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Group photo before underground tour of the El Silencio gold mine (Gran Colombia Gold), Segovia, 
Antioquia. 
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5) Itinerary 

 

Simplified geological map of western Colombia including locations and mines/deposits visited on our trip. 

  



  



Day 1: Arrival in Bogota 

We arrived early at the Sudbury airport before flying first to Toronto and then to Bogota, the capital of 
Colombia. We spent the night in Bogota and flew to Medellin the following morning. 

 

Distributing field trip guidebooks at the Sudbury airport 

  



Day 2: Fly to Medellin/coffee tour 

After an early morning flight from Bogota to Medellin we met our bus driver, Diego, and loaded all our gear 
onto the bus that would be our home for the next two weeks. After settling in at our hotel in the early 
afternoon, we visited a coffee farm just outside the city and picked coffee beans and learned about the 
coffee making process. 

 

Group photo after arriving in Medellin 

 
Picking coffee beans during a coffee tour with a spectacular view of Medellin  



Day 3: Arvi park 

We spent the majority of the day at Arvi park, a large park in Medellin dedicated to preserving western 
Colombia’s natural history and ecosystems. At the park, we observed geological features including 
stratigraphic marker units visible throughout western Colombia. This day was originally supposed to include 
a tour of a Gran Colombia Gold mine in Marmato, however security concerns related to paramilitary group 
activity prevented us from leaving Medellin. 
 

 
A prominent conglomeritic marker horizon present throughout western Colombia  

  
  



Day 4: Introductory Medellin geology day trip – Drs. Gloria Sierra and Juan Jose Estrada 

Drs. Sierra (retired EAFIT geology professor) and Estrada (retired chief geologist, Rio Claro marble quarry) 
took us on a day trip around the city of Medellin to introduce us to Colombian geology and geomorphology. 
They explained the structural setting of the western, eastern, and central Cordilleras, the nature of the pull-
apart basins, basin fill, volcanism, and plutonism observed near Medellin, and the relationship between 
plutonism and gold mineralisation. They then took us back to their house in the evening where they fed us a 
traditional Colombian dinner and took us to a spectacular viewpoint overlooking Medellin. 
 

 
Examining near-vertical volcanic stratigraphy along a roadside outcrop 

 

 
In the field with Drs. Estrada and Sierra looking at regional maps 

 



 
Overlooking Medellin in the evening 

 
 
  



Geologic Background: 
 
Part 1: Tectonic Evolution of the Western and Central Cordilleras of Colombia 

 Colombia is a tectonically diverse 
country owning to its location on 
the active northwestern margin of 
the South American plate, where 
it is structurally juxtaposed with 
the Caribbean and Nazca plates. 
As a result, Colombia has 
experienced a protracted and 
complicated geological history 
spanning from the Precambrian to 
the present day (Ramos and 
Aleman, 2000). The country is 
composed of a central block of 
Precambrian continental crust 
that is structurally juxtaposed with 
a series of Paleozoic, Mesozoic, 
and Cenozoic volcanoplutonic 
arcs representing at least one full 
Wilson cycle (~600 Ma) marked 
by the opening and closing of the 
Iapetus and Rheic Oceans 
(Ramos and Aleman, 2000). 
Tectonic activity continues to this 
day, and Colombia is currently 
undergoing the active margin 
stage of the Tethys-Pacific Wilson 
cycle caused by the subduction of 
the oceanic Nazca plate 
underneath the South American 
plate. Colombia is unique among 
the Andean mountain chain in 
containing Cretaceous 
allochthonous terranes of oceanic 

crustal material derived from the 
Caribbean plateau, which is 

responsible for the eastward inflection of the Andean subduction zone (Villagomez et al., 2011). The 
successive accretion of terranes to the margin of Colombia has resulted in a complicated sequence of 
Terranes that young relatively systematically westwards (Fig. 1).  
  

The image part with relationship ID rId18 was not found in the file.

Figure 1. Tectonic map of the Colombian Andes showing the various allochthonous 
and autochthonous terranes. From Ramos and Aleman (2000). 
 



 
 The Andean tectonic evolution has been subdivided by Ramos and Aleman (2000) into four main 
stages: 1) Construction of the proto-margin of Gondwana in the Paleozoic; 2) orogenesis and formation of 
the Gondwanides and subsequent formation of the Alleghanides during the closure of the Iapetus and 
formation of Pangea in the early Mesozoic; 3) extension and breakup of Pangea in the Jurassic punctuated 
by the collision of island arcs; and 4) continued subduction and accretion of various island arcs, and seismic 
and aseismic ridges through the Cretaceous and continuing to the present.  
 During stage 1 the protomargin of Gondwana was formed via the accretion of various continental 
blocks and exotic terranes onto basement of roughly Grenvillian affinity (Ruize et al., 1999).  Stage 2 
is demarcated by two important mountain building events in the Andes: 1) The Alleghanian Orogeny in the 
Northern Andes (including Colombia), and 2) the Gondwanan Orogeny in the Southern Andes. The 
Alleghanian Orogeny is a diachronous orogeny occurring sporadically between 330 to 265 Ma as a 
consequence of the final closure of the Iapetus Ocean as Laurentia collided with Gondwana (Ramos and 
Aleman, 2000). This orogeny is marked by the docking of the Merida terrane (and other minor terranes) to 
the proto-margin of Gondwana. In Colombia the Alleghanian event is characterised by strike-slip deformation 
along a series faults formed parallel to the continental margin (Ramos and Aleman, 2000).  
 Stage 3 is marked by extension initiated at the end of the Permian that served as the precursor for 
the breakup of Pangea. During this period the Northern Andes was the conjugate rifted margin of the Yucatan 
Block and of the present platform of the U.S. Gulf (Ramos and Aleman, 2000). Reconstruction from this 
period is hindered by successive deformation formed during Cretaceous compressional activity. The 
Continental margin of the Northern Andes at this time was comprised of a series of en echelon rifts striking 
NE-SW which were filled with sediments. As rifting continued through the late Jurassic and early Cretaceous 
the margin went into thermal subsidence and developed a passive margin sequence complete with over a 
thousand meters of extensive Cretaceous sediments deposited in the Magdalena Valley and Bogota Trough 
(Ramos and Aleman, 2000).  
 Stage 4 is marked by the transition to an active margin and the collision of an island arc terrane 
during the mid Cretaceous (Fig 2.). Three main accretionary episodes have been recognized in the 
Colombian Andes during this stage, two in the Cretaceous and one in the Neogene (Ramos and Aleman, 
2000). The first accretionary event in the Cretaceous is marked by the obduction of several dismembered 
ophiolite complexes emplaced along large trans-crustal structures such as the Romeral and Palestina Fault 
systems. These large structures served to localise magma ascent through the crust, and as a result control 
the localisation of numerous ore deposits in Colombia (see the following sections) (Ramos and Aleman, 
2000). The second accretionary event corresponds to the Dagua Terrane, which consists of tholeiitic basalt 
flows of oceanic affinity. The final accretionary event in Colombia corresponds to the Choco Terrane which 
consists of island-arc affinity tholeiitic assemblages emplaced in an oceanic plateau at approximately 78-72 



Ma. The plateau affinity of these 
units has led many authors to 
suggests derivation from the 
Caribbean Plateau. Obduction of 
this sequence occurred at roughly 
12.9 to 11.8 Ma (Villagomez et al., 
2011).  
 
Part 2: The Romeral and Palestina 
Fault Systems 

The Romeral Fault system, 
a tectonic mélange, represents a 
regional system of major parallel 
and anastomosing faults in the 
Central Ranges of the Colombian 
Andes and the Cauca, Amaga, and 
Sinu-San Jacinto Basins spanning 
through ten departments of 
Colombia (Figs. 1 and 3) (Paris et 
al., 2000). Initiated more than 200 
million years ago, it is the most 
active and continuous fault system 
in Colombia, striking generally 
north-south and extending almost 
over 1600-km (Chicangana, 2005). 
The Romeral fault systems forms a 
20- to 40-km-wide deformation belt 
and is comprised of several 
segments of parallel regional faults 
that form the transitional zone 
between the Western and Central 
Cordilleras of Colombia (Paris et al., 
2000).  The Western Cordillera 
consists of oceanic terranes with 
predominantly oceanic gabbroic, 
basaltic and volcano-sedimentary 
rocks of Cretaceous age. Rocks of 
the Central Cordillera primarily 
consists of metamorphic schistose, 
oceanic, and continental rocks 
mainly of the Paleozoic age (Paris et 
al., 2000).  

 
Another major Fault system 

in Colombia is the Palestina Fault system (Fig. 3). This is an inactive NNE-striking regional fault system 
situated along the eastern flank of the Central Cordillera. The fault is primarily composed of metamorphic 
and igneous terrains with zones of breccia and mylonites less than 50m thick, and displaces Paleozoic 

The image part with relationship ID rId18 was not found in the file.

Figure 2. Stage 4 of the tectonic evolution of Colombia of Ramos and Aleman (2000). A-C) 
The collision and accretion of the Trans American island arc onto the South American plate. 
D-F) Interaction of the island arc with the Caribbean Plateau and reorganisation of the 
subduction zone. From Villagomez et al., 2011 

 



metamorphic rocks and, in lesser amounts, Mesozoic plutonic rocks (Paris et al., 2000). The fault system is 
characterized by fault scarps, saddles, linear ridges, displaced streams, shutter ridges, aligned springs, and 
composed of several fault strands and intermediate splays (Naranjo et al., 2018). Similar to the adjacent 
Romeral fault system, the Palestina system reversed its slip direction from right lateral to left lateral due to a 
significant change in the stress regime during the docking of the Choco Terrane to South America in the mid 
Miocene (Naranjo et al., 2018).  
 
 
  



Day 5: Titiribi deposit tour and core logging exercise, GoldMining Inc. and lecture on Colombian 
metallogeny at EAFIT Universidad 

We spent the day in the town of Titiribi at the GoldMining Inc. porphyry project examining core and doing 
core logging exercises. In the evening, we visited EAFIT Universidad in Medellin where Prof. Beltran and 
Andrea Malo (EAFIT SEG student chapter president) gave a lecture on the metallogeny of Colombia. After 
the lecture, we went out for dinner with members of the EAFIT SEG student chapter. 

 

Discussing the geology of Titiribi and preparing for a core logging exercise 

 

A lecture from Prof. Lopez at EAFIT Universidad on Colombian metallogeny 

 

  



Geological Background: 

Titiribi: 

Titiribi is an important historic Au-Ag producing district with both a formal and artisanal mining history 
extending over 240 years. The geology and gold mineralization of Titiribi was first described by Grosse 
(1926, 1932). The district was primarily developed along high-grade intermediate sulfidation epithermal 
veins.  The majority of the high-grade veins are located along the eastern flank of Cerro Vetas, a polyphase 
intrusive complex consisting of monzodiorites and quartz-monzonites (Leal-Mejia, 2019). The complex 
intrudes the Romeral Melange, a Pre-Cenozoic metamorphic basement comprised of green-schist to 
amphibolite grade mafic volcanic rocks, and quartz-mica schists (Sabaletas Schist) (Leal-Mejia, 2019). 
Porphyry-type Cu-Au mineralization, was not previously exploited in the Cerro Vetas complex and was only 
identified in recent exploration activities (Meldrum, 1998; Leal-Mejia, 2011).  

Porphyry mineralization is associated with an early-stage, late Miocene-age, diorite to monzodiorite 
composition intrusion.  Early-alteration is dominated by a potassic alteration assemblage predominantly 
composed of secondary biotite and minor K-Feldspar. The main porphyry body is flanked by an intense 
sodic-calcic alteration assemblage composed of albite and actinolite. In the second post mineralization 
phase of intrusive, secondary biotite is replaced by K-feldspar as the main potassic alteration mineral with 
subordinate secondary biotite (Leal-Mejia, 2019). Hypogene Cu-ore mineralization is chalcopyrite, bornite is 
generally absent. The top of the Cerro-Vetas intrusive displays an intense porphyry stock-work with 
supergene alteration and ubiquitous chalcocite as the main ore mineral.  

Epithermal mineralization is the main source of Au, and is predominantly responsible for driving mining 
activities in the Colonial and Post-Colonial eras. Pre-1930 production of Au within the Titiribi district is 
estimated at between 1.5 and 2.5 million ounces Au equivalent (Botsford, 1926).  At the Chisperos deposit 
located adjacent to the main Cerro Vetas intrusive, mineralization is characterized by an assemblage 
consisting of granular and massive sulfides with small amounts of ore gangue. Sulfide mineralogy is 
dominated by abundant arsenopyrite, sphalerite, pyrite with minor galena and chalcopyrite (Leal-Mejia, 
2011). Two main paragenetic stages of mineralization are present, with native Au and Ag and electrum 
deposited as a later stage in ore paragenesis (Gallego and Akasaka; Leal-Mejia, 2011; Leal-Mejia, 2019). 
Alteration associated with the veins is composed of small (0.1-0.3m) phyllic-argillic haloes, composed of 
sericite-illite. The epithermal high-grade Au-Ag mineralization in the Titiribi district is representative of an 
intermediate-sulfidation class of epithermal deposit (Sillitoe and Hedenquist, 2003). 

References: 

Botsford, RS. (1926) The Zancudo Mining District. Memorias del Ing. R.S. Botsford, Sociedad del 
Zancudo, 94p. 

Gallego AN., Akasaka, M. (2007) Silver-bearing and associated minerals in El Zancudo deposit, Antioquia, 
Colombia. Resource Geology 57(4):386–399 

Grosse E (1926) Estudio Geológico del Terciario Carbonífero de Antioquia en la parte occidental de la 
Cordillera Central de Colombia entre el Rio Arma y Sacaojal ejecutado en los anos de 1920 – 1923 
para el Gobierno del Departamento de Antioquia (Ferrocarril de Antioquia). 

Dietrich Reimer (Ernst Vohsen), Berlin Grosse E (1932) Zur Kenntnis der Gold-Silberlagerstätten von 
Titiribi. Zeitschrift für praktische Geologie 40:44–45 



Leal-Mejía H, Melgarejo i Draper JC, Shaw RP (2011a) Phanerozoic gold metallogeny in the 
Colombian Andes. Oral presentation and abstract presented at the 11th Society of Geology 
Applied to mineral deposits biennial meeting (SGA 2011), Antofagasta (Chile), 26–29 Sept 
2011 

Leal-Mejía, H., Shaw, R. P., & Draper, J. C. M. (2019). Spatial-temporal migration of granitoid 
magmatism and the Phanerozoic tectono-magmatic evolution of the Colombian Andes. In 
Geology and Tectonics of Northwestern South America (pp. 253-410). Springer, Cham. 

Meldrum, S. (1998) Titiribí porphyry copper project, Antioquia, Colombia: data compilation and porphyry 
model. Unpublished report, 21 p 

Sillitoe, RH. and Hedenquist, JW. (2003) Linkages between volcanotectonic settings, ore-fluid 
compositions, and epithermal precious metal deposits. Soc Econ Geol Spec Publ 10:315–343 

 
Metallogeny of Colombia: 
 

According to Cidiel & Shawn (2018), Colombia Andes has five major metallogenetic epochs during 
the Phanerozoic. The mineral deposits are both syngenetic and epigenetic origin and products of 
orthomagmatic cumulate and hydrothermal processes with local supergene concentration. The major 
metallogenetic epochs are: 1) Pre-Jurassic, barely constrained but some VMS and Au-veins are described; 
2) Jurassic, with epithermal and intrusion-related Au-Ag, porphyry Cu (Mo, Au), and skarn Cu (Au) deposits; 
3) Early to Mid-Cretaceous, with VMS Cu (Zn, Ag) and SEDEX Pb, Zn (Cu) deposits; 4)  Late-Cretaceous to 
Eocene, with arc-related deposits and marked by hydrothermal Au association; and 5) Late-Oligocene to 
recent, with arc-related deposits due the subduction of the oceanic Nazca plate (Fig. 1). 
 Several mineral deposits have been identified and explored within the Cauca-Romeral Shear Zone 
(CRSZ). The metallogenic belt hosts numerous porphyry, low to intermediate-sulfidation epithermal and 
intrusion-related deposits (Naranjo et al. 2018; Leal Mejia et al. 2017). Those deposits are generally 
associated with extensional to transtensional tectonic conditions, frequently in close spatial and temporal 
association with intermediate to felsic calc-alkaline magmatic rocks (Sillitoe, 2008). Alongside the CRSZ, the 
metallogenic belt constrains mineralization ages between Late-Jurassic (160 Ma) to Pleistocene (2.5 Ma), 
with more relevance to Miocene-Pleistocene deposits. According to Naranjo et al. (2018), Miocene-
Pleistocene mineralization can be divided into three spatial clusters: Cauca-Nariño belt, located in the 
southern part of CRSZ; Middle Cauca belt, located in the central part of CRSZ; and California-Vetas district, 
situated up north of the zone (Fig.1). 
 Among these three metallogenic belts, Middle Cauca is the one that hosts the most important 
deposits in the CRSZ. That includes porphyry deposits, like La Colosa (Au); Titiribi and Quinchia (Au-Cu); 
Nuevo Chaquiro (Cu-Au-(Mo)), and low-sulfidation epithermal deposits, like Marmato and Buriticá (Au-Ag) 
(Naranjo et al. 2018). These deposits are generally oxidized and have high Au/Cu ratios, except for Titiribi 
(more alkalic) and Nuevo Chaquiro (Cu-rich). The high Au/Cu ratio might be correlated with shallow-crustal 
emplacement, alkalic nature of parental magma and/or reduced character of the basement rocks (e.g. La 
Colosa) (Leal Mejia et al. 2017).  
 Mineralization in the Middle Cauca belt is structurally controlled. The collision between the Chocó 
terrane and South-American plate trigged a tectonic reorganization in the North Andean region during the 
Miocene (12 Ma). The amalgamation of the Chocó terrane and South-American plate produced the 
reactivation of the CRSZ forming pull-apart basins and related magmatism (e.g. Combia Formation – 11 Ma). 
Follow post-date intrusion reactivations, and an intense hydrothermal activity produced the most important 
mineral deposits in the area until the Early-Pleistocene (5.6 to 2.5 Ma). The deposits are characterized by 
ore-bearing extensional veins associated with a dilatational-brittle system (Naranjo et al. 2018; Tassinari et 
al. 2007; Rosseti & Colombo, 1999). 



 The Palestina Fault Zone (PFZ) is a different setting compared with CRSZ. Comprised only within 
continental crust rocks, PFZ is the host of significant deposits, like Segovia and Gramalote, and smaller ones, 
like Gomez Plata, San Ramón and Cisneros. 
The deposits are generally Late-Cretaceous to Paleocene and occur in a structurally controlled setting within 
the Palestina and Otú faults complex. The mineralization is explicitly associated with shear zones, brecciation 
and veins, and commonly hosted by calc-alkaline intrusions (e.g. Antioquia and Segovia batholiths). The 
LODE system responds for a mineral paragenesis compounded by Au-(Ag) associated with quartz-sulfide 
and quartz-carbonated veins and their corresponded alteration selvages (Cidiel & Shawn, 2018). 
 
  



Day 6: Segovia (El Silencio) mine tour – Gran Colombia Gold 

We left Medellin at 4:30am to drive for 5 hours to the town of Segovia to visit the El Silencio gold mine, 
owned and operated by Gran Colombia Gold. We reviewed the local geology and mineralisation features 
with mine geologists and examined drill core before an underground tour focussing on the structural 
controls on gold mineralisation. 

 

Examining drill core and discussing geology before going underground at the El Silencio mine 

 

Examining gold-bearing structures underground at the El Silencio mine 

 



 

Geological Background: 

The Segovia-Remedios gold district is located in the Colombian Central Cordillera (Fig. 2 and 3). 
The district is hosted by the 10 km wide Segovia Batholith. Mines of this district have been in operation for 
over 150 years and produced an estimated 150 t of gold at an average grade of 9.7 g/t Au. This region is 
structurally controlled by a number of north-south oriented faults with significant (>50 km) displacement. 
The Segovia Batholith (160 +/- 7 Ma) is predominantly composed of grey-green, medium-grained diorite to 
quartz diorite with local rapakivi texture. The batholith also varies from monzonite to granodiorite to gabbro. 
The batholith is intruded by dolerite and andesitic dikes, which are considered to be one of the controls of 
gold mineralization. 

Three principal phases of deformation and fracturing are recognized, as follows: 
D1 - an early compression that produced two sets of fractures, one with a 10 to 40° trend and 30°E 
to SE dip, and a second vertically dipping set striking at 295 to 310°. This event is associated with 
the emplacement of a series of both steep and shallowly dipping, pre-mineralization basaltic and 
diorite-andesite dykes; 
D2 - a broadly north-south to NNE-SSW oriented Paleogene compression stage, that produced a 
clean set of fractures at 270 to 310° which dip at 25 to 30°N. If of Paleogene age, this deformation 
accompanied the docking of the Dagua-Piñón Terrane to the west; 
D3 - an east-west to WNW-ESE oriented post-mineralisation late-Miocene compressional event, 
accompanied by steep to vertically dipping fractures which strike at 325° (and NE?). Again, if of 
late-Miocene age, this event would correlate with the docking of the Gorgona Terrane and/or 
Choco Arc of the Panama Microplate. 

 
Gold mineralization is hosted by a series of quartz-sulphide veins filling fractures, which have three main 
trends: 

A D1 set with a north-south to NE strike, dipping at 30° E; 
An east-west to NW striking D2 set that dip at 30° to the N or NE; and 
Those that strike NW, with a dip of 65 to 85° NE (D1?), occurring on the west side of the district 
parallel to a NW trending segment of the Otú Fault. 

 
The average width of the quartz veins in these structures is 0.95 m, with a maximum of up to 9 m. Locally, 
an intersection lineation can be observed in these veins, plunging toward 60°, sub-parallel to the plunging 
high-grade shoot mineralization trend observed in resource modelling, implying an influence of cross 
structures on grade. Quartz veins commonly follow 2 to 3 m thick mafic dykes or sills which may occur in 
either or both the hanging wall and the footwall of, or within, the mineralized vein. These dykes are basaltic 
and have coarse (7 mm) white plagioclase phenocrysts in a fine-grained, dark-coloured matrix. The 
presence of dykes is taken as a guide to ore in exploration. The mineralized veins are offset vertically by 
>50 m by high angle reverse faults (D3?) which trend NE with a dip of 65 to 85°NW, and NW with dips of 
85°W to 65°E. 
 
Structural and dating data suggest the gold-rich, base metal mineralization at Segovia accompanied 
Paleogene deformation related to oblique accretion of outboard terranes and was subsequently reactivated 
during late-Miocene post-mineralization deformation, the event associated with porphyry Au-Cu 
mineralization in the Cauca belt to the west. 



 
 The Segovia deposit is composed of a series of veins that include the Providencia Vein which generally 
strikes at 100° dipping at 30° NE, and can be traced for ~2 km along strike; the Las Verticales Vein System 
which occurs over a strike length of >3 km on a trend of 140° and dips at 75° NE. The Sandra K Vein 
typically strike at 9°, dips 29°E, and persists over a 1.3 km strike length. The El Silencio Vein strikes at 50°, 
dips 27°E, and is 2.2 km long. An additional 27 other veins are known at the Segovia Operations. 
 
A three-stage vein paragenesis recognized at the Providencia, El Silencio and Sandra K veins: i). quartz 
veins; ii). quartz-pyrite; and iii). quartz-pyrite-gold/electrum galena-sphalerite infilling fractures. The 
mineralized veins are composed of massive white quartz with minor calcite, with massive, ribbon and 
locally drusy quartz textures. The veins may also exhibit breccia textures with clasts of the enclosing wall-
rock. Sulphides occurring within mineralized veins are coarse-grained, and occur as simple bands or as 
clots, mainly comprising pyrite, with late galena and sphalerite. Minor, fine-grained arsenopyrite, 
chalcopyrite, and rare scheelite, pyrrhotite and marcasite are also observed. Higher grades are apparently 
related to high proportions of galena and sphalerite. High-grade ore shoots containing 150 to 200 g/t Au 
can contain up to 50 % sulphides and have a NE plunge in the principal veins. Gold and electrum are fine-
grained (<20 µm), with coarser visible gold evident in bonanza grade ore. Wall-rock alteration occurs as 
narrow selvages that are a few metres wide enveloping the veins affecting both the mafic dykes and the 
granodiorite. Alteration in the mafic dykes takes the form of potassic (biotite) and illite assemblages. The 
granodiorite has been subjected to propylitic alteration with selective mineral replacement by chlorite, 
epidote, pyrite and calcite. The wall rocks adjacent to the main veins often also contain quartz-sulphide 
veinlets. 
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Figure 1. Metallogeny of Colombia. Note the various ore deposit types that are spatially related 
to large trans-crustal structures. From Naranjo et al., 2018 

 



Day 7: Gomez Plata mine tour – Morocota Gold 

We drove to the town of Gomez Plata to visit the Gomez Plata mine, owned and operated by Morocota 
Gold. We went underground at the Gomez Plata mine and examined mineralisation, alteration, and 
structures. We collected samples with the help of mine geologists and plan on analysing the samples to 
further the understanding of the Gomez Plata deposit. We then visited the gold recovery plant on site and 
learned how gold is processed in Colombia and about the environmental risks and regulations in place for 
Colombian gold mining. 

 
Outside the entrance to the Gomez Plata mine 

 

 
Tour of the Gomez Plata gold recovery plant 

 
Geological Background (from the 2020 Gomez Plata NI-43-101 report): 
 
The Gomez Plata Project is located near the center of the Antioquia Batholith, a late Cretaceous aged 
intrusive body that is the geological setting for a number of significant gold deposits in Colombia including: 



Gramalote (Anglo Gold Ashanti/B2Gold); Cisneros (Antioquia Gold); and San Ramon/Santa Rosa (Red 
Eagle Mining currently being restructured). 
 
The Antioquia Batholith is located in the northern part of the Central Cordillera of the Colombian Andes. It is 
a roughly circular, 7,800 km2 intrusive body made up of a cluster of smaller plutons and scattered roof 
pendants. It is bounded on the west by the Rio Chico fault and on the east by the Otu-Pericos fault system. 
The latter separates it from the Jurassic aged Segovia Batholith. The Antioquia Batholith is thought to have 
been formed over a period of approximately 39 million years (97 to 58 Ma) with the bulk of the intrusion 
formed between 77 to 71 Ma. It is dominated by granodiorite and tonalite with local roof pendants and 
outliers of older metamorphic rocks including schists, gneiss, calcareous metasediments and amphibolite. 
Within the Project area, smaller intrusive bodies of monzonite, diorite, quartz diorite and ultramafic 
composition have been identified. Some of the smaller and younger intrusives may have been the source 
for hydrothermal fluids and associated mineralization that is found throughout the batholith. The Project lies 
within a regional zone of extensive east-west and northwest deformation. This deformation has resulted in 
complex faulting, shearing and brecciation and may have opened up zones of weakness that were 
occupied by younger intrusive rocks. The area has potential for numerous types of mineral deposits 
including mesothermal precious metal veins, stock work veins, Au-Cu-Mo (gold-copper-molybdenum) 
porphyries and other types of intrusion-related deposits. Figures 4 and 5 show the general geology of the 
northern Andes with major Au deposits (Porter Geodatabase). Figure 6 shows the geology of the 
Department of Antioquia along with the Antioquia Batholith (Gonzalez et al, 1999). 
 
Most of the known gold mineralization on the Gomez Plata Project occurs in quartz veins in association 
with sulphides – mainly pyrite and lesser amounts of chalcopyrite, galena and rare sphalerite. As such, the 
principal deposit model is that of a mesothermal lode gold deposit hosted by granodioritic rocks of the 
Antioquia Batholith. The Cisneros (Antioquia Gold) deposit, located 11 km to the southeast, is typical of this 
type of deposit in the immediate area of the Gomez Plata Project. 
There is also a very strong potential for large, disseminated style, gold-copper-molybdenum mineralization 
of the “intrusion-related” type similar to the Gramalote Au-Cu Deposit (AngloGold- Ashanti/B2Gold) located 
approximately 32 km southeast of Gomez Plata. 
 
Figure 6 shows Morocota’s Gomez Plata Project on the local geology as presented on a relatively detailed 
map of the Antioquia Batholith along with several other known mineral deposits in this area. Approximately 
80% of this area is reportedly underlain by tonalite with the remainder being roof pendants of older rocks 
now represented by schists, amphibolites and quartzite. There are very rare, older volcanic rocks as well as 
small pockets of younger mudstones. Numerous north-northwest trending faults have been recognized, 
particularly in the southeast corner of Figure 6. The Medellin River – Porce River drainage system passes 
northeastward from the lower left corner of the figure, then flows northward once past the Gomez Plata 
Project. Several smaller east-west drainage systems appear to reflect bedrock structures and possibly are 
related to some of the known Au mineralization in the area. 
 
Gold mineralization on the Gomez Plata Project occurs in quartz veins, stockwork, silicified breccia and 
with siliceous stringers in intensely clay altered zones. By far, most of the gold that has been exploited by 
historic underground mining has been quartz vein related. The auriferous quartz veins are typically 
associated with narrow, linear fault structures that have lateral continuity over many hundreds of metres. 
The veins and the fault structures also display robust, steeply dipping to vertical continuity. They have been 
intersected in drill holes at depths below 300 m. The fault zones generally trend east-west to northeast–
southwest. The mineralization associated with these structures is typically confined to very narrow quartz 



and sulphide rich zones that pinch and swell along strike and down dip. Periodically along the strike of the 
veins, the mineralization increases from 10 centimetres (cm) or less to lenses that can be 1.5 to 2.0 m. 
These lenses appear to plunge towards the west at approximately 45°. The veins typically are developed 
immediately adjacent to or within the fault structures. Occasionally the fault gouge material is also gold 
bearing resulting in increased thicknesses of mineralization. The gold mineralization is commonly 
associated with chalcopyrite and pyrite. It is rarely seen in hand specimen but frequently appears in panned 
concentrates of crushed, mineralized material. Silver occurs in most places with approximately a 1 to 1 ratio 
with gold. The silver is thought to occur in the form of a dark grey, silver oxide but the mineralogy has not 
been verified. 
 
The Sesgalete Vein located in the northern part of the Project is a well-developed vein that is enclosed in a 
fault related breccia. Quartz stockwork veining has been observed in surface outcropping of this vein 
suggesting that it has the potential to develop into a much wider mineralized zone. Gold bearing quartz 
stockwork veining is known to occur in various other locations within the Gomez Plata Project but there has 
not been sufficient exploration activity on these zones to assess their potential for large tonnage, lower 
grade mineralization. 
Figures 8 and 9 show various types of mineralization encountered within the Project area. 
 
Within the Antioquia Batholith specific sub-types of orogenic/mesothermal gold deposits have been 
classified as “oxidized pluton-related gold deposits” by Sillitoe, 2008. Some of the known mineralization in 
the Antioquian Batholith, associated with late Cretaceous aged igneous rocks, are considered to be 
intrusive-related gold deposits, as for example the Gramalote deposit (Gorham, 2008 and Meister, 2009). 
There are scattered post batholith volcanic rocks within the Antioquian Batholith igneous activity post-dated 
the emplacement of the batholith. The potential exists for porphyry and other intrusive-related styles of 
deposit within the Gomez Plata Project area. Some of the mineralization observed within the Project occurs 
in stockwork type veining as well as within the matrix of breccias zones. These styles of mineralization are 
commonly associated with intrusive-related deposits. 
 
(Taken from the Ni-43-101 Technical Peport on the Gomez Plata Project, Morocta Gold Inc. and prepared 
by S. Sears and J. Barry of Sears, Barry and Associates Limited)  



Day 8: Rio Claro nature reserve 

Rio Claro is a nature reserve in the tropical forests of the Rio Claro del Norte basin in the central Andean 
region of Colombia dedicated to protecting the disappearing rainforests. The rocks surrounding Rio Claro 
are largely Paleozoic coral reefs and carbonates that have been metamorphosed to marbles. The 
landscape has been extensively karstified by the sub-tropical climate and stalactites, stalagmites, and other 
karstic features are readily visible. Tight isoclinal folding and faulting are the result of deformation 
associated with the Palestina fault system (the eastern limit of the Cajamarca-Valdivia terrain – constitutes 
early Paleozoic suture between Cajamarca and Chicamocha terrain).  

We spent the afternoon after arriving at Rio Claro in the nature reserve rafting down the Rio Claro where 
spectacular geology was readily visible. We spent the following morning spelunking in karstic caves. 

 

Spectacular folds in Rio Claro marbles 



 
Inside the Rio Claro karstic caves  



Day 9: Hacienda Napoles/drive to Zipaquira 

Hacienda Napoles is the site of the estate built by the famous drug lord Pablo Escobar. The estate covers 
20 km2 and once included a zoo full of animals smuggled into Colombia by Escobar from Africa, including 
hippopotamuses, zebras, ostriches, cobras, and tigers. After Escobar’s death in 1993, ownership of the 
property passed to the Colombian government who converted the estate into a theme park. The theme 
park constitutes a small zoo with animals smuggled into Colombia by Escobar (the mascot of the theme 
park is a hippopotamus named Victoria who responds to her name), a water park, a safari, an aquarium, 
and a museum. We visited Hacienda Napoles on our way from Medellin to Zipaquira. 

 
Ostriches at Hacienda Napoles  



Day 10: Zipaquira salt dome 

The Zipaquira salt cathedral is a Roman Catholic church built 200m underground in old mining tunnels of 
the actively mined Zipaquira salt dome. Statues of Roman Catholic figures carved out of salt and marble 
are present throughout the cathedral. Salt miners first began praying in the mine’s tunnels near the present-
day cathedral in the nineteenth century to the Virgin of the Rosary of Guasa, the patron saint of miners, to 
protect them from dangers in the mine. Over the years, a network of pits, grottoes, and passageways of 
religious significance were developed. In 1953, the Colombian government began expanding the tunnels 
and constructing the cathedral. We visited the salt cathedral and the mining museum. 

 

Inside the Zipaquira salt cathedral 

 

Geological Background: 

The Zipaquira Anticline (ZA) is an anticline containing a major salt deposit located 43 km north of Bogota. 
The deposit lies in the southern extent of the Eastern Cordillera (EC) within the Cundinamarca sub-basin 
(CSB), which is interpreted as a Mesozoic rift, inverted during the Andean Orogeny (Garcia and Jimenez, 
2016a; Cooper et al., 1995; Mora et al., 2009).  The ZA is an asymmetrical overturned fold with several axis 
curvatures (Garcia and Jimenez, 2016a). The Nesua Fault divides the two separate folds of the ZA into the 
southern Zipaquira Anticline (SZA) and the northern Zipaquira Anticline (NZA) (Garcia and Jimenez, 
2016a). The eastern limits of the SZA are bound by the Neusa and Lenguazaque Synclines and the Rio 
Frio Syncline binds the western limits. The eastern limb of the SZA is overturned and the western is normal. 
The Neusa syncline and the Tausa Fault bound the eastern limits of the NZA, while the western limb is 
overturned and bound by the Carupa Fault (Garcia and Jimenez, 2016a). 

The rocks of the Zipaquira Anticline were deposited in both a marine and terrestrial environment during the 
Cretaceous and Paleocene (Garcia and Jimenez, 2016a). The Chipaque Formation was deposited during 
the Santonian and is composed of marine organic-rich mudstones interbedded with quartz sandstone and 



siltstone. This unit conformably underlies the marine Guadalupe Group that divides into the Dura, Plaeners 
and Arenisca Tierna Formations. The Dura Formation formed during the Lower Campanian and is 
composed of white quartz sandstone interbedded with grey mudstones, which forms the sides of SZA and 
the core of the NZA. The Plaeners Formation formed during the Upper Campanian and is a thin unit of 
chert, siliceous siltstones, and phosphorites. The Arenisca Tierna Formation formed during the Lower 
Maastrichtian and is composed of fine-grained sandstones, enriched in iron oxides such as goethite and 
hematite. The Guadalupe Group conformably underlies the marine Maastrichtian-Paleocene Guaduas 
Formation that is composed of gray and black organic-rich mudstones, sandstones and coal beds. The 
Guaduas Formation and the Cacho formation contains continental sedimentation of lithic-bearing red to 
orange coarse-grained sandstones, arkoses and purple to reddish mudstones. When observed, Cacho 
formation uncomfortably underlies the Eocene Bogota Formation. This terrestrial unit is composed of 
purple, red and violet mudstones and coarse to medium-grained sandstones and siltstones. A thick 
Quaternary-aged alluvial deposit uncomfortably overlies the Bogota Formation (Garcia and Jimenez, 
2016a). 

The Zipaquira salt cathedral is a Roman Catholic church built 200 m underground in old mining tunnels of 
the actively mined Zipaquira salt dome. Fine details and ornamentation are hand-carved into the walls 
which are composed akmost entirely of the mineral halite. Statues of Roman Catholic figures carved out of 
salt and marble are present throughout the cathedral. Salt miners first began praying in the mine’s tunnels 
near the present-day cathedral in the nineteenth century to the Virgin of the Rosary of Guasa, the patron 
saint of miners, to protect them from dangers in the mine. Over the years, a network of pits, grottoes, and 
passageways of religious significance were developed. In 1953, the Colombian government began 
expanding the tunnels and constructing the cathedral. The salt cathedral is within the larger Parque de la 
sal (salt park) that includes a geology, mineralogy, and mining museum.  

  



Days 11 and 12: Gachala emerald mine tours 

The Gachala area is one of the premier Colombian emeralds districts and mines in the area have produced 
some of the most valuable emeralds in the world, including the 858 carat Gachala emerald. We met with 
Wilson Quintero, a local mine owner supporting the local ownership of Colombian emerald mines and 
learned about the history of emerald mining in Colombia. We visited three mines with Julian Alvares, a 
graduate student studying the genesis of Colombian emeralds. 

 

Searching for emeralds in the waste pile of the El Toro emerald mine 

 

Outside the entrance to the El Toro emerald mine 



 

Emerald sample from a local miner 

Geological Background: 

The emerald deposits of Colombia are found in the western and eastern borders of the Eastern Cordillera 
of Colombia (Cheilletz and Gjuliani, 1996). They are located in two narrow polyphase thrust zones of 
Cretaceous basins (145-66 Ma): Magdalena to the west and the Llanos basin to the east (Banks et al., 
2000). These sedimentary back-arc basins accumulated sediments up to 10 km thick, which were then 
deformed and inverted in the Cenozoic (Cheilletz and Gjuliani, 1996). Deposits are hosted within black 
shales with intercalated dolomitic limestones in the western portion of the East Cordillera of Colombia. 
These deposits resulted from a compressive tectonic phase characterized by thrust faults (Banks et al., 
2000). In the east, deposits are hosted by the Guavio-Macanal black shales in the Cocuy basin with 
emerald formation occurring ~65 Ma (Banks et al., 2000). 

Emeralds are found within stratiform tectonic breccias and are subparallel to the bedding of the black 
shales (Banks et al., 2000). These breccias comprise fragments of the black shale, unaltered and altered 
albitite hosted within a matrix of pyrite, albite, and cataclastic black shales. Pockets of mineralization within 
the tectonic breccias contain emeralds and other associated minerals. Giuliani et al., (1995) identified two 
stages of mineral deposition: (1) the deposition of fibrous calcite, pyrite 1, albite, quartz and green micas 
(2a) rhombohedral calcite, dolomite, albite, pyrite 2 and some kerogens and (2b) precipitation of emeralds 
along with pyrite 3, parasite, REE-rich dolomite, fluorite and quartz (Banks et al., 2000). 

A proposed model to explain the genesis of the Colombian emeralds is through water-rock interaction 
between basinal brines and black shales. The stratiform breccias that host the emerald mineralization were 
produced through multiple episodes of thrusting and crustal shortening, which resulted in folding and vein 
dilation. Hot (1.1 kb and 290-360°C), Na-Cl-K-Ca-Fe-rich basinal brines of evaporitic origin (inferred from 
δ18O and δ13C signatures of quartz and carbonate vein phases, as well as δ34S signatures of H2S within 
fluid inclusions of emerald and associated carbonates) circulated along shear planes, causing albitization 
and calcitization of the black shales (Cheilletz et al., 1994; Koslowski et al. 1988). During fluid circulation 



Be, Cr, V, Fe, and REEs were released from the shales, which were later incorporated into the beryl crystal 
structure (Giuliani et al., 1995a; Koslowski et al. 1988). As well, the presence of graphite in the emerald-
bearing pockets represents shale-sourced organic matter as an important variable in the chemical reactions 
that took place during emerald formation (Cheilletz and Gjuliani, 1996; Fabre 1987; Schamel, 1991). 

The thrust-fold tectonic history that produced a structural trap for emerald formation is summarized in a 
two-stage history: Stage 1 resulted in barren vein dilation during horizontal shearing at the contact between 
the black shales and underlying conglomerate-sandstones; Stage 2 hindered horizontal shear movement 
resulting in a second episode of folding and fracturing to generate the stratiform breccias. Syn-deformation 
(of Stage 2) allowed emerald growth within dilational pockets hosted in the fracture and fold structures 
(Cheilletz and Gjuliani, 1996). Additionally, similar fluid chemical conditions for both flanks of the Cordillera 
suggest that the mineralizing fluids were part of an interconnected network fluid reservoir at depth, or were 
at least generated by similar geochemical processes (Cheilletz et al., 1994; Cheilletz and Gjuliani, 1996). 
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Day 13: Emerald Trade Centre visit/fly to Toronto 

The Emerald Trade Centre in downtown Bogota is the most well-known emerald buying and selling location 
in Colombia. We visited the emerald trading district and the Emerald Trade Centre before our evening flight 
back to Toronto. 
 

 
Viewing emeralds at the Emerald Trade Centre 


