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Abstract. Recent exploration drill holes in the Lousal 

Mine, located within the Portuguese sector of the Iberian 
Pyrite Belt (IPB) yielded previously unknown and 
significant concentrations in gold (electrum) in a section 
of core consisting of hydrothermally altered banded
sediments with massive pyrite and cobaltite. Research 
indicates that the gold (electrum) is present in veinlets 
within the more dominant massive pyrite and cobaltite 
associated with native bismuth and bismuthinite and is 
clearly late in the paragenetic sequence occurring also 
with fine chalcopyrite (± covellite). The gold (electrum) 
grains are small, seldom reaching more than 6 µm in
length and half of that in thickness. EPMA results indicate 
that silver concentrations in the gold grains can be as 
high as 26 wt%. 
These results show similarities with conclusions drawn 
from the IPB on the Spanish side where gold is found as 
electrum associated with abundant to common Co and Bi 
minerals. The gold is associated with pyrite, cobaltite 
and/or chalcopyrite and hosted by sedimentary facies.  
This gold is interpreted to have formed at high 
temperature (>300 °C) during the initial phases of 
massive sulfide formation. At Lousal the gold seems to 
occur related with hydrothermal alteration of the sulfides, 
and remobilized in late-stage shear zones.  
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1 Introduction 

The Iberian Pyrite Belt (IPB) is a well-known 
Volcanic Hosted Massive Sulfide (VHMS) deposit 
province containing several world-class deposits. IPB 
deposits often contain subordinate gold values 
disseminated in sulfide ores and also occur locally in 
shear zones and even some of the high-tech metals such 
as Ge (Reiser et al. 2011) and In (de Oliveira et al, 
2011).   

The Lousal mine, is located in the Lousal-Caveira 
IPB NW sector (Fig. 1), an area limited by the Sado
Tertiary Basin sediments to the N, E and S (Matos and 
Oliveira 2003; Oliveira et al. 2005).  

Pyrite ore concentrates were produced at Lousal 
between 1900 and 1988. Presently the mine is in 
rehabilitation to acid mine drainage control (Silva et al. 
2009). The Lousal massive sulfide deposit is located
~65 km NW of Neves Corvo.  

The IPB comprises the Volcanic Sedimentary 
Complex (VSC) and the older Phyllite-Quartzite Group

(PQ). The IPB is covered by the Baixo Alentejo Flysch 
sediments.  

Figure 1. Location of the Lousal Mine within the geological 
setting of the Iberian Pyrite Belt.  

At Lousal a VSC sequence is orientated N40W and 
compartmentalized by late Variscan N-S trending faults;  
the eastern sector is dominated by PQ rocks (Strauss
1970; Schermerhorn et al. 1987; Matos and Oliveira 
2003; Matos and Relvas 2006). The Lousal structure 
consists of a narrow anticline with a nucleus formed by 
PQ lower Givetian age sediments and VSC units are 
present in both anticline limbs. PQ sediments overthrust 
the VSC in a SW direction (Rosa et al., 2010; Matos et 
al. in prep). In Lousal four separate volcanic centres 
could be outlined which are defined by coarse-grained 
porphyritic quartz-feldspar rocks with associated 
autoclastic breccias (Rosa et al., 2010), and due to the 
Variscan folding and faulting can reach thicknesses of 
850 m or more (Strauss and Madel, 1974). 

The Lousal VHMS deposit comprises 9 ore lenses 
that are lined up along one horizon extending for 1.5 km 
along strike (Strauss and Madel, 1974). The ore-bearing 
facies are predominantly fine-grained volcaniclastic
units, black shales and felsic volcanic rocks. Black
shales are of late Strunian age (Pereira, 2012). 

This study complements a preliminary insight into 
the occurrence of electrum in the Lousal mine (De 
Oliveira et al., 2011) from samples obtained from two 
drill holes done in 2008 by AGC/Lundin Mining.  
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2 Ore geochemistry 

Whole rock analytical results of selected samples in
borehole LS08/01 indicate elevated concentrations of 
not only gold but also other elements (see Table 1, 700 
m – 733,5 m borehole samples), namely copper, lead,
zinc, bismuth, cobalt (and arsenic – not shown). 
Maximum values of ~67 g/t Au (which far exceeds those 
reported previously in the IPB, e.g. (Strauss and Beck, 
1990) and 11 g/t Bi were obtained in one sample from
drill hole LS08/01. 

3 Gold in Lousal 

Interesting gold values were detected throughout 
exploration drill holes (LS08/01 and LS08/02). 
However, significant concentrations were detected at
approximately 700 m depth and although both holes 
show considerable amounts of gold, LS08/01 has 
considerably higher gold values (Table 1). Both holes 
intersected hydrothermally altered zones containing
chlorite, silica and sulfide veins that locally occur as 
semi-massive sulfide mineralization, up to 0.5 m thick, 

with chalcopyrite and sphalerite as accessory minerals��
The hydrothermal alteration and sulfide veins are hosted 
by dark grey shales and thin beds of quartzites of the PQ 
(late Strunian and lower Givetian age, respectively;
Matos et al, 2011; Pereira et al., 2012), and by VSC dark 
grey shales of late Strunian age (Matos et al, 2011) and 
VSC (359±2 M.a. to 369±3.5 M.a.; Matos et al, in 

prep.). The hydrothermal altered intervals are delimited
by thrust faults that disrupt the stratigraphy. Gold has 
been found to occur mostly in the hydrothermal altered 
zones associated with massive pyrite (close to a quartz-
rich shear zone) that is replacing banded black shales, 
and also in the thrust zones. In hand specimen the pyrite 
appears as deformed rounded to subrounded grains and
coalesces in places into more massive sections (Fig. 2). 

Table 1. Partial results of whole rock geochemistry for 
selected samples from drill holes LS08/01and LS08/02. All 
values in ppm; number in brackets refers to the sample 
collection depth; Results in ppm. 

Figure 2. Hand specimen samples of gold-rich banded black 
shales with pyrite. The massive pyrite dominates the
mineralogy at the hand specimen scale. (Borehole sample LOU 
08/02 -694.7 upper photo; LOU08/01-7 lower photo). 

3.1 Petrography and paragenesis 

The paragenesis in the Lousal Mine, as deducted from
the study of samples from drill holes LS08/01 and 
LS08/02, indicates it to be a 3 stage process: 1- open 
space growth, 2- recrystallization, substitution, annealing 
and 3- supergene alteration stage. Chlorite, silica and 
sericite hydrothermal halos are observed at Lousal 
(Fernandes, 2011; Relvas et al., 2012). 

Petrographically, ore samples from the Lousal Mine 
are dominated at the handspecimen scale by pyrite and 
by cobaltite; the latter at the microscopic scale. Pyrite is 
present as homogeneous-looking masses in cases several 
centimetres in length and width although smaller grains 
rarely exceed 300 µm while large subhedral cobaltite
grains are observed in independent clusters in the 
sedimentary gangue or adjacent massive pyrite grains
and these are more often than not close to visible gold 
mineralization.  

Pyrite and cobaltite coexist at the microscopic scale 
and petrographic relationships show them to be coeval. 
Subordinate pyrrhotite, sphalerite, galena, chalcocite are 
less common. 

Pyrite and cobaltite minerals are cut by late-stage
fractures that contain smaller irregular shaped grains of 
chalcopyrite, gold (electrum), native bismuth and 
bismuthinite (Fig. 3). The chalcopyrite is often replaced 
by (supergene) covellite in places. 

These fractures are fine, irregular and often “radiate” 
from larger clusters of chalcopyrite that has grown in 
open space-filling regimes. The fractures are frequently 
offset and rarely exceed 10 µm in width (Fig. 3A). 

Pale yellow gold (electrum) grains, which are late in 
the context of the ore paragenetic sequence  are observed 
in fine fractures within the pyrite and cobaltite often as 
grains not exceeding 6 µm in length, half of that in 
thickness (Figs. 3A and B). 
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Figure 3. Photomicrographs of samples from the Lousal 
Mine. Py – pyrite, Ccp – chalcopyrite (with supergene
covellite, vivid blue colour), Bi – native bismuth, Bt – 
bismuthinite, (short) Red arrows – gold (electrum). A –typical 
appearance of offset fractures and B- distribution of fractures 
from larger open space filling configuration. 

3.2 EPMA characterisation 

Electron-probe microanalyses (EPMA) were carried out 
using a fully automated JEOL JXA-8500F microprobe, 
equipped with one energy dispersive (EDS) and five 
wavelength dispersive (WDS) spectrometers. The 
analyses were performed with a focused electron beam
of 20 kV and 20 nA incident current. 

The selected analyses shown in Table 2 indicate that
apart from the one sample with approximately 5 wt% 
Ag, most of the gold grains have a high percentage of Ag 
varying from 24 to 27 wt% which would classify it as
auriferous electrum. Gold also contains significant
amounts of Hg, Fe, and in two cases, Co as well. 

Table 2. EPMA results of analysis of electrum grains in 
sample LS08/01-7 (732.4 m). 

Element 
EPMA number 

1 2 3 
Co 2.86 0.00 - 
As 1.27 - - 
Ag 4.86 26.13 24.14 
Hg 2.78 8.11 8.21 
Au 87.60 66.77 67.32 

Total 99.37 101.01 99.67 

Ore microscopy and EPMA studies have confirmed that
the gold (electrum) is genetically associated with 
cobaltite and native bismuth or bismuthinite (Fig. 4), an 
association that prevails throughout the samples studied. 

Figure 4. Element map of a region of cobaltite with late-stage 
fractures with native Bi and bismuthinite in association with a 
small grain of gold (electrum).  

Additionally, the EPMA studies show that often there is 
also trace amounts of Te in close proximity to electrum 
grains and native bismuth or bismuth containing 
minerals. 

3 Discussion 

Gold (electrum) grains found in Lousal contain 
approximately 26 wt% Ag with Hg contents that vary 
from 3 to 8 wt%. One analysis detracts from this trend 
with only 5 wt% Ag, and therefore it will have to be
further determined whether at Lousal there are two 
distinct gold generations although the petrographic
studies coupled with the extensive EPMA do not support 
this theory. 
There is a close association of the presence of gold with 
distinct zones of hydrothermal alteration characterized 
by chlorite, silica and ± carbonates. 

EPMA results clearly indicate that the gold 
(electrum) occurs late in the paragenetic sequence within 
late-stage fractures and is closely associated with native 
bismuth, bismuthinite and often in close spatial 
association to chalcopyrite. 

The Ag-rich gold is very similar to the results 
presented by Leistel et al (1998) in the Spanish side of 
the IPB. Here, two typical gold parageneses are found: 
1- Gold of Co-Bi geochemical association found as 
electrum with abundant to common Co minerals such as
cobaltite, alloclasite, glaucodot and common Bi minerals 
such as kobellite, tintinaite, bismuthinite and joseite 
associated with pyrite and/or chalcopyrite and, 2- Gold 
of the Zn-Ag-As geochemical association occurs in 
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electrum and/or auriferous arsenopyrite within a more 
polymetallic paragenesis (predominantly Pb-Zn). 

In the first type, gold mineralization occurs 
associated with abundant sedimentary facies and shows 
that the gold association formed at high temperature
(>300 °C) during the initial phases of massive sulfide 
formation. In the Lousal mine, preliminary analogies
exist with the first type of paragenesis.  

There are studies that indicate that this sort of ore 
mineralogy is associated with the stringer zones and the 
interaction zones at the base of massive sulfide mounds 
within the IPB and not found in the overlying massive 
sulfides (e.g. Marcoux et al, 1996). Rare cobalt 
sulphoarsenides (cobaltite) are formed at the beginning 
of massive sulfide genesis and in a late-stage the more 
common bismuth sulfides (such as bismuthinite) were
deposited from last-stage Cu-bearing fluids containing 
Bi (+ Te and Se) and gold is undoubtedly related with 
this last-stage phase. However, the presence of massive 
sulfide mounds are absent at Lousal which would favor a 
tectonic explanation for the presence of late-stage gold 
(electrum). In this case, late deformation of the massive 
ore represented by localized shear zones with silica
remobilization and sulfides may also explain some metal 
(including gold, copper and bismuth) remobilization
during tectonic events. Research continues. 
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