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a�er Gisbert et al., (2021).



Introduction
The University of Toronto SEG Student Chapter Execu�ve Team organized an 8-day trip to the Iberian Pyrite 
Belt (IPB) in southern Spain and Portugal from May 18 to 25, 2023. Guided geology and mine tours were led by 
Meghan Jackson (Ossifrage Explora�on Consul�ng), Enrique Olivas (Minera Los Frailes), José Manuel Marcelo 
(MATSA Aguas Teñidas), Filipa Luz (ALMINA), João Matos (Portuguese Geological Survey) and Sergio Gelcich 
(Ascendant Resources). The trip was led by Daniel Gregory (Assistant Professor in Economic Geology, 
University of Toronto) along with the SEG Chapter Execu�ve Team.

The field trip focused on the volcanic-hosted massive sulfide (VMS) deposits of the IPB. The main goals of this 
trip were: (1) to give the a�endees an opportunity to learn about the geology, mineralogy, architecture, 
structure, geochemistry and mineralizing processes associated with VMS deposits, (2) to expose Earth 
Sciences students to the environmental challenges of mining, such as acid mine drainage and its control, and 
(3) to provide insights into the metallurgical and extrac�ve aspects of the mining of base metals.

The trip was a�ended by six graduate students (three PhD, three Msc), and eight undergraduates from various 
Earth Sciences programs at the University of Toronto. Addi�onally, the group was joined by Yamila Cajal 
(Postdoc at CODES) and Poliana Vidal (PhD student at CODES) during the visit to the Rio Tinto district, and by 
ALMINA geology staff during the visit to the Lousal mine



Rio Tinto mining district tour
May  19th

Our Rio Tinto mining district visit was led by Meghan Jackson, 
Principal at Ossifrage Explora�on Consul�ng. Geological, 
historical, and socio-environmental aspects of the mining 
ac�vi�es in the district were discussed during several stops 
through the day. The tour began with an overview of the 
Embalse Cobre deposit and Gossan, where we were able to see 
how large tailing storage facili�es can be in the district. A visit to 
the Cerro Colorado open pit lookout allowed us to look into the 
current modern mining opera�on by Atalaya Mining. At short 
distance from the ac�ve mine lookout, the Roman Necropolis 
cemetery provided a sharp contrast, demonstra�ng centuries of 
mining ac�vity in Rio Tinto.

Further, we learned about the general disposi�on of geological 
units by observing the Atalaya pit. We studied a red jasper 
outcrop and discussed its relevance for evalua�ng the forma�on 
env i ronment  of  VMS depos i ts  and the  assoc iated 
physicochemical condi�ons. Red jasper units are common in the 
IPB deposits, normally capping the mineralized rock package.

Towards the end of the day, the group visited the Peña de Hierro 
open pit and the Rio Tinto Headwaters. We measured the pH of 
the crimson-colored waters currently flowing along the streams, 
where the lowest values were of pH 2, clearly demonstra�ng the 
occurrence of ac�ve acid rock drainage in the area. pH was 
no�ceably low in the streams carrying waters that had 
interacted with waste rock material extracted from Peña del 
Hierro. This ac�vity was a direct way to experience, first-hand, 
the effect of exposing acid genera�ng materials to the surface, 
and our responsibility to control its poten�al detrimental effects 
on the environment and popula�on.



Los Frailes project visit - Seville                    May 20th 

For our second visit in Spain, we traveled to the easternmost 
part of the IPB to visit the Los Frailes Project (Grupo Mexico). 
The project intends to revitalize mining ac�vity in the 
Aznalcóllar-Los Frailes area. Mine development here is 
par�cularly difficult from an environmental and social 
perspec�ve due to the 1998 Doñana Disaster, where the 
collapse of a tailings dam in Aznalcóllar ended in widespread 
distribu�on of toxic materials and pollu�on through rivers, 
even reaching the Doñana na�onal park, more than 40 km 
south of the tailings storage facility. In consequence, this 
project mixes the challenges of a pre-mining explora�on 
project and a post-mining closure and remedia�on one.

The group was hosted by Enrique Olivas, Geology Manager at 
Minera Los Frailes. First, we were given a presenta�on that 
covered the deposit geology, future development plans and 
an overview to Los Frailes’ technosols project, an effort to 
control the hazards related to sulfide-rich tailings materials for 
remedia�on purposes. We then visited the Aznalcóllar and Los 
Frailes open pits. While there we had discussion that involved 
the Doñana disaster, the current water management plan on 
site, plans for mine produc�on, and an overview of geology 
and geometry of the mineralized bodies at the Los Frailes open 
pit. We collected rock samples from stockpiles near Los Frailes, 
with the help of our guide. To conclude the visit, we studied a 
representa�ve drillhole from Los Frailes, where we 
inves�gated the host felsic volcanic-volcaniclas�c rocks, the 
pyrite-dominated massive sulfide body and stockwork zone.

To finish the day, we were able to immerse into Spanish culture 
by visi�ng Seville, with stops at the Seville Cathedral and Plaza 
de España, and a walk along the Guadalquivir riverside.



Aguas Teñidas visit                                         May 21st 

The Spanish leg of the field trip ended with a visit to the MATSA 
Aguas Teñidas, one of the largest mining opera�ons in the 
Spanish side of the IPB. It is comprised of three underground 
mines, Aguas Teñidas, So�el and Magdalena.

A�er a comprehensive presenta�on about the mining 
opera�ons and deposit geology by José Manuel Marcelo, Head 
of Geology at MATSA, we visited the Mine Opera�on Control 
(MOC) room and the remote opera�on room, where we 
witnessed how the mining opera�on is run remotely in real 
�me, drama�cally increasing safety for operators. Next, the 
group observed the mineral processing plant from an overlook, 
and then examined and discussed drillcore at the coreshack. To 
finalize, Aguas Teñidas geology staff kindly provided our chapter 
with samples from the massive sulfide rocks currently in 
produc�on from the Magdalena deposit, which will support 
teaching ac�vi�es in our Earth Sciences Department. 

Following the visit, we drove to Aljustrel, Portugal, in 
prepara�on for the visit to the Aljustrel mine.



Aljustrel mines visit  
May 22nd  

The first visit in Portugal was to Aljustrel mine, operated by 
ALMINA. Like Rio Tinto, mining in Aljustrel pre-dates Roman 
�mes. At least five massive sulfide deposits have been 
recognized in the district (Feitais, Estacão, Algares, Moinho and 
St. João). The visit was to the industrial area close to the Algares 
and Feitais deposits.

Our guide and host for this day and the following one was Filipa 
Luz, Greenfield Explora�on Manager at ALMINA. Dr. Luz’s 
presenta�on covered the main geological features of the 
deposits in Aljustrel and also provided a general overview of the 
general geology of the IPB, serving as a great way to consolidate 
the informa�on learned in the days prior. Two representa�ve 
drill cores from the deposit were discussed. These drillholes 
crosscut important features found in the Aljustrel deposits, 
namely, the flysch unit including pyrite-rich black shale in its 
base, the characteris�c magne�te-hema�te-bearing red jasper 
unit, the felsic volcanic rocks and asocciated “wine” shales, and 
importantly, the massive sulfide and stockwork zones. We could 
observe how the copper contents increased towards the bo�om 
of the massive sulfide horizons and the stockwork zone beneath 
these units. The tour also included a visit to the area around the 
concentra�on plant including ball mills, flota�on cells and 
tailings facili�es.

In the a�ernoon, we visited the Aljustrel Mining Park, courtesy 
of ALMINA and the park administra�on. Exhibits in the museum 
didactically explain how mining ac�vity in Aljustrel started in 
pre-historical �mes un�l the present day. We observed 
important archeological pieces in the exhibi�on, including a 
replica of the Bronze Boards of Vipasca, which contain 
informa�on about mining law during Roman �mes. The tour 
included a guided visite to the Algares 30-level adit and, an 
actual produc�on gallery showing evidence of mining since 
Roman �mes (Vipasca mine). The adit crosscut two gossans 
emplaced within felsic volcanic rocks. Stockwork mineraliza�on 
areas are also recognizable. Supergene mineraliza�on is the 
most remarkable feature of the adit, where melanterite and 
chalcan�te forms spectacular stalac�tes, botryoidal aggregates, 
and provide vibrant green and blue colors to the adit walls.



Visit to the LNEG and Lousal
May  23th

Our second day in Portugal began with a visit to the Portuguese 
Geological Survey (LNEG) in Aljustrel, with the objec�ve of 
learning how the survey aids explora�on and mining companies 
to find new VMS deposits in the IPB. The group was guided by 
João Matos, who presented in detail a representa�ve drillcore 
from the Lagoa Salgada project in northwest Portugal, in 
prepara�on for the visit of the following day. Addi�onally, 
geophysical signatures of mineraliza�on were discussed by the 
group for the Neves Corvo district in Portugal.

A�er the LNEG visit, the group drove to Lousal, where we visited 
the Lousal Cience Center (Centro Ciência Viva do Lousal), built in 
the vicinity of the closed Lousal pyrite mine. For the visit, we 
were joined by ALMINA Aljustrel explora�on crew led by Dr. Luz. 
Important outcrops surrounding Lousal were explained by Dr. 
Matos, including gossan a�er massive sulfides, supergene 
argillic altera�on zone, how faults control the arrangement of 
mineralized bodies in the district, and the aspect of the phyllite-
quartzite package around Lousal. Ac�ve genera�on of acid rock 
drainage was seen and discussed, as well as the remedia�on 
measures in place within the mining park. The visit included an 
underground adit tour under Lousal.

We ended the day with a delicious tradi�onal dinner in 
Messejana, where we also admired the architecture and vibe of 
the small towns of Alentejo.



Lagoa Salgada project visit                            May 24th 
The last visit of our field trip was to the Lagoa Salgada 
explora�on project coreshack, in Grândola, Portugal. Lagoa 
Salgada is one of the main explora�on projects spearheading 
the new genera�on of poten�ally produc�ve VMS deposits in 
the IPB, and it is the northwesternmost deposit in the belt.

Vitor Arezes presented a comprehensive overview of the 
project, including geological, geochemical, geotechnical, 
structural and mineralogical aspects, among others. Emphasis 
was put on how explora�on for VMS deposits is driven in 
covered areas, highligh�ng the poten�al for finding blind 
deposits in the IPB. A�er the presenta�on, the discussion 
moved to the drill core, where the key mineraliza�on features of 
the project were explained by Sergio Gelcich and the Lagoa’s 
geology staff. Par�cipants were able to see in drillcore the cover 
rock that conceals the Lagoa deposit, gossan rocks that evidence 
that the deposit was once exposed, and the sulfide 
mineraliza�on itself. The visit concluded with a superla�ve 
home-cooked Alentejo-style lunch on site, courtesy of the 
Lagoa’s team. Obrigado!



Thank you - Gracias - Obrigado
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