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abstract

7KH�/HQJHQEDFK��6ZLW]HUODQG��3E�$V�7O�=Q�GHSRVLW�ZDV�IRUPHG�IURP�D�VXO¿GH�PHOW�DW�DERXW�����
sC during Alpine metamorphism, but details on its formation and especially the source of the metals 
are still under debate. In this study we present two sample sets to address these questions:

����0&�,&3�06�DQDO\VHV�RI�WKDOOLXP�LVRWRSHV�LQ�VXO¿GHV��VXOIRVDOWV��DQG�PHOW�LQFOXVLRQV�IURP�WKH�
Alpine metamorphic Lengenbach deposit in the Binn Valley of Switzerland, the non-metamorphic 
Wiesloch Mississippi Valley-type deposit in Southern Germany, and the Cu- and As-rich mineraliza-
tion at Pizzo Cervandone about 2 km SW of the Lengenbach deposit, which has been discussed as 
potential source of the Lengenbach metals.

(2) LA-ICP-MS analyses of micas from the Lengenbach deposit and surrounding country rocks 
EHWZHHQ�WKH�GHSRVLW�DQG�WKH�3L]]R�&HUYDQGRQH�WR�WUDFH�SRWHQWLDO�PHWDO�EHDULQJ�ÀXLG�SDWKZD\V�

We found that Tl isotope compositions expressed as J205Tl values in all investigated samples range 
from –4.1 t 0.5 to +1.9 t 0.5. The whole variation can be seen in the Lengenbach deposit alone, which 
KHQFH�UHFRUGV�FRQVLGHUDEOH�IUDFWLRQDWLRQ�HYHQ�GXULQJ�KLJK�WHPSHUDWXUH�SURFHVVHV�LQYROYLQJ�D�VXO¿GH�
melt. This large range of J205Tl is thought to be caused by nuclear volume-dependent fractionation. 
Interestingly, the common fahlores at Lengenbach behave differently from all other investigated sul-
fosalts: based on their heavy isotopic composition together with a low As/S-ratio, they do not seem 
WR�EH�FU\VWDOOL]HG�IURP�WKH�VXO¿GH�PHOW��EXW�DUH�LQWHUSUHWHG�WR�KDYH�IRUPHG�IURP�K\GURWKHUPDO�ÀXLGV�
enriched in the heavy Tl isotopes. Although As mobilization in the gneisses and dolomites surround-
ing the Lengenbach deposit is evident based on secondary arsenites, no traces of such a country rock 
ÀXLG�FRXOG�EH�IRXQG�LQ�¿VVXUH�PLFDV�DW�/HQJHQEDFK��+HQFH��FRQVLGHUDWLRQV�LQYROYLQJ�.�5E��5E�7O��
$V�6��DQG�3E�7O�UDWLRV�LQ�WKH�VXO¿GHV�DQG�PLFDV�LPSO\�WKDW�WKH�HOHPHQW�HQULFKPHQW�LQ�WKH�/HQJHQEDFK�
GHSRVLW� LV�HLWKHU�SUH�$OSLQH�RU�UHODWHG� WR�SHDN�PHWDPRUSKLVP��EXW�RFFXUUHG�GH¿QLWHO\�EHIRUH�PLFD�
growth at Lengenbach.

.H\ZRUGV��Sulfide melt, thallium isotopes, metal sources, sulfosalts

introduction

The Lengenbach Pb-As-Tl-Zn deposit (Binn Valley/Switzer-
land) is well known for the occurrence of rare Tl-bearing sulfo-
VDOWV�DQG�VXOILGHV��*LXVFD�������*UDHVHU�������������+RIPDQQ�
and Knill 1996; Graeser et al. 2008). It is the type locality of 31 
mineral species, 16 of which have only been described from here 
�+RIPDQQ�HW�DO��������*UDHVHU�HW�DO���������7KLV�PLQHUDORJLFDO�
diversity has been investigated in numerous publications since 
its discovery in the 19th century (Giusca 1930; Graeser 1965, 
1975; Graeser et al. 2008).

The Lengenbach deposit formed under participation of a 
VXOILGH�PHOW�JHQHUDWHG�GXULQJ�UHJLRQDO�PHWDPRUSKLVP��+RIPDQQ�
1994). This process has been involved even in the generation 
RI�VRPH�ZRUOG�FODVV�GHSRVLWV��VXFK�DV�%URNHQ�+LOO�LQ�$XVWUDOLD�
(Sparks and Mavrogenes 2005; Tomkins et al. 2007). A sulfide 

melt is produced if metamorphic temperatures are high enough 
to melt a precursor sulfide mineralization. The required tempera-
ture depends on the primary mineral composition, the mineral 
assemblages and fO2. In the course of fractional crystallization 
of the sulfide melt (Tomkins et al. 2007), As and Tl behave 
as incompatible elements. They are strongly enriched in the 
remaining melt fraction from which minerals such as jordanite 
and dufrenoysite crystallize.

Although the Lengenbach deposit was the subject of many 
scientific investigations, details of its formation and especially 
the source of the metals are still under debate: both the formation 
by melting of a hypothetical precursor mineralization (under 
nearly closed system conditions) and an external elemental input 
ZHUH�GLVFXVVHG�LQ�WKH�OLWHUDWXUH��H�J���*UDHVHU�DQG�5RJJLDQL�������
+RIPDQQ�DQG�.QLOO�������

In this study, we determined the chemical and Tl isotopic 
composition of various Tl-bearing sulfosalts, sulfides, and micas 
from the Lengenbach quarry in the Lengenbach deposit. The un-
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