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Origin and metamorphic reworking of 
the Buca della Vena Tl-rich orebody (Alpi Apuane)
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Buca della Vena



Main features (pre-2007)

180000-300000 t
Size:

baryte+Fe-oxides±pyrite
Mineralogy:

XV? - end of the ‘80s
Mining activity:

Buca della Vena

Photo: L. Tinagli
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Alpi Apuane ores
Molli, 2004 modified from 

Carmignani & Kligfield, 1990
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Alpi Apuane minerals
Pollone mine

Quartz, “Il Bimbo”; 21x10 cm 
Photo: A. Dini



Alpi Apuane minerals
Bottino mine

Boulangerite (Pb5Sb4S11), ∼25x15 cm 
Photo: M. Lorenzoni



Alpi Apuane new minerals
from Biagioni, 2018



Alpi Apuane new minerals

Apuanite (Fe2+
4Fe3+

8Sb12O32S2) 

Versiliaite (Fe2+
4Fe3+

16Sb16O48S4)

from Biagioni, 2018



Alpi Apuane new minerals
from Biagioni, 2018

Pillaite

Scainiite
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Alpi Apuane new discoveries

Biagioni et al., 2013
environment
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…

La Nazione, 4-10-2014
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La Nazione, 4-10-2014Alpi Apuane new discoveries

Biagioni et al., 2013

D’Orazio et al., 2017

ore geochemistry

As, Sb, Hg, Tl, Pb, Bi…



Alpi Apuane new discoveries

Biagioni et al., 2013

D’Orazio et al., 2017

Fornovolasco Metarhyolite Fm.

Permian magmatism

Vezzoni et al., 2018

ore geochemistry



Main features:
Carmignani, 1974

Magnetite + 
baryte

Pyrite + 
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foliation
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Buca della Vena mine

Baryte, pyrite, and Fe-oxides orebodies
1. stratiform;
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Magnetite + 
baryte

Pyrite + 
baryte

Py-rich 
schist

Py-rich 
schist

foliation

dolostone

Buca della Vena mine

Baryte, pyrite, and Fe-oxides orebodies
Main features: 1. stratiform; 2. zoned; 3. with metacarbonate lenses.



Genetic models:

Metamorphic, epigenetic Pre-metamorphic, syngenetic

• Origin: 
Hydrothermal(-metasomatic) 
related to the intrusion of an early-
orogenic Apenninic plutonic body 
 
• Age: 
Miocene 
 
•Evidences: 
1. Ore bodies location; 
2. No lithostratigraphic control; 
3. Ore zoning (“hot point”).

• Origin: 
Sedimentary(-hydrothermal?) proto-
ore partly remobilized during the 
metamorphism 
 
• Age: 
Silurian-Devonian or Middle-Upper 
Triassic 
 
•Evidences: 
1. Lithostratigraphic control; 
2. Ore bodies morphology; 
3. Ore texture; 
4. S, C e O isotopic composition.

e.g., Carmignani et al., 1972; 1975; 1976 e.g., Cortecci et al., 1985; Ciarapica et al., 1985; 
Orberger et al., 1986; Benvenuti et al., 1986; 
Cortecci et al., 1992; Costagliola et al., 1998

Baryte, pyrite, and Fe-oxides orebodies
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Buca della Vena geological map Vezzoni et al., in prep.
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Buca della Vena geological section Vezzoni et al., in prep.



Buca della Vena geological section

Carmignani et al., 1976 Benvenuti et al., 1986

3D geometry 
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Buca della Vena geological section

Axial plane 

Foliation/banding

Baryte + pyrite

3D geometry 
Isoclinal folds 
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Buca della Vena geological section

3D geometry 
Isoclinal folds 
Absence of ore zoning 
Carbonate boudins 
 

Vezzoni et al., in prep.



Buca della Vena geological section

3D geometry 
Isoclinal folds 
Absence of ore zoning 
Carbonate boudins 
Rheology ores vs. carbonate/schist 
No metasomatism

Vezzoni et al., in prep.



Ore type: V (m3) d (t/m3) Tonnage (t)

baryte + pyrite 11000 4.75 53000

baryte + Fe-oxides 52000 4.85 252000

Buca della Vena mine 305000

baryte/pyrite and baryte/Fe-oxides (area%) ∼ 1
Data from image analysis (Vezzoni et al., in prep.) and XRF (D’Orazio et al., 2017)

Alpi Apuane Tl-district



Ore deposits: BDV M. Arsiccio Pollone CDR Fornovolasco AA district
Massive pyrite

Mined ore (t)
Reserves (t)
Tl-grade (μg/g) - 771 - 6751 8711

Tl-mined ore (t)
Tl-reserves (t)

Mixed baryte + pyrite
Mined ore (t)
Reserves (t)
Tl-grade (μg/g) 1031 1851 1801 - -
Tl-mined ore (t)
Tl-reserves (t)

Mixed baryte + Fe-oxides
Mined ore (t)
Reserves (t)

Fe-oxides/hydroxides
Mined ore (t)
Reserves (t)

Alpi Apuane Tl-district

1 D’Orazio et al., 2017 
 
 
 



Ore deposits: BDV M. Arsiccio Pollone CDR Fornovolasco AA district
Massive pyrite

Mined ore (t) -
Reserves (t) -
Tl-grade (μg/g) - 771 - 6751 8711

Tl-mined ore (t) -
Tl-reserves (t) -

Mixed baryte + pyrite
Mined ore (t) -
Reserves (t) 530002 

 Tl-grade (μg/g) 1031 1851 1801 - -
Tl-mined ore (t) -
Tl-reserves (t) 5.5

Mixed baryte + Fe-oxides
Mined ore (t) 1490002

Reserves (t) 1030002

Fe-oxides/hydroxides
Mined ore (t) -
Reserves (t) -

Alpi Apuane Tl-district

1 D’Orazio et al., 2017 
2 Vezzoni et al., in prep. 
 
 



Ore deposits: BDV M. Arsiccio Pollone CDR Fornovolasco AA district
Massive pyrite

Mined ore (t) - 29600 - 36000 - 65600
Reserves (t) - - - 487803 300004 78780
Tl-grade (μg/g)1 - 771 - 6751 8711

Tl-mined ore (t) - 2.5 - 24.5 - 27.0
Tl-reserves (t) - - - 33.0 26.0 59.0

Mixed baryte + pyrite
Mined ore (t) - 340000 174000 - - 514000
Reserves (t) 530002 

 
1100005 - - - 163000

Tl-grade (μg/g)1 1031 1851 1801 - -
Tl-mined ore (t) - 63 31.5 - - 94.5
Tl-reserves (t) 5.5 20.5 - - - 26.0

Mixed baryte + Fe-oxides
Mined ore (t) 1490002 250000 - - - 399000
Reserves (t) 1030002 900005 - - - 193000

Fe-oxides/hydroxides
Mined ore (t) - 76500 - 14500 - 91000
Reserves (t) - - - 960003 - 96000
1 D’Orazio et al., 2017 
2 Vezzoni et al., in prep. 
3 Galli, 1956 
4 Cortese, 1923 
5 Ercole Martina, 1969

AA district - Tl > 206.5 t (Reserves 85 t)
Data from “Relazione sul Servizio Minerario …”

Alpi Apuane Tl-district



Conclusion
Buca della Vena is an exceptional geosite

3. The field geology integrated with petrography, geochemistry, isotopic data 
point to an hydrothermal proto-ore related to the Permian magmatism

1. The actual ore setting was acquired during Alpine tectono-metamorphic event

2. The proto-ore suffered partial exhumation and supergene alteration (Upper 
Trias-Lower Jurassic)

⇒ AA is a world-class Tl-district

+As, Sb, Hg, Tl, Bi… 

D’Orazio et al., 2017

Hydrothermal system

Supergene alteration

Alpine deformation
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Franke, 1989; Martínez-Catalán, 1990; Neubauer, 2014; 
Ribeiro & Sanderson, 1996; von Raumer et al. 2002, 2013

Permian events

e.g., Buzzi et al., 2008; Cabanis et al., 1990; Cassinis et 
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Magmatism

Ores

Buca della Vena is an exceptional geosite

Distribution of pre-Mesozoic Units

3. The field geology integrated with petrography, geochemistry, isotopic data 
point to an hydrothermal proto-ore related to the Permian magmatism

1. The actual ore setting was acquired during Alpine tectono-metamorphic event

2. The proto-ore suffered partial exhumation and supergene alteration (Upper 
Trias-Lower Jurassic)

⇒ AA is a world-class Tl-district



Conclusion

Relevant implications 
e.g., natural vs anthropic 
environmental pollution

Field-based studies are 
crucial to constrain 

original setting, genesis 
and fate of orebodies

Ore deposits are 
“geological gyms” for 

students







https://ec.europa.eu/growth/
sectors/raw-materials/
specific-interest/critical_en


