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Abstract 
 
The Peña del Seo tungsten deposit in northwestern Spain is situated in the tin (Sn)-tungsten (W) 
metallogenic province of Europe − one of the richest tin-tungsten (tantalum-lithium) mineral provinces 
in the world. The European Union’s current goal is to become self-sufficient of these commodities in 
the near future and the iTARG3T project was launched in order to improve the understanding and 
provide innovative exploration methods of these types of deposits. This master thesis will contribute 
to the iTARG3T project. The aim was to determine which physico-chemical conditions (temperature, 
pressure, salinity) that prevailed during the emplacement of the Peña del Seo deposit. A geochemical 
study was done consisting of a fluid inclusion study on the quartz veins from the deposit, and a whole-
rock geochemistry analyse of the granitic rock. Homogenisation temperatures ranged between 97,6° 
C to 325,6° C and salinities (NaCl % equiv.) between 0,2% to 21,3%. The fluid was determined to consist 
of a two-component system of H2O and NaCl based on eutectic temperature. Based on its geochemical 
classification the granitic rock was considered to be an alkali granite, strongly peraluminous with S-
type characteristics. At least two different types of fluids were present during the emplacement of the 
Peña del Seo deposit, one that was hot and with a moderate salinity, and one that had a lower 
temperature than the other fluid and a lower salinity, possibly meteoric water. The depositional 
mechanism of tungsten is thought to be caused by a combination between mixing between two fluids 
and cooling of the fluids, with the main depositional mechanism being cooling since the change in 
salinity was not of such magnitude that it would change the fluid chemical composition, while the 
decrease in temperature was. It is uncertain whether the granitic rock found at Peña del Seo is part of 
the granitic cupola of the greisen system. The granitic rock has similar characteristics as the 
leucogranites of the West Asturian-Leonese Zone and based on quartz vein morphology, which cut the 
D2 foliation, time of emplacement of the deposit could be linked to the syntectonic event at 320-310 
Ma. If the relation between the granitic rock and the greisen system can be determined the time of 
emplacement would be possible. 
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1  Introduction 
The Peña del Seo tungsten-greisen deposit is located in the West Asturian-Leonese Zone in the 
northwestern region of Spain. This region is part of the tin (Sn)-tungsten (W) metallogenic province of 
the European Variscan Belt (Chicharro et al., 2016, Neiva., 1984) − one of the richest tin-tungsten 
(tantalum-lithium) mineral provinces in the world. The tin-tungsten ore deposits of the European 
Variscan Belt were intensely exploited until the global crash of metal prices in the 1980’s when most 
of the mines were forced to close their operation. With the market stabilising in 2010 along with some 
political changes, the European tin and tungsten mining sector is currently undergoing reactivation (EIT 
RawMaterials, 2019) with the goal of becoming self-sufficient of these two commodities in the near 
future. 
 

The tin-tungsten metallogenic province consists of numerous quartz-cassiterite (SnO2) and quartz-
wolframite ((Fe, Mn)WO4) deposits primarily associated with highly evolved syn- to post tectonic 
Variscan S-type “Hercynotype” granites (Pitcher, 1982). These granites were generated during the 
collisional and extensional phases of the Variscan Orogeny in the Late Palaeozoic, when the two major 
continental plates of Gondwana and Laurussia converged (Chicharro et al., 2016; Mangas and Arribas, 
1991, Martínez-Catalán et al., 2007). Based on geochemical data of major and trace elements the bulk 
of the Variscan granites (Floyd et al., 1983) is suggested to have derived from anatexis of lower crustal 
material. This crustal material did mainly consist of poorly hydrated granulites that produced huge 
volumes of dry granitic magma when melted. Later on, through assimilation with wet country rock, 
this magma became water-saturated and crystallised at depth forming granite batholiths (Pirajno, 
2009). The tin-tungsten deposits were mostly formed by magmatic-hydrothermal processes, either 
granite-hosted or metasedimentary-hosted, with the styles of mineralisation being mostly greisen, 
vein types or stockwork (Chicharro et al., 2016; Mangas and Arribas, 1991).  
 

1.1 General characteristics of greisen ore systems 
The greisen ore systems are often associated with Sn and W mineralisation accompanied by other ore 
elements such as Cu, Zn, Bi, Mo, U, F (Pirajno, 2009). The tungsten minerals usually consist of 
wolframite and scheelite, and tin ore minerals of cassiterite and stannite. The sulphides generally 
consist of arsenopyrite, pyrite, chalcopyrite, molybdenite, sphalerite, and bismuthinite. Other 
important minerals are topaz, fluorite and apatite (Pirajno, 2009). Genetically most Sn and W greisen 
deposits are related to S-type granitic rocks, or the ilmenite-type (Ishihara, 1977), and spatially forming 
in intracontinental tectonic settings where the crust is thick (Shcherba, 1970; Sinclair, 1995). 
Temperatures of tungsten deposition typically ranges between 200° C to 500° C and at pressures 
between 200 to 1500 bars (Wood and Samson, 2000). Salinities of the mineralising fluids are typically 
less than 15 wt% NaCl equivalent, but can get up to 55 wt%, with the predominant dissolved 
components consisting of Na+ and Cl– with lesser amounts of Ca+2, K+, CO3

2–, and HCO3
– (Wood and 

Samson, 2000). Fluids may contain variable amounts of CO2, ranging from XCO2 values between 0 to 
0,1, and oxygen fugacities ranging between -37,5 and -22 (So et al., 1991; Wood and Samson, 2000). 
The fluids are moderately acidic with pH values between 4-6 (Seal et al., 1987).  
 
Wolframite almost exclusively exist in its hexavalent state (W+6) and its mobilised when forming 
chloride, -fluoride, or -carbonate complexes (Pirajno, 2009). At near-magmatic temperatures 
wolframite exist as WCl6, but with decreasing temperatures and increasing hydration wolframite is 
transported as molecular H2WO4 (Pirajno, 2009). As temperatures decrease the major wolframite 
species become ionic (H3W6O21)–3; (HW6O21)–5; (WO4)–2 (Pirajno, 2009). There are many proposed 
mechanisms for wolframite deposition, with the most popular being (1) cooling (Ramboz et al., 1985; 
Seal et al., 1987); (2) pH increase associated with wallrock alteration (Kelly and Rye, 1979; Polya, 1989; 
Seal et al., 1987); (3) fluid mixing (Landis and Rye, 1974; Jackson et al., 1989); (4) boiling and/or CO2 
effervescence (Seal et al., 1987; So and Yun, 1994); and (5) decrease in pressure (Polya, 1989). 
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The greisen ore system originates from complex, and as of yet not completely understood, late- to 
post-magmatic metasomatic processes. The process takes place in the apical portions of a nearly 
consolidated granitic mass and its surrounding country rocks at depths ranging from 3 to 5 km 
(Shcherba, 1970). The end members that develop in a greisen system are endogreisen, where 
greisenising fluids are contained inside the granitic cupola, and exogreisens, where the fluids are 
channelled by fractures and faults from the granitic cupola and intrude into the country rock (Hosking, 
1988). There are generally three sequences of a greisenisation event; an early alkaline stage, a 
greisenisation stage and a silicification (vein-depositing) stage (Shcherba 1970). The earliest alkaline 
stage is characterised by alkali metasomatism that destabilise K-feldspar, plagioclase and micas, 
followed by albitisation (Pirajno, 2009). The greisenisation stage replace the K-feldspar, plagioclase 
and biotite with quartz and muscovite, and during the silicification stage an intense quartz flooding 
normally occurs, and muscovite starts to replace K-feldspar and biotite (Pirajno, 2009). 
 
The general paragenetic sequences of the greisen ore systems starts with an early oxide-silica stage, 
with the deposition of ore minerals like cassiterite and wolframite, followed by a sulphide stage with 
deposition of pyrite, chalcopyrite, pyrrhotite, arsenopyrite, molybdenite, bismuthinite, and a late, 
lower temperature, carbonate-oxide stage characterised by calcite, siderite and iron oxides (Kelly and 
Rye 1979; Pirajno, 2009). Throughout the paragenesis progress there is a generally decrease in 
temperature (Wood and Samson, 2000). 
 

1.2 Purpose of this study 
As part of the reactivation of tin-tungsten exploration and mining in Europe, gathering of new data is 
necessary to provide for further exploration projects. The purpose of this study was to provide with 
such data, by investigating the physico-chemical conditions (temperature, pressure, salinity) that 
prevailed during the emplacement of the tungsten-greisen deposit Peña del Seo, and ultimately 
provide a hypothesis for the mechanism responsible for the tungsten deposition. A fluid inclusion study 
was done on quartz (associated with the tungsten mineralisation) from the deposit, and the 
homogenisation temperature (Th) and salinity (wt% NaCl equiv.) from the analyse was used to 
determine these conditions. Samples of the Peña del Seo granite was also taken and analysed for 
whole-rock geochemistry for characterisation. The purpose for analysing the granite was to determine 
which of the granite groups in the West Asturian-Leonese Zone the Peña del Seo granite can be 
associated with, and subsequently link the deposit to a specific regional ore-forming event. 
 

1.3 Location of study area 
The study area is located about 17 km west of the village Villafranca del Bierzo. The deposit is located 
in the province of León with coordinates longitude 42°34'53.2"N and latitude 6°56'27.5"W. The Peña 
del Seo summit reaches 1576 meters above sea level and the lowest mining drift of the deposit starts 
at 1220 meters. Access to the study area is gained by taking the road LE-5112 off the A-6, driving 
through the small villages of Dragonte and Cadafresnas before reaching the old mining town of Peña 
del Seo. 
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Figure 1. Location of the Peña del Seo deposit, image adapted from road map of Spain. 

1.4 Mining history and previous studies of Peña del Seo  
The Peña del Seo deposit was discovered in 1942 and converted into a mine by the Spanish company 
Minera Montañas del Sur. During the Second Word War (1940-1945) and the Korean War (1950-1953) 
the company extracted wolframite from drifts going straight into the mountain at eight different levels. 
Mining ceased in 1958 when most of the shallow veins of the deposit had been exhausted (Fidalgo, 
2014).  
 
No previous studies on the deposit have been published, although, in 2013 an Australian company 
called Sierra Mining Company SA was given an exploration permit from the Junta de Castilla y León to 
conduct exploration for gold and wolframite at Peña del Seo over a three-year period. During this 
period a detailed study of the deposit was done, with four survey drillholes being taken between 245.5 
to 430 meters down in order to investigate the mineralisation below the levels that had been 
previously exploited (Oria, 2017). From the analyses of the drillcore the Australian company found that 
the wolframite mineralisation became scarcer at depth, and instead transitioned into a scheelite 
deposit, possibly holding up to 400 g/ton scheelite. (Oria, 2017). The size of the vein system of the 
deposit was found to be about 1,000 metres long, 250 metres wide and reaching down to 300 metres 
in depth, and the grade of the deposit was said to be 1.35 Mt with 0.25 % WO3 and 0.05 % Sn 
(Weissman, 2019). This discovery made Sierra Mining Company SA request for an extension of the 
exploration permit for another three years and was granted permission in 2016 (Oria, 2017). During 
this period another 8 surveys was planned to assess the distribution of the mineralisation both 
horizontally and in depth in order to estimate the mineral resource (Oria, 2017). The findings of these 
surveys have not been published. 

2 Regional Geology 
The Peña del Seo deposit is hosted in the West Asturian-Leonese Zone (Figure. 2) located in the 
northwestern part of the Iberian Massif. The West Asturian-Leonese Zone marks the transition 
(Martínez Catalán et al., 1990) between the eastern foreland areas (Cantabrian Zone) and the western 
hinterland (Central Iberian Zone). This zone is defined by a very thick (about 11 000 meter thickness; 
Pérez-Estaún et al., 1990) succession of the Upper Proterozoic flyschoid series (Pérez-Estaún et al., 
1990), unconformably overlain by a mostly siliciclastic Palaeozoic pre-orogenic succession, that is 
characterized by series of the whole of the Cambrian and Ordovician, a great part of the Silurian and, 
at some places Lower Devonian rocks (Pérez-Estaún et al., 1990). 
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Figure 2. An overview of the regional geology of the West Asturian-Leonese Zone modified from Rodríguez-Terente et al. 
2018. The study area is marked with a red square. 

Pervasive internal deformation is exposed in the West Asturian-Leonese Zone (Pérez Estaún et al., 
1991) characterised by three deformation phases from the Variscan Orogeny (Martínez-Catalán et al., 
2007 and references therein). The first phase, D1, produced large recumbent folds with an east-
northeast vergence and a primary cleavage, S1, developed in relation to these folds (Martínez-Catalán 
1990). The second deformation phase, D2, produced thrust structures and associated shear zones 
(Martínez-Catalán 1990), with the most prominent of these structures being the western basal fault 
and shear zone of the Mondoñedo thrust sheet (Martínez-Catalán 1990) and the eastern shear band 
of the Narcea thrust. The third deformation phase, D3, produced large open folds with similar vergence 
as D1 folds, as well as minor folds and a local crenulation cleavage, S3. Based on 40Ar–39Ar ages of syn-
D1 and D2 metamorphic fabrics (Dallmeyer et al. 1997), the main episode of crustal shortening in this 
zone took place between ca 330 and 315 Ma (Fernández-Suárez et al., 2000). 
 
There are three distinct metamorphic zones (Suarez et al., 1990) in the West Asturian-Leonese Zone, 
with the regional metamorphism increasing progressively towards the west, from greenschist to 
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amphibolite facies (Fernández-Suárez et al., 2000). The metamorphic zones exists as belts or bands in 
pelite-greywacke sequences, connected with the Variscan granitoids (Suarez et al., 1990). 
 

2.1 Plutonic rocks in the West Asturian-Leonese Zone 
The main magmatic feature of the West Asturian-Leonese Zone is the Variscan granitoids (Fernández-
Suárez et al., 2000). The granitoids occur along two of the metamorphic belts (Suarez et al., 1990) 
named the Lugo Dome belt to the west and the Boal-Ancares belt to the east. These belts follow the 
structural pattern formed by the Variscan Orogeny. The Variscan magmatism in the West Asturian-
Leonese Zone was of episodic nature, with each magmatic episode developing during a 10-15 Ma 
period (Corretgé et al., 1990 and references therein; Fernández-Suárez et al., 2000). The Variscan 
granitoids can be divided into two main associations based on their structural relationships: 
syntectonic granitoids, and post-tectonic granitoids (Corretgé et al. 1990). These associations can get 
subdivided based on their main petrological features to tonalite-granodiorite-monzogranite plutons, 
and leucogranite plutons (Fernández-Suárez et al., 2000). The main petrological and geochemical 
features of these four groups are summarized below. 
 
2.1.1 Syntectonic association  
The tonalite-granodiorite-monzogranite plutons of the syntectonic association are a relatively minor 
feature in the West Asturian-Leonese Zone (Fernández-Suárez et al., 2000).  These plutons cut across 
D1 structures and are syntectonic with the D2 deformation event (Corretgé et al., 1990 and references 
therein), making them the earliest Variscan granitoids in the West Asturian-Leonese Zone at ca 325 Ma 
(Fernández-Suárez et al., 2000). The facies of this group consist of amphibole-biotite tonalites and 
quartz diorites, biotite ± amphibole granodiorites, and biotite ± muscovite monzogranites (Corretgé et 
al., 1990; Fernández-Suárez et al., 2000). This group has frequent microgranular enclaves of quartz-
dioritic or tonalitic composition, are slightly peraluminous or metaluminous (Fernández-Suárez et al., 
2000), and show geochemically characteristic of high-K, I-type calc-alkaline granitoids (Galán et al. 
1996). The geochemical features of these plutons show high SiO2 (ca 60-73 wt%), CaO (ca 0.5-5 wt%) 
and MgO (ca 0.4-4 wt%) contents, and low Rb-Sr (ca 0.2-2) ratios (Fernández-Suárez et al., 2000).  
 
The syntectonic leucogranite plutons covers >75% in volume of the present-day outcrop in the West-
Asturian Leonese Zone (Fernández-Suárez et al., 2000). These leucogranites were intruded during the 
D2 deformation event (Corretgé et al., 1990; Fernández-Suárez et al., 2000) at ca 320-310 Ma 
(Fernández-Suárez et al., 2000). The facies of this group consist of two-mica (Ms>Bt) or muscovite 
leuco-monzogranites, minor alkali feldspar granites, and aplites (Fernández-Suárez et al., 2000). 
Metasedimentary xenoliths are common while microgranular enclaves are lacking or are very rare 
(Fernández-Suárez et al., 2000). This group is strongly peraluminous with A/CNK ratios between 1,2 to 
1,3, and geochemically featured by high SiO2 (ca 70-73 wt%) contents and Rb/Sr ratios (ca 0.2-11) and 
low CaO (ca 0.3-2 wt%) and MgO (ca 0.1-0.7 wt%) contents (Fernández-Suárez et al., 2000).  
 
2.1.2 Post tectonic association 
The post tectonic tonalite-granodiorite-monzogranite plutons are the dominant group in the post-
tectonic association (Fernández-Suárez et al., 2000). These plutons intruded after the D3 deformation 
event, at ca 295-290 Ma (Corretgé et al., 1990 and references therein; Fernández-Suárez et al., 2000). 
This group’s facies consist of biotite-amphibole tonalites, biotite amphibole granodiorites and biotite 
± muscovite monzogranites (Corretgé et al., 1990; Fernández-Suárez et al., 2000), and microgranular 
enclaves of amphibole-biotite tonalites and quartz diorites appear in most plutons (Fernández-Suárez 
et al., 2000). Just like the tonalite-granodiorite-monzogranites of the syntectonic group, the granitoids 
of the post-tectonic group are slightly peraluminous and show feature characteristics of high-K, I-type 
calc-alkaline granitoids. There are also similarities regarding the geochemical features between these 
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two groups, with high SiO2 (ca 64-72 wt%), CaO (ca 1.2-3 wt%), and MgO (ca 0.7-2 wt%) contents, and 
low Rb/Sr (ca 0.3-2) ratios (Fernández-Suárez et al., 2000). 
 
The post tectonic leucogranite plutons are scarce in the West Asturian-Leonese Zone (Fernández-
Suárez et al., 2000). These leucogranites cut across Variscan structures of D1 + D3 deformation events 
(Corretgé et al., 1990) and said to be emplaced at ca 290-285 Ma (Fernández-Suárez et al., 2000). Their 
facies are of same character as the syntectonic leucogranites and are also strongly peraluminous with 
a A/CNK ratio between 1,1 to 1,3 (Fernández-Suárez et al., 2000). Geochemically they are also similar 
to the syntectonic leucogranites with high SiO2 contents (ca 70-75 wt%) and Rb/Sr (ca 2-8) ratios, and 
low CaO (ca 0.7-1.5 wt%) and MgO (ca 0.5 wt%) contents. 
 

2.2 Local geology 
The local geology of the study area is shown in figure 3. The Peña del Seo deposit is hosted in 
Precambrian pelitic schists of the Villalba Series. Lower Cambrian sandstones, slates and limestone of 
the Cándana Series are overlaying the schists to the north and south of the deposit. The Precambrian 
schists are intruded by subvertical quartz dykes that show a general strike in northeast-southwest 
direction. To the northeast of the deposit there are granite porphyry outcrops. In the proximity of the 
deposit there are two faults with similar northeast-southwest trends as the quartz veins. The 
schistosity close to the deposit also strike in northeast-southwest direction. 
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Figure 3. Geological overview of the area around the Peña del Seo deposit, (modified after Hurtado, J.A 
1977). Inset map showing generalised location of the study area marked with the red square. 

3  Methods 
Data was acquired from rock samples taken from the study area of Peña del Seo. A fluid inclusion study 
was performed from quartz veins. Whole rock geochemistry was performed on the granite samples 
and microscopy was done on the granite samples, and some quartz samples, both from barren and 
mineralised quartz.  
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3.1 Field sampling  
The area of interest for field sampling was the eastern part of the Peña del Seo deposit, from the main 
level at ca 1220 meters and up to the summit at 1576 meters, an area about 240 000 m2 in size. The 
collection of data was carried out during a five-day period in March 2019. In total 31 structural 
measurements of quartz veins were taken with either a stratum compass or the digital compass in the 
FieldMove Clino app on an iPad. A total of 20 rock samples were collected, consisting of quartz from 
quartz veins from the mining drifts and outcrops, and granite. The sampling was done inside two of 
the mining drifts on the main level (at ca 1220 meters) and vertically up the eastern phase of the 
deposit. The quartz veins were mainly sampled from inside the mining drifts to prevent having 
weathered samples. The granite samples were collected further away from the mining site, at an 
outcrop next to the t-intersection above the old mining village of Peña del Seo. 
 

3.2 Petrography 
Ten rock samples were prepared into polished thin sections of the size 26 mm x 46 mm by Precision 
Petrographics Ltd. in Canada.  The rock samples consisted of two granite samples (G01 and G02), six 
quartz vein samples (Q02, Q07, Q09, Q13, Q15, and Q16), and two tungsten quartz samples (W01 and 
W04). Out of the ten samples, eight were analysed: G01, G02, W01, W04, Q02, Q07, Q15, and Q13.  
The mineralogy and the textures of each sample were examined in an ECLIPSE LV100N POL polarizing 
light microscope, and pictures of the thin sections were taken with a Nikon DS-Fi1 microscope camera 
in the imaging software NIS-Elements D version 3.2. 
 

3.3 Geochemical analysis 
Two weathered granite samples taken from an outcrop ca. 700 meters northeast of the deposit were 
analysed for whole-rock geochemistry. The analysis was carried out by ALS Scandinavia AB in Luleå 
with the analyse package TC-3 (total concentrations in solid matrices for geological samples). The two 
samples were prepared according to sample preparation, by firstly grinding it up in a steel barrel. 10 
grams of dry substance was then analysed according to SS 02 81 13-1 Dry substance determination. 
The assay sample was dried at 50° C and the elemental contents were TS-corrected to 105° C.  
 
The samples were treated as follows: 
Melting with LiBO2 and dissolution with HNO3 according to ASTM D3682: 2013 and ASTM D4503: 2008. 
Resolution was made with HNO3/HCl/HF according to SS EN 13656: 2003. Analysis with ICP-SFMS was 
then performed in accordance with SS EN ISO 17294-2: 2016 and EPA method 200.8: 1994. Lastly 
analysis of LOI at 1000° C was carried out. 
 

3.4 Fluid inclusion study 
The sample preparation and fluid inclusion study was carried out in the laboratory of the Department 
of Geoscience at UiT – The Arctic University of Norway, Tromsø. Samples from three different levels of 
the deposit were chosen in order to investigate potential vertical changes in the greisen-ore system. 
The samples were consisting of doubly-polished wafers (400-1300 µm in thickness) of quartz from 
quartz veins from three elevations; Q14 from 1220 meters, Q04 from 1314 meters and Q18 from 1529 
meters. The quartz sample from Q14 contained clear quartz crystals from a vein with a thickness of 
around 40 cm, the other two samples were of massive, milky quartz from quartz veins that were 20 
cm (Q04) and 2 cm (Q18). 
 
3.4.1 Sample preparation 
The samples were sawed into pieces of around 3 x 2 cm size in order to fit on a 4,5 x 2,5 cm glass slide. 
To prevent damaging the polishing cloths used later, all sharp edges were trimmed away by ca. 2-3 
mm with a Knuth Rotor. The lapping machine Logitech LP-50 was used to grind the first surface of the 
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samples for 30 minutes. After grinding, the samples were washed with water and then cleaned in the 
ultrasonic bath for 1 minute. Samples were then dried, and quality controlled to make sure they had 
been thoroughly grinded and had a flat surface before starting the polishing process.  
 
The Buehler polishing machine was used for hand-polishing at a speed of 60-70 rpm. Three different 
diamond pastes (6µm, 3µm and 1 µm) together with lubricant were used for the polishing process. The 
best result for the samples were obtained when grinding with the 6µm paste for 15-20 minutes, with 
the 3µm paste for 7-10 minutes, and with the 1µm paste for 3-5 minutes. The samples were rotated 
anticlockwise with moderate pressure applied to them during polishing. Between each polishing step 
the samples were washed with water and cleaned in the ultrasonic bath for 1 minute and then dried. 
Another quality control was done to evaluate the result in a microscope, looking for a smooth and 
shiny surface without scratches. The samples were then glued to a glass slide with crystal-bond and 
then cut in the Struers Discoplan saw to a thickness between 300-1000 µm depending on the 
trancperacy of quartz and size of the entrapped fluid inclusions. Similar steps for grinding and polishing 
were then carried out on the remaining side of the sample. Since it was not possible to use the lapping 
machine when the sample are glued to the glass disk, the grinding was done by hand. This was done 
by using a large round glass plate placed on a Styrofoam disc with a small amount (ca. 2 ml) of 600 grit 
silica carbide powder mixed with some water, and then switched to the 1200 grit powder. The sample 
was put in a sample holder for better grip and grinded for 10-20 minutes on each grit fraction with 
even pressure. After grinding, the same polishing process was carried out. 
 
After the sample preparation a petrographic analyse of the samples was done in a microscope. Images 
from the microscopy are presented in figure. 4, with image 4. A and 4. B being from the samples Q14, 
image 4. C is from sample Q04 and image 4. D is from sample Q18. The microscopy was done in order 
to locate fluid inclusion assemblages (FIA) of primary inclusions. The reason why primary fluid 
inclusions were the main target for analyse is because primary fluid inclusions are formed during initial 
crystal growth. Texturally, they appear as solitary or isolated inclusions and are best identified by being 
trapped parallel to the growth zone of the crystal (Bodnar, 2003). These inclusions are the ones that 
hold the information of the current phyco-chemical conditions of ore forming fluids during the 
formation or crystallisation of the host mineral, and hence the main target for the microthermometer 
study. When the petrography was finished the samples soaked in acetone for 24 hours to dissolve the 
crystal-bond. The sample wafers were then broken into smaller pieces to fit into the Linkam THSM 600 
heating/cooling stage. 
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Figure 4. Photomicrograph of the quartz samples from Peña del Seo. 4a and 4b show primary FIA (fluid inclusion assemblage) 
along the growth zone of the crystal in sample Q14, 4c show an example of how the fluid inclusions could look in sample Q04 
and 4d show an example of how the fluid inclusions could look in sample Q18. 

3.4.2 Microthermometry 
The samples were analysed using an Olympus BH2-UMA microscope-mounted Linkam THM 600 
heating-cooling stage. The software used for visualising the fluid inclusions on screen was the ZEN 
Imaging Software version ZEN 2 core, and the software LINK Control Software Linksys32 version 2.4.0 
was used to control the temperature on the THM 600 heating-cooling stage.  
 
Each measuring series of a fluid inclusion started off with heating the inclusion by a rate of 50° C/min 
up to 300° C to measure the homogenization temperature (Th or the temperature at which the liquid 
and vapor phases homogenise and produce a single-fluid phase; Bodnar et al., 2014). If the vapor 
bubble was still visible at 300° C the temperature was increased to 350° C but not further, since this 
resulted in exploding the fluid inclusions. As the temperature increased, the vapor bubble in the 
inclusion would shrink until disappearing at Th. When the bubble had disappeared, the temperature 
was lowered at a rate of 50° C/min down to 100° C to make sure that the bubble really had disappeared. 
If the bubble would still be there but just hard to see it would start to gradually increase in size again 
when the temperature was increased, but if it the liquid and the vapor had homogenized at Th, the 
bubble would suddenly appear after the temperature was decreased. This behaviour is caused by the 
metastable conditions between the two phases in the fluid inclusion. After reaching 100° C, with the 
vapor bubble visible again, the temperature was lowered at a rate of 50° C/min down to -100° C to 
measure the freezing temperature (Tf) of the liquid phase. When reaching Tf the vapor bubble would 
(in most cases) suddenly shrink, caused by the freezing depression of the liquid phase. After the fluid 
inclusion was completely frozen the temperature was increased at a rate of 50° C/min up to -30° C, 
and then at a rate of 10° C/min to determine the eutectic temperature (Te or the “first melting” 
temperature) which determine what type of the electrolyte that is present in the system, since each 
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system has a different Te. This step was particularly difficult since this transition was very hard to see, 
with only a few of the measured inclusions providing a Te. The last step of the measurement was to 
continue with a rate of 10° C/min up to 10° C to get the final ice melting temperature (Tm or Tm-ice). Tm 
is the measurement used to determine the fluid salinity. 
 
3.4.3 Computer modelling 
In total 90 fluid inclusions were measured, out of which 73 inclusions could provide both Th and Tm 
data. These data were then used to calculate the fluid properties of the inclusions in Bakker’s (2003) 
Software Package Fluids version 1. The program BULK from the software was used to calculate the bulk 
density and salinity of the fluids in the fluid inclusions with the Th and Tm data. The obtained data for 
bulk density and salinity from the BULK program was then used in the ISOC program from the same 
software to calculate isochores for pressure (bar) and Th values. A short description of the steps that 
were used in each program are presented below, with the number for each step used in the programs 
noted inside the brackets. 
 
For the BULK program setup, the component definition was chosen for a (1) predefined system with a 
(2) H2O-NaCl composition (based on the eutectic temperature of -21,2° C). The thermodynamic model 
for an aqueous solution was chosen for (1) H2O-salts, purely empirical, dissolved gases and P neglected, 
calculated with (4) Bodnar’s (1993) NaCl equation.  Salinity of dissolved salts was measured with (1) 
ice melting temperature in ° C.  For the calculation of fluid inclusion properties at 20° C, the equation 
of state of an aqueous system by (2) Archer (1992): H2O-NaCl was used.  Total homogenisation and 
volume fractions was gathered from (1) homogenisation temperature in ° C and the mode of 
homogenisation was a (2) liquid. 
 
For the ISOC program the selection of the fluid system was for (3) molalities-mass% (always relative to 
H2O). The (2) mass% relative to H2O to H2O was chosen for the salt composition NaCl-KCl-CaCl2-MgCl2 
with mass% NaCl from BULK data, and the other salts; mol (KCl) /kg H2O, mol (CaCl2)/kg H2O, and mol 
(MgCl2)/kg H2O all = 0. The value of bulk fluid density was in (2) g/cc. The equation of state for isochore 
calculation was done by using (3) Zhang & Frantz (1987): H2O-NaCl, H2O-KCl, H2O-CaCl2 equation. The 
isochore construction was based on Th values in ° C, and the mineral group that the fluid is trapped in 
was (0) not specified. The temperature range was for lower T (° C) (Th), upper T (° C) (Th + 400° C) with 
the number of steps (integer) put as 4. 

4 Results 
The results in this study consist of petrology analyse on thin sections of quartz, pelitic wallrock, and 
granite. Microthermometric data obtained from the fluid inclusion study on quartz from the deposit. 
The computer models BULK and ISOC could with the homogenisation temperature and final ice melting 
temperature measurements produce data of the composition, salinity and bulk density the fluids in 
the inclusions as well as isochores. Data from the whole-rock geochemical analyse of the granite are 
also presented. 
 

4.1 Petrography 
A petrological analyse in a microscope was performed on eight of the samples taken from Peña del Seo 
deposit consisting of four quartz vein and wallrock sample (Q02, Q07, Q13 and Q15), two mineralised 
quartz vein samples (W01 and W04), and two granite samples (G01 and G02). Minerals and textures 
were documented and are explained below. 
 
Structural measurements taken during fieldwork showed that the quartz veins of Peña del Seo are 
subvertical with an average dip between 70 to 90° southeast and a northeast-southwest strike cutting 
through the D2 schistosity in the pelitic schist at almost right angles. According to Kronsell (2019) the 
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Peña del Seo quartz veins are infill material in tension fractures.  The quartz vein petrology of the 
deposit were examined in four samples; Q02, Q07, Q13 and Q15 (Figure 5. A-D). The quartz had a milky 
white colour and the grain size at the contact between the vein and the wallrock change in size from 
fine grained at the contact to coarse-grained towards the middle of the vein. The quartz crystals are 
subhedral to anhedral, showing undulose extinction and signs of recrystallisation in the form of bulging 
of grain boundaries. The quartz also show massive texture. The growth pattern of the quartz is 
sometimes visible, with crystals with elongate blocky texture nucleating from the walls and growing 
inward to the centre of the vein. Other minerals present in the quartz veins are biotite and muscovite, 
secondary sericite and accessory minerals of pyrite and sphalerite. Some of the quartz veins inside the 
mining drifts and on the eastern slope of the deposit had muscovite selvages (Figure 5. B), with fine 
grained muscovite closest to the wallrock and gradually growing in grainsize further away from the 
contact. The pyrite crystals were euhedral and fractured while the sphalerite appeared as infill 
between grains of quartz, muscovite or sericite. 
 
 

 

Figure 5. Images of the hand specimen and photomicrograph in cross-polarized light of quartz veins of Peña del Seo deposit, 
sample Q02 image; A, Q07 image; B, Q13 image; C and Q15 image, mineralised quartz; W01 image; E, W04 image; F, and 
the medium- to coarse-grained granite, sample G01 image; G and G02 image; H. 
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The mineralised quartz vein samples (Figure 5. E-F) were taken from inside the mining drifts. The 
samples consist of quartz, micas (muscovite and biotite), wolframite, secondary sericite and accessory 
pyrite. The quartz grains are euhedral to anhedral, showing undulose extinction and bulging 
recrystallisation or massive texture and the quartz grains adjacent to the wolframite is massive. 
Muscovite, biotite and sericite appear as infill between quartz grains. The wolframite occurs as 
euhedral to subhedral tabular crystals embedded in the massive quartz. The pyrite crystals are 
euhedral with fractures and cavities. 
 
The outcrop of the granite is located ca. 700 meters southeast of the deposits. The granite (Figure 5. 
G-H) has a light-pinkish colour with grain size ranging from medium to coarse. The main minerals 
consist of plagioclase (40%), K-feldspar (25%) and quartz (25%), muscovite and biotite (10%), with 
secondary minerals of sericite. The sample G01 also contained accessory pyrite. The quartz grains 
within the groundmass of sample G01 are euhedral to subhedral while quartz grain in G02 are 
subhedral to anhedral and show signs of recrystallisation in the form of bulging grain boundaries. The 
K-feldspars in both samples display perthitic texture and both K-feldspar and plagioclase minerals are 
subject to moderate sericite alteration. The pyrite in sample G01 occurs as euhedral crystals with some 
of them being fractured. 
 

4.2 Fluid inclusion study 
The fluid inclusion study was done on quartz samples from three samples taken at elevations of 1220 
meters, 1314 meters and 1529 meters. The primary fluid inclusions found in the three samples were 
of two-phase type, liquid-vapor with liquid dominating volumetrically over vapor (about 85% liquid, 
and 15% vapor). Some of the inclusions had solid daughter phases, (crystals which precipitated during 
cooling; Goldstein, 2003) which only became visible when they started moving around inside the 
inclusion during heating. These solids were flat and elongated in shape and were still present at over 
temperatures of 300° C. The solids composition was therefore not possible to dissolve them since 
exceeding this temperature would result in exploding the inclusions and ruining the sample. 
Microthermometric data, bulk compositions, salinity, and densities of the fluid inclusions are 
summarized in Table 1. Although, only three Te measurements were recorded it was determined based 
on these Te that it was a two-component system consisting of H2O and NaCl. Based primarily on range 
of homogenisation temperatures (° C), salinity (wt % NaCl equiv.) and final ice melting temperature 
three types of fluids were established, shown in table 1, and figure 6. shows the distribution of 
homogenisation temperature and salinity values of each of the three types. 
 

Table 1. Overview of microthermometric and modelled data (min-max) of fluid inclusions from 
the Peña del Seo deposits. 

  Type I Type II Type III 

Mineral host Quartz Quartz Quartz 
Composition H2O-NaCl H2O-NaCl H2O-NaCl 
Solid phases 3 inclusions n/a n/a 
Liquid-Vapor ratio (avg. %) 85 - 15 85 - 15 85 - 15 

    
Microthermometry (° C)    
Th  97,6 - 290,3 134,5 - 207,2 128,4 - 325,6 
Tm ice -4,3 - -0,1 -18,5 - -16,5 0,1 - 1,7 

    
Bulk composition    
NaCl (% equiv.) 0,2 - 6,9 19,8 - 21,3 n/a 
Density (g/cm3) 0,80 - 1,00 1,01 - 1,07 0,64 - 0,94 
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Figure 6. Histograms of homogenisation temperature ° C and salinity data for inclusions; Type I: a-b, Type II: c-d, and Type 
III: e-f. 

Type I inclusions consist of H2O-NaCl-bearing liquid-vapor inclusions with degree of fill (F) around 0,85, 
approximately 85% of liquid and 15% of vapor vol%. This liquid-vapor ratio average is the same for 
each type. The Th of type I inclusions range between 97,6° and 290,3° C, and the Tm ice between -4,3° to 
-0,1° C corresponding to salinities between 0,2 to 6,9 wt.% NaCl equiv. and the bulk density ranges 
from 0,80 to 1,00 g/cm3. Solid daughter minerals were also visible in some of the type I inclusions, but 
which kind of mineral these solids consisted of could not be determined since they could not be 
melted. Type II inclusions have the same composition as type I. The Th range between 134,5° to 207,2° 
C, and the Tm ice between -18,5° to -16,5° C, corresponding to salinities between 19,8 to 21,3wt.% NaCl 
equiv. and the bulk density ranging from 1,01 to 1,07 g/cm3. There were no solid daughter minerals 
visible in type II inclusions. Type III inclusions differ from the two other types with positive ice melting 
temperatures from 0,1° to 1,7° C. It is not possible to calculate the salinity in the BULK program with 
positive ice melting temperatures. The Th range for this type goes from 128,4° to 325,6° C and bulk 
density is between 0,64 to 0,94 g/cm3. 
 
4.2.1 Homogenisation temperature and salinity 
The proposed mechanisms for wolframite deposition is cooling (Ramboz et al., 1985; Seal et al., 1987),  
pH increase (Kelly and Rye, 1979; Polya, 1989; Seal et al., 1987), fluid mixing (Landis and Rye, 1974; 
Jackson et al., 1989), boiling and/or CO2 effervescence (Seal et al., 1987; So and Yun, 1994), and 
decrease in pressure (Polya, 1989).  
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By plotting the Th and salinity measurements in a diagram and looking at trends of the data points it is 
possible to link the trend to one or many depositional mechanisms. The measurements for Th and 
salinity from the three samples Q14 from 1220 meters, Q04 from 1314 meters, and Q18 from 1529 
meters are shown in figure. 7. The Th and salinity measurements display a somewhat linear trend in 
temperature from around 300° C down to 100° C. There are also two data points with a slightly higher 
salinity (around 20 wt% NaCl equiv.).  

 

Figure 7. Homogenisation temperature (° C) and salinity (NaCl wt% equiv.) plot diagram from the three 
samples from Peña del Seo: sample Q14 from 1220 meters, Q04 from 1314 meters, Q18 from 1529 meters 
high. 

4.2.2 Isochores 
Because a fluid inclusion is trapped in a constant-volume system inside its host mineral its volume and 
density cannot be changed (Bodnar, 2003). During heating of the inclusion, the pressure cannot vary 
independently, but along lines called isochores plotted in a pressure and temperature diagram. As long 
as there are two phases, e.g. a liquid-phase and a gas-phase in the fluid inclusion, its pressure-
temperature path must coincide with the condensation curve (Bodnar, 2003). It has to be noted that 
the temperature of homogenisation, which is at the point of departure from the condensation curve, 
is not the same as the real trapping temperature but rather the minimum temperature of formation 
(Randive, et al., 2014). The difference between the homogenisation temperature and the trapping 
temperature depends on by the difference between the formation pressure and homogenisation 
pressure (Randive, et al., 2014). If the pressure of the system is known (by separate barometric 
estimates like Raman spectroscopy) it is possible to estimate the temperature of entrapment by using 
the point of pressure intersection on the isochore (Randive, et al., 2014). 
 
In figure 8. the pressure-temperature isochore diagram for the three samples Q14, Q04 and Q18 is 
displayed. Without knowing the pressure of the system, it is not possible to estimate the temperature 
of entrapment, although the minimum temperature and pressure of formation can be obtained. For 
the three samples only the end member isochores are displayed. The homogenisation temperature 
from the three samples ranged between 97,6° C to 290,3° C. If the fluid chemistry contained more CO2, 
the isochores would have a much steeper angle. The pressure for the fluid inclusions range from 
around 5 bars to infinity. 
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Figure 8. Isochore diagram with pressure (bar) and homogenisation temperature (° C) from the three samples 
from Peña del Seo: sample Q14 from 1220 meters (blue), Q04 from 1314 meters (grey), Q18 from 1529 meters 
(orange) high. 

4.3 Geochemical analyse 
The geochemical analyse of the two granite samples G01 and G02 showed a minor difference in chemical 
composition of the major elements (Table 2.). The distance between the samples was ca. 80 meters 
apart and they were collected at the same elevation (1075 meters), with sample G01 being closest to 
the Peña del Seo deposit. Both samples were judged to have been subject to weathering, where the 
sample G02 was more exposed to the elements than G01, leaving it more porous. The two samples had 
roughly the same geochemical composition, with G01 having slightly higher concentrations of K2O and 
MgO, and slightly lower concentrations of CaO, Fe2O3, MgO, Na2O than the sample G02. The calculated 
loss of ignition for both samples varied between 1,20% and 1,10%. 
 
Table 2. Major element analysis (wt%), and loss of ignition data from whole rock geochemistry analysis of the Peña del Seo 
granite. 

Sample G01 G02 
Major element, wt%     
SiO2 71,5 69,7 
Al2O3 14,7 13,6 
CaO 0,10 0,33 
Fe2O3 0,82 1,15 
K2O 7,00 5,11 
MgO 0,31 0,11 
MnO 0,01 0,04 
Na2O 2,75 3,55 
P2O5 0,02 0,07 
TiO2 0,03 0,04 
TOTAL 97,2 93,7 
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LOI, % 1,20 1,10 
Na2O+K2O, wt% 9,75 8,66 
A/NK, molar 1,21 1,20 
A/CNK, molar 1,21 1,17 

 
Established chemical classification and discrimination diagrams were used for the characterisation of 
Peña del Seo granite. For the chemical classification and nomenclature of plutonic rocks the total alkalis 
versus silica diagram (Figure 8. A) from Cox et al.  (1979) adapted by Wilson (1989) was used, where 
both granite samples plot in the alkali granite field. When using the P–Q classification diagram (Figure 
8. B) from Debon and Le Fort (1983) the G02 sample plotted in the granite field while the G01 sample 
plotted outside of the diagram. In the alteration diagram, from Hughes (1972), the G01 sample plot 
inside the non-altered igneous spectrum and has not undergone any metasomatism, while G02 plot in 
between the non-altered and K-metasomatic alteration field (Figure 8. C), which means it is slightly 
enriched in K due to metasomatism (Hallberg, 2001).  In the AFM diagram (Figure 8. D) from Irvine and 
Baragar (1971) the two samples plot in the calc-alkaline field near the A corner, indicating that the 
granites are poor in iron and magnesium. The total amount for Na2O and K2O wt% is 9,75 wt% for sample 
G01 and 8,66 wt% for sample G02. When alkalis are plotted against the SiO2 wt% in a diagram by 
MacDonald and Katsura, (1964) the two samples plot in the subalkaline field (Figure 8. E). In the 
aluminous saturation index by Shand (1927) (Figure 8. F) both samples have an ASI over 1,0 which plot 
them as peraluminous in the ASI diagram. This means that the granites have more aluminium than can 
be accommodated in feldspars and therefore there must be another aluminous phase present. This 
phase could be aluminous biotite in granites that are weakly peraluminous, but for strongly 
peraluminous granites the phase can be muscovite, cordierite, garnet or an Al2SiO5 polymorph. Since 
the two samples are peraluminous, relatively potassic, and have a high silica composition (64–77 wt % 
SiO2) they can be considered to be S-type granites (Chappell and White, 1974). 
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Figure 9. Chemical classification diagrams for the granite samples form Peña del Seo. A. Chemical classification and 
nomenclature of plutonic rocks using total alkalis versus silica (wt%), from Cox et al.  (1979) adapted by Wilson (1989). B. P–Q 
classification diagram (Figure 8. B) from Debon and Le Fort (1983). C. Alteration diagram by Hughes (1973). D. AFM diagram, 
A=Na2O+K2O, F = FeO*, and M=MgO after Irvine and Baragar (1971). E. Total alkalis versus silica where the line divide the 
alkaline and subalkaline series, from MacDonald and Katsura, (1964). F. Aluminium saturation index diagram from Shand (1927). 

Although, the main aim of the geochemical analyse of the granitic rock was to investigate its major 
elements, which would enable compression between this rock and other granitic rocks in the region, 
trace elements was also analysed (Table 3.). There was a noticeable difference in concentration of some 
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trace elements between the two samples. Sample G1 had higher Ba, Sr and Zn concentrations than 
sample G1, but lower As and Pb concentrations. Other trace elements of the two samples were roughly 
the same in concentration.  
 
However, the main target of the trace element analyse was to look at the concentrations of tin and 
tungsten in the granitic rock. Both samples contain similar concentrations of tin and tungsten, with 16 
ppm tin and 2,9 ppm tungsten in sample G01, and 12,3 ppm tin and 2,3 ppm tungsten in sample G02.  
In comparison with the world average values for tin and tungsten in granites, tin content usually lies 
around 2-3 ppm, with 10-20 ppm being normal values for biotite-muscovite granites (Hamaguchi and 
Kuroda, 1969, and more differentiated protolithionite-bearing  granites can have values around 30-40 
ppm (Alderton, 1981), while tungsten content in granites usually lie around 1-2 ppm (Evans and 
Krauskopf, 1970). 
  
Table 3. Trace element analysis (ppm) from whole rock geochemistry analysis of the Peña del Seo granite. 

Sample G01 G02 

Trace element, ppm     

As 3,77 8,65 

Ba 356 71,9 

Be 3,16 6,28 

Cd 0,0987 0,0926 

Co 0,637 0,693 

Cr 3,24 2,92 

Cu 8,63 5,04 

Hg <0.05 <0.05 

Mo <0.5 <0.5 

Nb 10,5 15,8 

Ni 2,14 4,98 

Pb 12,1 44,4 

S <100 <100 

Sb 0,291 0,0744 

Sc 4,7 5,26 

Sn 16 12,3 

Sr 84,6 31 

V 2,86 3,29 

W 2,9 2,53 

Y 7,94 5,92 

Zn 66,5 37,7 

Zr 43,5 37,4 
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5 Discussion 
The purpose of this study was to investigate the physico-chemical conditions prevailing during 
emplacement of the Peña del Seo deposit, and ultimately provide a hypothesis for the mechanism for 
tungsten deposition. The Peña del Seo granite was also investigated with the purpose of classifying it 
and connect it to one of the plutonic groups in the West Asturian-Leonese Zone, and by doing such be 
able to link it to a specific regional ore-forming event. 
 

5.1 Depositional mechanisms of tungsten 
The mechanisms that initiate the greisenisation stage are said to be either boiling of hydrothermal fluids 
or mixing with meteoric waters (Burt, 1981). From the fluid inclusion study on quartz from the Peña del 
Seo three different fluids were identified. Two fluids with low-salinity (5 wt% NaCl equiv.), and one fluid 
with moderate salinity (20 wt%). The homogenisation temperatures for each type of fluid inclusion was 
relatively low (150-250° C). Having found fluids with two different salinities but with similar 
homogenisation temperatures suggest that a more saline magmatic fluid, for instance a late residual 
fluid derived from boiling caused by the change in the pressure regime from dominantly lithostatic to 
hydrostatic conditions, was mixed with a less saline fluid, possibly meteoric fluids. This mixing caused 
dilution of the saline fluid which initiated the greisenisation process. The introduction of meteoric fluids 
could have occurred when magmatic fluids concentrated towards the roof of the granite cupola, causing 
an overpressure that created intense hydrofracturing, or folding. Kronsell (2019) stated that the F2-
folding present in the pelitic wallrock were only visible in close proximity of the granitic intrusion. This 
observation led her to the conclusion that the F2-folding and bending was caused by the granitic 
intrusion itself, and that systematic joint sets formed due to the tensile stress caused by the extension 
of the outer arc. The formation of joints would introduce weakness planes that would allow 
transportation of fluids and release of pressure. Subsequently, the fluid mixing and release of pressure 
would result in the drop in temperature of the fluids and tungsten to precipitate. The microscope analyse 
of quartz veins confirms that there must have been fractures present before the ore-forming event, 
since the contact relationships between wallrock and vein show the internal texture that is usually 
caused by open-space filling and not by replacement processes. Quartz and muscovite crystals from the 
veins display a gradual change in grain size and sharp contact between the wall rock and vein. These 
textures is the result of the reaction between the hot intruding fluids and colder wall rock where the 
temperature difference made the minerals in the fluids crystallize very fast. Fluids probably intruded in 
pulses, which gave the crystals time to grow towards the centre of the vein, creating the gradual change 
in size. 
 
The source of the tungsten in the mineralising fluids could have derived from adjacent wallrock or from 
mineralised hydrothermal fluids. Based on the results from the geochemical analyse of the granitic rock, 
the source of the tungsten mineralisation of Peña del Seo could have derived from the Peña del Seo 
granite, either from the granitic cupola itself or from another, more shallow granitic body. Liberation 
and mobilisation of tungsten inside the dark micas in the Peña del Seo granite could have taken place 
when the heated hydrothermal fluids mixed with meteoric waters leached into the granite from the 
greisen ore-system below. Tungsten was then mobilised and deposited in veins at higher levels in the 
system during the later vein-deposition stage. Since it is uncertain whether the sampled granitic rock at 
Peña del Seo is part of the greisen ore-system or not, it might as well have been emplaced before the 
ore-forming event.  
 
Since the paragenesis of the greisen ore system is linked to temperature (Wood and Samson, 2000) the 
higher homogenization temperatures achieved from the microthermometry could possibly represent 
the temperatures during the oxide stage. However, homogenization temperature in inclusions from 
greisen minerals are higher than inclusions in associated veins (Landis and Rye, 1974). This means that 
this study’s measurements from quartz in quartz veins should produce lower homogenisation 
temperatures than the homogenisation temperatures during the oxide stage. Usually, the temperature 
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difference between the wolframite and the associated quartz lies around 50° to 60° C, but there are 
exceptions where inclusions in the two minerals have the same homogenisation temperatures (Wood 
and Samson, 2000). Unfortunately, since the pressure of the system during the ore-forming event could 
not be calculated without the pressure correction or separate barometric estimates, the temperature 
of entrapment could not be estimated with help from the isochores. Without knowing the pressure 
present during the formation-event it is neither possible to determine at what depth the deposit was 
formed at. 
 
It is uncertain whether any other volatiles were present in the fluid inclusions, such as CO2, CH4 and N2. 
CO2 is a common, but not abundant, component in tungsten mineralising fluids, and concentrations of 
CH4 and N2 are variable but generally low and often in lower amounts than CO2 (Wood and Samson, 
2000). In the type I fluid inclusion group there were inclusions with a positive ice melting temperature. 
This could be caused by minor amounts of CO2 in the system. One explanation could be that the quartz 
veins at higher elevations are too far away from the granite cupola where volatile gases would be the 
product of contact metamorphism between the granite and the metasediments. Volatiles could also 
have been separated during retrograde boiling throughout shallow level crystallization of the magma, 
or, volatiles were never introduced to the system (Martínez-Abad et al., 2015; Chicharro et al., 2016).  
 

5.2 The Peña del Seo granite 
The granitic rock from the Peña del Seo deposit was analysed in order to link it to one of the four granitic 
groups of the West Asturian-Leonese Zone. However, it could not be confirmed whether or not the 
granitic rock was actually part of the greisen system. This made it difficult to draw any conclusions based 
on the result from the whole rock geochemistry analyse. There was also some issues during plotting of 
the data in the classification diagrams. This could have been the result of using weathered rock samples 
which would have affected concentrations of major and trace elements. During microscopy it was also 
evident that the rock samples were not subject to any greisenisation alteration. Some sericitisation had 
occurred on the K-feldspar and plagioclase but the amount of muscovite was very low compared to a 
greisenised granite. 
 
Looking at the granitic rocks characteristics it does fall into the same category as the two leucogranitic 
groups of the West Asturian-Leonese Zone. The two samples have high silica content, low CaO content 
and low MgO content, and are strongly peraluminous, just like the leucogranites. Since the two samples 
show signs of recrystallisation in the form of grain boundary migration and/or bulging, it is evident that 
they have been subject to deformation after the time of emplacement. This observation speaks for the 
granitic rock being emplaced during a syntectonic event rather than a post tectonic event. If connections 
could be drawn between the granitic rock and the greisen ore-system, then observations from vein 
morphology of the quartz veins, and the relation between vein and wallrock, could be used to link the 
timing of emplacement to a specific formation-event. For example, Kronsell (2019) points that the quartz 
veins of Peña del Seo cut though S2 foliations, which would make them either syntectonic or post 
tectonic. Observations during microscopy of quartz grains display undulose extinction and signs of 
recrystallisation in the form of bulging of grain boundaries, which also speaks for formation during a 
syntectonic event rather than a post-tectonic event. Even though the granitic rock cannot be classified 
as the Peña del Seo granite the structural observations from the vein and wallrock relationship might be 
enough to determine the timing of emplacement of the granitic rock. The syntectonic event in the West 
Asturian-Leonese Zone took place between 320-310 Ma (Fernández-Suárez et al., 2000), and 
observations during field work, microscopy, and geochemical analyses are speaking for a syntectonic 
emplacement. 
  



22 
 

5.3  Conclusion 
The Peña del Seo tungsten mineralisation occurred at low temperatures (homogenisation temperatures 
between 97,6-290,3° C) and with hydrothermal fluids of moderate salinity (0,2-21,3 wt% NaCl equiv.) It 
is assumed that mixing between two fluids with different salinity, possibly from magmatic and meteoric 
fluid origins, resulted with a decrease in temperature and salinity of the hydrothermal fluids. The change 
in salinity was not to such extent to cause a significant change in the fluid chemistry, but the change in 
temperature was enough. Therefore, mixing could not have been the main, or only, depositional 
mechanism, but rather the consequence of mixing initiated fluid cooling which changed the fluid 
chemistry to such extent that tungsten deposition was initiated. The conclusion to tungsten deposition 
is hence a combination of fluid mixing and fluid cooling. 
 
The granitic rock of the Peña del Seo deposit could possibly be associated to either the syntectonic or 
post tectonic leucogranite group and thereby might be emplaced around 320-310 Ma to 290-285 Ma. 
However, without knowing the relation between the greisen system and the granite it is not possible to 
link the deposit to a specific formation event based on the granite analyse.  
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