration style. 
 

 
Finally, it is important to mention that typical alteration zones of epithermal deposits 
have been identified, even so, Loma Iguana deposit can not be classified as HS or 
LS epithermal deposit, due to the lack of presence of characteristic alteration 
minerals from each deposit as vuggy silica, alunite, pirophillite, among others. This 
also indicates that the alteration zones reported here, are not close from the 
primary source of hydrothermal fluid, and therefore, to the main ore. 
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Annexes 
 
 

Annex 1 
 

 
 Figure 17. Geologic map and samples location (Agudelo, 2016; Ortiz-Guerrero, 2016). 
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Annex 2 

 

 

 

Trace elements 
(ppm) 

Samples 
40599 40594 38815 

Li 6.381 6.534 3.714 
Rb 2.874 2.664 4.051 
Cs 0.128 0.125 0.184 
Be 0.482 0.479 0.594 
Sr 161.222 158.998 145.677 
Ba 120.668 114.717 58.202 
Sc 44.804 43.476 44.459 
V 341.096 302.291 302.567 
Cr 73.538 78.43 122.057 
Co 39.165 39.041 40.801 
Ni 38.164 39.952 48.397 
Cu 93.631 85.981 104.338 
Zn 95.252 87.219 107.325 
Ga 17.574 17.357 16.671 
Y 36.434 37.907 39.283 

Nb 2.737 2.656 3.819 
Ta 0.293 0.277 0.387 
Hf 2.598 2.634 3.243 
Mo 0.294 0.306 0.321 
Sn 0.84 0.774 0.946 
Pb 0.51 0.537 1.112 
U 0.083 0.089 0.133 
Th 0.24 0.241 0.303 
La 4.568 4.755 5.87 
Ce 12.651 13.161 16.461 
Pr 2.141 2.225 2.657 
Nd 11.66 12.131 13.898 
Sm 4.032 4.174 4.45 
Eu 1.539 1.582 1.611 
Gd 4.963 5.116 5.302 
Tb 0.854 0.885 0.901 
Dy 5.816 6.056 6.094 
Ho 1.29 1.341 1.35 
Er 3.55 3.7 3.723 
Tm 0.513 0.532 0.54 

Table 5.  Trace element data for the studied samples 
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Yb 3.464 3.507 3.618 
Lu 0.557 0.581 0.599 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Samples 

Major 
elements (%) 40599 40594 38815 

SiO2 49.18 48.94 47.96 
Al2O3 14.46 14.39 15.11 
Fe2O3 12.78 13.16 12.76 
MnO 0.217 0.215 0.217 
MgO 6.32 6.33 6.55 
CaO 9.99 10.09 10.88 

Na2O 3,00 2.96 2.72 
K2O 0.19 0.21 0.19 
TiO2 1.56 1.67 1.71 
P2O5 0.181 0.184 0.192 

Zr 89.3 90.2 118.5 
LOI 1.58 1.42 1.15 

SUMA 99.46 99.57 99.44 

Table 6.  Major element data for the studied samples 


